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DIGITAL INDIA 
 

“India is changing now, 

Is doing development. 

Will soon bow down to the steps where 

I believe so. 

Every village has electricity, 

Water problems are overcome. 

For the farmer of this country, 

Farming should be easy. 

Every house has a TV, 

Which is a means of entertainment for every poor. 

Today every house has a mobile phone, 

The telecommunication device of every household. 

Information of the whole world, 

Internet giving. 

Through which the student gains knowledge, 

Make them talented. 

India should be ahead in every field, 

India will grow only because it will read 

Let's make this country together, 

Digital India....” 
 
 
 
 
 

MANISHA  OHLAN   
Ph.D. Scholar, 

Extension Education & Communication Management, 
I.C. College of Home Sciences, 

CCS Haryana Agricultural University, 
Hisar, Haryana. 
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A Review on Digital Marketing - Current and Future Trends 
Article ID: 33000 

V Kowsalya1, K. Mahendran1, S. Moghana Lavanya1 
1Department of Agricultural and Rural Management, Tamil Nadu Agricultural University, Coimbatore, India. 

         

Abstract 

Digital marketing is trending that attracts the customer utmost, no matter what products and industry dealt 
with. In upcoming years, the digital marketing will play a significant role in marketing a product because we 
spend the most of our valuable time in surfing the net, scrolling FB and Instagram posts, these posts ignite us 
to buy the product. This makes the industry easy rather than selling them by various approaches. The content 
plays a vital role, as this makes the person stay on a page for a minute, within that we must evoke them to buy 
the product. AI is emerging in all fields now and is widely applied in the digital marketing field. This paper deals 
with the brief history of the evolution of the digital world, review of current and upcoming digital platforms, 
and their advancements, along with their advantages and disadvantages. 

Keywords: Digital platform, product service. 

Introduction 

Digital marketing plays a vital role in today's digital world. Marketing is a continuous, unpredicted, and dynamic 
process in the business. The traditional method of marketing has faded away which leads to the opening of a 
new digital era, where all products starting from a pencil to home appliances including fresh vegetables are 
sold. This new technology has saved the time of consumers making easy for them to access information and so 
they are slowly shifting from traditional to new internet technology. This also attracts people by providing more 
promotional activities including discounts viz., buy 2 get 1 free, advertisement, festival offers, coupons, etc. The 
promotional activities are also carried through the internet only which makes the consumers intense to buy the 
product. By using this method, the manufacturers easily market their product rather than selling them. Many 
companies had to succeed in this field including Amazon, Flipkart, Alibaba, Google, Yahoo, Ola, Reliance, 
BigBazzar, etc. These companies first study of the nature and profile of customers to easily access them and 
make them buy their product. Using Search engine optimization, they made the information ready to be 
available or serve the consumers according to their needs. It is to be said that the internet and the World Wide 
Web began in the 1990s and now it is ruling the entire world using smartphones, internet, and the future 
including internet of things and artificial intelligence. This paper deals with the brief history of the evolution of 
the digital world, review of current and upcoming digital platforms, and their advancements, along with their 
advantages and disadvantages. 

Review of Literature 

Several researchers had given a brief explanation about the digital marketing and the findings from the review 
are described below. 

Verma, Deepak. (2018) in their study acknowledged that business can be benefited using digital marketing such 
as Search Engine Optimization (SEO), e-mail marketing, content marketing, commerce marketing, e-books, and 
games are becoming more and more advancements in upcoming days.  

Kannan and Li (2017) attempted to set an agenda for research in digital marketing. This article mainly focused 
on developments in digital technology and marketing environment including consumer behaviour, social media 
and UGC, platforms and two-sided markets, search engines, and contextual interactions. 

Sathya (2015) in her study has differentiated the prevailing difference between traditional marketing and digital 
marketing and the advantage and impact of digital marketing was also clearly explained. This proved the 
positive impact of digital marketing on consumer purchases.  
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Palumbo and Herbig (1998) acknowledged that online marketing is cost-effective and has an important business 
impact. In reality, small companies can now enter targeted customers at a reduced cost and compete on an 
equal basis with a larger business. 

Helm et al. (2013) outlined that the online application platforms wield greater impact than conventional or 
older contact approaches because these are time-consuming and not able to find the target customers.  

Cetina et. al. (2012) examined how the internet interactions affect the mental process of consumers’ buying 
decisions.  

Research Method 

Secondary data was collected from various articles, journals, books, and newspapers. In ProQuest e-journal 
database, nearly 1,177,081 search results had been obtained related to publications on digital marketing. 

Rationale for the study: This study had been carried out to reveal the importance of digital marketing as it will 
be the future trend. As an example, let us discuss the agricultural sector where many innovations had been 
carried out. Earlier the farmer mainly depended on labour, seed, land, and capital for their production. Now it 
all depends on the machinery and automation that replaced labour. Nowadays government has been providing 
crop loans, Minimum support prices, e-NAM which is an electronic digital platform that helps the farmer to get 
the right price for their products and to increase their standard of living. Like-wise automaton and digital 
platforms had evolved everywhere so there is a need to know about the developments in the area of digital 
marketing. 

Findings and Recommendation 

At present, the smartphone is ruling the world. Almost everywhere one can see the digital platform existing 
from buying clothes to searching for the bride. We must know how this is possible and the secret behind this 
digital platform is Search Engine Optimization (SEO). SEO plays a significant role in examining and analysing the 
consumer behaviour. There are two kinds of websites such as organic and inorganic and as usual as the name 
implies, organic websites are favoured by the consumers and inorganics is of lesser choice because organic 
websites are free websites and inorganics are paid websites and so most of the consumers prefer the organic 
websites. Here the keyword typed by the consumer, within a second, the search results are shown by the SEO. 
The search strings study the consumer and then displays the websites base on their wish and makes them enjoy 
surfing the internet. 

Content marketing and e-mail marketing plays an equal role. The content is the key to digital marketing which 
we should concentrate the most. In content marketing, it is not that much easy as we think and it must be 
handled with care. Front loading of content is important in which one must first decide which of the factor will 
attract the consumer like discounts that should be placed in what order. The consumer is attracted only by first 
explaining the benefits they gain and later the product description. 

Now slowly the trend is sloping towards big data analytics, AI (Artificial Intelligence), and IoT (Internet of Things). 
This technology uses the available present data to find out the hidden features in customer behaviour and 
preference.  

Discussion 

Digital marketing is mainly accepted due to its time-saving nature compared to traditional marketing and due 
to the busy lifestyle of consumers. Followed by this, the consumer prefers digital marketing due to the vast 
variety of information available, discounts, coupons, and multi brand collections. This provides the consumer a 
one-stop shopping experience. Almost all companies update their data everyday which provides the consumer 
information regarding their products. Digital marketing is also an easy way of buying as it offers home delivery 
and easy return procedure in case of any issues regarding the product. The main point is it allows the consumers 
to shop for 24x7 per week which is very comfortable to buy products in case of any emergency. 
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Conclusion 

Digital marketing plays a vital role in all aspects of life. As the best example due to the prevailing of this pandemic 
disease, schools and colleges could not conduct classes in the classroom. The solution to this problem is the 
digital platform like zoom, Google meets, Microsoft team, etc. This proves that digital marketing and digital 
platform is necessary for upcoming days. 
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Introduction 

A debate of plant biotechnology can begin with reviewing traditional agriculture and what human has did with 
the food for thousands of years. It is important to be aware of that we are practicing genetic modification of 
food for thousands of years. We have been using methods like wide crosses, radiation breeding, and 
conventional breeding to improve the food. In past breeders crossed wild relatives of crop varieties with 
commercially popular varieties to obtain diverse material of genetic background that may offer, biotic and 
abiotic stress tolerance in varieties that will eventually turn into commercially popular.  

It is fascinating to compare the teosinte an original ancestor of corn, with hybrid seed corn. Teosinte has a tiny 
cob with a few kernels and remarkable variations were observed when we compared to modern field corn has 
been attained using traditional breeding methods (Fig.1). 

So, human has been extensively changing the genetics of food as we domesticated crops thousands of years 
ago. Different radiation as well used to create mutations in the DNA for crop improvement for many decades. 
Since 1970 >1,800 different crop varieties have been improved by radiation mutagenesis. 

Plants improved via traditional genetic modification methods, together with radiation breeding, no need 
environmental safety or governmental food review preceding to commercialization. We can rely on the 
unofficial procedures performed by farmers, food processors, and breeders to detect abnormal mutations 
created by conventional breeding methods. 

 
Fig. 1 A-Teosinte ear (Left), B- Ear from the F1 hybrid of a cross between teosinte and corn 1 (Middle), C- 

Corn ear (Right). 

Traditional Breeding vs Genetic Modification 

The major benefit of genetic engineering is that it permits the transformation of a desired single gene, or more 
than one gene, in a greatly precise, predictable and controllable way than it is performed with traditional 
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breeding. Traditional breeding comprises of a random combination of thousands of genes in a plant with 
thousands of genes in another plant, so linkage drag may occur. Traditional breeding, took 10 to 15 years to 
commercialize a new variety of sweet corn but using tools of genetic engineering this time has been cut in half. 
Traditional breeding only allows exchanges of genetic material among the same or closely related species but 
genetic engineering has no species or genus barrier if gene of interest not found within species. In case of sterile 
species, genetic engineering is the promising option for crop improvement. Additionally, genetically engineered 
crops undergo environmental safety and extensive food assessment, whereas traditionally modified crops are 
not. 

One may possibly ask a question, why we need genetically engineered crops when we have been making 
unbelievable success in our food improvement using traditional methods. The answer is that today, more than 
820 million people globally facade daily hunger; besides, a majority of the global population growth in the next 
50 years will be in developing countries where malnutrition is already prevalent. According to many reports’ 
world population would be 9.5 billion within 50 years (Presently 7.7 billion). Feeding this huge population will 
need enormous changes in agriculture production and productivity. Approximately 40% of land use for 
agriculture critically degraded. In order to meet the nutritional demands of that much increasing population, 
cereal production only will require to rise by 40% within 20 years. We cannot achieve the yield enhancement in 
a sustainable way using traditional breeding methods. Genetic engineering is an important tool in addition to 
other tools to improve a food supply that will be sustainable in the long run and will be able to meet these 
needs in the future. 

Benefits of Genetically Modified Crops 

1.Insect-Resistant Bt-cotton: Bt-cotton is a genetically modified cotton crop that produces an insecticidal 
protein whose gene has been derived from a soil bacterium called Bacillus thuringiensis, commonly called Bt. 
The Bollgard (BG) is the trademark given to varieties of genetically modified cotton to produce an insecticidal 
protein from Bacillus thuringiensis (Bt). Besides new pests and diseases, uncertain Monsoon, climatic changes, 
bollworm is the major constraint which reduces the cultivation area, productivity and production of cotton. 
Cotton productivity and cultivation area were reduced in India due to recurrent bollworm infestation and 
eruptions before the adaption of Bt cotton. The area reduced from an average of 87 lakh/ha in 2001to 78 
lakh/ha in 2002 and 2003 and India’s productivity was 302 Kg/ hectare in 2002.  

The adaption of Bt cotton leads to a remarkable rise in production across the country. With the adoption of Bt-
cotton since 2002, both cultivation area and productivity increased as well as noteworthy fall in pesticide uses. 
In 2018 India acquired 1st rank in the world in cotton cultivation area about 125.86 lakh/ha i.e. about 37% of 
the World area of 336.3 lakh/ha because of the introduction of Bt cotton. India’s productivity was increased by 
302 Kg/hectare in 2002 to 454.43 kg/ha in 2018. In the past 18-year period, 2002 to2019, India’s cotton 
production from 139 lakh bales to 325.30lakh bales in 2019. The rise in production is not only due to the 
adaption of Bt cotton but also due to new Bt-hybrids, IPM/IRM strategies, a new area in many states. 

2. Herbicide Tolerance: Major area of genetic modification is herbicide tolerance. Herbicide tolerant crops are 
tolerant broad-spectrum herbicides. These herbicides are degraded rapidly in the soil and have no crop injury. 
They promote “no-till” farming methods, which considerably decrease soil erosion. Soybean, corn and cotton 
crops are the genetically modified to be resistant for the herbicide glyphosate. 

3. Bio-Fortification: It is a cost-effective, promising agricultural approach to enhance the nutritional quality of 
food/fruit crops ultimately reduces malnourished populations across the world. Golden Rice is an important 
example of a bio-fortified crop. Here bio-fortification was achieved through genetic engineering of the rice plant 
to synthesize and accumulate pro-vitamin A (β-carotene) in the rice grains. 

4. Improve Quality: Food processing qualities (enhancement of shelf life) of many fruits have been targeted for 
improvement through biotechnology.  
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Introduction 

Life and biodiversity are a result of happy balance between mutation and its repair. Perpetuation of the genetic 
material depends on maintaining the mutations at low levels. There are three important source of DNA damage 
viz. error during DNA replication, chemical or environment damage to the genetic material and insertions 
generated by transposons. DNA repair refers to collection of process by which cell identifies and corrects 
damage to the DNA molecule. DNA repair system corrects the DNA damage in two steps, first, it must scan the 
genome to detect damaged sites. Second, it mends the lesions in a way that restores the original DNA sequence. 

Types of DNA Repair System 

The cell recruits different type of repair systems to correct the specific type of DNA damage. 
Table 1 gives the type of DNA repair system and the damage corrected by them. 

S. No. Type of DNA repair system Damage 
1 Mismatch repair  Replication errors 
2 Photo reactivation  Pyrimidine dimers 
3 Base excision repair  Damaged base 
4 Nucleotide excision 

repair 
 

Pyrimidine dimer 
and bulky adduct 
on base 

5 Double strand 
break repair 

Double stand break 

6 Translesion DNA 
synthesis 

Pyrimidine dimer or 
apurinic site 

1. Mismatch repair system: It corrects the replication related errors. Proofreading activity of DNA polymerase 
III is not full proof leading to mismatch between newly synthesized strand and the template strand. The final 
fidelity of DNA replication rest with mismatch repair system.  

In E. coli MutS scan DNA and recognize mismatch due to distortion they cause in the DNA backbone. Complex 
of MutS and mismatch containing DNA recruit MutL which in turns activate MutH. MutH contains a GATC 
specific endonuclease activity that cleaves the unmethylated strand (newly synthesized strand) at 
hemimethylated GATC sites either 5’ or 3’ to the mismatch. 

Nicking is followed by action of DNA helicase II (MutU) which unwind the DNA moving in the direction of site of 
mismatch. If incision occur 5’ to the mismatch a 5’..... 3’ exonuclease like E. coli exonuclease VII and if the 
incision occurs at 3’ to the mismatch a 3’......5’ exonuclease like E. coli exonuclease I digest the displaced single 
unmethylated strand extending to and beyond the site of the mismatch nucleotide. This action produces a single 
strand gap, which is filled by DNA polymerase III and sealed with DNA ligase. 

In yeast protein MSH2-MSH3 recognize and bind loops of 2-4 mismatch nucleotides, while MSH2-MSH6 binds 
single base mismatch. Eukaryotic cell also repairs mismatches using hologs to MutS (MSH) and MutL (MLH). 

2. Direct reversal of DNA damage: 
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a. Photoreactivation: It directly reverses the formation of pyrimidine dimers formed due to UV 
irradiation. Enzyme DNA photolyase binds to thymine dimer in DNA in the dark but it requires energy 
from light more specifically blue light to break the covalent bond linking adjacent pyrimidine. 

b. Action of methyl transferase: Another example of direct reversal is removal of methyl group from 
methylated base O6-methyl guanine. Methyl transferase remove methyl group from guanine by 
transferring it to one of its own cysteine residues. This is very costly to cell as methyl transferase is not 
catalytic i.e. having once accepted the methyl group, it cannot be used again. 

3. Excision repair system: 
Damaged nucleotide is not repaired but it is removed from the DNA. It is of two types. 

a. Base excision repair: It removes abnormal or chemically modified bases from DNA. DNA glycosylase 
enzyme identify and removes the damaged base by hydrolysing glycosidic bond. This create apurinic or 
apyrimidic dite (AP site). AP sites are recognized by AP endonucleases which act together with 
phosphodiesterases to excise the sugar phosphate group at these sites. 

Thus, damaged nucleotide is entirely removed from DNA. Repair DNA polymerase and DNA ligase 
restore an intact strand using undamaged strand as a template. Each glycosylase recognizes specific type 
of altered base. Thus, specific glycosylase recognizes uracil, Oxo G. X-Ray crystallography revealed that 
damaged bases is flipped out so that it projects away from double helix, where it sits in active site of 
enzyme glycosylase. 

b. Nucleotide excision repair: This repair system removes larger lesions like thymine dimers and bases 
with bulky side groups from DNA. A unique excision nuclease activity produce cut on either side of the 
damaged nucleotide and excise the oligonucleotide containing damaged base. This nuclease is known 
as exinuclease. Single stranded gap thus produced is filled by DNA polymerase using undamaged strand 
as template, DNA ligase seals the remaining nick and thereby restoring original nucleotide sequence. 
Nucleotide excision in E. coli involves four proteins viz. UvrA, UvrB, UvrC, UvrD. 

A complex of UvrA and UvrB scans the DNA. UvrA detect distortion to the helix then it exits the complex 
and UvrB melts DNA to create single stranded bubble around the lesion. UvrB recruits UvrC. UvrC creates 
two incisions, one located eight nucleotides away on 5’ end of the lesion and other four or five 
nucleotide away on the 3’ end of the lesion. This creates 12-13 nucleotide long single stranded DNA 
segment, which is made accessible by action of DNA helicase UvrD. Finally, DNA polymerase I and DNA 
ligase fill in the resulting gap. 

In eukaryoted nucleotide excision repair system involve 25 or more polypeptide. Among these XPC is 
responsible for detecting distortion in the helix. Formation of bubble involve helicase activity of XPA and 
XPD and single stranded binding protein RPA. The bubble creates cleavage site on 5’ side of lesion for 
nuclease ERCC1-XPF and on the 3’ side for nuclease XPG. This result in single stranded region of o 25-32 
nucleotide long. 

This gap is filled by action of DNA polymerase and DNA ligase. Nucleotide excision repair is also capable 
of rescuing RNA polymerase, whose progression is arrested by presence of lesion in the transcribed 
strand of a gene. This phenomenon is known as transcription coupled repair. Transcription factor TFIIH 
plays important role in transcription coupled repair, subunits of TFIIH include DNA helix opening protein 
XPA and XPD. Thus, it is responsible for melting the DNA around lesion during nucleotide excision repair. 

4. Recombination repair/ Retrieval repair/ Post replication repair: It comes into play when both strand of DNA 
are damaged and sequence information is retrieved from a sister chromatid or homologous chromosome. This 
system operates when a structural distortion blocks the replication of damaged site. Consider a replication fork 
encounters a lesion in DNA (such as thymine dimer). 

It will stop the progress of DNA polymerase III. DNA polymerase will restart DNA synthesis at some position past 
the dimer leaving a gap in nascent strand position opposite to the dimer. But complementary strand of DNA is 
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normally replicated. Therefore, replication would yield one normal progeny DNA molecule, and one having 
thymine dimer in one strand and a long gap in its complementary strand, at this point original nucleotide 
sequence is lost from both the strand. The damaged DNA molecule is repaired by recombinant dependent repair 
process in which the sequence information is retrieved from other daughter molecule of the replication fork by 
recombination. 

It is mediated by E. coli recA gene product. RecA protein is required for homologous recombination. It binds to 
the single stranded DNA at the gap and mediate pairing with homologous segment of sister double helix. The 
gap opposite the dimer is filled with the homologous DNA strand from the sister DNA molecule. The resulting 
gap in the sister double helix is filled by DNA polymerase and nick is sealed by DNA ligase. Thymine dimer remain 
in the template strand of original progeny of DNA molecule, if this is not removed by nucleotide excision repair, 
post replication repair needs to be repeated after each round of DNA replication. 

5. Double strand break (DSB) repair system: DSB are also repaired by direct joining of broken ends. If a still 
unreplicated chromosome suffer a break, then no sister chromosome is present to serve as a template in DSB 
repair pathway. Under such condition, alternative system known as non-homologous end joining (NHEJ) comes 
into play. The original sequence is not faithfully restoring during NHEJ. 

Thus, NHEIJ is mutagenic. Proteins involved in NHEJ pathway involve Ku70, Ku80, DNA-PKcs, Artemis, XRCC4, 
Cernunnous-XLF. NHEJ does not involve extensive stretches of homologous sequences. Instead, the two ends 
of broken DNA are joined to each other by misalignment between single strands protruding from the broken 
ends. Single strand tails are removed by nuclease and gaps are filled by DNA polymerase. 

6. Translesion repair DNA system: When progression of replicating DNA polymerase is blocked by damaged 
base, a special translesion polymerase incorporate nucleotide in a manner independent of base pairing although 
this polymerase is template dependent, but, because enzyme is not reading the sequence information from the 
template, translesion synthesis is highly error prone. Translesion synthesis in E. coli is carried out by a complex 
of the protein UmuC and UmuD’, these are subunits of DNA polymerase V. 

In E. coli synthesis of translesion polymerase in induced only in response to DNA damage. Genes encoding 
translesion polymerase is expressed as a part of pathway known as SOS response. Two key regulator protein viz 
LexA and RecA control SOS response. 

LexA is a transcriptional repressor that controls expression of gene involved in SOS response including those for 
UmuC and UmuD. RecA is activated by single stranded DNA resulting from DNA damage. Activated RecA binds 
to LexA stimulates LexA to inactivate itself by self-cleavage.  

With LexA inactive (proteolytic distruction), the level of expression of SOS genes like recA, lexA, UmuC, UmuD 
and others increase and the error prone repair system is activated. Translesion polymerase binds to the 
ubiquitinated sliding clamp as it contains domain that recognize and bind to ubiquitin. 

DNA Repair in Eukaryotes 

In yeast:- 
RAD3→Involved in excision repair. 
RAD6→Concerned with post replication repair 
RAD52→Required for recombination like mechanism 
rad30 in yeast encode DNA polymerase ɳ which can replicate damaged sites. 

Summary  

Cells have various types of enzymes involved in repairing DNA damage. Some enzymes directly reverse DNA 
damage like photolyase and methyl transferase. Excision repair is a more versatile strategy in which damaged 
segment is removed and replaced by new strand using undamaged strand as a template. 
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The most hazardous damage is DNA break. Breaks are repaired by recombinational repair or DSB repair. DSB 
are also repaired by NHEJ which is highly error prone. Another error prone pathway is translesion synthesis 
which enable replication to progress across the damage. Translesion synthesis is mediated by polymerase which 
carry out DNA synthesis independent of base pairing rule. 
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Introduction 

Indian economy relies on Agriculture which offer forum for economic development of the country. About 70 
per cent of the rural populations of India are dependent upon agriculture for their livelihood (India at a glance, 
FAO). It contributes about 15.96% (2019) of total GDP of India. Agro-climatic condition of India is conducive for 
the production of various agricultural commodities; as a result, India is the largest producer of several 
Agricultural products. In food and agricultural production, globally India is in second position and agricultural 
exports were about $38.5 billion (Economy of India). India is placed among the 15 leading exporters of 
agricultural products in the world (Sheeba and Reena, 2018). India is the largest producer of milk, sugarcane, 
tea and second largest producer of rice, fruits, wheat and vegetables (Paramasivan and Pasupathi, 2017). India 
exports agricultural commodity like Basmati Rice, Non-Basmati Rice, Cereal Preparations, Fresh Onions, Pulses, 
Maize, and Other Fresh Fruits. In India, the total exports of agricultural and processed food product during FY20 
upto January 2020 was US$ 28.94 billion (Agriculture and Food Industry and Exports). 

Export Performance of Cereals 

Cereals are one of the important Agricultural commodities occupying dominant position in Indian food 
expenditure; among which rice rank first followed by wheat and coarse grains. Globally about 2,500 million tons 
of cereal is produced annually (FAO). 

Both processed and unprocessed cereals are one of the major foreign exchange earners of the country. Basmati 
and non-Basmati rice contribute a major share in total cereal export of India. During FY20 (till February 2020), 
India’s export of basmati rice was US$ 3.88 billion and non-basmati rice was US$ 1.84 billion. The major exported 
countries for cereals and cereal preparation are Asian countries like Saudi Arabia, UAE, Kuwait, Malaysia, 
Bangladesh, Singapore, Oman, Sri Lanka, Pakistan, Iran, Vietnam, Nepal, Taiwan, Indonesia, Sudan, Kenya and 
Jordan (Thomas and Sheikh).  

Table 1: Trend in exports of Cereal crop from India in terms of quantity (in “000” MT). 

Year   Basmati Rice  Non Basmati Rice  Wheat  Maize  Other Cereals  

2009-10  2016.77  139.54  0.047  2632.87  291.59  

2010-11  2370.65  100.68  0.394  3010.42  209.64  

2011-12  3178.17  3997.71  740.74  3855.72  217.96  

2012-13  3459.89  6687.99  6514.81  4788.32  652.97  

2013-14  3757.27  7133.18  5562.37  3954.23  657.70  

2014-15  3702.26  8274.04  2924.07  2825.61  688.19  

2015-16  4045.82  6464.56  666.66  697.94  269.97  

2016-17  3985.19  6770.80  265.60  566.35  168.43  

2017-18  4056.75  8648.48  322.79  705.51  157.61  

2018-19  4414.58  7599.67  226.22  1051.85  225.15  

Mean  3498.73  5581.66  1722.37  2408.88  353.92  

CGR (%)  7.25  52.19  95.42  -18.67  -4.85  

CV (%)  22.07  56.24  141.53  64.60  61.99 

Source: India Agristat database 
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Table 2: Trend in exports of Cereals from India in terms of value (Rs. in crore) 

Year  Basmati Rice  Non-Basmati Rice  Wheat  Maize  Other Cereals  

2009-10  10889.13  365.3  0.06  2553.77  419.32  

2010-11  11354.63  231.29  0.7  3359.46  289.02  

2011-12  15449.6  8659.13  1023.27  5157.51  335.41  

2012-13  19409.39  14448.81  10529  7096.34  1084.27  

2013-14  29299.96  17749.96  9261.61  5983.66  1156.91  

2014-15  27597.89  20428.54  4991.84  4037.51  1224.02  

2015-16  22718.6  15483.39  1061.77  1162.01  540.49  

2016-17  21512.91  16929.88  447.85  1030.13  395.64  

2017-18  26870.17  22967.82  624.37  1228.46  373.7  

2018-19  32804.3  21185.28  424.95  1872.51  554.24  

Mean 21790.65  13844.94 2836.54  3348.13  637.30  

CGR (%)  11.54  55.11  101.63  -13.38  1.89  

CV (%)  34.60  59.08  141.03  64.67  57.72  

Source: India Agristat database 

Constraints in Agricultural Export 

The growth rate in export of cereal has been fluctuating both in cases of quantity and value. The possible 
reasons are low productivity due to inappropriate cultivation practices and improper harvest methods which 
affect international competitiveness, no clear focus on exports due to vast domestic market with low quality 
standards, low value addition and huge gap between farmers and exporters etc. 

Conclusion  

The export of cereal products both processed and unprocessed provides a good contribution towards Indian 
national income. The geographical location of India offers good market linkages with Europe, the Middle East, 
Japan, Singapore, Thailand, Malaysia and Korea. For reducing the constraints related to export, it is necessary 
to use improved cultivation practices as well as modern technology for pre and post-harvest management of 
the produce, using of cold chain system, value addition of available agricultural resources by maintaining the 
quality standards, strengthening the role of Agri Export Zones (AEZ). Government also needs to take some 
effective steps for increasing agricultural export. 
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The normal functioning of cells is dependent on a proper balance of pro-oxidant and antioxidants. The former 
promotes the release of oxygen to provide energy needed for cell functioning. In this process, different 
biochemical reactions take place, which continuously produce various free radicals. If these free radicals are not 
satisfied by antioxidants, they cause damage to the cells, protein, DNA and RNA. Cumulatively tissue injury thus 
caused as cancer, atherosclerosis, and radiation damage and accelerated ageing.  

Thus, an antioxidant can be defined as “A compounds and molecules that protect biological systems against the 
potentially harmful effects of processes or reactions that can be causes excessive oxidation.” In biological 
systems, removal or addition of electrons is the most frequent mechanism known as Redox (Reduction 
Oxidation) reaction. The reduction is the addition of an electron (e-) to an acceptor molecule, which stores 
energy, while oxidation is removal of an electron from a molecule to release energy. During the process of 
releasing of energy to perform normal activities of life, electrons are transferred between the molecules 
resulting in many Reactive Oxygen Spices and the non-oxygen free radicals in the body. 

Free Radicals of Oxygen 
There are three known free radicals, the Superoxide, the hydroxyl and the peroxide. When molecular oxygen 
accepts one electron at a time, superoxide radical formed.  

                  O2 +e-                       O2
- 

Superoxide can accept a proton H+ to form perhydroxy radicals (HOO) which is also a free radical. Perhydroxy 
radical has greater solubility in fat solvents and are highly toxic to the cell membranes which are rich in lipids. 

   O2
- + e- +2H+     H2O2 

In the second step, superoxide takes up another electron, forming peroxide, which combines with hydrogen 
ions in the cellular fluid to form hydrogen peroxide. Hydrogen peroxide is more stable and hence less toxic than 
superoxide. But hydrogen peroxide survives longer and can move considerable distance from the site of its 
origin, by entering the circulating body fluids, causing damage along its route. Hydrogen peroxide is not a free 
radical but a free radical inducer.  

The toxicity of Hydrogen peroxide is further enhanced in cells rich in transition metals ions and copper as in red 
blood cells. Iron and copper are present in the respiratory components of all tissues and are sites for splitting 
hydrogen peroxide into a highly toxic hydroxyl radical and hydroxyl ion. This reaction is known as Fenton’s 
Reaction. 

Hydroxyl radical is highly toxic but has a short life span, cannot diffuse across cell membrane and cannot spread 
its toxic effect to neighboring tissues. Superoxide, hydrogen peroxide, hydroxyl radicals and singlet oxygen 
(molecular oxygen with an electron) are known as Reactive Oxygen Spices. 

Types of Antioxidants 

Dietary Sources of Antioxidants: 
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1. Vitamin C: Vitamin C is known as ascorbic acid, found in all body fluids, so it may be one of our first lines of 
defence. This antioxidant cannot be stored by the body, so it’s important to get it regularly by eating fruits and 
vegetables. Important sources are green leafy vegetables, strawberries, green peppers, citrus fruits, broccoli, 
raw cabbage, and potatoes. 

2. Vitamin E: A fat-soluble vitamin that can be stored with fat in the liver and other tissues, there is a range of 
purposes-from healing sunburn to delaying aging which promotes vitamin E (tocopherols, tocotrienols). 
Important sources include seeds, whole grains, green leafy vegetables, wheat germ, nuts fish-liver oil, vegetable 
oil. 

3. Beta-Carotene: There are more than 600 different carotenoids that have been discovered, dark green, yellow 
and orange vegetables and fruits are protected from solar radiation damage by beta-carotene (lycopene, 
carotenes). It is believed that it plays a similar role in the body. Broccoli, Carrots, tomatoes, squash, sweet 
potatoes, cantaloupe, peaches, and apricots are particularly rich sources of beta-carotene. 

4. Selenium : Selenium can probably interact with every nutrient that affects the antioxidant balance of the cell. 
It also helps to fight cell damage caused by oxygen-derived compounds and thus may help protect against 
cancer. It is best to get selenium through foods like red meat, fish, shellfish, grains, chicken, eggs, and garlic. 

5. Polyphenol Antioxidants: In polyphenol antioxidants (resveratrol, flavonoids) several phenol functional 
groups are present. The main source of polyphenol antioxidants are most legumes; fruits such as apples, 
blackberries, cherries, grapes, pears, plums, raspberries, and strawberries; and vegetables such as broccoli, 
cabbage, celery, onion, and parsley are rich in polyphenol antioxidants.  

6. Glutathione: Glutathione protects cells from free radicals. Glutathione is produced in human body from the 
synthesis of three key amino acids-glycine, cysteine, and glutamic acid. Food sources with the highest amounts 
of naturally occurring glutathione include; avocado, asparagus, potato, watermelon, squash, grapefruit, peach, 
spinach, broccoli, and strawberries. To increase & maintain body glutathione levels meat, fish, and foods which 
yield sulphur containing amino acids are the preferred.  

7. Peroxidase: It is an enzyme which occurs especially in plants, milk, and leukocytes and consisting of a protein 
complex with hematin, which catalyses the oxidation of various substances. Food sources are soybean, mango 
fruit, and turnip.  
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8. Cysteine: It is an important antioxidant in cellular systems which blocks oxidants of the free radical. To protect 
cells against free radical oxidant damage cysteine is incorporated in the cellular glutathione, which works along 
with vitamin E. It is synthesized in the liver from methionine. Animal protein is higher in sulphur amino acids. 
Beans are generally higher in sulphur amino acids than grains.  

9. Flavonoids: Flavonoids play important role in promoting antioxidant activity, cellular health, normal tissue 
growth and renewal throughout the body. Different sources are: oranges, lemons, kale, beets, cranberries 
berries, red and black grapes, grapefruits, and green tea. 

Antioxidant Relation with Metabolic Disorder  

1. Alzheimer Disease: Alzheimer's disease, the most common cause of dementia in elderly people, is 
characterized by progressive neuro degenerative alterations that gradually reduce cognitive and functional 
abilities of the affected subject. Loss of synapses and neurons as well as accumulation of extracellular Aβ 
plaques and intra-neuronal neuro fibrillary tangles is the main hallmarks of Alzheimer’s disease brain. In 
Alzheimer's free radical are suspect for several reasons. Many results show that the concentration of vitamin C 
and beta-carotene in the serum of Alzheimer's patients was significantly lower than in the blood of control 
subjects. 

2. Cataract: In the eye, oxidation affects proteins and fats in the lens to the extent that the lens becomes 
damaged and cloudy, creating a cataract. People who consistently follow a healthy diet that includes colourful 
fruits, vegetables and whole grains may show a decreased risk of cataracts. Antioxidant vitamins and 
phytochemicals found in fruits and vegetables that may reduce the risk of cataracts include vitamins A, C and E, 
lutein and zeaxanthin. Improvement of vision is also positively associated with elevated level of these 
antioxidants. 

3. Diabetes: Diabetes is due to either the pancreas not producing enough insulin or the cells of the body not 
responding properly to the insulin produced. Many studies have shown that oxidative stress is strongly 
associated with diabetes and use of antioxidants either from food sources or as a supplement may help prevent 
or potentially reverse damage from oxidative stress. 

4. Pulmonary Disorders: Recent studies suggest that free radicals may be involved in the development of 
pulmonary disorders such as asthma. It has been suggested that increasing antioxidant intake may help to 
reduce oxidant stress and help to prevent or minimize the development of asthmatic symptoms. Vitamin C, 
vitamin E, and beta carotene supplementation has been associated with improved pulmonary function. Some 
evidence suggests glutathione, or possibly N-acetyl cysteine, which is a precursor to glutathione, may be helpful 
in protecting against pulmonary damage as well. 

5. Parkinson’s Disease: Parkinson's disease is pathologically characterized by loss of catecholaminergic neurons 
in the brainstem. The concept of oxidative stress and antioxidants may be directly or indirectly involved in the 
pathogenesis of Parkinson's disease. Antioxidant substances such as, enzymatic anti-oxidants like superoxide 
dismutase, glutathione peroxidase, glutathione reductase and catalase, and non-enzymatic antioxidants 
ceruloplasmin, vitamin A, vitamin E and vitamin C have role to protect cell from pathogenic oxidation. 
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Introduction 

Rainfed agriculture is likely to be more vulnerable to climate change in view of its high dependency on monsoon 
and the chances of increased extreme weather events like delayed onset of monsoon, high intensity rainfall, 
seasonal drought, early withdrawal of monsoon etc. due to aberrant behaviour of south-west (SW) monsoon. 
About 74% of annual rainfall occurs during SW monsoon (June-September). This rainfall exhibits high coefficient 
of variation particularly in arid and dry semi-arid regions. Aberrations in SW monsoon strongly influence the 
crop productivity levels and these aberrations are likely to further increase in future. Numerous technological 
(e.g. cropping patterns, crop diversification, soil health management, rainwater harvesting, shifts to 
drought/salt tolerant varieties etc) and socio-economic (e.g. ownership of assets, access to services, 
infrastructural support etc) factors will come into play in enhancing or constraining the current capacity of 
rainfed farmers to cope with climate change. There is sufficient scientific data to suggest that productivity of 
rainfed agriculture can be enhanced significantly on a sustainable basis if two basic natural resources, i.e. soil 
and rainwater, are well managed. In this article, major soil and water management practices for climate resilient 
rainfed agriculture are highlighted. 

Resilient Rainfed Technologies 

Technical adaptation measures range from change in production systems like adjusting planting dates, 
rotations, multiple cropping/species diversification, crop-livestock pisciculture systems, agroforestry, soil, water 
and biodiversity conservation and development by building soil biomass, restoring degraded lands, 
rehabilitating rangelands, harvesting and recycling water, planting trees, developing adapted cultivars and 
breeds, and protecting aquatic ecosystems to maintain long-term productivity Adaptation measures also take 
account of establishing disaster risk management plans and risk transfer mechanisms, such as crop insurance 
and diversified livelihood systems. 

Rainwater Management  
Effective rainwater management is critical for drought mitigation and successful rainfed agriculture. In-situ soil 
and water conservation (SWC) practices improve soil structure and soil porosity, increase infiltration and 
hydraulic conductivity, and consequently increase soil water storage that help crops to withstand moisture 
stress. These measures are more feasible and are practical proposition under most situations and can be 
adopted by individual farmers with less draught and amenable even for a small holder. The suitability of a 
practice depends on the topography of the field, temporal and spatial distribution of rainfall, type of soil, crop, 
etc. Based on extensive research conducted at various locations in the country, several in-situ moisture 
conservations practices have been recommended and some of these practices are being adopted in significant 
areas in the country.  

In addition to in-situ conservation, efforts need to be made to divert the surplus water into storage structures 
which can be used either as stand-alone resource or in conjunction with groundwater for meeting the critical 
irrigation requirements. The importance of rainwater harvesting has increased in recent years due to the 
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increased rainfall variability, depletion of groundwater levels and raising temperatures. In relatively high rainfall 
regions, the strategy is to conserve as much rainwater as possible and to harvest the surplus water for life saving 
irrigation and also for enhancing the cropping intensity and to maximize returns from the harvested water. 
Apart from enhancing the availability of water by various methods, increasing the water use efficiency should 
be the focus by arresting various kinds of losses associated with utilization of water. 

 
In-situ moisture conservation through compartment bunding (left) and conservation furrows (right) 

Soil Management  

Soils in the rainfed regions constitute diverse orders with extreme variability in origin, parent material, water 
retention and nutrient status. In addition to the parent material, climatic variables like rainfall, temperature and 
sun-shine influence the type and key properties of soils in a given region. Soils hold the key to productivity and 
resilience to climate vagaries in rainfed agriculture in India. Loss of fertile soil as erosion, depletion of soil organic 
matter, emerging secondary and micronutrient deficiencies, soil compaction, surface crusting, loss of soil 
biodiversity have become potential limiting factors for productivity enhancement in these regions. Crust 
formation is a serious problem in Alfisols. Hard setting or crust formation results in difficulties in seeding, delay 
in emergence of plant, and restricted root growth. The germination of small seeded crops such as pearl millet, 
sorghum and finger millet are most affected. 

Site-Specific Nutrient Management (SSNM)  
There is a need to supply the nutrients considering the crop need, soil fertility level and other agroecological 
situation, which is known as site specific nutrient management (SSNM). This approach although is considered 
as risky option under dryland situation due to uncertainty of rainfall distribution, integrating with suitable soil 
moisture conservation measures and cropping system yields better returns. 

Balanced Nutrition/Micronutrient Management in Rainfed Production Systems 

Soils in most parts of India not only show deficiency of NPK but also of secondary nutrients (S, Ca and Mg) and 
micronutrients (B, Zn, Cu, Fe, Mn etc). Balanced nutrient application to crops based on the nutrient requirement 
to produce a unit quantity of yield and the native nutrient supplying capacity of soil improves crop yields while 
minimizing nutrient losses and cost of cultivation. Balanced nutrition (particularly optimum potassium nutrition) 
contributes to mitigation of water stress conditions as K controls water relations in plant growth. 

Real Time Contingency Planning  

To minimize the crop production and productivity losses and to improve the efficiency of the rainfed production 
systems, Real Time Contingency Planning (RTCP) was conceptualized in All India Coordinated Research Project 
for Dryland Agriculture (AICRPDA). RTCP is considered as “any contingency measure, either technology related 
(land, soil, water, crop) or institutional and policy based, which is implemented based on real time weather 
pattern (including extreme events) in any crop growing season”.  
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The major objectives of RTCP are to (i) establish a crop with optimum plant population during the delayed onset 
of monsoon; (ii) ensure better performance of crops during seasonal drought (early/mid and terminal drought) 
and extreme events; (iii) enhance performance, improve productivity and income; and (iv) enhance the adaptive 
capacity and livelihoods of the farmers. The RTCP is being implemented in two-pronged approach i.e. 
preparedness and real-time response.  

Interventions like mulching with crop residues, in-situ moisture conservation, and protective irrigation from 
harvested rainwater in farm ponds were demonstrated to cope with mid-season drought in various field crops 
across different states. These interventions helped in coping with mid-season dry spells and gave 15-40% higher 
crop yields with additional net returns compared to farmers’ practices (Table 1). Terminal or late season drought 
normally occurs due to early withdrawal of monsoon and affects seed/grain filling and maturity stage of the 
crop. Terminal droughts are more critical as the crop duration gets shortened due to forced maturity. 
Interventions such as protective irrigation from harvested rainwater in farm ponds and mulching in different 
crops gave 39-55% higher yields compared to farmers’ practices (Table 1).  

Table 1. Real time contingency interventions to cope with mid-season/terminal drought in diverse agro-
ecosystems of India: 

Weather 
aberration 

Real time contingency 
intervention 

State/district/crop Impact 

Mid-
season 
drought 

Mulching Assam/Lakhimpur/ginger and turmeric Helped in soil 
moisture 
conservation 
and increased 
the yields of 
ginger and 
turmeric by 
25-30% 

 Conservation furrow Maharashtra/Parbhani/soybean Conserved 
the soil 
moisture and 
increased 
seed yield of 
soybean by 
33% 

 Protective irrigation Andhra Pradesh/Kurnool/ 
groundnut and castor 

Increased 
yield by 46% 
in groundnut 
and 20% in 
castor 

  Assam/Lakhimpur/potato Increased the 
tuber yield by 
20-25% 

Terminal 
drought 

Protective irrigation Gujarat/Jamnagar/groundnut and cotton Increased pod 
yield of 
groundnut by 
18% and lint 
yield of 
cotton by 20% 

  Maharashtra/Parbhani/soybean Gave 55% 
higher yield 
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compared to 
rainfed crop 
(632 kg/ha) 

  Assam/Lakhimpur/potato Gave 39% 
higher potato 
yield (26748 
kg/ha) 
compared to 
farmers’ 
practice 

Conclusion  

Droughts and famines are the general features of rainfed agriculture in India. Adoption of location specific soil 
and water management practices is both essential and a prerequisite to make rainfed farming more economical 
and sustainable under increasing frequency of droughts, decrease in number of rainy days, and extreme and 
untimely rainfall. Much of the research done in rainfed agriculture in India relates to conservation of soil and 
rainwater, and drought proofing which is an ideal strategy for adaptation to climate change. Central Research 
Institute for Dryland Agriculture (CRIDA) and All India Coordinated Research Project for Dryland Agriculture 
(AICRPDA) have developed several location-specific doable technologies for soil and water management in 
rainfed farming. There is a need to upscale these technologies through KVKs, ATMA and several national/state 
programmes of the Governments to cope with weather aberrations and for realizing the productivity 
enhancements and large-scale impacts. 
  



 

 
Volume 2 - Issue 12 - December 2020       20 | P a g e  
 

Significance of Maturity Indices and Harvesting Techniques for 
Enhancing Shelf Life of Fruit Crops 

Article ID: 33006 
Rifat Bhat1, Mehvish Bashir1, Shazia Tariq1 

1Junior Scientist, Division of fruit science, Division of Fruit Science, Sher-e-Kashmir University of Agricultural 
Sciences & Technology of Kashmir, Shalimar-190025, Srinagar (J&K) India. 

         

The initial step for deciding the postharvest life of the fruit crop is the maturity index which in turn determines 
the time of harvest. The optimum maturity at harvest is very important determinant to the final quality of the 
product. Maturity is best defined as the attainment of the particular size or the stage after which ripening occurs 
while maturity index is defined as the technique which helps in deciding that when a given commodity should 
be harvested to provide some marketing and to ensure the attainment of acceptable edible quality to the 
consumer. The index must be objective rather than subjective. The index must consistently relate to the quality 
and postharvest life of the commodity. The index should be non-destructive. The index must be easily 
detectable. Maturity index demarcates Harvest index. Sensory and nutritional quality is determined by maturity 
index. Adequate shelf life of the fruit crop is attained if harvesting is done by detecting the maturity indices. It 
facilitates  marketing and standards. Hence, the fruit can be used for fresh market or is processed. 

Maturity Indices for Selected Fruit Crops 

Index Methods of Determination 

Days from full bloom to harvest Computational 

 Heat units   Max +Min/2 –Threshold tempt 

Development of abscission layer Visual or force of separation 

Surface structure Visual 

Shape  Dimensions, Ratio charts 

Specific gravity Vol/wt, Floatation technique 

Firmness  Firmness tester 

Colour external Visual colour charts, Light reflectance 

Internal colour Visual examination, light transmittance 

Starch test KI test 

Sugar test Chemical test, Refractometer 

Acid test Titration, Chemical test 

Juice content Extraction 

Oil content Extraction, chemical test 

Internal ethylene Gas  chromatography 

Tannin content Ferric chloride test, Lead acetate test 

There are a number of methods for determining the maturity viz, elapsed days from full bloom is done by 
computation method. Mean heat units are computed from weather data. Specific gravity is measured by 
Density gradient solutions or Floatation techniques, Vol/weight. Size  is measured by various measuring devices 
e.g. Vernier Calliper. Surface structure is checked visually. Development of abscission layer is either observed 
visually or by force of separation. Shape  is checked by Dimensions, Ratio charts. Firmness is measured by 
Penetrometer. 

Colour is observed by Light reflectance or visual colour charts( external), light transmittance, delayed light 
emission or visual examination (internal).Starch content is measured by KI tests or other chemical tests. 
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Sugar content is checked by Chemical tests. Acid content is measured by Chemical tests or titration. Juice 
content is measured by Extraction. Oil content is checked by Extraction or chemical tests. Tannin content is 
measured by Ferric chloride test. Internal ethylene is analysed by Gas chromatography and TSS is measured by 
using Hand refractometer.T 

 

Harvesting  

The act of gathering a ripe fruit from the orchard is called as harvesting which is the most labour-intensive 
activity of the growing season. It is usually carried out at the time when all the nutrients have developed and 
the edible parts have reached the appropriate degree of maturity. After the maturity indices are reached, 
harvesting is practiced which is mostly based on experience in terms of colour, softness or the attainment of 
size as in case of  litchi, mango , jackfruit respectively. Harvesting must be done on proper time for better shelf 
life of the fruit. Fruits ought not to be harvested immature as it leads to poor quality (physiological disorder) 
and erratic ripening and neither over-ripe as these have shorter post-harvest or storage life and might also lead 
to post harvest physiological disorder. Harvesting may be also done prior to maturity due to sudden market 
demand or to fetch higher price early in the season e.g. in mango and litchi or to avoid pest incidence after rains 
as in guava. For different fruit crops, different methods of harvesting are employed which include Manual 
harvesting and Mechanical harvesting. 

Harvesting done by one’s own hand is called manual harvesting the importance of which being visual image 
processing ability which enables the workers to rapidly detect the fruit suitable for harvest. It is usually done in 
a number of ways viz, by means of ladder/ bag picking method ,Poles/ clippers method ,by means of cutting 
knives, by digging tools, Hand picking (as in case of guava, litchi, banana, mango), by climbing on the tree (like 
in litchi, mango, jackfruit) ,with the help of a notched stick having a pouch (like mango, guava) etc. 
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Mechanical harvesting  is generally done using mechanical harvesters or automatic harvesters which reduces 
the dependence on labourers and increases efficiency. 

 
Walnut Shaker 

Walnut Harvester 

Whether done mechanically or manually should be preferably done with utmost care and precautions so as to 
avoid bruising of the fruit to be harvested which is either to be marketed or processed. 
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Introduction 

Recent advances in genome engineering technologies are sparking a new revolution in biological research. 
Rather than studying DNA taken out of the context of the genome, researchers can now directly edit or 
modulate the function of DNA sequences in their endogenous context in virtually any organism of choice, 
enabling them to elucidate the functional organization of the genome at the systems level, as well as identify 
causal genetic variations. Broadly speaking, genome engineering refers to the process of making targeted 
modifications to the genome, its contexts (e.g., epigenetic marks), or its outputs (e.g., transcripts). A series of 
programmable nuclease-based genome editing technologies have been developed in recent years, enabling 
targeted and efficient modification of a variety of eukaryotic and particularly mammalian species. Of the current 
generation of genome editing technologies, the most rapidly developing is the class of RNA-guided 
endonucleases known as Cas9 from the microbial adaptive immune system CRISPR (clustered regularly 
interspaced short palindromic repeats), which can be easily targeted to virtually any genomic location of choice 
by a short RNA guide. The Royal Swedish Academy of Sciences has decided to award the 2020 Nobel Prize in 
Chemistry to  Emmanuelle Charpentier and Jennifer A. Doudna for the development of CRISPR/Cas9 genome 
editing technique. 

CRISPR/Cas  

 
CRISPR/Cas9: from bacterial immunity to a powerful genome editing tool 
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The most recent addition to the sequence-specific nuclease family, CRISPR/Cas, is proving to be the nuclease-
of-choice for plant genome engineering. Unlike the other three nuclease classes, which target DNA through 
protein/ DNA interactions, CRISPR/Cas uses a guide RNA molecule (gRNA) to direct an endonuclease, Cas9, to a 
target DNA sequence. As a result, redirecting CRISPR/Cas is extremely simple, requiring only the cloning of a 20 
nt sequence (complementary to a target DNA sequence) within a gRNA expression construct. 

Advantages of the CRISPR/Cas9 System 

1. Unlike ZFNs and TALENs, the CRISPR/Cas9 system can cleave methylated DNA in human cells, allowing 
genomic modifications that are beyond the reach of the other nucleases.  
2. The main practical advantage of CRISPR/Cas9 compared to ZFNs and TALENs is the ease of multiplexing. The 
simultaneous introduction of DSBs at multiple sites can be used to edit several genes at the same time and can 
be particularly useful to knock out redundant genes or parallel pathways. 

Applications of Cas9 as a Genome Engineering Platform 

1. The Cas9 nuclease cleaves DNA via its RuvC and HNH nuclease domains, each of which nicks a DNA strand to 
generate blunt-end DSBs. Either catalytic domain can be inactivated to generate nickase mutants that cause 
single-strand DNA breaks. 
2. Two Cas9 nickase complexes with appropriately spaced target sites can mimic targeted DSBs via cooperative 
nicks, doubling the length of target recognition without sacrificing cleavage efficiency. 
3. Expression plasmids encoding the Cas9 gene and a short sgRNA cassette driven by the U6 RNA polymerase III 
promoter can be directly transfected into cell lines of interest. 
4. Purified Cas9 protein and in vitro transcribed sgRNA can be microinjected into fertilized zygotes for rapid 
generation of transgenic animal models. 
5. For somatic genetic modification, high-titer viral vectors encoding CRISPR reagents can be transduced into 
tissues or cells of interest. 
6. Genome-scale functional screening can be facilitated by mass synthesis and delivery of guide RNA libraries. 
7. Catalytically dead Cas9 (dCas9) can be converted into a general DNA-binding domain and fused to functional 
effectors such as transcriptional activators or epigenetic enzymes. The modularity of targeting and flexible 
choice of functional domains enables rapid expansion of the Cas9 toolbox. 
8. Cas9 coupled to fluorescent reporters facilitates live imaging of DNA loci for illuminating the dynamics of 
genome architecture. 
9. Reconstituting split fragments of Cas9 via chemical or optical induction of heterodimer domains, such as the 
cib1/cry2 system from Arabidopsis, confers temporal control of dynamic cellular processes. 

Applications and Implications in Plant Breeding 

1. Genome editing can accelerate plant breeding by allowing the introduction of precise and predictable 
modifications directly in an elite background, and the CRISPR/Cas9 system is particularly beneficial because 
multiple traits can be modified simultaneously.  

2. NHEJ-mediated gene knockouts are the simplest form of targeted modification, and these could be used e.g., 
to eliminate genes that negatively affect food quality, to confer susceptibility to pathogens or to divert 
metabolic flux away from valuable end-products. Both TALEN and CRISPR/Cas9 technologies have been used to 
target the genes of the mildew resistance locus (MLO) in wheat and successfully knocked out all three MLO 
homoeoalleles, generating plants resistant to powdery mildew disease.  

3. Site-specific nucleases also allow targeted molecular trait stacking, i.e., the addition of several genes in close 
vicinity to an existing transgenic locus. This makes it feasible to introduce multiple traits into crops with a low 
risk of segregation, which is difficult to achieve by classical breeding or even conventional genetic engineering. 
Once stacking has been achieved, the entire array of transgenes can be mobilized into another germplasm by 
crossing because it behaves as a single locus.  
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4. The specificity of the CRISPR/Cas9 technology remains to be investigated in detail, it is already clear that the 
frequency of off-target mutations is well below that caused by chemical and physical mutagenesis techniques.  

5. Targeted insertion of transgenes in the fields of metabolic engineering and molecular farming, where plants 
or plant cells are used as factories for the production of specific metabolites or proteins. 

Conclusion 

The story of how a mysterious prokaryotic viral defence system became one of the most powerful and versatile 
platforms for engineering biology highlights the importance of basic science research. CRISPR/Cas9 technology 
platform provides many advantages over other genome editing methods, and this means that loss-of-function 
screening is now feasible and affordable on a genomic scale. The availability of the CRISPR/Cas9 technology will 
facilitate both forward and reverse genetics and will enhance basic research. It will allow the growing amount 
of genomic and systems biology data to be exploited more comprehensively, speeding up both gene discovery 
and trait development in many plant species. As a multiplex gene editing platform, it providing a system for 
high throughput plasmid construction and large-scale genomic editing in plant. Multiple sgRNAs can be easily 
assembled into a single delivery vector, for example using Golden Gate cloning one can foresee application of 
the CRISPR/Cas9 for knocking-out whole gene families. Successful development of the Cas9/sgRNA system for 
targeted gene modification and genome editing holds significant promise for advancing fundamental 
knowledge of plant biology as well as for creating crop plants with valuable new agronomic, nutritional and 
novel traits for the benefit of farmers and consumers. 
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In India, turmeric is grown in 18 states and Andhra Pradesh, Tamil Nadu, Karnataka, Orissa and West Bengal are 
the major turmeric-producing states. A yellow spice with a warm and mellow flavour, turmeric is related to 
ginger. Turmeric is used in preparation of mustard and curry powder and it's a popular ingredient in Middle 
Eastern cooking. Turmeric is a spice derived from a rhizome (a type of root) native to India and South East Asia. 
Turmeric was prized as a dye for centuries, thanks to its power to tint fabric--or food--a brilliant yellow gold. 
The dried, powdered rhizome is used in curry powder, some types of pickles and also as a natural food colouring 
agent. Turmeric is sometimes substituted for saffron (which is far more expensive); but aside from their colour, 
the two spices have little in common. Turmeric's flavour has been described as peppery and somewhat bitter, 
so it's important to be judicious when adding this spice to foods.   

A number of varieties are available in the country and are known mostly by the name of locality where they are 
cultivated. Some of the popular varieties are IISR –Pragati, Prathibha, Prabha, Sudharsana, Suvarna , Suguna, 
Rajendra soniya, Deswali, Dumrala and Morangia etc . The processing of turmeric includes the following unit 
operations: 

 

Post-Harvest Handling: Curing, Drying and Polishing  

Turmeric rhizomes are cured before drying. Curing involves boiling the rhizomes until soft. It is performed to 
gelatinize the starch for a more uniform drying, and to remove the fresh earthy odour. During this process, the 
coloring material is diffused uniformly through the rhizome.  The curing process involves boiling in water for 45 
min to one hour, until froth appears at the surface and the typical turmeric aroma is released. Boiling in alkaline 
water by adding 0.05% to 1% sodium carbonate, or lime, may improve the colour.  For the curing process, it is 
important to boil batches of equal size rhizomes since different size material would require different cooking 
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times. Practically, fingers and bulbs are cured in separate batches, and bulbs are cut in halves. Cooking may vary 
from one to four or six hours, depending on the batch size. It is recommended to use perforated containers that 
allow smaller batches of 50 to 75 kg, which are immersed in the boiling water; by using this method, the same 
water may be used for cooking several batches. Curing should be done two or three days after harvest, and 
should not be delayed to avoid rhizome spoilage. The quality of cured rhizomes is negatively affected for 
material with higher initial moisture content. Benefits of curing turmeric include reduction of the drying time, 
and a more attractive product (not wrinkled) that lends itself to easier polishing.26 However, it was reported 
that while the total volatile oil and colour remained unchanged, curcuminoid extractability might be reduced. 
The curing by boiling process has the advantage of sterilizing the rhizomes before drying.  

Slicing the rhizomes reduces drying time and yield turmeric with lower moisture content as well as better 
curcuminoid extractability. Cooked fingers or bulbs are dried to a moisture level of 5% to 10%. Sun drying may 
take 10 to 15 days, and the rhizomes should be spread in 5-7 cm thick layers to minimize direct sunlight that 
results in surface discoloration. Turmeric is one of the spices for which it is more advantageous to use 
mechanical driers because of the sensitivity to light. Those can be drums, trays, or continuous parallel or cross-
flow hot air tunnels.  Like with ginger rhizomes, the optimum drying temperature is 60 ºC. 

Dried fingers are polished to remove scales and rootlets from the rhizomes by using rotating drums lined with 
a metallic mesh that abrades the rhizome's surface. Turmeric powder suspended in water is sprinkled over the 
rhizomes at the final stage of polishing to give an attractive colour. 

The rhizome with rough surface and with poor surface colour is polished to obtain the better surface finish. 
Polishing can be done either by mechanically or by manually. In case of mechanical polishing the mechanical 
drum is used, whereas in case of manual polishing rhizome is placed in bags and rubbed with the help of stones. 

Grinding, Packing and Storage 

Grinding is a simple process involving cutting and crushing the rhizomes into small particles, then sifting through 
a series of several screens. Depending on the type of mill, and the speed of crushing, the spice may heat up and 
volatiles be lost. In the case of turmeric, heat and oxygen during the process may contribute to curcumin 
degradation. Cryogenic milling under liquid nitrogen prevents oxidation and volatile loss, but it is expensive and 
not widespread in the industry.  Ground spices are size sorted through screens, and the larger particles can be 
further ground. 

Agmark Standards for Turmeric Powder 

Grade Moisture 
(% w/w) 
max 

Total ash 
(% w/w) 
max 

Acid 
insoluble 
ash max (% 
w/w) 

Lead 
max 
(ppm) 

Starch 
max (% 
w/w) 

Chromate 
test 

Turmeric 
Powdera 

10 7 1.5 2.5 7 Negative 

Coarse 
ground 
powderb 

10 9 1.5 2.5 7 Negative 

http://www.turmeric.8m.com/standards.html 
a: Ground to such a fineness that all of it passes through a 300-micron sieve 
b: Ground to such a fineness that all of it passes through a 500-micron sieve 

Extraction: Oleoresin Production 

Since curcumin is the compound of interest in turmeric rhizome, it is important to know the solubility of 
curcumin in different solvents in order to choose the appropriate solvent. Curcumin is soluble in polar solvents 
(acetone, ethyl acetate, methanol, ethanol), and quite insoluble in non-polar solvents such as hexane, and 
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insoluble in water. Dried powdered rhizomes are extracted by percolation with the polar solvent. The particle 
size, uniform packing in the extractor, temperature and percolation rate of the solvent are all important 
parameters for optimum extraction. If the oleoresin is the desired product, the solvent is completely evaporated 
by distillation at 45-55 °C. The yield of curcumin from dried turmeric root is about 5%.  Oleoresin composition 
will vary greatly with the type of solvent, temperature and extraction methods, in addition to the effect due to 
quality of the raw material. The commercial methods of extraction will vary by manufacturer and are proprietary 
information. The yield of oleoresin from dried root is typically 10-12%. 

Conclusion 

Turmeric is the most ancient medicinal species found in the world. In post processing maintaining the 
curcumin content in turmeric is important and which is depends upon the methods used for processing the 
turmeric. Post processing of turmeric rhizome involves curing (boiling), drying, polishing, grinding and 
packaging. Processing time of turmeric rhizome is also very large in conventional system. Hence modification is 
done and improved system is developed for processing of turmeric. Improved system is small in size also time 
required for the processing is less. The essential constituent of turmeric curcumin is retaining to higher value as 
compare to conventional system. 
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Introduction  

Tissue culture is a technique of growing plant tissues or cells or organs on synthetic growth media under 
controlled and aseptic conditions, based on the principle of totipotency. Gottlieb Haberlandt, a German plant 
physiologist is considered to be the father of plant tissue culture who gave the idea of totipotency in 1902. It 
refers to the capability of a cells/tissues/organs/any explants to give rise to a complete plant under suitable 
cultural conditions. Suitable explants i.e. organs excised from plants such as roots, hypocotyls, cotyledons, 
leaves, shoot apices, nodal segments, anthers, embyos and seeds are placed on suitable growth media under 
appropriate environmental and aseptic conditions dedifferentiate i.e. mature cells revert back to meristemic 
state through enhanced DNA/RNA and protein synthesis. Plant tissue culture includes several specialized areas 
like induction of callus and plant regeneration, micropropagation, somatic embyogenesis, somaclonal variation, 
meristem culture, another culture, pollen culture, embryo culture, protoplast culture, cryopreservation of 
germplasm and production of secondary metabolites from cell suspension culture. Among these the 
micropropagation, somaclonal variation, protoplast and another culture are more important to plant breeding. 

Micropropagation 

Micropropagation involves the large-scale mass production of plants from very small (0.2-1.0 mm) plant parts 
through tissue culture techniques. It is best and most successful aspect of commercial application of tissue 
culture technology with following distinct advantages: 
1. It is independent of seasonal constraints hence ensure year-round rapid multiplication. 
2. Micropropagation plants are usually true to type. 
3. Production of disease-free plants through meristem culture. 
4. Micropropagated field grown plants usually exhibit vigorous growth, better quality and higher yields. 
5. Mass production of plantlets round the year. 
6. Provide a method for speedy international exchange of germplasm materials. 
7. Period of quarantine reduced or unnecessary. 
8. In vitro stocks can be quickly proliferated at any time of  the year. 
9. It is desirable in vegetatively propagated crops, sterile F1 hybrids and production of high-quality super male 
and female homozygous lines in Asparagus from which desirable all male hybrids can be produced. 
10. Storage of germplasm possible through the cryopreservation method. 
11. Artificial or synthetic seeds produced by somatic embyogenesis with the help of tissue culture method. 
12. Maintenance and conservation of endangered, threatened and rare species. 

Somaclonal Variation 

Somaclonal variation is the in vitro induced variations among the tissues or plants derived from the somatic cell 
cultures i.e. callus and suspension cultures. Variation arising out of anther/pollen culture is more precisely 
known as gametoclonal variation and that through protoplast culture is called protoclonal variation. Hence it 
provides a novel mechanism to generate new genetic variation for crop improvement. 
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Significance of Somaclonal Variations in Crop Improvement 

1. It is an important alternative for creation of genetic variability in crops  
2. Recovery of novel variants which either do not exist or are rare in natural gene pool such as atrazine resistance 
in maize, glyphosate resistance in tobacco, improved lysine and tryptophan contents in cereals, increased 
seedling vigour in lettuce, jointless pedicels in tomato and Fusarium resistance in alfalfa. 
3. It provide the basis for increased recombination frequency through cell culture, therefore helps in breaking 
undesirable linkages and obtaining introgression from alien sources in wide hybridization. 
4. Novel varieties have been developed in several crops (see Table) for desirable traits. 
5. Tissue culture technique has greater potential for the improvement of apomictic and vegetatively propagated 
crops with narrow genetic base. 
6. Gene integration possible for desirable traits. 
7. It is rapid and cheaper method for release of plant varieties. 

Table: List of somaclonal variants released as variety for commercial cultivation 

Sr. No. Name of crops Somaclonal variety Source Features 

1. Sugarcane Ono Pindar Resistant to Fiji disease 

2. Sweet potato Scarlet ---- Darker and more stable skin 
colour 

3. Geranium Velvet rose Roberts 
Lemon Rose 

It is a polyploid somaclone having 
sturdiness, vigour and 
attractiveness. 

4. Citronella java Bio-13 ---- It contains high oil(>37%) and 
high citronella (>39%) content. 

5. Brassica juncea 
(Indian mustard) 

Pusa Jai Kisan (Bio-
902) 

Varuna Bolder seeds and 17.4% higher 
yield. 

6. Lathyrus (Khesari) Ratan (Bio-12) ---- Contains low BOAA content. 

7. Linseed Andro McGregor Salt tolerant 

8. Tomato  --- --- Bacterial wilt resistant 

9. Blackberry Evergreen --- Thornless 

10. Celery UCT3 Somaclone --- Fusarium wilt resistant 

11. Princess tree Somaclone 
snowstorm 

--- Irregular variegated foliage 

Protoplast Culture and Somatic Hybridization 

Somatic hybridization is an effective approach to hybridize the sexually incompatible species. Complete fusion 
of nuclei and cytoplasms of somatic cells from both species leads to formation of somatic hybrid cell and plant. 
Likewise, the fusion of cytoplasm from two species and nuclear genes from any one leads to the development 
of cybrid. During process of somatic hybridization, the protoplast fusion takes place among the protoplasts of 
same parent resulting into homokaryons or among the protoplasts from different parents to form 
heterokaryons and finally the parasexual hybrids. Somatic hybrids are of two types viz., symmetric and 
asymmetric. Symmetric hybrids consist of complete sets of chromosomes from both the parents while 
asymmetric hybrids possess full chromosome complement of only one parent. 

Applications of Somatic Hybridization 

1. Gene transfer across species could be possible. The key areas of gene transfer are: 
a. Induction / transfer of male sterility: Male sterility transferred from X-irradiated protoplasts from 
Nicotiana africana to N. tabacum, Raphnaus sativus into Brassica napus and from wild rice to cultivated 
rice. 
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b. Transfer of disease resistance: Resistance to some diseases like Potato leaf roll virus, Potato virus X 
and Potato virus Y have been incorporated into Solanum tuberosum from S. brevidens and S. phureja. 
c. Transfer of herbicide resistance: Atrazine resistance transferred from Lycopersicon peruvianum into 
L. esculentum.   

2. Development of somatic hybrids: Novel interspecific and intergeneric crosses between the plants that are 
difficult to hybridize conventionally could be possible e.g. pomato. 
3. Conservation of heterosis possible. 
4. Genetic transformation of hybrid cells (heterokaryons) will lead to development of transgenic hybrids. 
5. Production of fertile plants could be possible in haploid, triploid and aneuplois. 
6. Modifications of cytoplasmic genes could be possible. 
7. Enhancement of photosynthetic efficiency through the transfer of efficient foreign chloroplast may possible. 
8. Production of allotetraploid plants in single step. 
9. Hybrids could be produced in asexually propagated species. 
10. Somatic hybridization is possible between the plants that are still in Juvenile phase. 

In Vitro Production of Haploids 

Methods of haploids production:’ 
1. Another culture. 
2. Isolated microspore culture. 
3. Unpollinated ovary culture. 
4. Embryo rescue from wide crosses. 

Significance of Haploids in Crop Improvement 

1. Instant production of pure homozygous lines. 
2. Developing asexual lines of trees/perennial species e.g. Rubber, Poplar 
3. Rapid fixation of traits in homozygous condition of the F1 hybrids possible 
4. Induction and selection of recessive mutants possible. 
5. Induction of genetic variability possible through increasing ploidy level in plants. 
6. Generation of exclusively male plant in Asparagus as it exhibited higher productivity and earliness than female 
counterpart. 
7. Haploids could be used in cytogenetic studies as helps in the production of different aneuploids. 
8. Significance in early release of varieties. e.g. Tobacco variety F211 resistance to bacterial wilt; low erucic acid 
and glucosinolates content variety genotypes developed in Brassica napus, tall stem and higher sugar content 
genotypes in sugarcane and DH lines exhibits all shades of colour in bell pepper . 
9. Hybrid sorting in haploid breeding possible through the anther culture. 
10. Haploids can be used for the development of plants for disease resistance, insect resistance, salt tolerance 
etc. 
11. Used for the development of mapping populations for the QTLs mapping and construction of genetic linkage 
map in plants. 

Conclusion 

Plant tissue culture is an enabling technology from which many novel tools have been developed to assist plant 
breeders. These tools can be used to increase the speed or efficiency of the breeding process, to improve the 
accessibility of existing germplasm and to create a new variation for crop improvement. 
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Introduction  

The quality and safety of food products are the two major factors that influence the purchasing choices made 
by consumers. Conventional heat treatment methods result in several undesired changes in foods, such as loss 
of smell, color, flavor, texture, and nutritional value. High-pressure processing (HPP) is a non-thermal food 
processing technology, which applies pressure in the range of 50-1000MPa to solid or liquid foods (Hogan et al., 
2005). It is additionally referred to as “high hydrostatic pressure processing”, “ultra-high-pressure processing”, 
“pascalization” or “cold pasteurization”. High-pressure processing has emerged as a commercially viable food 
manufacturing tool that satisfies consumer’s demand for mildly processed, convenient, fresh-tasting foods with 
minimal to no preservatives (Balasubramaniam et al., 2015). 
The advantages of high-pressure processing in foods are as follows: 
1. Retains natural antimicrobial components without changing the sensory and nutritional quality of foods. 
2. Inactivation of microorganisms, spores, and enzymes. 
3. Reduced requirement of chemical additives. 
4. Potential for the design of new products due to the creation of new texture, taste, and functional properties. 
5. Extends the shelf-life of foods. 

Principle of HPP 

The basic governing principles behind HPP are Le-Chatelier’s principle, isostatic principle and the principle of 
microscopic ordering (Balasubramaniam et al., 2008). 
1. Isostatic principle: The first consideration involving the application of high pressure is the isostatic principle, 
which presumes that the uniform application of pressure acts equally in all directions. This principle helps 
explain why non-porous foods with high-moisture content are not damaged macroscopically by pressure 
treatment.  
2. Le Chatelier’s principle: This principle addresses changes to equilibrium as a result of pressure application. It 
states that any phenomenon i.e., phase transition, change in molecular configuration, and chemical reaction 
accompanied by a decrease in volume is enhanced by pressure.  
3. Principle of microscopic ordering: At constant temperature, an increase in pressure increases the degree of 
ordering of molecules of a given substance. 

Components of HPP System 

 
Figure 1: Components of HPP 
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The basic components of an HPP system are a pressure vessel, pressurizing system, and supporting units such 
as heating or cooling components, etc. as shown in Figure 1 (Naik et al., 2013). 

Applications of HPP in the Food Industry 

There are many foods suitable for high-pressure processing, which include fruit and vegetable juices, smoothies, 
dips, fish, meat and dairy products, and baby foods, etc.  
1. Food pasteurization: pressure in the range of 400–600MPa at ambient or chilled temperatures can be useful 
for pasteurizing a variety of liquid and solid foods, including deli meats, salads, seafood, fruit juices, and 
vegetable products (Norton and Sun, 2008; Mujica-Paz et al., 2011; Tonello, 2011). 

2. Pressure-assisted thermal processing: is an emerging sterilization technology that involves the preheating of 
foods to 75-90ºC, followed by the application of high pressure up to 500 to 600MPa at a temperature of 90-
120ºC for 3-10 min (Meyer et al., 2000; Matser et al., 2004; Juliano et al., 2012).  

3. Pressure-ohmic thermal sterilization: is a novel sterilization technology that involves ohmic heating of foods 
by applying an electric field under elevated pressure to sterilize low acid foods (Park et al., 2014).  

4. High-pressure freezing and thawing: pressure treatment at 210MPa depresses the freezing point of water 
from 0ºC to -21ºC. The phase change phenomenon is reversible when the pressure is reversed to ambient 
pressure. This could be potentially exploited to rapidly freeze and thaw high moisture content foods. During 
pressure-assisted freezing, the sample is cooled under pressure up to its phase change temperature at the 
applied pressure (LeBail et al., 2002). The product is frozen under pressure by supercooling at a rapid ice-
nucleation rate. Pressure assisted thawing involves thawing food material under constant pressure.  

5. High-pressure homogenization (HPH): high-pressure homogenizer is an apparatus that hydrostatically 
pressurizes the fluid up to 300MPa to be treated. The passage of pressurized fluid through this tiny gap disrupts 
the motion of the fluid, thereby dissipating the kinetic energy through cavitation, shear, and turbulence. HPH 
has potential applications such as emulsion, dispersion, and mixing operations in the food industries. 

Conclusion 

High-pressure processing seems to be a very promising non-thermal technology for various foods as it offers 
several opportunities for developing shelf-stable foods, retaining its natural nutrients with good organoleptic 
qualities, and improves food safety by destroying the microorganisms that cause spoilage and foodborne 
diseases. The effectiveness of HPP treatment depends on the pressure applied, the holding time, temperature, 
the type of food, and the target organism. Hence, it is the responsibility of the food manufacturers to ensure 
that the treatment applied to the food product is appropriate to achieve the desired result. 
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Tulsi or Holy basil is a widely known herb in the family Lamiaceae. It is native to India and vastly cultivated 
throughout Southeast Asia. 

Tulsi has proved to be highly effective in protecting our body from various infections and diseases of heart, liver, 
skin, kidney etc. So, Tulsi is rightly called the ‘Queen of Herbs’. 

Tulsi has a special place in Ayurveda as well as the home of Hindus in India. It is considered sacred by Hindus 
and worshipped by them. Three main types of Tulsi are seen growing in India: 
1. Bright green leaves called Ram Tulsi 
2. Purplish green leaves called Krishna Tulsi 
3. Common wild Vana Tulsi. 

Nutritional Value 

Tulsi leaves are rich in vitamins A, C and K and minerals like calcium, magnesium, phosphorus, iron and 
potassium. It also has a good amount of protein and fibre. 

Benefits of Tulsi are 

The basic components of an HPP system are a pressure vessel, pressurizing system, and supporting units such 
as heating or cooling components, etc. as shown in Figure 1 (Naik et al., 2013). 

Applications of HPP in the Food Industry 

1. Natural Immunity Booster: Tulsi is rich in Vitamin C and zinc. It thus acts as a natural immunity booster and 
keeps infections at bay. It has immense anti-bacterial, anti-viral and anti-fungal properties which protect us 
from a variety of infections. Tulsi leaves extract increases the T helper cells and natural killer cells activity, 
boosting the immune system.  

2. Reduces Fever (antipyretic) & Pain(analgesic): Tulsi has anti-bacterial and anti-viral properties which help to 
fight infections, thus reducing fever. The fresh juice of Tulsi taken with black pepper powder cures periodic 
fevers. Tulsi leaves boiled with powdered cardamom(elaichi) in half a litre of water and mixed with sugar and 
milk, is also effective in reducing temperature. Eugenol, a terpene with pain-relieving properties found in Tulsi 
reduces aches in the body. 

3. Reduces Cold, Cough & Other Respiratory Disorders: Camphene, cineole, and eugenol present in Tulsi helps 
to reduce cold and congestion in the chest. Juice of Tulsi leaves mixed with honey and ginger is effective in 
bronchitis, asthma, influenza, cough and cold. 

4. Reduces Stress & Blood Pressure: Tulsi contains compounds Ocimumosides A and B. These compounds 
reduce stress and balance the neurotransmitters serotonin and dopamine in the brain. 

5. Anti-cancer properties: Phytochemicals present in Tulsi have strong antioxidant property. Thus, they help in 
protecting us from skin, liver, oral and lung cancers. 

6. Good for Heart Health: Tulsi has a profound effect on treatment and prevention of cardiovascular diseases 
by means of lowering blood lipid content, suppressing ischemia and stroke, reducing hypertension, and also 
due to its higher antioxidant properties.  
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7. Good for Diabetes Patients: Extract of Tulsi leaves has shown to lower blood glucose levels in patients with 
type 2 Diabetes. 

8. Useful in Kidney stones & Gouty Arthritis: Tulsi detoxifies the body and has diuretic properties. It decreases 
the level of uric acid in the body, which is the main reason why kidney stones are formed. Reduction in uric acid 
levels also provides relief to patients suffering from Gout. 

9. Useful in Gastrointestinal Disorders: Tulsi leaves help to cure indigestion and loss of appetite. They are also 
used for the treatment of flatulence and bloating. 

10. Good for Skin & Hair: Tulsi helps clear out the skin of blemishes and acne. It is rich in antioxidants, and that 
helps it to prevent premature ageing. Tulsi also strengthens our hair roots, thus preventing hair loss. Antifungal 
properties of Tulsi prevent the development of fungus and dandruff. 

11. Acts as an Insect Repellent: For centuries, the dried Tulsi leaves have been mixed with stored grains to repel 
insects. 

How to Consume Tulsi? 

1. Consume Tulsi leaves raw, plucked fresh from the plant, add it in your tea or make kadha out of it. 
2. Tulsi tea: To make tulsi tea, boil 1 cup of water and pour it over 1 tsp of fresh tulsi leaves, 1/2 tsp of dried 
tulsi leaves, or 1/3 tsp of tulsi powder. Cover the water in a pot or mug and let it seep for 15-20 minutes. Then 
strain the leaves, add honey if desired, and enjoy. 
3. Tulsi powders and supplements are also available in the market for consumption. 

Side Effects of Consuming Tulsi That You Must Know 

1. Tulsi may affect the reproductive capacity of women who are trying to conceive. 
2. Some people experience nausea or diarrhoea when they first add tulsi tea to their diet, so it’s best to start 
with small quantities and increase your consumption over time. 
3. Tulsi may lower blood sugar and should be used with caution in people who have diabetes and are on blood-
sugar-lowering medication. 
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Introduction 

Pollution is not just the addition of substances that damage or kill organisms; it is any manmade impact that 
increases the risk of damage to a natural system. The shape of the water molecule is a sphere, dipole (+ve and 
–ve charge), it possesses cohesion (water-water) and adhesion (water-soil). Water occurs on earth in three 
forms viz solid, liquid and gaseous. Water is vital for human, animals and plant life. It is a part of all organisms, 
some of which contain more than 92 percent. Water is an essential part of protoplasm. It is an important 
ingredient in photosynthesis. Agriculture has comprehensively changed the face of the Earth. Good seeds and 
fertilizers fail to achieve their full potential if plants are not in the situation of optimum availability of soil water. 
Adequate availability of water is important for animal husbandry as well. Fisheries are, of course, directly 
dependent on water resources. About 400 to 500 litters of water is necessary for the production of one kilogram 
of plant dry matter. Water is also required for translocation of nutrient and dissipation of heat. 

Some of the Crucial Issues Faced by the Water Sector in India Includes 

1. Erratic distribution of rainfall, often leading to floods and droughts in various areas. 
2. Water use inefficiency. 
3. Unregulated groundwater extraction. 
4. Water pollution. 
5. Decreasing water quality due to poor waste management laws, inter-state river disputes, growing financial 
crunch for development of resources and scarce safe drinking water. 

 
Fig 1 : Crucial issues 

Effect of Water Quality on Agriculture Production and Quality of Produce 

Poor quality water can be responsible for slow growth, the poor aesthetic quality of the crop and, in some cases, 
can result in the gradual death of the plants. High soluble salts can directly injure roots, interfering with water 
and nutrient uptake. Salts can accumulate in plant leaf margins, causing burning of the edges. Water with high 
alkalinity can adversely affect the pH of the growing medium, interfering with nutrient uptake and causing 
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nutrient deficiencies which reduce plant health. Only 60% fertilizers are used in the soil other chemicals leached 
into soils polluting the water, cyanobacteria are rich in polluted water and excess phosphate runoff leads to 
eutrophication. Residues of chemicals mix with river water due to flooding, heavy rainfall, excess irrigation and 
enter the food chain. These chemicals are lethal for living organisms and many vegetables and fruits are 
contaminated with these chemicals. 

The quality of irrigation water directly influences the quality of soil and crops grown on this soil. Salinity is the 
most common problem and about 10 million hectares of land is lost annually due to salinity. As a consequence, 
the effective use of both the agricultural land and the irrigation water has become an indispensable component. 
The quality of irrigation water is as important as the nature of a soil. If the quality of water supplied for irrigation 
is not good, the soil deteriorates and ultimately decreases the crop yield. 

 
Fig 2 : Water quality for agriculture and economic growth 

The irrigation water quality criteria depend on Salinity, permeability, Specific ion toxicity like sodium in terms 
of Sodium Adsorption Ratio (SAR), chloride, boron and miscellaneous effects like nitrates, bicarbonates and pH 
of water. Poor quality water can be responsible for slow growth, poor aesthetic quality of the crop and, in some 
cases, can result in the gradual death of the plants. High soluble salts can directly injure roots, interfering with 
water and nutrient uptake. Salts can accumulate in plant leaf margins, causing burning of the edges. Water with 
high alkalinity can adversely affect the pH of the growing medium, interfering with nutrient uptake and causing 
nutrient deficiencies which compromise plant health. Reclaimed water, runoff water, or recycled water may 
require reconditioning before use for irrigation since disease organisms, soluble salts and traces of organic 
chemicals may be present. 

New Water Technologies for Clean Water 

Nanotechnology in filtration: According to the World Health Organisation, 1.6 million people die each year from 
diarrhoeal diseases attributable to lack of safe drinking water as well as basic sanitation. Researchers in India 
have come up with a solution to this perennial problem with a water purification system using nanotechnology. 
The technology removes microbes, bacteria and other matter from water using composite nanoparticles, which 
emit silver ions that destroy contaminants. 

Smart monitoring: In developing countries alone, it is estimated that 45m cubic metres are lost every day in 
distribution networks. Leaks are not only costly for companies, but increase pressure on stretched water 
resources and raise the likelihood of pollutants infiltrating supplies.  

Intelligent irrigation: Approximately 70% of the world's freshwater is used by the agricultural industry. Applying 
a more intelligent approach to water management by deploying precision irrigation systems and computer 
algorithms and modelling is already beginning to bring benefits to farmers in developed countries. However, 
while this approach embraces new instrumentation and analytical technologies, innovation comes from a 
change in mindset that emphasises the importance of measuring and forecasting. 



 

 
Volume 2 - Issue 12 - December 2020       39 | P a g e  
 

Wastewater usage in agriculture on an informal and unregulated basis is a pressing issue in developing countries 
which deserves more attention. Globally around 3-3.5 million hectares of land are irrigated with raw or diluted 
wastewater – double the size of Africa’s total formal vegetable irrigation schemes. In many low-income 
countries, fresh water is not readily available and municipal wastewater treatment facilities hardly exist; thus, 
untreated wastewater is the only affordable option for irrigation in many cases. Additionally, nutrient value in 
wastewater has led to increased yields, at lower costs. For instance, farmers in Pakistan on average earn 30-40 
percent more per annum when using wastewater for irrigation compared to regular water. Additionally, 
wastewater irrigation employs local suppliers, traders, and others in related services. Women also benefit in 
SSA, as they make up over 95 percent of vegetable vendors in the region (IWMI, 2006b). On the other hand, the 
health risks could be extremely high. This connects the issues of food security with the major challenges facing 
domestic water supply and sanitation, especially in LDCs. 

The Shift in the Cropping System 

Consider the production of water-thirsty crops like paddy and sugar cane in the Punjab-Haryana belt and 
Maharashtra, respectively. There is a serious mismatch between the cropping pattern of these crops and water 
resource availability in the states growing them. The National Bank for Agriculture and Rural Development 
(NABARD)- Indian Council for Research on International Economic Relations’ (ICRIER’S) report also makes an 
argument for moving such high-water reliant crops to other, relatively water-abundant areas. For instance, in 
regions with high irrigation water productivity better suited to water-intensive crops and poor power supply 
and other such problems make cultivation of water-intensive crops non-remunerative. There is room for the 
government to correct such misalignment. 

Using Agriculture to Tackle the Water Crisis  
Water use efficiency: Different approaches have been put forward for using water efficiently, some are listed 
below:  
1. The method of irrigation followed in the country is flood irrigation, which results in a lot of water loss. Greater 
efficiency in irrigation was achieved through  
2. Proper designing of irrigation system for reducing water conveyance loss.  
3. Adoptions of water-saving technologies such as sprinkler and drip irrigation systems have proven extremely 
effective in not just water conservation but also leading to higher yields.  
4. New agronomic practices like raised bed planting, the ridge-furrow method of sowing, subsurface irrigation, 
and precision farming which offer vast scope for economizing water use.  
5. Selection of crops, their varieties and salt tolerance at various stages of their growth are also important. 
6. Adaptation of guidelines for using saline irrigation water. 

Conclusion 

Large scale adaptation of rainwater harvesting apart from construction of new water storage structure along 
with enhancing the water use efficiency, taking appropriate step to prevent the contamination of water 
resources (surface and groundwater). Agriculture is a major stakeholder in freshwater consumption, So, primary 
responsibility of Agricultural researcher to develop new technologies and made necessary update in existing 
methodologies of irrigation for enhancing water use efficiency and disseminated these technologies to farmers. 
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Introduction 

Candies are palatable food item; it is composed of sweet taste and high calorie. Andrographis paniculata nees 
(burm.f) fig 1.a herbaceous plant in the family Acanthaceae.it is traditionally known as ayurvethic medicinal 
plant. It is extremely bitter in taste. So, it is called as the “king of bitters’’. Citron fruits fig 2 are added along 
with jaggery. This candy has a greater number of benefits such as antibacterial and antifungal. Andrographis 
paniculata can also be act as the blood purifying. It is recommended for the use in case of scabies, leprosy, skin 
eruption, chronic fever and also the potential for beneficial effects in diseases like cancer. It prevents oxidation 
damage and inhibits binding to toxic metabolites to DNA. The primary bioactive component of the medicinal 
plant Andrographis paniculata is Andrographolide is responsible for the bitter taste in the plant. So, we can add 
the citron fruit to reduce the bitter taste in the candy. 

  
Fig 1 Fig 2 

The main ingredient of the candy processing is including Andrographis plant extraction. Sugar syrup and citron 
fruits. Andrographis paniculata might work by stimulating the immune system .it might also prevent influenza 
virus from binding to cell in the body .sugar syrup helps to preserve and increase the sweetness of the candy. It 
might be good for diabetics as it is effective in lowering blood sugar level by increasing insulin secretion. 

Summary 

 
Fig 3 the process flow of andrographis paniculata with citron fruit herbal candy 
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The Andrographis paniculata can be relieved cold symptoms in children better than echinacea. Some research 
shows that andrographis 6 grams daily work about as well as acetaminophen (tylenol) to reduce fever and pain 
from tonsillitis. But it is possibly safe in children when taken by mouth short - term. Andrographis paniculata 
has been used in combination with other herbs for up to one month in children 3-15 years of age. 

The main ingredient of the candy process with fig 3 are include Andrographis paniculata plant extraction. Citron 
fruits and green chiretta (Andrographis paniculata) are prevent the formation of the cancer cells. And also, the 
primary modern uses of Andrographis paniculata is to cure common cold. 

Conclusion 

Andrographis paniculata is bitter in taste . so, it is advisable to take it with the citron or in diluted form 2-6. 
Andrographis paniculata candy is more stable, palatable dosage .the brown sugar and glucose in the ratio of 
2:63 , 1:89 ,7:83 . Respectively with 3g average weight of each candy. It can be easily taken in the form of candy. 
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Abstract 

A field experiment entitled “Effect of organic manures and inorganic fertilizers on growth, yield and quality of 
Turnip (Brassica rapa)” was carried out at research field, Department of Horticulture, Naini Agriculture 
Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, (Deemed-to-be University), 
Prayagraj, during the rabi season of (2019-2020). Three plants were selected randomly from each plot and were 
tagged and maintained as observational plants for recording their growth and yield characters of turnip. The 
Experiment was laid out in a Randomized Block Design with 11 treatments and 3 replications. Results revealed 
that the application of T10:25% RDN (20:12.5:12.5)+75% PM  (7.5 t ha-1) influenced most of the characteristics 
significantly and recorded the highest values of  plant height (46.74cm),  number of leaves per plant  (22.30),  
leaf length (cm) (30.23),  shoot weight (23.87g),  root weight (117.48g), root length (5.61cm),  root diameter 
(6.67cm), root yield per plot (14.92kg-1) and root yield (355.17q/ha).  

Keywords: NPK, FYM, Vermicompost, Poultry Manure, Growth, yield and turnip. 

Introduction 

Turnip (Brassica rapa), a winter crop belonging to the family Cruciferae has the potential to supply green fodder 
during the lean season and can produce 700 -1000 quintal of green fodder per hectare. Although turnip is mainly 
used as root vegetable for human consumption but it can play a significant role in strengthening fodder 
availability during early rabi season. Forage turnip is the crop that creates an opportunity to fill gap in quality 
forage and availability during month not optional for forage production. Turnips are known for their ability to 
produce near concentrate diet during the fodder scarcity period. 

Turnip (Brassica rapa) is a member of the cruciferous family of vegetables. Brassica rapa, commonly known as 
field mustard or turnip mustard is a plant widely cultivated as a leaf vegetable, a root vegetable, and an oilseed. 
Plants for a future cannot take any responsibility for any adverse effects from the use of plants. Always seek 
advice from a professional before using a plant medicinally. A decoction of the leaves or stems is used in the 
treatment of cancer (Duke and Ayensu 1985). The powdered seed is said to be a folk remedy for cancer (Duke 
1983). The crushed ripe seeds are used as a poultice on burns (Foster and Duke 1990). The root when boiled 
with lard is used for breast tumors (Duke 1983). 

Organic products, based on philosophical preferences and conviction or in response to an increasing market 
opportunity, exclude or prohibit the use of conventional crop inputs common to modern farming. Marculescu 
et al., (2002) revealed that, the soil with its content in macro and microelements, enhanced by the use of 
organic fertilizers, play an essential role in the plants growing and development, in biosynthesis of the organic 
substances. Khalid et al., (2006) reported that using static compost with tea of static compost increased the 
production and medicinal properties of Ocimum basilicum L. and also it is very cheap and expressed cash money 
improving the income of farmer, in addition, use these organic materials are safe for human health. 

The problem of high cost of chemical fertilizers fully meet out nutrient requirement of crop by single source 
therefore integrated nutrient management such as organic matters like farmyard manure, vermicompost, 
poultry manure and biofertilizer uses has become necessary. 
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Materials and Methods 

The experiment was conducted in Randomized block design (RBD) with 10 treatments and 3 replications in 
Horticulture research field, Department of Horticulture, Naini Agriculture Institute, SHUATS, Prayagraj during 
the Rabi season, (2019-2020). The variety used for the experiment is Purple top white globe variety collected 
from Alopibagh, Prayagraj. 

Conclusion 

On the basis of present investigation, it is concluded that the treatment T10:25% RDN (20:12.5:12.5) +75% PM 
(7.5 t ha-1) was found to be the best treatment combination in respect of plant growth and root yield parameter 
of turnip grown under Prayagraj Agro-climatic conditions.  This treatment also showed maximum gross return, 
net return and benefit: cost ratio i.e.  (1: 2.53) respectively. Thee finding are based on one year of research find 
to substaints more work to be needed for the have. 
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Abstract 

The COVID-19 pandemic is a health and human crisis threatening the food security and nutrition of millions of 
people around the world. Hundreds of millions of people were already suffering from hunger and malnutrition 
before the virus hit and, unless immediate action is taken, we could see a global food emergency. 

IMF managing director Kristalina Georgieva stated on March 23, 2020 that the outlook for global growth in 2020 
was “negative.” Recovery, if any, is expected only in 2021. The COVID-19 pandemic also raises the alarm on the 
urgent need to transform the world’s food systems. 

Globally, food systems remain a driver of climate change and the planet’s unfolding environmental crisis. (Policy 
Brief: The Impact of COVID-19 on Food Security and Nutrition, June 2020). 

Our Strengths 

1. Extensive network of staff and partners on the ground, across sub-Saharan Africa and Asia. 
2. Technical and scientific knowledge to partner with development teams. 
3. A wide range of scientific tools – from GIS and remote sensing to genomics, modelling  and social tools. 
4. Nutrient-dense and drought-tolerant mandate crops–millets, sorghum, groundnut, chickpea and pigeonpea. 
5. Agribusiness innovation platform to support agri-entrepreneurs with product development and market 
analysis. 
6. Eastern and Southern Africa: Equipping smallholders with tools to combat COVID-19 (Food and Agriculture 
Organization of the United Nations Cairo, 2020). 

Strengthening of Agriculture and Food Security System 

Move towards mechanization of farm activities including harvesting and transplanting to be implemented 
uniformly amongst all states in India. Greater push for e-NAM to strengthen last-mile delivery of produce. The 
provision of technical expertise to farmers to facilitate smooth operation of online mandis. 

Making provisions for health coverage to farmers akin to health insurance scheme to COVID-19 health workers 
in the medical sector. More budgetary allocations in the Agricultural sector, especially in R&D to enable the 
scientists to support new and creative research solutons. (Pandav et al., 2020). 

COVID 19: Impact on Climate Change 

1. COVID 19 has demonstrated a profound impact that human activities have on our   environment. 
a. Greenhouse gas emission are declining. 
b. Water and air quality are improving. 
c. Birds and wildlife are returning to forsaken habitats. 

2. Re-emphasize the importance of conserving natural resources, especially agro- biodiversity. 
3. Increasing carbon sequestration. 
4. Generation of renewable energy. 
5. Diversification. 
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Impact on Agriculture 

1. Difficulty in rabi crops harvesting and selling: Public Health Foundation of India reported that 10% of farmers 
could not harvest their crop in April month and 60% of those who did harvest reported a yield loss, crisis of 
labours, disrupting supply chain and significant loss of perishable items like fruits, flower, vegetables. 
2. Import export restrictions adversely affected the farm community, livestock and fisheries sector faced huge 
crisis due to reduced demand. 

Flattening of Prices 

The prices have taken a hit because of a sudden downward plunge in the demand from hotels, restaurants and 
street foods. Dairy prices including milk powder and milk cow butter have also hed from 300 to 170/ kg and 320 
to 230/ kg respectively. Farmer’s income has been badly hit. The government needs to step in to stimulate the 
demand of such agri-products. Quantity limit to 15q/acre of wheat for procurement. 

 

Opportunities After/ During Lockdown 

1. Online portals: auction, selling and purchase. 
2. Resources (land, human, water) based crop planning: glut regulation mechanism. 
3. Farm level Digitization of crop inventory. 
4. Contract  farming: assured purchase. 
5. Processing: industry in villages. 
6. Farm mechanization: for small and medium farmers. 
7. Farm produce Organizations (FPO) : forward and backward linkages. 

Opportunity to Explore Make-in-India in Pharma Pesticide Industry 

India relies heavily on import of crop protection chemicals for making end-use formulations. With imports taking 
a hit due to COVID pandemic, the government could encourage “backward integration by the pharma industry 
to reduce reliance on imports,  particularly from china”. The right kind of investment in this industry, India could 
emerge as an alternative global player to China of “both formulation products and technical material”. 
Manufacturing of active ingredients to avoid losing patent protection in the next few years. Speeding up the 
process of granting registration of the manufacture by the domestic players. 

Lockdown Effect 

Cooking gas or LPG sales spike about 19.6% compared to the last year mainly due to government free cooking 
gas cylinders to poor households. Industries are shut up. Fuel consumption dipped 45.8% in April from a year 
earlier. Sales of bitumen, used for making roads slumped 71% in April. (The Economics Times, May 9, 2020). 

Measures Taken by the Government So Far 

Announcement of INR 1.7 trillion packages to protect the vulnerable sections of including farmers from the 
adverse impact of the virus. This included an advance release of INR 2000 to bank accounts of farmers under 
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PM-KISAN Scheme. Increase in wage-rate of workers under NREGS. Pradhan  Mantri  Garib  Kalyan Yojna 
(PMGKY) announced additional grain allotments to registered beneficiaries for the next three months, cash and 
food assistance to migrant laborers nation-wide applicable ration cards. 

ICAR Advisories to Agricultural Universities during COVID- 19 

Curricula delivery through e-learning utilization of online tools for conducting classes, assignments and other 
student related activities. Regular communication with students through WhatsApp groups, other social media 
tools and emails. E-resources of agricultural education available with and developed under NAIP, CAFT and 
NAHEP shall be made available to all the students free of cost. 

Sustainable Agriculture is Fundamental to Food Security 

India joined the Food and Agriculture Organisation of the UN (FAO) to co-host the High-Level Political forum 
side-event ‘On the road to the International Year of Fruits and Vegetables 2021: Highlighting health and 
nutritional benefits through sustainable production and consumption of fruits and vegetables. India's Deputy 
Permanent Representative to the UN Ambassador K Nagaraj Naidu said the problem also lies with growing 
monoculture production patterns all over the world.” In the COVID context, it is all the more important to 
develop immunity to fight the virus and fruits and vegetables are excellent sources to induce immunity,” he 
said. 
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Introduction 

Agricultural statistics  refers to  the branch of economic statistics that deals with and as an important tool for 
state management and along with planned guidance of socialist agricultural enterprises. It involves the 
collection, processing and analysis of statistical data that which are characterized by the current status and 
development and for the fulfilment of production plans. These  data are basically helpful  for long range plans 
for agricultural production. The sources of information used employed in agricultural are censuses, sample 
surveys, and the periodic and annual reports of state and cooperative enterprises, and reports that are obtained 
from bookkeeping processes of various farm activities.  

Various leading indexes are used in agricultural statistics. Such indexes may include lands area, the extent of 
agricultural land, composition and distribution of agricultural land in terms its utilization and the land area sown 
under various crops. Statistics on the labour forces employed, its remuneration and its productivity. It also 
undertakes into account various other indexes size and structure of fixed capital stock, the capital-labour as 
well as economy as whole for analysis of agriculture in public sectors. 

Statistics and Agricultural 
In agricultural research, there are various statistical techniques for crop and animal research, for crop and 
animal research, for laboratory and various field experiments, for generic and physiological research, and many 
more. This diversity indicates the ability of appropriate statistical techniques for various research problems, it 
also may lead to various difficulty in matching the best techniques for a particular experimental purpose. 

Choosing of correct statistical procedures for a given experiment must be based on expertise in statistics and in 
the subject matter of the experiment.  

For most agricultural research institutions in the developing countries, the presence of trained statisticians is a 
luxury. Of the already small number of such statisticians , only a small fraction has the interest and experience 
agricultural research necessary for effective consultation. 

In agricultural research, the key question to be answered are generally expressed as a statement of hypothesis 
that has to be verified or disapproved through experimentation. The hypothesis is usually suggested  by past 
experiences, observations and at times, by theoretical considerations.  
1. Underpinning the planning processes. 
2. Compiling national accounts. 
3. Informing public policy analysis, debate and advice. 
4. Observing sector performance. 
5. Monitoring and evaluating the impact of policies and programmes. 
6. Enlightening the decision-making processes. 

Functions of Statistics in Agricultural Sector 

1. To present facts and figures in a definite form. 
2. Comparisons. 
3. Precisions to the facts. 
4. Formula testing and hypothesis. 
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5. Forecasting. 
6. Policy Making. 
7. It helps to enlarge knowledge. 
8. To measure uncertainty. 

Limitations of Statistics in Agricultural Sector 

1. Statistics law are true on average. Statistics are aggregates of facts, so a single observation not a statistic. 
Statistics  deals with groups and aggregates only. 
2. Statistical methods are best applicable to quantitative data. 
3. Statistics cannot be applied to heterogeneous data. 
4. If sufficient care is not exercised in collecting, analysing and interpreting the data, statistical results might be 
misleading. 
5. Only a person who has an expert knowledge of statistics can handle data efficiently. 

From the above, account we can clearly interpret that agricultural statistics is now becoming an integral part of 
agriculture. It is becoming one of the most opted career options among today’s youth. With advancement in 
agricultural sector it can provide a  lot of employment opportunities to the youth of the country . But it also has 
some limitations which can be overcome through a critical analysis of each and every aspect of agricultural 
statistics as a one separate discipline of agriculture. 
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Abstract 

Innovations and technology developments in the field of food pasteurization and sterilization are continuously 
evolving. These include innovations in thermal processing technologies such as aseptic processing, ohmic 
technology, and microwave technology, as well as non-thermal processing technologies which include pulsed 
electric field technology and high-pressure processing technology. Ohmic heating (OH) is an advanced thermal 
processing method wherein the food material, which serves as an electrical resistor, is heated by passing 
electricity through it. Electrical energy is dissipated into heat, which results in rapid and uniform heating. During 
conventional thermal processing, either in cans or aseptic processing systems for particulate foods, significant 
product quality damage may occur due to slow conduction and convection heat transfer. On the other hand, 
ohmic heating volumetrically heats the entire mass of the food material, thus the resulting product is of far 
greater quality than its canned counterpart. It is possible to process large particulate foods (up to 1 inch) that 
would be difficult to process using conventional heat exchangers. Additionally, ohmic heater cleaning 
requirements are comparatively less than those of traditional heat exchangers due to reduced product fouling 
on the food contact surface. A detailed review of application of Ohmic heating in food processing is illustrated 
in this paper. 

Keywords: Ohmic Heating, Food Processing Technology. 

Introduction 

Electricity is comprised of electrical current, voltage and resistance. Electrical current is measured in amperes, 
where one ampere is the flow of -6*1018 electrons per second through a substance. Voltage is the electron 
pressure or a measure of the ability to move an electrical charge through a resistance (opposition to flow of 
electricity) (Shugar and Ballinger, 1996). Voltage can be calculated by multiplying the current and the resistance. 
This principle is known as Ohm’s Law, first published by physicist George Simon Ohm in 1827. Foods contain 
water and ionic salts that are capable of conducting electricity but also have a resistance, which generates heat 
when an electric current is passed through them. The electrical resistance of a food is the most important factor 
in determining how quickly food will heat (Fellows, 2000). Electrical resistance of a food is measured using a 
conductivity meter connected to a conductivity cell. The measured resistance is converted to conductivity using 
equation (Palaniappan and Sastry, 1991). 

 

Where, 
σ = Specific electrical conductivity (S/ m)  
L= Length of the sample (m) 
A= Area of cross section of the sample (m2) 
R= Resistance of the sample (ohm) 
The resistance (R) determines the current that is generated in the product by the equation, 

 

Where, 
V= Voltage applied to the sample (volts) 
I= Current passing through the sample (amperes) 
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The ohmic heating was first used during 19th century and early 20th century to heat flowable materials and to 
pasteurize the milk. The success of ohmic heating depends on the rate of heat generation in the system, the 
electrical conductivity of the food and the method by which the food flows through the system (Leizerson and 
Shimoni, 2005).  

The main advantages of ohmic heating over other heating methods are as follow (Fellows, 2000):  
1. Temperature required for UHT processing (135-150°C) can be achieved. 
2. No problem of surface fouling or over heating of the product. 
3. Useful in pre-heating of the products before canning. 
4. Energy conversion efficiencies are very high. 
5. Suitable for continuous processing. 
6. Lower capital investment as compared to microwave and conventional heating. 

Current Status of Commercial Uses 

The OH concept is well known and various attempts have been made to use it in food processing. A successful 
application of electricity in food processing was developed in the 19th century to pasteurize milk (Getchel, 
1935). This pasteurization method was called “Electropure Process” and by 1938 it was used in approximately 
fifty milk pasteurizers in five US states and served about 50000 consumers (Getchel, 1935). This application was 
abandoned apparently due to high processing costs (Alwis and Fryer, 1990). Also, other applications were 
abandoned because of the short supply of inert materials needed for the electrodes, although electro 
conductive thawing was an exception (Mizrahi et al., 1975). OH, technology has gained interest recently because 
the products are of a superior quality than those processed by conventional technologies (Castro et al., 2003; 
Parrott, 1992; Kim et al., 1996). Moreover, the ohmic heater assembly can be incorporated into a complete 
product sterilization or cooking process. Among the advantages claimed for this technology are uniformity of 
heating and improvements in quality with minimal structural, nutritional or organoleptic changes (Skuder, 
1989). The potential applications are very wide and include e.g. blanching, evaporation, dehydration, 
fermentation (Cho et al., 1996), pasteurization and sterilization. When materials contain sufficient water and 
electrolytes to allow the passage of electric current, Ohmic Heating (OH) can be used to generate heat within 
the product (Imai, Uemura, Ishida, Yoshizaki, and Noguchi, 1995). OH (also referred to as Joule heating, 
electroheating, and electroconductive heating) is defined as a process wherein electric current (usually 
alternating) is passed through materials with the primary purpose of heating them (Vicente, Castro, and 
Teixeira, 2006). The heating occurs in  the  form of  internal energy transformation (from electric to thermal) 
within the material (Sastry and Barach, 2000). Therefore, OH can be seen as an internal thermal energy 
generation technology, and not only as a thermal energy transfer, meaning that it does not depend on heat 
transfer either through a solid liquid interface or inside a solid in a two-phase system. 

 

Ohmic processing enables to heat materials at extremely rapid rates (in general, from a few seconds to a few 
minutes) (Sastry, 2005). It also enables, under certain circumstances, large particulates and carrier fluids to heat 
at comparable rates, thus making it possible to use High Temperature Short Time (HTST) and Ultrahigh 
Temperature (UHT) techniques on solids or suspended materials (Imai et al., 1995), increasing the final product 
quality and adding value to products (Castro et al., 2003; Kim et al., 1996; Parrott, 1992; Tucker, 2004; Vicente 
et al., 2006). This very desirable scenario is hardly achieved using conventional heating (Lima & Sastry, 1999). 
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Thereby the aseptic processing of fluids containing particulates and fluids of high viscosity are considered the 
most promising applications of OH in the food industry (Palaniappan &Sastry, 2002; Rice, 1995; Wang, Kuo, Kuo-
Huang, & Wu, 2001). The following figure shows the principle of ohmic heating (Bhale et al., 2004). 

Application of Ohmic Heating in Food Processing 

Lima and Sastry, 1999 considered the electro- osmosis effect of ohmic heating. They studied the effect of ohmic 
heating pre-treatments on hot air-drying rate of yam samples and juice yield from apples, cylinders (length, 
2.35 cm; thickness 1 cm) cut from apples were sandwiched between titanium electrodes and electrically heated 
at two waveforms (sine at 60 Hz and saw tooth wave at 4 Hz). Electric field strength was varied between 20 and 
40V/cm for 4 Hz saw tooth waves and 40, 60 and 70 V/cm. 

in case of 60 Hz sine waves. Apple sample were heated to geometric centre temperature of 40 and 80ºC prior 
to juice extraction. The results were compared with those obtained for untreated samples. Juice yields were 
higher using a 4 Hz saw tooth wave than by using 60 Hz sine wave. The use of 4 Hz ohmic pre-treatment reduce 
the time required to achieve enhanced juice yields compared to the 60 Hz treatment; means times required to 
reach 40ºC using each treatment were 33 and 109 s respectively. 

Rao et al., 2004 assessed the utility of ohmic heating in improving the extraction and stability of rice bran oil in 
comparison to microwave heating and an unheated control. Ohmic heating increased the total percent of lipids 
extracted from rice bran to a maximum of 92%, while 53% of the total lipids were extracted from control sample. 
Greater extraction yields were achieved upon lowering the frequency of alternating current, and it was 
suggested that this effect  could be due to electroporation. Results also indicated that ohmic heating was 
effective in rice bran stabilization. 

Pare et al., 2012 studied the combined effect of ohmic heating and enzyme assisted aqueous oil extraction 
process (EAEP) on enhancement of oil recovery from soybean seed. The experimental process consisted of 
following basic steps namely dehulling, wet grinding, enzymatic treatment, ohmic heating, aqueous extraction 
and centrifugation. The effect of ohmic heating parameter namely electric field strength, end point temperature 
and holding time on aqueous oil extraction process were investigated. 

Three levels of electric field strength (i.e.OH600V, OH750V and OH900V). Three levels of end point temperature 
(i.e. 70, 80 and 90 ºC). Three levels of holding time (i.e.0, 5 and 10 min.)were taken as independent variable 
using full factorial design .percentage oil recovery from soybean by EAEP and EAEP coupled with ohmic heating 
were 53.12%, 56.86% to 73% respectively. The maximum oil recovery (73%) obtained when the sample was 
heated and maintained at 90 ºC using electric field strength of OH600V for holding time 10 min. Prascopic et 
al., 2006 studied the effects of ohmic heating on juice yield from potato and apple tissues. 

Two different experiments were carried out involving different treatment chambers: textural and conductivity 
study of cylindrical samples and juice yield tests of tissue slices. The results showed that degree of tissue 
disintegration and yield was dependent on the field intensity, temperature, treatment duration, and type of 
plant tissue. The best juice extraction was obtained when the plant tissue was electrically at a moderate 
temperature of 500C. The combined effect of possible electroporation and thermal softening of the tissues may 
explain the increased yield. 

Nema, 2006 conducted a study on the effect of ohmic heating on enhancement of oil recovery from sesame 
seed using enzyme assisted aqueous oil extraction process. The proposed process consisted of five basic steps, 
namely wet grinding, enzymatic treatment, ohmic heating, aqueous extraction and centrifugation. Three levels 
of voltage gradient (i.e. 7.5, 10 and 12.5 V/m), 3 levels of final temperature (i.e. 70, 80 and 90ºC) and 3 levels 
of holding time (i.e. 0, 5 and 10 min.) were taken as independent variables. He found that ohmic heating 
enhanced the oil recovery in enzyme assisted aqueous extraction process. The maximum oil recovery was 
attained when enzyme treated sesame slurry was ohmically heated at a voltage gradient of 10 V/cm up to a 
final temperature of 80ºC and held for 10 min. 
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An and King, 2007 studied the thermal properties of conventionally and ohmically heated rice starch and rice 
flours at various frequencies and voltage. They found that at low voltage (OH20V) could produce a starch that 
required less energy to cook and stabilize. They concluded that ohmic heating could be used to alter thermal 
characteristics of rice starch and flour, depending on applied voltage. Moreover, the effect of ohmic heating 
varies with the type of starches, different constituents of fats, proteins and the amylase contents. 

Salengke and Sastry, 2007 investigated the effect of ohmic pre-treatment on oil uptake of potato slices during 
frying and subsequent cooling. The treated potato slices were directly sandwiched between the two electrodes 
or by heating them in 0.11% salt solution. The treatment was carried out by alternating current field of 35.5 
V/cm. Result indicated that oil uptake during frying and subsequent cooling of potato slices was decreased by 
the ohmic pre-treatment without involving a liquid medium, the effect was not evident. This might be due to 
water absorption during the treatment, which increased initial moisture content as well as porosity of the 
sample. 

Electroporation Effect 

Additionally, to the heating promotion, research data strongly suggests that the applied electric field under OH 
causes electroporation of cell membranes. The cell electroporation is defined as the formation of pores in cell 
membranes due to the presence of an electric field and as consequence, the permeability of the membrane is 
enhanced and material diffusion throughout the membrane is achieved by electro-osmosis (An and King, 2007; 
Coster and Zimmermann, 1975; Lima and Sastry, 1999). 

It is assumed that the electric breakdown or electroporation mechanism is dominant for the non-thermal effects 
of OH (An and King, 2007; Kulshrestha and Sastry, 2003; Sensoy and Sastry, 2004). Yoon et al., 2002 observed 
that under OH the electric field appeared to have both direct and indirect effect on the cell wall, and intracellular 
materials were exuded to the culture medium. The exudates seemed to be composed of amino acids, protein, 
nucleic acids, coenzymes, and related material (Yoon et al., 2002). 

It is stated that, below 50ºC, similar concentrations of exuded material were detected in the yeast supernatant, 
under conventional or OH. However, at temperatures above 50ºC, the concentration of exuded materials from 
the ohmic heated groups were higher than those from conventional groups ( p < 0.01) and that the rate of 
protein exuded per unit temperature increase was found to be significantly higher (p < 0.01) with OH than with 
conventional heating. 

The authors hypothesized that the higher exudation rate was not only dependent on the destruction rate of the 
yeast cells but also on the type of heating method. The influence of the electrical field within OH might have 
increased the rate of electroporation, thereby leading to excess exudation and cell death. It was also observed 
that the amount of exuded protein increased significantly as the electric field increased from 10 to 20 V/cm. 
Spectroscopic analysis has shown that for OH at 20 V/cm the absorbance at 260 nm typically attributed to 
nucleic acids was 2-fold (p< 0.01) and the total protein content was 3-fold higher (p< 0.01) when compared with 
that at 15 V/cm (Yoon et al., 2002). 

Factors Influencing Ohmic Heating 

Sastry, 1992 concluded that the most critical property influencing ohmic heating was the electrical conductivity, 
which depends on several factors: temperature, ionic constituents, material microstructure and field strength. 
Icier and Ilcali, 2004 examined the effect of concentration and applied voltage gradient on ohmic heating rate 
of concentrated apple and sour cherry juices. They found that electrical conductivity of the fruit juices changed 
with temperature, applied voltage and concentration during ohmic heating. 

Castro et al., 2004 studied the effects of ohmic heating on the degradation kinetics of enzymes namely 
lipoxigenase, polyphenoloxidase, pectinase, alkaline phosphatase and â-galactosidase. They reported that the 
electric field has an additional effect on lipoxigenase and polyphenoloxidase inactivation, where much lower D 
values (i.e. decimal reduction time) where found as compared to conventional heating. 
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Pereira et al., 2007 have reported lower D and z values for the inactivation of E. coli and B. licheniformis when 
submitted to ohmic heating. In this research, comparing conventional against ohmic heating, the thermal 
history of the samples analysed was adjusted to match. The D values observed for E. coli at 65ºC were 3.5 + 0.2 
and 0.86 min for conventional and ohmic process respectively. The z values were also reported as 23.1ºC and 
8.4ºC respectively. The observed results indicate that the electric current may have affected the microbial death 
rate. Similar observations were obtained in the same study for the spore inactivation of B. licheniformis. 
Considering both microorganisms strain, ohmic heating presented a lower D value. This fact indicates that an 
additional nonthermal lethal effect occurred under ohmic heating, due to the presence and effects of the 
electric current over vegetative cells of E. coli and bacterial spores of B. licheniformis. 

Kong et al., 2008 studied the ohmic heating behaviour of certain selected food materials. Four kinds of liquid 
food materials i.e. tap water, fruit and vegetable juice, yoghurt and 0.5% aqueous sodium chloride solution 
were heated on laboratory scale static ohmic heater to  evaluate the performance of the device. 

Different voltage gradients (7.5V/cm, 11.25V/cm, 15V/cm, 18.75V/ cm, 22.5V/cm and 26.25V/cm) were applied 
to study the behaviour of liquid food materials. Results indicated that the voltage gradient significantly 
influenced the ohmic heating rates for all four materials tested. The electrical conductivity also changed 
significantly with temperature. 

OH, is an emerging technology with large number of actual and future applications. The possibility for OH 
includes blanching, evaporation, dehydration, fermentation, extraction, sterilization, pasteurization and 
heating of foods. Additionally, to heating, research data strongly suggests that the applied electric field under 
OH causes electroporation of cell membranes. 

Due to the electroporation effect the oil recovery increases. The effects of the applied electric field, the incident 
electric current and the applied electric frequency during ohmic heating over different microorganisms and 
foods (at molecular and cellular level) still need to be more deeply studied. If confirmed, the electroporation 
effect or any other temporary permeabilization effect  on cellular membranes that occurs during ohmic heating 
may have significant economic consequences to industry. Therefore understanding, characterizing and 
modelling this phenomenon is required in order to optimize and possibly exploit its effects. 
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Beti Bachao Beti Padhao (BBBP) was launched by the Prime Minister on 22nd January, 2015 at Panipat, Haryana. 
BBBP addresses the declining Child Sex Ratio (CSR) and related issues of women empowerment over a life-cycle 
continuum. It is a tri-ministerial effort of Ministries of Women and Child Development, Health & Family Welfare 
and Human Resource Development. 

On 26 August 2016, Olympics 2016 bronze medallist Sakshi Malik was made brand ambassador for BBBP.  

The hashtag #SelfieWithDaughter was promoted on social media in June 2015, which started when Sunil Jaglan 
the sarpanch of the village Bibipur, Jind in Haryana took a selfie with his daughter Nandini and posted on 
Facebook on 9 June 2015. The hashtag garnered worldwide fame. According to census data in India, the child 
sex ratio (0–6 years) in India was 927 girls per 1,000 boys in 2001, which dropped to 918[1] girls for every 1,000 
boys in 2011. A 2012 UNICEF report ranked India 41st among 195 countries. In the Population Census of 2011, 
it was revealed that the population ratio of India 2011 is 919 females per 1000 of males. The Sex Ratio 2011 
shows a downward trend from the census 2001 data. 

Strategies 

1. Implement a sustained Social Mobilization and Communication Campaign to create equal value for the girl 
child & promote her education. 
2. Place the issue of decline in CSR/SRB in public discourse, improvement of which would be an indicator for 
good governance. 
3. Focus on Gender Critical Districts and Cities low on CSR for intensive & integrated action. 
4. Adopt Innovative Interventions/Actions by the districts as per their local needs, context and sensibilities. 
5. Mobilize & Train Panchayati Raj Institutions/Urban local bodies/ Grassroot workers as catalysts for social 
change, in partnership with local community/women’s/youth groups. 
6. Engage with Communities to challenge gender stereotypes and social norms. 
7. Ensure service delivery structures/schemes & programmes are sufficiently responsive to issues of gender and 
children’s rights. 
8. Enable Inter-sectoral and inter-institutional convergence at District/Block/Grassroot levels. 
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Components 

Advocacy and Media Campaign on Beti Bachao-Beti Padhao Under the Scheme, a Nation-wide campaign was 
launched for celebrating Girl Child and enabling her education. The campaign aims at ensuring that girls are 
born, nurtured and educated without discrimination to become empowered citizens of this country with equal 
rights. A 360° media approach is being adopted to create awareness and disseminating information about the 
issue across the nation. Multi-Sectoral intervention in selected Gender Critical Districts worse on CSR Under the 
Scheme, the multi-sectoral action in selected 405 districts (including existing 161 districts) covering all 
States/UTs will focus on schematic intervention and sectoral actions in consultation with M/o H&FW & M/o 
HRD. Measurable outcomes and indicators will bring together concerned sectors, States and districts for urgent 
concerted multi-sectoral action to improve the CSR. 

Target Group 

1. Primary: Young and newly married couples; Pregnant and Lactating mothers; parents 
2. Secondary: Youth, adolescents (girls and boys), in-laws, medical doctors/ practitioners, private hospitals, 
nursing homes and diagnostic centres 
3. Tertiary: Officials, PRIs; frontline workers, women SHGs/Collectives, religious leaders, voluntary 
organizations, media, medical associations, industry associations, general public as a whole. 

Eligibility for the Scheme 

In order to be eligible for the Beti Bachao Beti Padhao scheme, following conditions are to be fulfilled: 
1. A family with a girl child below the age of 10 years. 
2. There should be a Sukanya Samriddhi Account (SSA) in any bank, opened in the name of the girl child. 
3. The Girl child should be an Indian. NRIs are not eligible for this scheme. 

BBBP- Documents Required 

Here is a list of documents required to apply for Beti Bachao Beti Padhao: 
1. Birth Certificate issued by the hospital or a recognized government body. 
2. Proof of Identity of the Parents- Aadhaar Card, Ration Card, etc. 
3. Proof of Address- Passport, Driving license, Utility bills like water, telephone, electricity etc. 
4. Passport size photograph. 

How to Apply for the scheme? 
Follow the given steps to get enrolled under the Beti Bachao Beti Padhao benefits: 
1. Visit the bank or post office wherever the scheme is available 
2. Obtain and Fill the application form for BBBP/SSA 
3. The form is to be filled manually and attached with all the required documents 
4. Submit the documents to the same bank/post office. The account must be opened in the name of the girl 
child 

Note: This account can be easily transferred from one bank/post office account to another bank/post office 
account. 

Different Schemes Introduced Under Beti Bachao Beti Padhao 

1. Sukanya Samridhi Yojana. 
2. Balika Samridhi Yojana. 
3. Ladli Laxmi Yojana. 
4. Ladli scheme. 
5. Kanyashree Prakalpa Yojana. 
6. Dhanalakshmi scheme and many more. 
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Introduction 

The continuous increasing demand of the food requires the rapid improvement in food production technology. 
In an under developed country like India, where the economy is basically dependent on agriculture and the 
climatic conditions are isotropic, still we are not able to make full use of agricultural resources. The main reason 
is the lack of rains & scarcity of land reservoir water. At the present era, the farmers have been using irrigation 
technique in India through the manual control in which the farmers irrigate the land at the regular intervals. 
This process sometimes consumes more water or sometimes the water reaches late due to which the crops get 
dried. Water deficiency can be detrimental to plants before visible wilting occurs. Slowed growth rate, lighter 
weight fruit follows slight water deficiency. This problem can be perfectly rectified if we use automatic micro 
controller-based drip irrigation system in which the irrigation will take place only when there will be intense 
requirement of water. 

Components of Micro controller Based Automatic Drip Irrigation System 

1. Soil moisture sensor. 
2. Microcontroller. 
3. Relay. 
4. Solenoid valve. 
5. Liquid crystal display. 
6. Solar panel. 
7. Ni-Cd battery. 
8. Water Pump. 
9. Water Filter. 
10. Drip lines with Emitters. 
11. Temperature Sensors. 
12. PIC Microcontroller Unit. 
13. GSM (Global System for Mobile Communication). 

 
Fig 1 : Components of Micro controller Based Automatic Drip Irrigation System 
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The automated control system consists of moisture sensors, temperature sensors, Signal conditioning circuit, 
Digital to analog converter, LCD Module, Relay driver, solenoid control valves, etc. 

 
Fig 2 : Controller Unit 

The important parameters to be measured for automation of irrigation system are soil moisture and 
temperature. The entire field is first divided in to small sections such that each section should contain one 
moisture sensor and a temperature sensor. RTD like PT100 can be used as a temperature sensor while 
Densitometer can be used as the moisture sensor to detect moisture contents of soil. These sensors are buried 
in the ground at required depth. Once the soil has reached desired moisture level the sensors send a signal to 
the micro controller to turn off the relays, which control the valves. 

 
Fig 3 : Application to field 

A 16X1 line LCD module can be used in the system to monitor current readings of all the sensors and the current 
status of respective valves. The solenoid valves are controlled by microcontroller though relays. A Chemical 
injection unit is used to mix required amount of fertilizers, pesticides, and nutrients with water, whenever 
required. Varying speed of pump motor can control pressure of water. It can be obtained with the help of PWM 
output of microcontroller unit. A flow meter is attached for analysis of total water consumed. 
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The required readings can be transferred to the Centralized Computer for further analytical studies, through 
the serial port present on microcontroller unit. While applying the automation on large fields more than one 
such microcontroller units can be interfaced to the Centralized Computer the microcontroller unit has in-built 
timer in it, which operates parallel to sensor system. In case of sensor failure, the timer turns off the valves after 
a threshold level of time, which may prevent the further disaster.  The microcontroller unit may warn the pump 
failure or insufficient amount of water input with the help of flow meter. 

Advantages 

1. Are relatively simple to design and install. 
2. This is very useful to all climatic conditions any it is economic friendly. 
3. This makes increase in productivity and reduces water consumption. 
4. Here we are micro controllers so there is error free. 
5. This is safest and no manpower is required. Permit other yard and garden work to    continue when irrigation 
is taking place, as only the immediate plant areas are wet. 
6. Reduce soil erosion and nutrient leaching. 
7. Reduce the chance of plant disease by keeping foliage dry. 
8. May be concealed to maintain the beauty of the landscape, and to reduce vandalism and liability when 
installed in public areas. 
9. Require smaller water sources, for example, less than half of the water needed for a sprinkler system. 

Disadvantages 

1. This is only applicable for large size farms. 
2. Equipment is costlier. 
3. Require frequent maintenance for efficient operation. 
4. Have limited life after installation due to the deterioration of the plastic components in a hot, arid climate 
when exposed to ultraviolet light. 

Conclusion 

It will be advantageous over manual control as it uses a mechanism like time-based control mechanism, volume-
based control mechanism, and sensor-based control mechanism. The Microcontroller based drip irrigation 
system proves to be a real time feedback  control system which monitors and controls all the activities of drip 
irrigation system efficiently. Using this system, one can save manpower, water to improve production and 
ultimately profit. 
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Introduction 

In India, 76% of the pesticide used is insecticide. Hence, without insecticide, yields of most food crops would 
fall by 50-90 per cent and runs to calculated Rs 200 billion. It was estimated that nearly one-third of the 
agricultural products are produced by using pesticides. The order with the highest number of resistant species 
is Diptera with 33.8%. Other major orders are Lepidoptera (15.4%), Acari (13.7%), Coleoptera (13.4%), 
Homoptera (10.5%) and Hemiptera (4.0%) (Downs et al., 2002). Pesticide resistance arthropod poses a severe 
threat to agricultural productivity all over the world. The impact of pesticide resistance on human health is likely 
to be even more important globally than its agriculturally related effects. Annually, malaria affects over 500 
million people and kills 3 million (Whalon et al., 2008). Exposure to pesticides has led to genetic selection for 
individuals with the biochemistry or behaviour necessary to nullify their toxic effects. Despite the frequent 
development of resistance, the tremendous initial success of agricultural chemicals has created an intractable 
dependency on their use. Continued development of new compounds to replace old ineffective chemistries has 
placed agriculture on a pesticide treadmill. The trend toward greater use and higher costs of pesticides as inputs 
into agricultural production continues both despite and because of exponential increases in resistance. 
Understanding of resistance at the farm and beyond-farm levels will allow us to achieve optimal use of 
pesticides over time. Solutions to the resistance problem will require coordinated efforts among farmers, pest 
management firms, the chemical industry, government policymakers and researchers. 

Resistance Management 

1. Resistance documentation: Field monitoring of insect populations to evaluate their relative densities and 
susceptibility, therefore, important. Both pre- and post-treatment population density data are necessary in 
determining the efficacy of insecticide applications. Field monitoring complemented with laboratory tests may 
provide clues to the degree and kind of observed resistance. Bioassay mortality data compared to 
corresponding data from a suitable reference strain (a field population that can be controlled by the 
recommended dose) provide a "resistance ratio" that indicates development of resistance. Thus, dose and pest 
management practices based on this above result, which used to IRM practices (Brattsten et al., 1986). 

2. Insecticide mixtures: The use of selected insecticide mixtures should retard resistance development because 
it should be more difficult for an insect to develop several adaptations simultaneously. This approach delays 
resistance in laboratory experiments and has been at least temporarily successful in a few field cases, 
particularly with certain organophosphorus combination. Chemical mixture closely simulates the chemical 
control of insects to which a few specialized insects adapt but which minimize damage by nonadapted insects.  

3. Insecticide synergists: Classical insecticide synergists inhibit enzymes involved in insecticide detoxification 
and do not include materials that enhance penetration. A synergist is usually nontoxic in vivo at the rate used 
but can increase the toxicity of an insecticide up to several hundred times, particularly in resistant populations. 
Cytochrome P-450 inhibitors synergize all classes of insecticides to some extent and have widely differing 
molecular structures. Carboxylesterase inhibitors are usually organophosphates and may be toxic to susceptible 
insects. Synergists have been used analytically to delineate the relative importance of penetration, 
detoxification and target site insensitivity in resistance. The role of synergists in resistance management can 
also be indirect. The toxicity to beneficial insects would not be increased in cases where enhanced insecticidal 
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activity is limited to a few related species or where pest and natural enemies rely on different detoxification 
mechanisms. In these cases, the target species can be controlled with reduced insecticide rates in combination 
with a synergist without greatly affecting natural enemies. This would reduce the dose of insecticide needed 
and thus the selection pressure. Such an approach is compatible with IPM.  

4. Dose and pattern of application: Application of the correct dose, whether of a single compound or a mixture, 
is a major factor in controlling insects and managing resistance. Susceptible populations should be controlled 
with the lowest possible dose to conserve the susceptible gene pool. However, exposing a population with 
incipient resistance to allow insecticide dose leads to rapid fixation of resistance. A low dose then allows survival 
and reproduction of resistant heterozygotes, the main source for the spread of the resistance allele, but kills 
susceptible homozygotes. Areas in dispersal regions left completely insecticide free, so-called refugia, where 
susceptible individuals survive and reproduce, can delay resistance. Thus, application of biochemically unrelated 
insecticides to adjacent fields could theoretically minimize resistance to each insecticide. 

5. Timing and sequence of insecticide use: To preserve the usefulness of the insecticide and the susceptible 
gene pool, spray applications should be made only when economically determined threshold infestation levels 
are present. The threshold varies widely depending on crop, crop growth stage, major insect pests, and 
geographic locality and can be determined only by constant monitoring of population densities. The sequence 
of insecticide use can be organized so that resistance and cross-resistance are avoided or delayed, although the 
possibilities are limited. Sequences in which unrelated insecticides are used successively or alternately provide 
refugia in time that may allow reversal of resistance by shifting selection pressure from one mechanism to a 
different one. 

6. New insecticides: About 40 years of intensive effort have produced only four major kinds of insecticides-
chlorinated hydrocarbons (1942), organophosphates (1944), carbamates (1956) and photostable pyrethroids 
(1978)- representing three different modes of action. Resistance management will then depend on thorough 
knowledge of insect behaviour, biology, and neurophysiology. A new insecticide need not be more toxic than 
current products; it should have a novel mode of action, rapidly kill insects or stop their feeding, and have 
reasonably short residual stability to enable use with precision. Field use of an insecticide should include 
considerations of its tendency to function as a resistance-selecting agent in the intended target species. More 
robust in vivo and in vitro screens to detect new types of toxicity can be devised. The mode of action and 
metabolism of candidate insecticides should be investigated early in the development process. 

Conclusions 

Studies of the basic biology of insect-plant interactions in nature and in crop agroecosystems can produce ideas 
for improved use of chemicals and how best they can be integrated with nonchemical methods. Also, improved 
agricultural use of insecticides can minimize exposure of nontarget species, which can be particularly important 
in alleviating selection for resistance in public health species. A better understanding of resistance and its 
effective management is likely to reduce the overall risks imposed by exaggerated insecticide use and to 
enhance the already substantial benefits of crop protection chemicals. 
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Abstract 

In the world, several peoples are suffering from malnutrition, micronutrient deficiencies especially due to Zinc 
(Zn) and Iron (Fe). Wheat is major cereal consumed worldwide and could be a good source to provide these 
nutritional values to the world. Biofortification in wheat can be an effective way to solve the malnutrition 
problem. Biofortified wheat varieties show the good adaption in target environments. Biofortification in wheat 
may be enhanced by the use of molecular breading approach such as gnome editing, transgenic technology and 
marker assisted selection etc.  

Keywords: Malnutrition, bio fortification and molecular breeding approach. 

Introduction 

In world, many peoples are suffering from malnutrition. Malnutrition is occurred due to the non-availability of 
proper diets including primary deficient in zinc (Zn) and iron (Fe). For better life, Zn is a major micronutrient for 
human as well as plants and its role observed in both plants and human (Graham et al., 2012). About 17 % 
population has not lifted benefit of Zn (Wessells and brown, 2012). Nutritional quality and food quality must be 
improved by the biofortification for using by the breeding efforts and it is a sustainable solution for global 
malnutrition problem. Biofortification concept was started at the time of green revolution (1966-1985). In 1990, 
work on micronutrient was started by the American economist named Howarth E- Howdy. The term 
Biofortification is coined by the Steve Beebe in 2001. Biofortification process provides the cost-effective 
sustainable micronutrients for human being. This approach will help to maintain the nutritional status. In 
addition, biofortification process is providing micronutrient in wheat verities which is preferred for agronomic 
cultural as well as yield. (Xu et al., 2011). 

Wheat is the second major crop after rice used by the whole population in India. It having constitute about 10-
12 % protein and 20% dietary energy. To improve the role of wheat is a main object. At global level, there are 
many organizations are playing a key role for biofortification breeding efforts for developing higher zinc variety. 

Improving Fe and Zn Content in Wheat Grain 

Wheat has polyploidy nature (tetraploid and hexaploids). In bread wheat, several thousand genes have been 
found and it has large genome (16 GB five times more than humans). However recent technology is employed 
in wheat for discover the more knowledge with appropriate tools. There are some advances are briefly outlined 
below.  

1. Availability of genome and genome sequence: The international wheat consortium is leading work of wheat 
sequencing and it is doing purification of wheat chromosomes using by the flow sorting (Safar et al., 2004) 
followed by shotgun sequencing. Now days, whole genome shotgun sequencing are used to generate the whole 
genome 5x using by the orthologous sequence (Brenchley et al., 2010). The A and D genome are drafted by the 
whole genome sequencing method than found that A genome is derived from Triticum urartu while D genome 
is derived by the Aegilopes tauschii (Ling et al., 2013). Combining the physical map strategy with whole genome 
sequencing is leading to make a good research for genomics information. In addition, analyses of genome 
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sequence with RNA sequence are leading to analysis of single nucleotides polymorphism for genetic mapping 
in wheat crop (Saintenac et al., 2011). At CIMMYT the marker discovery for Zn in wheat has been discovered by 
use the recombinant inbreds lines populations from the cross between PBW 343 and Kenya Swara. Two more 
QTLs is stably detected for increasing Zn on chromosomes 2Bc (centromeric regions) and 3AL (Long arm) (Value 
and Singh, 2019). In addition, now days there are many tools such as genomic selection, high throughput 
genotyping, and single nucleotides polymorphism are utilized to know the reliable idea of wheat genome 
sequencing.  

2. Marker Assisted Selection: Identification of molecular marker for nutritional effects is a great success to 
develop any biofortified wheat variety. In breeding programme, QTLs mapping is a powerful tool to discover 
linked qtls for micronutrient Fe and Zn. Implementation of molecular markers in wheat breeding programme 
by the linkage between DNA markers and loci that control the effects of nutritional interest trait. The marker 
assisted breeding or marker assisted selection is a good breeding tools to identify the genomic regions that is 
associated with micronutrient Fe and Zn. (Borrill et al., 2014).   

Marker assisted selection is a powerful tool to provide the variation for Fe and Zn (Ghandilyan et al., 2006). In 
recent years, many QTLs for micronutrient have been identified in wheat by using the recombinant inbred lines 
and double haploids populations. An understanding power comes by, with facilitate the power of advancements 
in QTLs mappings tools that reveals idea about the controlling the micronutrient concentration in wheat. In 
addition, effective QTLs for micronutrient are obtained in early generation with the help of use marker assisted 
selection (Ortiz-monasterio et al., 2007). The Gpc-B1 is discovered that showed the high effect for protein, Zn, 
Fe and Mn (Uauy et al., 2006). These genes are cloned and also to be effective for improvement of Fe, Zn, Mn 
and proteins that have concentrations 18, 12, 29 and 38% respectively. It has been shown that Xuhw89 is tightly 
linked with Gpc-B1 locus (Distelfeld et al., 2007). It can be used to facilitate in the marker assisted breeding to 
development the wheat varieties for improvement the Fe and Zn levels. (See figure No.01). 

Zinc and Iron deficiency 

Increase dietary Zinc and Iron

Conventional 
method

Molecular 
breeding 

Transgenic 
approach 

Use marker, AFLP, SNP.SSR etc. for 
Zinc and Iron QTLs analysis 

Marker assisted breeding or marker 
assisted selection

Biofortified wheat (Availabiility Zn and Fe ) 

 
Fig. 1: Schematic representation of development of biofortified wheat 

Application of Biofortification 

A lot of work on biofortification has been done is described below. 

In wheat, two verities namely BHU1 and BHU6 have been released that have high yield, disease resistance along 
with high Zinc. 
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Punjab agriculture university (Punjab) has released Zinc wheat variety PBW1. Several breeders have reported 
biofortified wheat varieties (Fe and Zn) which are improved by the plant breeding (Cakmak et al., 1999). In 2005, 
A high pro-vitamin A durum wheat verity named HI 8627 is released by the Indian Agricultural Research Institute 
(IARI).  

There are some verities released by international centre that have 20-40% Zn (Velu et al., 2014; Singh and Velu, 
2017). 

References 
1. Borrill, P., Connorton, J., Balk, J., Miller, T., Sanders, D. and Uauy, C., 2014.Biofortification of wheat grain with iron and zinc: integrating novel 

genomic resources and knowledge from model crops. Frontiers in plant science, 5, p.53. 
2. Brenchley,R.,Spannagl,M.,Pfeifer,M.,Barker,G. L. A.,D’Amore,R.,Allen,A. M., etal. (2012). Analysis of the bread wheat genome using whole-

genome shotgun sequencing.Nature 491,705–710.doi: 10.1038/nature11650 
3. Cakmak, I., Kalaycı, M., Ekiz, H., Braun, H. J., Kılınç, Y., and Yılmaz, A. (1999). Zinc deficiency as a practical problem in plant and human nutrition 

in Turkey: a NATOscience for stability project. Field Crops Research, 60(1-2), 175-188 
4. Ghandilyan, A., Vreugdenhil, D. and Aarts, M. G. M. 2006.Progress in the genetic understanding of plant iron and zinc nutrition. Physiol. Plant. 

126: 407417 
5. Graham R, Knez M, Welch R (2012) How much nutritional iron deficiency in humans globally is due to an underlying zinc deficiency? AdvAgron 

115:1–40. 
6. Ling, H. Q., Zhao, S. C., Liu, D. C., Wang, J. Y., Sun, H., Zhang, C., etal. (2013). Draft genome of the wheat A-genome progenitor Triticumurartu. 

Nature 496, 87–90. doi: 10.1038/nature11997. 
7. Ortiz-Monasterio, J. I., Palacios-Rojas, N., Meng, E., Pixley, K., Trethowan, R. and Pena, R. J. 2007.Enhancing the mineral and vitamin content of 

wheat and maize through plant breeding. J. Cereal Sci. 46: 293307. 
8. Safar, J., Bartos, J., Janda, J., Bellec, A., Kubalakova, M., Valarik, M., etal. (2004). Dissecting large and complex genomes: flow sorting and BAC 

cloning of individual chromosomes from bread wheat. Plant J. 39, 960–968. doi: 10.1111/j.1365-313X.2004.02179.x 
9. Saintenac,C.,Jiang,D.,andAkhunov,E.(2011).Targetedanalysisofnucleotideand copy number variation by exon capture in allotetraploid wheat 

genome. Genome Biol. 12,R88. doi: 10.1186/gb-2011-12-9-r88 
10. Uauy, C., Distelfeld, A., Fahima, T., Blechl, A. and Dubcovsky, J. 2006. A NAC gene regulating senescence improves grain protein, zinc, and iron 

content in wheat. Science 314: 12981301. 
11. Velu G, Ortiz-Monasterio I, Cakmak I, Hao Y, Singh RP (2014) Biofortification strategies to increase grain zinc and iron concentrations in wheat. 

J Cereal Sci 59:365–372 
12. Velu, G. and Singh, R.P., 2019. Genomic Approaches for Biofortification of Grain Zinc and Iron in Wheat.In Quality Breeding in Field Crops (pp. 

193-198).Springer, Cham. 
13. Xu, Y., An, D., Li, H. and Xu, H., 2011. Breeding wheat for enhanced micronutrients. Canadian Journal of Plant Science, 91(2), pp.231-237. 
  



 

 
Volume 2 - Issue 12 - December 2020       65 | P a g e  
 

Natural Detoxification of Body 
Article ID: 33022 

Kimeera Ambati1 
1PhD Scholar, Department of Home Science, S.V. University, Tirupati-517502. 

         

Introduction 

The detoxification is the metabolic along with transport processes which is used to make the chemically inactive 
compounds which are noxious and help in eliminating the toxic substances from cells by excretion from the 
body. The detox is a significant term used in the nutrition field. It signifies that for every particular period of 
time, clear all the toxic waste present in the human body to stay health. 

Basically, detoxification is the blood cleansing process in body. It takes place by removing the impurities from 
the blood in liver, as liver helps in elimination of toxins, also helps in removing toxins through kidneys, intestines, 
lungs, lymphatic system and also skin. If proper detoxification is not performed in the body, then there will be 
adverse health effects. 

Principles of Detoxification 

1. Cleaning and Rejuvenation: Restoring the energy and freshness in every cell by removing the toxins. 

2. Activating the vital life force: Elimination of toxins which are ingested, emotional, physical, mental, and 
spiritual which is significant for increasing the vital force of the body. With the increased oxygen at the 
mitochondria level in each cell, the body is able to significantly amplify the cellular energy resulting in increased 
capacity to discharge accumulated toxins. 

3. Diffusion of toxins: The phenomenon of physical and chemical substances is known as diffusion, where the 
compounds move from higher concentration to lower concentration. If we lesser the toxins in the blood through 
dietary change, fasting and other processes, the law of diffusion tells us that the toxins concentrated in the cells 
begin to flow back into extracellular fluid. The toxins get diffused in the blood stream and go to liver and all 
other organs like kidneys, gastrointestinal tract, lymph and skin systems, and are eliminated. 

4. Emotional and Spiritual Revitalization: This process of uplifting the emotional and spiritual setting, which is 
enhanced by joyous nature where the light of spirituality is enhanced and awakened. Many people have a 
greatly depleted vital force from years of sadness and spiritual numbness that has led to a build-up of physical 
toxins on the physical plane.   

5. Non-Invasive Cellular Energizing Procedures: The most effective Detoxification programs that include such 
potent non-invasive cellular energizing processes are juice fasting, yoga, meditation, pranayama (breathing 
exercises) and other forms of exercises like aerobics, rebounding physical exercise, lymphatic drainage 
bodywork, emotional clearing, homeopathic and herbal remedies, infra-red sauna, ozone steam box, organic 
live-food, which are the powerful healing forces of nature. 

Work of Detoxing Process 

The process of body performs for the removal of toxic substances by utilizing important nutrients from the diet 
to transform toxins, so they can be removed from the body. This is how the human body gets rid of waste. 
Toxins have the impact on organs acutely and cumulatively. More dangerous are the persistent, low grade toxins 
such as residue we consume regularly in conventionally grown fruits and vegetables.  If waste builds up, we get 
sick. Reactions are not immediate. The key is to figure out the process of enhancing the body’s capacity and to 
detoxify as well as get rid of waste while minimizing the exposure of toxins. For a healthy person, the body 
detoxifying system is like a well – oiled machine. 
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Natural Detoxification 

1. Limit Alcohol: In the liver, 90% of alcohol is metabolized were liver enzymes recognize the acetaldehyde as 
the toxin which is the product formed after alcohol metabolism. Therefore, the enzymes convert acetaldehyde 
into acetate which is harmful and later removed from the body. 

2. Adequate Sleep: Ensuring quality and adequate sleep helps in enhancing the natural detoxification system. 
Good sleep ensures the brain to reorganize and helps in removing toxic waste by-products, which are 
accumulated throughout the day. With decreased sleep. Short and long-term health effects can be increased in 
the body like stress, anxiety, high blood pressure, heart disease etc. 

3. Plenty of Fluids: Water has the ability to regulate the body temperature, helps in lubricating joints, aids in 
digestion and nutrient absorption and also detoxifies the body by eliminating the toxic and waste substances. 
Water helps in removing waste by-products like urea, nitrogen which are formed by the metabolism of 
macronutrients to form energy. The adequate daily intake of water is around 3-5 litters per day. 

4. Reduce Sugar Intake and Processed Foods: The sugars and processed foods are the cause of health crisis. 
They elevate the consequences of obesity, heart problems, cancers etc, which decrease the ability to detoxify 
the body. By decreasing the junk food consumption can increase the natural detoxification of body. 

5. Antioxidant Rich Foods: Excessive production of free radicals which are produced due to poor dietary habits, 
tobacco smoking, which can lead to oxidative stress in the body. The increased oxidative stress can cause 
damage to cells causing dementia, asthma, liver disease and also some types of cancer. Consuming antioxidative 
rich diet can help in reducing the oxidative stress and removes toxins from the body. Examples of antioxidants 
are vitamin A, vitamin C, vitamin E, selenium, lycopene rich foods have to be consumed. 

6. Prebiotics: To ensure the detoxification of body, gut health is very important. The cells present in intestine 
has the ability to detoxify and excrete harmful toxins and chemicals from the body. Probiotics are a type of fibre 
which feeds on the good bacteria known as probiotics. The prebiotics produce short chain fatty acids and 
thereby increases the immunity of the body and help in detoxification of the body. Examples of prebiotics are 
bananas, asparagus, onions, garlic, tomatoes etc. 

7. Reduce Salt Intake: Consuming excess salt than requirement will retain excess fluid, which can thereby have 
effect on liver and kidney. Too much salt releases excess antidiuretic hormone which prevent urinating and as 
a result detoxification. Consuming potassium rich foods counterbalance sodium effects. Examples of potassium 
include squash, kidney beans, spinach etc. 

8. Exercise: Regular exercise irrespective of body weights helps in longer life and decreased risk of metabolic 
disorders.one of the important function of exercise is to reduce the inflammation in the body. Reducing 
inflammation in body. Reducing inflammation is necessary to recover from infection and healing wounds as 
increased inflammation weakens the body and promotes disease. Regular exercise of 20-30 minutes daily helps 
to detoxify the body and function properly.  

For natural detoxification, improving of overall health of the body system by staying hydrated, consuming less 
salt, being active and following antioxidant rich diet is important. 
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Abstract 

Water is important for optimum production of crops both in terms of quality and quantity. Increasing population 
is leading to increase in demand of food and as we know that agriculture uses a considerable portion of the 
water. So, we can say that the demand of water is increasing with the demand of food. About 70% of the global 
freshwater is used in agriculture. In many developed countries this use has been decreased because of increase 
in the use of irrigation practices with higher water use efficiency like drip irrigation. Farmers are aware of the 
current and the upcoming competition for water so they know that the adoption of efficient irrigation systems 
is beneficial for them. Drip irrigation is an efficient irrigation method that delivers water slowly and directly to 
the plant root systems when network of pipes. It reduces the loss of water due to evaporation which is very 
common in other type of irrigation methods like flooding. It is also called as micro irrigation. Management of 
the drip irrigation system requires proper knowledge of the system, climate and environmental conditions for 
the growing crop. The impact of climate variables for plant growth and production in different season should 
be properly understood so that management practices for optimum production can be achieved. 

Keywords: Drip irrigation, Water use efficiency. 

Introduction 

In drip irrigation system, water is supplied to the crop drop by drop at very low rate from a system of small 
diameter plastic pipes fitted with outlets called emitters for drippers. It is also called as trickle irrigation. It does 
not wet the whole soil profile like surface or sprinkler method of irrigation, it only gets a part of soil in which 
roots grow. In other words, it delivers water and nutrients directly to the plant roots on in the right amount at 
the right time so that each plant can achieve its proper growth and development. Drip irrigation is 40% more 
efficient because it uses 40% less water than conventional method of irrigation. Usage of fertilizer can also be 
optimized this way (Smith et al., 2016). Due to globalization of trade and economic liberalization of policies it 
has become inevitable to use modern irrigation practices in agriculture, especially in horticultural crops to 
obtain higher yields of good quality products and to earn good revenue by the farmers (Berbel et al., 2018). 

Crops Suitable for Drip Irrigation 

Drip irrigation is more suitable for crops like vegetables, soft fruit, tree or vine crops in which one or more 
emitters can be provided for each plant. Some examples are- Banana, papaya, mango, guava, grapes, 
watermelon etc. In general, only high-value crops are considered because drip irrigation involves high capital 
cost for installment. 

Drip System Layout 

Components of drip system includes- 
1. Pump unit: It takes water from the source and provides the right pressure for delivery in the pipe system. 

2. Control head: It controls the discharge and pressure of the entire system using valves. It also has filters to 
clear the water such as screen filters and graded sand filters for removal of fine particles suspended in the 
water. Fertilizers can also be applied along with irrigation water. Some control has fertilizer and nutrient tank 
for addition of measured dose of fertilizer into the irrigation water. 

3. Main, sub mains and laterals: The function is to supply water into the fields from the control head. They 
should be buried below ground to avoid degradation by direct solar radiation. 
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4. Emitters or drippers: They are used to control water discharge from laterals to the plants. They are placed 
more than one metre apart with one or more emitters used for a single plant. 

 

Clogging of Laterals 

Clogging may occur due to different physical impurities like sand particles and organic substance, chemical 
impurities like calcium carbonate and biological impurities like algae and other microorganisms. The problem 
due to different physical impurities can be overcome by proper management of different components in the 
system and the problems due to chemical and biological impurities can be overcome by acid treatment and 
chlorination respectively (Adin et al., 1991). The maintenance includes repair and replaces of the parts of the 
irrigation system to prevent leakage and closures and washing of the filter and irrigation pipes to remove the 
accumulated impurities (Lamm et al., 1995). 

Advantages of Drip Irrigation 

1. It saves about 30-60 % of water using which more area can be irrigated. It enables higher yield of good quality 
produce. 
2. It saves labour as well as fertilizers. 
3. It helps to control soil erosion. 
4.Water use efficiency of drip irrigation is around 90%. 
5. Saline water can be used for irrigation by this system. 

Conclusion 

Drip irrigation is the most effective form of irrigating crops (Gonzalez, 2015). Government has launched a 
programme called Pradhan Mantri Krishi Sinchai Yojana or ‘more crop per drop’. Under this programme, 
financial assistance of up to 55 per cent is given to small and marginal farmers and 45 per cent for other farmers 
for adoption of micro-irrigation systems. The funding pattern between the Union governments and the state 
government’s share since November 2015 has been 60:40 for all states except the North East and the Himalayan 
states, for which the funding pattern is 90:10. Farmer should be made aware of such programmes. Use of 
irrigation systems with reduced impact on the environment, such as drip irrigation can also be used for the 
distribution of systemic plant production products (Najafi et al., 2007). Drip irrigation leads to sustainable 
agriculture by decreasing water loss and an increase in water use efficiency. 
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Abstract 

Weeds are a major impediment to crop production through their ability to compete for resources and their 
impact on product quality. In the agroecosystems ideal environmental conditions provided for optimal crop 
productivity are being exploited by the associated weeds. The weed problems are likely to foster and with the 
increased public awareness on environmental pollution, the focus would shift to the development of eco-
friendly weed management technologies in the upcoming years. As the future weed problems will be 
multipronged, a holistic multi-disciplinary approach would be imperative. In this context, integrated weed 
management(IWM) may provide a more sustainable approach to crop production. The IWM system combines 
use of multiple-pest-resistant, high yield, well adapted crop cultivars, that also resist weed competition, with 
precise placement and timing of fertilizers to give the crop a competitive advantage. Such systems also include 
the use of judicious irrigation practices; timely and appropriate cultivation; carefully planned crop rotations; 
field sanitation; harvesting methods that do not spread weed seeds; use of biological control agents and 
strategies, such as pathogens, insects, nematodes, animals, and allelopathy; and employment of effective 
chemical weed control methods. As the weed problems are multipronged, a holistic multidisciplinary integrated 
approach would be imperative. In this context, IWM provides a more sustainable approach to rice production 
as well as plays an important role to meet the growing food demands of increasing population of India. 

Keywords: Agroecosystem, Allelopathy, Integrated Weed Management. 

Introduction 

Rice is cultivated in India in a very wide range of ecosystems from irrigated to shallow lowlands, mid-deep 
lowlands, deep water to uplands. The conventional system of rice production i.e. transplanting under puddled 
conditions (CT-TPR) is mainly followed by farmers. However, it is water, labour, and energy intensive, besides 
adversely affecting the environment. Therefore, to assure sustainability of rice production, more resource 
efficient alternative methods of rice cultivation are needed. For this reason, dry-seeded rice (DSR) technology 
being water, labour, energy efficient, and having eco-friendly characteristics, received much attention, and is 
emerging as a potential alternative to CT-TPR (Kumar and Ladha 2011). However, direct-seeded aerobic rice is 
subject to more severe weed infestation than transplanted lowland rice, because in aerobic rice systems weeds 
germinate simultaneously with rice, and there is no water layer to suppress weed growth. Thus, it is required 
to redesign the strategies from time to time for the successful management of ever-increasing problem of 
weeds. 

Irrespective of the method of rice establishment, Weeds are a constant problem in crop production because of 
the dynamic nature of weed populations. Weeds are responsible for heavy rice yield losses, to the extent of 
complete crop loss under extreme conditions. Because of the diversity and plasticity of weed communities, 
weed management needs to be viewed as a continuous process. Weeds not only cause huge reductions in crop 
yields but also increase cost of cultivation, reduce input efficiency, interfere with agricultural operations, impair 
quality, act as alternate hosts for several insect-pests, diseases, affect aesthetic look of the ecosystem, native 
biodiversity, as well as affect human and cattle health. Weeds are known to account for nearly one third of the 
losses due to various biotic stresses. In India, presence of weeds in general reduces crop yields by 31.5 and 
22.7% in winter season and 36.5% in summer and kharif season and in some cases can cause complete 
devastation of the crop. In such conditions integrated weed management(IWM) offers most practical and cost-
effective means of reducing weed competitions. IWM is a science-based decision-making process that 
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coordinates the use of environmental information, weed biology and ecology, and all available technologies to 
control weeds by the most economical means, while posing the least possible risk to people and the 
environment (Sanyal, 2008). Many advances have been made in recent years in India on IWM and these 
strategies are needed for the successful management of ever-increasing problem of weeds in rice. 

Weed Flora Associated with Rice 

Rice fields can be colonised by terrestrial, semiaquatic or aquatic plants depending on the type of rice culture 
and season. The composition and competition by weeds are dynamic and is dependent on soil, climate, cropping 
and management factors. The weed flora observed in the experimental field included  Echinochloa glabrescens, 
Ischaemum rugosum, Monochoria vaginalis, Paspalum distichum, Spaenoclea zeylanica, Leptochloa chinensis, 
Dactyloctenium aegyptium, Cyperus iria, C. difformis, Fimbristylis miliacea, Eclipta alba, Ammania baccifera, 
Digera arvensis, Lindernia crustacean, and Mazus pumilus. Echinochloa colona and E. crusgalli are the most 
serious weeds affecting rice in all methods of rice establishment. Cyperus rotundus and Cynodon dactylon are 
other major problems in upland conditions, particularly in poorly managed fields. Significant variation occurs in 
the dominance of the abundant weed species with crop establishment and weed control methods (Singh et al., 
2005). 

Integrated Weed Management (IWM) 

IWM is a science-based decision-making process that coordinates the use of environmental information, weed 
biology and ecology, and all available technologies to control weeds by the most economical means, while 
posing the least possible risk to people and the environment (Sanyal, 2008). Effective IWM combines preventive, 
cultural, mechanical and biological weed control methods in a cost effective and ecological manner. 

1. Non-Chemical IWM: In rice/wheat cropping system, inclusion of green gram in summer or summer cowpea 
for fodder or Sesbania for green manuring, resulted in lowest grasses and sedges (Singh et al., 2008). In rice-
rice cropping system, the least weed growth was recorded with: (a) ploughing the land twice, during off-season 
followed by twice hand weeding in the crop, (b) raising green manure of Sesbania aculeata (c) incorporation of 
press mud at 10 t/ha + Azolla inoculation at 1 t/ha (Gnanavel and Kathiresan, 2002). Virk et al. (2003) reported 
that combination of early sowing (October 25) with quick growing wheat variety (PBW 154 or PBW 343 or WH 
542) significantly smothered P. minor. Soil solarization was also observed to record the highest system 
productivity in the soybean-wheat cropping system closely followed by wheat straw incorporation and repeated 
tillage with irrigation (Das and Yaduraju, 2008). 

2. IWM With Different Herbicides: About 6000 tonnes of herbicides are currently used for weed control in 
India, mainly in irrigated crops (about 77% on wheat and rice) and on plantations (about 10%). Continuous use 
of some herbicides has led to development of resistant weeds and has exacerbated weed problems. For 
example, in rice-wheat cropping system of Punjab and Haryana, Phalaris minor has developed resistance against 
isoproturon (Walia et al.,1997). 

Cropping Systems, Crop Rotations and Herbicide 

The choice and sequencing of crops affects long-term weed population dynamics, and consequently weed 
management. In rice/wheat cropping system, sequences involving summer cowpea for fodder or Sesbania for 
green manuring, resulted in significantly lowest population of grasses and sedges (Singh et al., 2008). Effective 
weed control in terms of reduced weed density and dry weight was achieved by pretilachlor with safener at 400 
g/ha combined with Sesbania (Dhaincha) intercropping and Azolla dual cropping in wet-seeded rice 
(Subramanian and Martin, 2006). Different planting and harvest dates among these crops provide more 
opportunities for farmers to prevent either plant establishment or seed production by weeds. The effectiveness 
of crop rotation in weed suppression may be enhanced by crop sequences that create varying patterns of 
resource competition, allelopathy, soil disturbance and mechanical damage to certain weed species. 
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Tillage and Herbicide 

Tillage prior to crop establishment eliminates established and emerged weeds prior to crop seeding and also 
moves weed seeds near the soil surface vertically, resulting in weed seed burial. Deep/inverted tillage with 
mould board plough+POE application of clodinafop 60 g/ha, sulfosulfuron 25 g/ha and fenoxaprop ethyl 100 
g/ha was found to be equally effective against P. minor in wheat (Walia et al., 2005). In transplanted rice, 
frequent cultivations were better than growing green manure or keeping field undisturbed after wheat harvest 
(Aulakh and Mehra, 2006). 

Mulching with Herbicide 

Covering or mulching the soil surface can reduce weed problems by preventing weed seed germination or by 
suppressing the growth of emerging seedlings. Metribuzin or atrazine (PE) both at 1.0 kg/ha fb trash intra row 
mulching at 3.5 t/ha at 60 DAP of sugarcane provided effective weed control (Singh et al., 2001). In wheat crop 
of rice/wheat system, surface placement of rice residues at 6 and 7 t/ha+POE of clodinafop 60 g/ha, 
sulfosulfuron 25 g/ha and mesosulfuron+iodosulfuron 14.4 g/ha significantly reduced the P. minor dry weight 
and nutrient uptake (Brar and Walia, 2008). In okra, the most economical treatment was stale seed bed with 
glyphosate application integrated with eucalyptus mulching, which recorded the highest net return and B : C 
ratio (Ameena et al., 2006). 

Crop Competitiveness with Herbicides 

Using high yielding crop variety competitive against weeds in combination with other methods of weed control 
is one of the most economical approaches to attain optimal crop yield. Mahajan et al. (2004) observed that 
wheat cv. PBW-343 (with more tillers) caused maximum suppression in dry matter of P. minor over WH-542 and 
PDW-233. They also found least weed growth and higher wheat yield with wheat cv. PBW-343 and WH-542 + 
closer spacing (15 cm) + clodinafop at 45 g/ha or 60 g/ha. Improved crop competitiveness against weeds and 
higher crop yield were observed with raised beds planting of blackgram integrated with pendimethalin at 0.75 
kg/ha fb one hand weeding at 45 DAS or pendimethalin 1.5 kg/ha (Kumar et al., 2006). 

Hand Weeding with Herbicides 

Hand weeding is being practised by farmers in India since they initiated agriculture. It is effective on annual 
weeds. Hand weeding is ineffective against perennial weeds due to their regenerative capability. Raising cost 
of labour and their non-availability lead to the search for alternative methods such as herbicide use either alone 
or in combination with hand weeding. Nagar et al. (2009) reported that Pendimethalin (PE) at 1.0 kg/ha followed 
by hand weeding 45 DAS is effective in coriander. 

Integration of Different Biological Controls for Weed Management in Rice 

Several pathogens have the potential of controlling important weeds of rice. Colletotrichum gloeosporioides f. 
sp. Aeschynomene is commercially available as COLLEGO, can effectively control weed in rice. Integrating a wild 
duck control program with cropping systems (Smith 1989), herbicides (Salzman et al. 1988), and cultural and 
mechanical practices can reduce red rice infestations to below economic thresholds. Waterlily aphids also 
suppressed as well as offer the opportunity of controlling aquatic weeds in rice when they are integrated into 
control programs against other weeds, insects, and diseases.  

Rice plants produce natural chemicals that can suppress and kill weeds in field environments. They release toxic 
allelochemicals into the paddy, either as root exudates or from decaying plant materials. These allelochemicals 
have been known to control many aquatic weeds. In one experiment conducted in Arkansas, rice germplasm 
with high allelopathic activity controlled 72 to 95% of ducksalad, purple ammannia, and disc waterhyssop, 
compared to 100% control from bensulfuron methyl (Lin et al. 1992). Likewise, rice lines with high allelopathic 
activity, combined with straw of the same lines incorporated into the soil, controlled rice flatsedge (Cyperus iria 
) almost as effectively as a tank mixture treatment of propanil and bentazon (Lin et al. 1992). Certainly, 
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allelopathy for controlling weeds in rice should be integrated with herbicides as well as cultural and other 
biological practices. 

Conclusion 

Few biological or non-chemical control practices are available compared with the many chemical herbicides 
available for weed control in rice. Therefore, biological control strategies must be integrated with chemical 
herbicides for effective management of rice weeds. Consequently, biological control strategies must be 
integrated with the many chemical fungicides and insecticides used for pest management in rice. Development 
of rice cultivars that contain allelochemicals is a new biological control strategy that warrants additional 
research. Biological control strategies offer opportunities for development of improved weed control practices 
that will be compatible with all components of integrated pest management systems of rice.  

There is significant scope of growth in herbicides, as a component of IWM, specifically as exports and domestic 
consumption of food. Herbicides must be made economically and ecologically affordable to farmers by 
innovatively integrating with other components of IWM. So, there is a need to step up coordinated extension 
efforts to educate farmers on judicious use of herbicides in India, in integration with other weed management 
methods. There is a need to develop a larger database of weed ecology and biology characteristics; develop, 
improve and refine integrated weed management system simulation models. However, integration of biological 
control strategies with chemical, cultural, and mechanical control practices is essential to judicious use of 
biological control in weed and pest management programs in rice production systems. Because biological 
strategies control a comparatively narrow spectrum of weed species, chemical herbicides are generally required 
to control the complex of weed species that infest rice. 
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Abstract 

Dr Geetika Singh, Alumini of Panjab University, she has published 25 research papers in various international 
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publishers, New Delhi. 

1. Nanoparticles are basically fine particles whose dimensions are about 100nm or even less. Nanoparticles are 
ultra-fine particles having one dimension that measures 100 nm or less. Unlike bulk materials, these particles 
have greater surface area per weight. Therefore, the properties of materials change as their size approaches 
the nanoscale. Because of its unique size and dimensions, they are used in agricultural sector. 

2. Silicon nanoparticles can be synthesized by pulsed laser ablation of silicon in aqueous solution. It can also be 
prepared by the hydrolysis of alkyl silicates and subsequent condensation of silicic acid in alcoholic solutions 
using ammonia as catalyst. It is used in production purposes currently mainly to produce pollution free fuel. 

3. Hydrogen  is very efficient when it releases energy and the only exhaust produced is pure water, thus making 
hydrogen an extremely promising form of energy storage. Nanomaterials are used for production of renewable 
hydrogen which can be used as a fuel. 
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Porous Nanoparticle for Hydrogen Production 

1. It also helps overcoming several abiotic stresses like temperature, UV B-rays etc and at the same time 
prevents the crop from getting affected by several bacterial and fungal diseases. The human eye cannot see the 
physical and chemical behaviour which it causes to its counterparts. Silicon nanoparticles have distinctive 
physiological characteristics that allow them to enter plants and influence plant metabolic activities. The 
mesoporous nature of silicon nanoparticles also makes them good candidates as suitable nanocarriers for 
different molecules that may help in agriculture. 

2. The element silicon whose atomic number is 14 is the member of group 14 of the periodic table. It has a huge 
role in regulating the growth and yield of the crops . A metalloid is an element with intermediate physical and 
chemical properties between those of metals and nonmetals. Among the different metalloids, silicon is the most 
common on earth and is the second most abundant element in the earth’s crust after oxygen. Silicon has also 
been observed to be used by plants to strengthen their cell walls; the plants of the Equisetaceae family cannot 
survive in nutrient solutions lacking silicon. 

3. The use of Si-NPs helps in slow releasing of the chemicals to the plants which helps in providing a proper 
dosage of the agrochemicals to the plants. It is suitable for delivery of boron, urea and nitrogenous fertilizers. 
The application of Si-NPs in agriculture may also lead to global food security by helping in the development of 
improved varieties with high productivity 

4. In the agricultural sector, Si-NPs were observed to be applied as a weapon against heavy metal toxicity, UVB 
stress, salinity stress, dehydration. Novel applications of Si-NPs include their use as fertilizers, pesticides, and 
herbicides. Therefore, Si-NPs have the potential to improve crops for sustainable agriculture. nanotechnology 
has intervened in helping develop disease-free agricultural crops Under the large umbrella of nanotechnology, 
nano-silica, a unique type of nanomaterial, is used as a nano-pesticide. 

 

Effect of Nanoparticles on Plants and Environment 

1. They can be efficient in their roles as herbicides as they remove weeds without leaving any harmful residues 
in the soil. They are eco-friendly herbicides and do not hamper the environment.  
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2. The unique property of the Si-NPs gives them a smooth entry in the plant system. This property is the key to 
the fast development and plant growth of the crop which is ultimately seen on the yield of the crop.  

3. Si-NPs are also used as pesticides and show their effectiveness on adult insects as compared to larvae. This 
could be the result of the dehydrating nature of the silica which ultimately kills the insects. It even damages the 
trachea, spiracles and waxy coating of the insect and protects the plants from their infestation.  

4. Helps in the efficient germination of the seed and growth of the seedling as experimented and proved on a 
tomato plant  

5. Nano-capsules and nano-chips are used as fertilizers, herbicides or pesticides for the proper and slow 
distribution of the nutrients to the plants. They are also used as nano-sensores. The use of Si-NPs helps the 
farmer to cope with the damages caused by the biotic and abiotic stresses. Si-NPs are used in various fields like 
food processing, treatment of waste-water, agriculture, and many more. 

6. There are number of strategies which are carried out by genetic-engineering in the agricultural sector to 
develop some modified gene varieties to control the production and quality damage of the plants under stress 
conditions. The use of Si-NPs has reduced this burden. As the Si-NPs have a very high mobility it easily enhances 
the water uptake and root hydraulic conductance of the plant under water stress condition.  

7. The salinity stress condition is also reduced by the use of silicon fertilizers. This is proved by an experiment 
which was conducted on Basil plant. A/c to the results of the experiment the content of chlorophyll was reduced 
in the condition of salinity stress but the use of Si-NPs led to increase in the content. When the seedling of 
wheat is treated prior with the Si-NPs it saves the plant and the yield of the wheat it saves the plant and the 
quality from the UV-B stress. When Si-NPs are used in the squash plant it showed an improve in the germination 
of the seed and an enhanced photosynthetic matter in the plant. Salinity stress of the tomato plant is reduced 
by the use of the Si-NPs which increases the seedling length, fresh weight and germination rate of the plant.  

8. In the era of sustainable agriculture, the introduction of the nanotechnology is bliss for the environment. 
There are several experiments which are going on Si-NPs and are yet to be introduced in the field.  

9. It can easily be extracted from wastes like rice husk and can be stored even at room temperature or at -40C. 
It has the current focus because the excessive use of the chemical-based fertilizers and pesticides has already 
degraded the environment and there is an urgent need for the introduction of eco-friendly measures. 
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Introduction 

Climate variability and change will negatively impact on food security and agricultural livelihoods of the poorest 
farmers, fishers and forest-dependent people. Coupled with land degradation, increasing energy and food 
prices, and reduced investment support (Smit, et. al. 1996), Climate change is a topical subject worldwide and 
there is evidence that this phenomenon is taking place (Solomon et al., 2007). Climate change may be beneficial 
to agriculture, depending on geographical region. However, for the lower latitude areas, climate change is 
projected to result in increased temperature, reduced rainfall and increased frequency of extreme weather 
events such as floods and droughts. 

Climate Resilient Agriculture 

It is a relatively new approach to developing the technical, political and financial conditions for the achievement 
of sustainable development goals. 

 

Way to Incorporate Climate Resilient Agriculture 

1. Identify and monitor potential risks and vulnerability. 
2. Increases the adaptive capacity of farmers and systems. 
3. Interaction between domains to reduce transmission of shocks. 

What is Climate Resilient Agriculture? 

CSA is an approach that promotes sustainable increase in agricultural productivity and income, adapting and 
building resilience to climate change and reducing greenhouse gas emissions (FAO, 2019). CSA ideally have three 
pillars (i.e., adaptation, mitigation, and food production measures) to achieve food and nutrition security. 

How to Handle Climate Resilient Agriculture? 

Incorporation of Adaption - CSA practices and technologies adopted by the farmers in the study areas include 
improved crop varieties for higher yield, varieties suitable to cope with drought, excess water or high 
temperature, laser land levelling, zero tillage, residue retention, site specific nutrient management, legume 
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integration and cropping system diversification. The improved crop varieties which are tolerant to severe floods, 
droughts and pest/diseases, use nutrients and water efficiently and can adjust to climate change and variability. 
Mitigation - Mitigation strategies reduce the contribution of agriculture system to greenhouse gas emission, 
like reduce unnecessary ploughing during summer season. 

Ways to Make Up Agriculture Climate Resilient 

1. Emphasis on dairy sector, particularly milk procurement and processing because dairy sector is as important 
as farming and fisheries sector as well.  
2. Soil health improvement through organic carbon enrichment by green manuring, by biomanuring residue 
incorporation etc. 
3. Surface and sub surface water harvesting, promotion of efficient irrigation methods. 
4. Effective support for precision nutrient application and management-maintain the ground water health as 
well as surface water bodies. 
5. Diversification of income sources inside and outside the farm. 

Objectives of Climate Resilient Agriculture 

1. Increase agriculture productivity to support increased incomes and food security. 
2. Increase adaptive capacity at multiple levels (from farm to nation). 
3. Decrease greenhouse gases emission. 

Newly Launched CRA Related Schemes in India 

1. Pradhan Mantri Fasal Bima Yojana (PMFBY). 
2. Pradhan Mantri Krishi Sinchai Yojana. 
3. Mahatma Gandhi National Rural Employment  Guarantee Act ( MGNREGA). 
4. Soil Health Card Scheme. 

National Innovation on Climate Resilient Agriculture (NICRA) 

The Government of India had launched a major National Initiative on Climate Resilient Agriculture (NICRA) in 
February 2011 under the auspices of the Indian Council of Agricultural Research (ICAR) with support from the 
Ministry of Agriculture.  
1. To take up long term strategic research address projected climate change on Indian agriculture. 
2. Demonstrate the existing best practices to enable farmers cape up with current climate variability. 
3. First ever vulnerability atlas of India at district level which aid in prioritizing investments in vulnerable region. 

Adoption and Strategies 

Development of appropriate adaptation strategy under smallholder production condition is important to cope 
with the progressive climate change and variability. Several CSA practices such as cropping system improvement 
(e.g. crop rotation, diversification, improved varieties and integration of legumes), integrated nutrient 
management (e.g. green manure, compost and site specific nutrient management), resource conservation (e.g. 
minimum/zero tillage, keeping the land consistently covered with crop residues), precision water management 
(e.g. planting crops in bed, laser land levelling, mulching with crop residues) and agro forestry have been 
proposed for adaptation to climate change and variability. (Singh, et.al.2018). 

Conclusion 

CRA brings together practices, policies and institutions that are not necessarily new but are used in the context 
of climatic change which is prime requirement in area of climate change. Farmers possess low level of 
knowledge regarding climate change, and they adopted traditional methods to mitigate the impact of climate 
change. Small land holdings, poor extension services and non-availability of stress tolerant varieties were the 
major problems faced by the farmers in adoption to climate change. 
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Abstract 

Phalsa (Grewia asiatica L.) belongs to family of Tiliaceae. Phalsa belongs to genus Grewia. It is deciduous bush 
in North India. It can be trained both as a bush and single stemmed small tree. In South India it is evergreen. It 
performs better in areas with district winters. It can be grown successfully on the slop of hills. The ripe Phalsa 
fruits are purple in colour at maturity and may turn black at ripening on the bushes. Ripe fruits of Phalsa are 
consumed fresh, as desserts, or processed into refreshing fruit and soft drinks enjoyed in India during hot 
summer months as it has cooling tonic and aphrodisiac effects which overcomes thirst and sensation. Phalsa is 
considered to be antioxidant in nature due to its coloured fruit and juice. Whole fruit is eaten along with the 
seeds. The mildly acidic fruits are rich source in Vitamin A, C and minerals. Ripe fruits are consumed as fresh. 
Juice and squash are enjoyed in summers. In Unani system of medicines, it is recommended to cure various 
ailments. Phalsa roots are used to cure rheumatism. 

Introduction 

Phalsa (Grewia asiatica L.) belongs to family of Tiliaceae. Phalsa belongs to genus Grewia. It is deciduous bush 
in North India. It can be trained both as a bush and single stemmed small tree. In South India it is evergreen. It 
performs better in areas with district winters. It can be grown successfully on the slop of hills. It is also preferred 
for dry land horticulture and silvi-horticulture. It is cultivated on a commercial scale mainly in the Northern and 
the Western partsof India. The stem is hard and brittle. The bark has mucilaginous juice, which is utilized to 
purifying to sugar or jaggery. Leaves are broad rough and light green in colour, with hairs on both sides. Flowers 
small, yellow in colour, appear in clusters on peduncles in leaf axis. Flowers appear in April in north India. Fruit 
ripens in June and is drupe with one or two hard seeds. Phalsa fruit have short shelf life suitable only for local 
market. Ripe fruits of Phalsa are consumed fresh, as desserts, or processed into refreshing fruit and soft drinks 
enjoyed in India during hot summer months as it has cooling tonic and aphrodisiac effects which overcomes 
thirst and sensation. Phalsa is known as several vernacular names in different languages such as Phalsa (Hindi, 
Marathi and Urdu), Shunkri (Bengali), Phulsa (Kannada), Phutiki (Telegu), Unnu (Tamil), Shukri (Gujarati) and 
Chadicha (Malayalam). 

Area and Distribution 

Phalsa is a fruit of Indian and Southeast Asia origin. Phalsa grow in the Himalayan regions of India and thrives 
at elevations up to an elevation of 3,000 ft (914 m). Phalsa is found wildly growing in UP, Rajasthan, Punjab, 
Haryana, MP, West Bengal and many parts of south India. The cultivation of phalsa is limited to very small scale 
in Punjab, Haryana, Rajasthan and Gujarat and UP. Most of the commercial plantations are adjoining to big 
cities. The total area under phalsa is less than 1000 ha. The popularity of this crop is restricted due to small fruit 
size, prolonged ripening period, repeated harvesting and highly perishable nature of fruits. 

Nutritional Values 

The phalsa fruits contain high amount of carbohydrate (6.8 to 25.8 %), sugar and acid (0.42to 2.5 %) and very 
low protein and fat. The prominent acid present in fruit is citric acid and traces amount of malic acid. The fruits 
are potential source of vitamins and mineral. It comprises high amount of vitamin A and high antioxidant value. 
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The phalsa fruits are good sources of flavonoids, carotenoids and anthocyanin. Flavonoids have antioxidant 
properties helps to remove free radicle from the body while anthocyanin helps to decrease the risk of heart 
disease by preventing cholesterol formation in blood. The phalsa fruits are richest source of potassium, which 
plays crucial role in energy metabolism and regulating blood pressure. 

Nutritional Value of Phalsa Fruits 

Nutrients Values/100 g 

Calories (Kcal) 90.2 

Protein (g) 1.58 

Total lipid (fat) (g) <0.1 

Carbohydrate (g) 21.1 

Fibre (g) 5.49 

Calcium (mg) 132 

Iron (mg) 1.05 

Phosphorus (mg) 23.9 

Potassium (mg) 375 

Sodium (mg) 16.8 

Vitamin A (g) 16.07 

Vitamin B1 (mg) 0.06 

VitaminB2(mg) 0.262 

Vitamin B3(mg) 0.901 

Vitamin C (mg) 4.423 

Medicinal Values 

Phalsa fruits have been used in various medicines since Vedic period. The ripe fruits have a cooling effect on 
body. They have tonic and aphrodisiac properties. The fruits cures to thirst and burning sensation remove and 
cure inflammations. These are said to be good for heart and blood disorders, fevers and diarrhoea. The fruit is 
also good for the troubles of throat. It also helps to remove the dead foetus. The unripe fruits and bark of phalsa 
plant cures biliousness and Vata and Kapha. It also useful cures urinary troubles and the burning sensation of 
reproductive system. An infusion of the bark is used as a demulcent. The root is used in strangury, gleet and 
gonorrhea. The root bark is used for rheumatism by Santhal tribe. The leaves are utilized as an application to 
pustular eruptions. Some physicians also recommend buds of phalsa for cure diseases. In the experiment with 
small mammals, it has found that phalsa provides protective role against gamma irradiation. 

Uses 

The ripe Phalsa fruits are purple in colour at maturity and may turn black at ripening on the bushes. Phalsa is 
considered to be antioxidant in nature due to its coloured fruit and juice. Whole fruit is eaten along with the 
seeds. The mildly acidic fruits are rich source in Vitamin A, C and minerals. Ripe fruits are consumed as fresh. 
Juice and squash are enjoyed in summers. In Unani system of medicines, it is recommended to cure various 
ailments. Phalsa roots are used to cure rheumatism. The shoot can be used to prepare baskets. The fresh leaves 
are valued as animal fodder. The bark is used as a soap substitute in Burma. A mucilaginous extract of the bark 
is useful in clarifying sugar. Fibre extracted from the bark is made into rope. The wood is white-yellow, fine-
grained, flexible and strong. It is used for archers' bows, spear handles, poles and shingles for carrying loads on 
the shoulders. 

Soil and Climate 

Phalsa prefers hot and dry environment for the period of fruiting. The plant does well in the areas of where 
there is distinct summer and winter. The plants are deciduous and normally shed leaves on the onset of winter 
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season and go on dormancy. But in warmer region plant does not shed leaves and there is no dormancy. Plant 
can tolerate light frost but requires protection from the very low temperatures. Satisfactory sunlight and warm 
weather or high temperatures are required for fruit ripening, development of proper fruit colour and good 
eating quality. It is not fastidious to its soil requirement. It can very easily be grown on poor soils. Loam soils are 
considered best for its cultivation. It makes good growth under scanty irrigation conditions. Generally, phalsa 
plant grown successfully in various types of soils including fine sand, clay or even limestone. But loamy soil is 
better for the growth and high productivity. The optimum soil pH ranges from 6.1 to 6.5 better for its cultivation. 
Phalsa is often grown in marginal lands close to city markets to facilitate prompt marketing of fruit. But the 
higher yield and quality fruits can be obtained when it is grown in well drained loamy soil. The phalsa is a 
subtropical fruit plant but can be grown in wide climatic conditions except high attitude. The plant grows 
satisfactorily up to an elevation of 1,000 m. 

Cultivars 

There is no distinct cultivar available in phalsa. Some growers have, however, given names as Local and Sharbati. 
Two phalsa types, i.e. Dwarf and tall were recognized, of which the former is more productive. 

Characters Tall type Dwarf type 

Plant height (m) 4.5 3.5 

Internodes length (cm) 101.6 93.6 

Leaf size (cm) 20X10 18X15 

Lower leaf surface Light green Greenish white 

Fruit yield(kg) 5.2 3.5 

Fruit size (cm) 2.08 2.25 

Fruit weight (g) 0.478 0.545 

Pulp (%) 81.5 60.3 

Juice (%) 5.6 34.7 

TSS (OB) 14 12.1 

Acidity (%) 6.84 3.63 

Manure and Fertilizers 

Full grown plants should be given 10-15 kg of FYM soon after planting. Higher yield can be obtained by the 
application of N 100kg, P2O5 40kg and K2O 25kg per hectare respectively. The plant is very sensitive to iron 
deficiency. Therefore, spray of FeSO4 (0.4%) will be beneficial for the plant growth. 

Irrigation 

Phalsa can tolerate drought conditions fairly well after fruit harvest. For getting high fruit yield it requires 
irrigation at regular intervals of 20-25 days during April to June. No irrigation may be applied during rainy season 
and in dormancy. The first irrigation is needed in the second or third week of February after the application of 
fertilizers. 

Weed Control 
Phalsa requires two hoeing’s. One after pruning in January and second in April-May. If the intensity of weeds 
increases in rainy season, then spray Gramoxone (paraquat) @ 6-7ml/L. of water in vacant places in plantations 
which are trained on head system. However, no herbicide requirements to be sprayed in bush trained plants. 
Shade of the foliage keeps a check on the weed’s growth. 

Training and Pruning 

Phalsa is generally trained as a bush. It can also be trained on head system with a single stem. The height of the 
single stem should be kept at 90cm to 1.0m. The plant produces shoots above this height just as in bush system. 
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In North India, Phalsa is pruned every year during January. When it is trained as a bush the shoots are cut from 
the ground level by leaving 2- 3cms stubs. From here many sprouts emerge on the stubs Flowering occurs on 
these shoots in March-April. Annual pruning is therefore must to get new vigorous shoots to ensure regular and 
heavy fruiting. General practice is to cut back the plants at the ground level during the dormant period. The 
best time of pruning is when the plants have shed their leaves and it should be finished well before the start of 
new vegetative growth. 

Flowering and Fruiting 

Phalsa plant starts fruiting of 15 to 18 months after planting but the good yield sis obtained only after three 
years of planting. The flowering starts in the month of February- March and continues for almost one month. 
The flowers are small and yellow in colour. Although, phalsa flower is hermaphrodite in nature but cross 
pollination is essential for better fruit set. Fruit set (61.60%) in open pollination is significantly higher than the 
self-pollination (23.00%). Irrespective of modes of pollination, there are non-significant differences on fruit set 
in tall (45.00%) and dwarf (38.01%) types of phalsa. The main pollinator agents for phalsa are Apis florea, A. 
mellifera, A. dorsata, Megachile bicolor and Chalicodoma cephalotes. It has been found that the use of plant 
growth regulators increases the size of the fruits. Gibberellin acid has been reported to improve fruit set and 
increase fruit size. Exogenous application of gibberellin acid @ 5 and 10 ppmaugmented TSS,TSS/acid ratio and 
total sugar content of the fruit. The treatments of 50 per cent flower orcyme thinning followed by spray 
application of gibberellin @ 20 ppm significantly augmented fruit weight and size. 

Harvesting and Yield 

Phalsa fruits ripe 40-55 days after fruit setting. The fruit are harvested in April and May when they turn to 
crimson red from green. For sending to distant market mature crimson red fruit are harvested while for local 
market dark purple colour ripe fruits are harvested. Harvesting is done manually as they very small and all fruits 
do not mature at a time. Harvesting continue for almost one month and is done several times at alternate days 
due to gradual and steady ripening of fruits on clusters. The average fruit yield is 5 to 10 kg per plant. 

Post-Harvest Handling and Value Addition 

The fruits are highly perishable in nature and must be marketed and utilized within a day or two. The mature 
fruits can be stored for 48 hours while ripe fruits can be stored for 24 hours. Thereafter fruits colour turns to 
dark red and fruit became flaccid and taste of fruits became bitter due to fermentation. Due to shorter shelf life 
local markets sell the fruits in near. The phalsa is used for preparation of Phalsa juice (sorbet) and Phalsa squash. 
Phalsa juice ferments very rapidly and preservative such as sodium benzoate must be used for longer storage 
of the juice. 

Diseases 

Leaf Spot Disease: This disease is common in rainy season. It is caused by fungus Cercospora grewiae. The 
symptom of the disease appears as small black spots on both side of the leaves and slowly a whitish material 
covered whole leaf. This results in early defoliation of leaf. The application of 0.3% solution of DM-45 has been 
found effective in controlling the disease. 

Rust: This disease is caused by Dasturella grewiae. Light brown spot develops on the lower side of leaves as a 
result of the infection. This results in defoliation of leaves. Alternate Sprays of DM –45 (0.3%) and Sulfex (0.2%) 
at 15 days interval effectively control this disease. 

Insect and Pest 

Leaf-Cutting Caterpillar (Euproctis fraterna): The caterpillar causes heavy losses to leaves. Fully-grown 
caterpillars are reddish-brown in colour with dark coloured head. It pupates on the plants. These usually attack 
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the plants in the night and in case of severe infestation entire plant may be defoliated. The insect can be 
controlled by dusting of carbaryl (0.1%). 

Bark Eating Caterpillar (Inderbela tetranis): This insect is mostly found in neglected orchards. The insect makes 
tunnels intrunk and branches of trees. The insect eat bark in the night. The effected plants shorthanded growth 
and reduced productivity .The insect can be controlled by application of paint mixed with monocrotophos 
(0.1%) or carbaryl (0.4 %) at the time of pruning. 

Mealy Bug: Mango mealy bug (Drosicha mangiferae) has been reported to cause severe damage to plant. The 
fruit set is severely affected by the attack of this insect. This insect can be controlled by spray of 0.4% 
monocrotophos. 
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Introduction 

Makhana (Euryale ferox Salisb.) also known as Gorgon nut/Fox nut, Prickly water lily is an important aquatic 
fruit. In general, its distribution is extremely limited to tropical and subtropical regions of South-East and East 
Asia and is known to exist in China, Japan, Korea, Russia, North America, Nepal, Bangladesh, Marala Headworks 
wetlands, North West side of Punjab, commonly growing along the water inlets on the left bank of River Chenab, 
facing Village Gondal, District Gujrat, Pakistan (Muhammad et al., 2010) and some parts of India. The cultivation 
of the crop is confined to Dharbhanga, Motihari, Madhubani, Samastipur, Sitamarhi, Saharsa, Supaul, Araria, 
Kishanganj, Katihar and Purnea districts of Bihar. Makhana is cultivated in more than 2000 ha in Darbhanga and 
Madhubani districts. Around 75% of the total Makhana production comes from Bihar Swetlands. Approximately 
2000 tons of popped makhana worth Rs. 100 million are exported outside north Bihar (Thakur, 2005). Makhana 
is valued for its nutritional, medicinal and ritualistic significance also. In north Bihar, the seed is consumed in 
popped form, but in Manipur, other parts (leaves and stalks) are consumed as vegetables. Seeds are also used 
in many dishes of India. It is highly estimated for its spermatogenic and aphrodisiac properties and is used in 
rheumatic disorders.). Like other crops, several insect and diseases attack makhana plants, but unlike elsewhere 
in field, these cannot be sprayed with chemicals, for they would kill the fish. There is no systematic study has 
been done for correct identification and diagnosis of different diseases of makhana and their management. 
Therefore, there is urgent need of correct diagnosis and comprehensive understanding of the life cycles of the 
various diseases ,so that they can be managed at the most appropriate time, if they are causing economic loss. 

 
Makhana crop 

Major Diseases of Makhana Crop 

Leaf spot disease: There are two species of leaf spot disease that damage makhana leaves. One causes random 
spotting and dark patches on the surface of the leaves, which eventually enlarge or merge together, and may 
be reddish to greyish brown; the other tends to start at the outer edges of the leaves, causing them to turn 
brown and crumble. Both are debilitating and disfiguring, but they are not very serious problems. Their 
incidence will vary considerably from year to year, depending upon the prevailing conditions. 
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Management Practices: Remove spotted leaves on lightly diseased plants. Rake up and destroy infected fallen 
leaves. The removal of this leaf material will minimize the chances of the disease reoccurring the next season. 
If chemical control is needed, most fungal leaf spots can be controlled with sprays of fungicides containing 
chlorothalonil, Saaf (Carbendazim + Mancozeb) @ 0.2%. Apply when symptoms first appear and repeat every 
10 to 14 days as needed. It is advisable not to undertake chemical treatment unless it is causing economical 
losses as applied chemicals will affects the water and fishes present in that pool. 

Leaf blight: Leaf blight caused by Alternaria alternata is a most serious fungal disease of makhana (Haidar and 
Nath, 1987; Dwivedi et al., 1995). Symptoms of Alternaria leaf blight appear on the upper surface of leaves, 
which include leaf spots, and blighting. Leaf spots are light tan to brown and usually have a concentric ring or 
target pattern with a yellow halo. As leaf spotting increases, blighting and premature defoliation occur (Haider 
and Mahto, 2003). 

Management  Practices: Remove infected leaves foliage, and destroy it safely, will prevent their spread. In pool, 
where there are no fish, foliar sprays with Blitax-50 @ 0.3% twice or thrice at fortnightly interval have been 
found very effective to check the disease. 

Root rot: The more recent strain of root rot disease is believed to be caused by a number of pathogens, which 
have not yet been fully identified. Symptoms of leaf spot in makhana leaves. been known over the years as 
crown or root rot which is believed to be caused by Phytophthora species. Apparently, healthy plants suddenly 
showing wilting and yellowing. The roots appear dark brown or black, which become soft and rotten. The outer 
layer of cells easily strips off the roots leaving only the central strand of water conducting tissue. 

Management  Practices: At present, there is no cure, so it is vital to remove and destroy any infected plants. 
Then the pool should be cleaned thoroughly and sterilized with a solution of sodium hypochlorite or swirling a 
muslin bag filled with copper sulfate crystals through the water before being flushed out with fresh water. Once 
clear water has been run back in, new plants can be safely introduced. All fish must be removed before any such 
treatment begins, and not returned until the pool has been emptied, swilled out and refilled with fresh water. 

Botrytis blight or “gray mold: Botrytis blight or “gray mold” is a widely distributed disease caused by the fungus 
Botrytis species. Botrytis, are ubiquitous and opportunistic; they attack only physiologically-weakened plants. 
Botrytis, gray mold is common on seeds and seedlings. Botrytis at first appears as a white growth on the plant 
but very soon darkens to a gray color. Smoky-gray “dusty” spores form and are spread by the wind or in water. 
Buds or small leaves with gray mold on them may influence growth and photosynthesis. The risk of disease and 
plant loss can be minimized by reducing pathogen populations and increasing plant vigour. 

Management Practices - Sanitation is the first important step in controlling this disease. Remove dead or dying 
tissue from the plants and from the soil surface. Sanitation alone is not sufficient to control this fungus. Seeds 
should be soaked in Hydrogen peroxide and water at a ratio of 1:10. Fresh solution should be added every day 
until the seed has swollen and is ready to split its skin and extend stems and roots. This is a time for extreme 
patience. Scarification or cutting the shell of the seed hurries things along. Just don’t cut too deep. It can still 
take 20 days. 

Tumors development: The crop suffered a heavy damage to its leaves and other parts including the petiole, 
pedicel, etc., from a smut fungus known as Doassansiopsis euryaleae (Verma and Jha, 1999). The infection 
usually extended from leaf lamina to petiole and from pedicel to the basal part of flower causing great distortion 
in shape due to hypertrophy. At the beginning the hypertrophy was small but later attained a major dimension. 
Infection to the basal part of the flower including the ovary greatly reduced the number of viable seeds and 
caused an economic loss to the farmers (Verma et al., 2003). Sometimes it affects fruits and causes fruit galls. 

Management Practices: There is no control measure reported for this disease. Other diseases like chlorosis, 
nutrient deficiencies and poor growth of plants is normally due to fertilization, CO2 or lighting conditions. These 
can lead to other problems like bacterial rots, etc. because the plants are weak. 
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Major Diseases of Makhana 

Conclusion 

Several insect and diseases attack on makhana plants, but unlike elsewhere in field, these cannot be sprayed 
with chemicals, for they would kill the fish There is no systematic study has been done for correct identification 
and diagnosis of different diseases of makhana and their management. Therefore, there is urgent need of 
correct diagnosis and comprehensive understanding of the life cycles of the various diseases, so that they can 
be managed at the most appropriate time, if they are causing economic loss. 
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Abstract 

This paper is related to agribusiness which represents the joined business exercises. It identifies with the end 
conveyance of the rural products to the customers. It additionally includes the assembling and adjustment of 
the agrarian items. This paper examines about the difficulties and chances of Agribusiness. It additionally 
examines about the restrictions of the agribusiness in India. As indicated by 2011 Agricultural Census of India, 
an expected 61.5% of the 1300 million Indian populace is provincial and subject to farming. The quantity of 
cultivating families is 159.6 million. It is the one of the primary wellsprings of the occupation in India. 

Keywords: Agricultural products, Farming, Market and Agribusiness. 

Introduction 

Agribusiness is a mutual business that includes every horticultural movement. The term was instituted in 1957 
by Goldberg and Davis an agribusiness is a sort of business which focus on exchanging, advertising, putting 
away, dispersion and handling of the farming items. The principle target of the agribusiness is to keep up the 
costs and give productivity. Presently a day the agribusiness is are utilizing advance advances that encourages 
the ranchers to simple vehicle, greater efficiency, and cycle and keeping animals. It likewise includes pressing 
and appropriation of the agribusiness items. The corporate area is quickly zeroing in on farming related feasible 
exercises. Agribusiness centres around sending farming items, creation and handling of these merchandise. 
India as having profoundly rich soils and 60 % populace depending legitimately and in a roundabout way on the 
agribusiness related business so part of extension is there for sending out these items. Development of yields, 
leafy foods and annihilating animals with the development cultivating strategies. Industry is focusing on working 
productivity and information cost cutting. Market influences crucially affect the agribusiness for instance the 
low interest in the onions prompted fall in the costs of the onions. Farming comprises of the apparent multitude 
of exercises which incorporates vegetables, crops and raring animals. Promoting includes all exercises that 
includes all offering items and administrations to the clients. Agribusiness includes numerous private and 
government areas science, exploration, designing and instruction. Agribusiness includes creation, modification 
and horticulture items to the last shoppers. Examination in agribusiness regularly originates from the scholastic 
fields of horticultural financial aspects and the board studies, or agribusiness the executives. Nations with 
cultivating ventures face predictable weights from worldwide rivalry, especially for items, for example, wheat, 
corn and soybeans that are wares. To stay serious, agribusinesses must work all the more proficiently, which 
regularly requires interests in new advancements, new techniques for preparing and watering crops, and better 
approaches for arriving at the worldwide market. Agribusiness is the one of primary wellspring of occupation 
everywhere on the world. Horticulture items incorporate both short-lived and durable materials. Agribusiness 
is the matter of farming creation. It incorporates agrichemicals, rearing, crop creation (cultivating and contract 
cultivating), dispersion, ranch hardware, preparing, and seed flexibly, just as showcasing and retail deals. All 
operators of the food and fibre esteem chain and those foundations that impact it are important for the 
agribusiness framework.  

Inside the horticulture business, "agribusiness" is utilized essentially as a portmanteau of farming and business, 
alluding to the scope of exercises and teaches incorporated by present day food creation. There are scholarly 
degrees in and branches of agribusiness, agribusiness exchange affiliations, agribusiness distributions, etc, 
around the world. With regards to agribusiness the executives in the scholarly world, every individual 
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component of farming creation and circulation might be portrayed as agribusinesses. In any case, the expression 
"agribusiness" frequently accentuates the "association" of these different areas inside the creation chain. 
Among pundits of huge scope, industrialized, vertically incorporated food creation, the term agribusiness is 
utilized adversely, inseparable from corporate cultivating. Thusly, it is regularly diverged from more modest 
family-possessed homesteads. 

Objectives 

1. To find out the opportunities related to agribusiness. 
2. To find out the challenges related to the agribusiness. 
3. Various type of agriculture products and livestock. 
4. Latest farming techniques. 
5. Marketing methods in agribusiness. 
6. Find out merits of Poultry agribusiness. 
7. Find out merits of dairy agribusiness. 
8. Find out merits of fisheries agribusiness. 
9. To find out uses of horticulture. 

Opportunities in Agribusiness 

In present scenario there is immense opportunities related to the agribusiness in India. This sector is growing 
very swiftly as major portion of Indian population is engaged directly or indirectly to the agribusiness. Following 
are some of the opportunities related to the agribusiness: 
1. India is blessed with the variety of climates which enables the harvesting of temperate, sub-tropical and 
tropical agricultural products. 
2. The agricultural products both in raw and processed products are in immense demand. 
3. Latest scientific developments has resulted in improved harvest, large number of hybrid varieties. 
4. India has immense possibilities to export agricultural products like oil meal, spices and condiments, fruits and 
vegetables, oil products, milk and milk products, fish and fish products, ornamental fish, forest products, pluses, 
seeds, cereals, meat and meat products and milk and milk products, eggs etc. 
5. India has huge coast line so it has significant potential for the marine and aquatic life, the fishermen can earn 
huge by adopting the latest fishing techniques. 

Export Opportunities 

1. Indian  agribusiness  industries  offer prospects  not only  to provide to  the  growing  Indian  middle-class  but  
also  to  export  market. India  has mammoth agricultural  production  potential;  easy  availability  of  raw  
materials  and  the  increasing  food processing industry is advantageously composed to capitalize on the global 
food processing market. 
2. India has vast livestock wealth and it consists of immense potential for meat, meat industry, milk and milk 
products, and poultry products. 
3. There is enormous potential of organic farming in India as there is very less usage of fertilizers, pesticides. 
4. Similarly many people are engaged in sericulture, as it generates good income as the silkworm produces the 
silk. 
5. Major portion of the population depend on forest and its products. 
6. Beekeeping is also having vast potential as honey is used in large qualities in the industries and medical 
purposes.  
7. Bio-pesticides and bio-control agents have huge potential as these are used for protecting the plants. 

Challenges of Agribusiness in India 

India is the major agricultural centre worldwide and the foremost producer of agriculture products, spices, 
pulses, and milk. It has the largest area that is used to cultivate cotton, wheat, and rice. Agricultural has 75% 
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share in India’s GDP a few decades ago. Agricultural is huge industry and has an impact on every citizen of the 
country, either directly or indirectly. Agriculture also have set of challenges, which are very critical and 
hindering. Some of the major problems that India faces in agribusiness are: 

Uneven agriculture land: The net area under cultivation is about 141 million hectares. Major portion of land 
holdings are uneven and are economically unviable. This is one of foremost reason that agriculture land in India 
cannot be used effectively. Irrigation and automatic farming are next to impossible on such fragmented farms. 

About Author 

The author (Pankaj Bhagat) is working as Librarian/teacher in very prominent group of colleges, he has 
published 23 research papers, one book, many book chapters and has participated in 60 plus conferences, 
seminars, workshops and training programs at national and international level. 
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Introduction 

The National Institution for Transforming India, also called NITI Aayog, was formed on January 1, 2015. NITI 
Aayog is the premier policy ‘Think Tank’ of the Government of India, providing both directional and policy 
inputs. The Governing Council of NITI, with The Prime Minister as its Chairman, comprises Chief Ministers of all 
States and Lt. Governors of Union Territories (UTs). It also provides relevant technical advice to the Centre and 
States. The Government of India, in keeping with its reform agenda, constituted the NITI Aayog to replace the 
Planning Commission instituted in 1950. This was done in order to better serve the needs and aspirations of the 
people of India. An important evolutionary change from the past, NITI Aayog acts as the quintessential platform 
of the Government of India to bring States to act together in national interest, and thereby fosters Cooperative 
Federalism. 

Objectives 

1. To evolve a shared vision of national development priorities, sectors and strategies with the active 
involvement of States. 

2. To foster cooperative federalism through structured support initiatives and mechanisms with the States on a 
continuous basis, recognizing that strong States make a strong nation. 

3. To develop mechanisms to formulate credible plans at the village level and aggregate these progressively at 
higher levels of government. 

4. To ensure, on areas that are specially referred to it, that the interests of national security are incorporated in 
economic strategy and policy. 

5. To pay special attention to the sections of our society that may be at risk of not benefiting adequately from 
economic progress. 

6. To design strategic and long-term policy and programme frameworks and initiatives, and monitor their 
progress and their efficacy. The lessons learnt through monitoring and feedback will be used for making 
innovative improvements, including necessary mid-course corrections. 

7. To provide advice and encourage partnerships between key stakeholders and national and international like-
minded Think tanks, as well as educational and policy research institutions. 

8. To create a knowledge, innovation and entrepreneurial support system through a collaborative community 
of national and international experts, practitioners and other partners. 

9. To offer a platform for resolution of inter-sectoral and inter departmental issues in order to accelerate the 
implementation of the development agenda. 

10. To maintain a state-of-the-art Resource Centre, be a repository of research on good governance and best 
practices in sustainable and equitable development as well as help their dissemination to stake-holders. 

11. To actively monitor and evaluate the implementation of programmes and initiatives, including the 
identification of the needed resources so as to strengthen the probability of success and scope of delivery. 

12. To focus on technology up gradation and capacity building for implementation of programmes and 
initiatives. 
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13. To undertake other activities as may be necessary in order to further the execution of the national 
development agenda, and the objectives mentioned above. 

Features 

NITI Aayog is developing itself as a State-of-the-art Resource Centre, with the necessary resources, knowledge 
and skills, that will enable it to act with speed, promote research and innovation, provide strategic policy vision 
for the government, and deal with contingent issues. 

NITI Aayog’s entire gamut of activities can be divided into four main heads: 
Design Policy & Programme Framework 
Foster Cooperative Federalism 
Monitoring & Evaluation 
Think Tank and Knowledge & Innovation Hub 

Verticals of NITI 
The different verticals of NITI provide the requisite coordination and support framework for NITI to carry out its 
mandate. The list of verticals is as below: 
1. Agriculture 
2. Health 
3. Women & Child Development 
4. Governance & Research 
5. HRD 
6. Skill Development & Employment 
7. Rural Development 
8. Sustainable Development Goals 
9. Energy 
10. Managing Urbanization 
11. Industry 
12. Infrastructure 
13. Financial Resources 
14. Natural Resources & Environment 
15. Science & Tech 
16. State Coordination & Decentralized Planning (SC&DP) 
17. Social justice  & Empowerment 
18. Land & Water Resources 
19. Data management & Analysis 
20. Public-Private Partnerships 
21. Project Appraisal and Management Division (PAMD) 
22. Development Monitoring and Evaluation Oce 
23. National Institute of Labour Economics Research and Development (NILERD). 
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Introduction 

Water hyacinth (Eichhornia crassipesis) an aesthetic aquatic weed free floating and fresh water friendly 
perennial plant that was introduced into various parts of the world owing to its enchanting beauty un-
anticipating the hazards that could create to the environment. These plants multiply and spread in an 
exponential rate that made it strong to withstand all the efforts made by man to eradicate or control them. It 
could infest and conquer all sorts of water bodies like ponds, ditches, lakes and reservoirs and sometimes so 
densely populated so as to heavy interruption to navigation, irrigation, hydroelectric production, increased 
evapotranspiration, flood and mosquito control as well as destroy natural properties of habitat, degrade water 
quality and hinder agricultural endeavours such as rice cultivation and fishing. 

Spread of Water Hyacinth 

Water hyacinth also called as Demon, blue devil, Bengal terror, curse of Bengal, million dollars weed for the 
magnum of destruction caused by this weed and the fast spread and occurrence across the country irrespective 
of the efforts made by man to control it. Similarly, the plant, water-hyacinth is also variously named in different 
languages in India. For example, it is called Jalkumbhi or Falkumbhi or Sokh Samundar (Hindi); Pisachi Thanana 
(Telugu); Vengaya Thamarai or Akasa Thamarai or Neithamarai (Tamil); Kolavazha (Malayalam); Kazorpati or 
Bilatidala or Kalikatidala (Oriya); Kachuripana (Bengali) and Kulavali (Kannada). The beautiful, large, purple 
flowers make it a favourite ornamental plant native to the Amazon basin in South America. Interestingly, the 
Water Hyacinth was a gift of the British to India, introduced towards the end of the 18th century. Lady Hastings, 
the wife of the First British Governor-General, who was enchanted by the beauty of the flowers, brought it to 
India, which has now spread to most water bodies. Today water-hyacinth occurs throughout India, Pakistan, Sri 
Lanka, Bangladesh, Burma, Malayasia, Singapore, Indonesia, Phillippines, Thailand and adjacent areas. it has 
become an environmental and social challenge throughout India. 

Characteristics of Water Hyacinth 

It commonly forms dense, interlocking mats due to its rapid reproductive rate and complex root structure. 
Water hyacinth reproduces both sexually and asexually. Seeds generally germinate within six months, with dry 
conditions promoting germination. Low nutrient concentrations and temperature (air and water) are 
considered the strongest determinants for water hyacinth growth and reproduction. The cover of water-
hyacinth provides obnoxious smell, colouring matter of suspended particles in water. It increases carbon dioxide 
concentration and also it decreases clarity of water and reduces dissolved oxygen content. The rate of organic 
matter production by water-hyacinth is so high that the dead organic matter accumulates in the water body. 
The decomposition of dead plants occurs very slowly and the leaves remain identifiable for several months. 
Under anaerobic conditions the decomposition is still slower. The decomposing organic matter remains buoyant 
and suspended below the mat. This helps in the formation of sudds or floating islands, which can be walked 
over. The evapotranspiration rate from water-hyacinth cover is very high as reported by various authors which 
results in heavy water loss and water-hyacinth displaces large volumes of water in the reservoirs. Its prolific 
growth causes considerable economic problems and affects fisheries, traffic, irrigation, water supply and the 
whole ecology of the infested lake. 



 

 
Volume 2 - Issue 12 - December 2020       94 | P a g e  
 

Status of Tamil Nadu 

The species has invaded almost all water bodies of the country leaving Himachal Pradesh, Jammu and Kashmir 
and Mizoram. Among these we believe the temperate climate of Himachal Pradesh and Jammu and Kashmir 
prevented them from the water hyacinth invasion. Most rivers in Tamil Nadu have been covered by the green 
carpet of Water Hyacinth because of the pollutants dumped by the industries on their banks. Many textile 
processing units in Tamil Nadu use a number of unclassified chemicals that are likely to be from the Red List 
Group which is said to be harmful and unhealthy. Water hyacinth has been reported to be a menace in Noyyal 
river, Singanallur tank of Coimbatore, Cauvery river due to the effluents fromm dyeing units at Namakkal, 
Valankulam lake and Ukkadam main tank of  Coimbatore. In the city of Chennai, Velachery Lake, the boundary 
of pallikarani drainage swamp, a portion of Adyar river, Buckingham canal and Otterinullah have turned 
eutrophic due to Eichhornia crassipes. This is also the case with water bodies around Trichy, Madurai, 
Tirunelveli, Coimbatore, Salem and other districts. Eichhornia crassipes is the first order among water weeds 
causing menace only second to Ipomoea aquatica. In Tamilnadu almost 80% of 39000 tanks are already infested 
with this weed. Even very big lakes like Chembarakkam lake, Dusi- Mamandur lake, Kavaripakkam lake, 
Veeranam lake, etc are affected by Water Hyacinth. 

Control Measures for Water Hyacinth 

Early control attempts concentrated on removing plants from the water with pitchforks, dumping the 
accumulated mass on land to die. It is called the physical method. Manually removing plants from small areas 
of water such as farm dams and drains is an effective form of controlling water hyacinth, but only when the rate 
of removal is faster than the rate of regrowth. On a larger scale, manual removal is less likely to achieve control 
of water hyacinth. In chemical method the most commonly used technique for applying herbicides to water 
hyacinth is high volume spraying with hose and handgun power sprays either from a boat or from the banks. In 
some situations, large infestations have been aerially sprayed. The chemicals used makes the water unfit for 
irrigation and human consumption. Moreover, these chemicals cause the weed mass to sink and result de-
oxygenation of water. Thus, the herbicides could be applied in portions followed by physical removal method 
to avoid submergence of dead mass.  

Biological control of the hyacinth was studied with several kinds of animal viruses, bacteria, and fungi, as well 
as with manatees, insects, herbivorous fish such as grass carp and tilapia, ducks, geese, turtles, snails, and other 
animals. However, the results were disappointing, perhaps because of defence mechanisms in the plants and 
the impact was very temporary and patchy. As part of a control program, nutrient run-off into infested 
waterways should be minimised. Drainage or reduction of water levels can also reduce the area of water 
hyacinth plants, but it is important to note that seeds will remain viable in the soil and will germinate when the 
area refills with water. 

Initiatives by Neighbour States 

Andhra Pradesh has proposed the use of biogas produced from water hyacinth to be used for generating 
electricity, heating and industrial purposes. The aim is to provide efficient energy solution that is reliable, 
scalable and cost effective The Kottapuram Integrated Development Society (KIDS), a non-governmental 
organisation of Kerala, in collaboration with the India-Canada Environmental Facility, is utilising water hyacinth 
for producing biogas. The project has been running successfully, according to Sunny George, a scientist who is 
associated with the project. Another project of KIDS involves production of vermi-compost from water hyacinth. 

Possible Solutions 

Various authors studied the utilization of water hyacinth as substituting bean straw with water hyacinth as 
animal feed, feed for solid-phase fermentation, raw material for making pulp, paper and paper board and the 
vermicomposting of water hyacinth. 
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1. Fertilizers: Water hyacinth can be converted into compost and used on the land with proper management & 
technology. Water hyacinth is a well-known cleaner of polluted water & different pollutants (like heavy metals) 
are deposited in its root. So, roots are generally removed in case where water hyacinth is collected from 
polluted water. As a green manure it can be either ploughed into the ground or used as mulch.  

Water Hyacinth and Cow dung in 8:1 ratio has been shown to greatly increase the agricultural production by 
many folds. Only the leaves and stalk portion of the Water Hyacinth has to be used. Straw can be added as an 
extra source of Carbon. Mud plastering at the outside of the heap is essential in all models for restoring moisture 
& temperature during composting. Fresh water hyacinth is mixed thoroughly with cow dung (25%).After partial 
decomposing for 40 days, the earthworms are introduced and again composting is done for the next 40 days.  

2. Composting: Composting as an alternative treatment has the advantage of producing a product that is easy 
to work into the soil compared with dried water hyacinths. The windrow or pile composting method the most 
popular example of a non-reactor, agitated solids bed system. 

3. Vermicomposting: A study was conducted in Tamil Nadu Agricultural University, Coimbatore to explore the 
possibility of conversion of water hyacinth into nutrient rich vermicompost. Among various treatments, 
vermicomposting with E. eugeniae along with enrichment was found to be superior, considering the total N, P, 
K, Ca and Mg content of the vermicompost. This kind of manure production can be done by any farmer with 
access to a small pond with Water Hyacinth. No investment or instruments is required, only labour and time.  

4. Bio-plastic: Researchers at Manonmaniam Sundaranar University in Tirunelveli, Tamil Nadu, have found that 
water hyacinth-derived sugar molecules like lignin, cellulose and hemicellulose can be converted into 
polyhydroxybutyrate (PHB), a polymer that is a raw material for making biodegradable plastic. Plastics 
developed using PHB are compostable. Also, making PHB from natural resources can reduce cost and harmful 
gas emissions. 

5. Bio-gas: It has been estimated that each year one hectare can yield about 100 tonnes of dry water hyacinth, 
that this, in turn, can produce 30,000 m3 of gas, and that this could satisfy the cooking needs of 40 or 50 rural 
families. 

6. Hydrochar: The hydrothermal carbonization of C-rich biomass in the presence of water results in the 
production of a solid material that is referred to as hydrochar. The advantage of hydrothermal carbonization 
processes over the previously processes is that it usually takes place at relatively low temperatures (150-350°C, 
at about 2 MPa pressure) and wet feedstock can be directly used, including wet animal manures, sewage sludge, 
and algae. The hydrochar process is also eco-friendly because it does not generate hazardous chemical waste 
or by-products as does dry pyrolysis.  

7. Chemical and Biological Components extraction: Isolation cellulose from water hyacinth was carried on 
extraction and acetylation to produce cellulose diacetate, where water hyacinth yields 5.6 % of cellulose. The 
cellulose can be further used for membrane preparation.  

Instead of cellulose, water hyacinth is also known as a source of shikimic acid. Higher shikimic acid concentration 
(0.03 -2.70 % w/w) found in aerial parts than the roots (0.05-0.90 % w/w). To achieve that results, methanol 
was applied for solvent. 

Water hyacinth has capacity as a growth media for rhizobacteria in juices and dehydrated powder forms. Water 
hyacinth in dehydrated powder (5 and 10 g/L) support the recoverability the population densities of total 
rhizobacteria (3 x 107 -108 cfu/g). water hyacinth also can generate phenol and cycloalkenes during 
hydrothermal treatment. Carbon fibre also can be generated from water hyacinth by polymerization of water 
hyacinth tar in formaldehyde and hydrochloride acid as catalyst. This carbon fibre has axial modulus and tensile 
strength around 42 GPa and 600 MPa respectively which are comparable to commercial carbon fibre. 

8. Paper, Plywood and Fibre board: The plywood production from coconut coir fibre and water hyacinth was 
investigated to reduce the residue and be increased of value and to reduce the use of natural wood by using 
coir and water hyacinth which are pressed to be plywood production. 
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A fibre board for use as a construction material includes self-adhering compressed fragments of water-hyacinth. 
The fibre board preferably additionally includes one of glue, sand, cement, sawdust, metal filings, dried rice 
husk, banana fibre, lime and coconut waste, integrated into the self-adhering fragments of water hyacinth. A 
method of manufacturing a fibre board includes the steps of gathering quantities of water-hyacinth from the 
surfaces of bodies of water; chopping and pulping the quantities of water-hyacinth into fragments; providing 
the fragments with moisture; and compressing the moist fragments into a desired fibre board shape. 

The pulp freeness (°SR) and drainage properties of water hyacinth and bamboo pulps showed that with a high 
freeness value of the pulps the drainage time increased. Blending of water hyacinth and bamboo pulps 
increased the physical strength. Paper hand-sheets made with a blend of water hyacinth pulp (75°SR) and 
bamboo pulp (80°SR), at 75:25 proportion, gave a tear index of 4·90 mN m2 g−1, tensile index of 51·10 N mg−1 and 
burst index of 7·25 kPa m2 g−1. The pulp sheets at a blend proportion of 75:25 also gave satisfactory greaseproof 
properties. 

Conclusion 

However, it's not all bad. There are certain unique advantages of the plant. The plant thrives in highly polluted 
waters and can reduce the level of pollutants in the water, thus helping in tackling the widespread issue of 
water pollution through a process called phytoremediation. Research has shown that the plant is capable of 
cleaning up polluted industrial wastewater of toxic heavy metals like chromium and crude oil. Also, technologies 
are currently being developed to utilise water hyacinth as a green fuel and to make paper and paper boards. 
We have to make the best of the evil perhaps attempting to eradicate the species. All advantages and possible 
remedial solutions have to be explored and promoted to create a sustainable environment and, better 
employment and socio-economic conditions. 
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Introduction 

Globally, drought is a major yield-limiting factor for crop plants. Due to climate change, alterations in 
temperature and rainfall patterns reduce the availability of soil moisture. Under drought stress, roots are the 
principal organs that respond, perceive, and maintain crop yield. Plants with deeper root systems have the 
capacity to extract water from deeper soil layers and hence drought stress can be avoided. For the survival of 
plants under drought conditions, it is important to study root traits that can improve crop productivity. 

Classification of Roots in Plants 

There are four different types of roots in plant root systems: 
1. Coarse or tap roots: It is the first root that emerges from the seed. These roots provide anchorage to plants, 
help in the establishment of root system architecture (RSA), regulate the depth of the root system, and 
therefore, determine the ability of a plant to grow under a compact soil profile. 
2. Lateral roots: These are more active and they form a major portion of the root system. 
3. Shoot-borne roots: These roots arise from shoot tissues. 
4. Basal roots: These roots develop from the hypocotyl. 

Root Traits and Drought Tolerance 

Root traits play a very important role in crop improvement under drought conditions. 
1. Fine roots: Water and nutrient uptake from the soil. 
2. Coarse roots: Establish RSA, control root system depth, enhance plant growth in compact soil.  
3. Nodal roots: Harvest late-season precipitation. 
4. Root hairs: Develop contact between roots and soil particles for the extraction of water and nutrients as the 
soil dries. 
5. Root diameter: Increases water uptake, controls root length, surface area. 
6. Root angle: Assists in deeper root growth and affects the region from which water and nutrients are captured 
by the roots. 
7. Root tissue density: Regulates specific surface area and specific root length which enhances the performance 
of plants and carbon economy. 
8. Root length density at depth: Participates in the extraction of subsoil water. 

a. A deep root system is significant for the extraction of water from deeper layers of soil under drought 
environments in many crops including rice, wheat, maize, pulses, and sorghum. 
b. Root length density improves water and nutrient uptake and hence increases crop yield. Example – 
gram. 
c. Traits such as deeper roots, higher root density at depth and lower root density at the surface enhance 
yield in wheat. 
d. A vigorous and deeper root system contributes to higher yield in various crops such as bean, chickpea, 
wheat, maize, barley, and soybean. 
e. Root tissue density is strongly correlated to drought tolerance in sugar beet under water-deficit 
conditions. 
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f. Root fineness is an essential trait for drought tolerance in herbaceous grass species. 

Imaging Techniques/Software’s for Root Phenotyping 

1. EZ-Rhizo: It analyses images in 2-D. It is used for the measurement of different root system parameters such 
as main root length, lateral root length, lateral root number, etc. It is applied under laboratory conditions. 
Example – Arabidopsis thaliana. 

2. RootNav: It is an innovative, semi-automated method used for studying root architecture. It measures total 
length, tip angle, emergence angle, start distance, convex hull area in rice, wheat, canola, Arabidopsis plants. 

3. Root Reader 3D: It is applied in crops grown in the laboratory, hydroponics, and sand culture. Parameters 
like primary and total root length, root initiation angle, surface area, gravitropic response, narrowness index, 
etc., can be observed. It has a limitation that it requires calibration after every reading. Example – rice. 

4. X-ray Computed Tomography: It is an excellent and non-destructive tool to determine 3-D root architecture 
in undisturbed soil cores. Using X-ray Computed tomography, root assessment is performed in the field or 
laboratory. It is used for the measurement of individual root angle, individual root length, total root angle, and 
total root length respectively. Example – barley, wheat, canola. 

5. SmartRoot: It gives a vectorial representation of roots and provides a distinction between root branching and 
root overlapping. It analyses images in 2-D. It quantifies growth rates, lateral root density, branching angles, 
inter-lateral distances. However, it cannot estimate the total root length. Example – lupin, maize. 

6. Shovelomics: This technique involves the excavation of soil in such a manner that a plant should remain in 
the centre of the surface followed by gentle washing of roots and the analysis of the main root branches for 
multiple root variables such as root angles, root density, branching pattern of crown and brace roots. It is used 
for field studies. It has been developed only for the automatization of root architectural trait analysis of maize 
crown roots. 

7. Digital Imaging of Root Traits (DIRT): It measures the root traits of monocots and dicots with the help of 
digital images. It is a high-throughput technique that automates the extraction of root traits in fields. It analyses 
the root top and root tip angle, maximum and median width of the root system. Example – cowpea. 

8. WinRhizo: It is used for the analysis of axil root length, axil root diameter, number, and length of lateral roots. 
Example – maize. 

Besides these software’s and techniques, a major physiological trait, ‘canopy temperature’ is used for root 
phenotyping in plants under water-stressed conditions. Canopy temperature is associated with plant water 
status, photosynthesis, respiration, and transpiration. 

The canopy temperature depression is another technique used for field phenotyping of crops under drought 
conditions. ‘Canopy temperature depression’ is defined as the difference between air temperature and canopy 
temperature which is used to measure the plant water status under drought stress. 

Breeders use the canopy temperature depression to screen out drought-tolerant or susceptible genotypes. 
Cooler canopy temperature is correlated with higher yield in wheat cultivars whereas the genotypes with 
warmer canopy temperature have lesser yield. Warmer canopies are linked to decreased stomatal conductance. 
It has been observed that canopy temperature is associated with root development in crops such as wheat. 
Cool canopy temperature increases root dry weight, enhances plants access to water due to the deeper root 
system. 

Limitations of Canopy Temperature 

1. It does not measure plant temperatures accurately. 
2. Higher variability occurs due to changes in environmental conditions, differences in canopy densities, plant 
densities of different genotypes. 
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Conclusion 

Root phenotyping is one of the most important drought management tools since roots are more prone to water-
deficit conditions. Phenotyping of roots helps us to understand various root traits. Different 2-D and 3-D imaging 
tools and software’s are used for analysing root traits in plants under drought conditions. Moreover, canopy 
temperature and canopy temperature depression are used for root phenotyping in crops facing drought stress. 
Different root traits such as root length, root density, root angle, etc., can be used in breeding programs for 
improving crop productivity under drought stress. 
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Abstract 

The present investigation entitled “Evaluation trail in bottlegourd (Lagenaria siceraria) was conducted at 
Horticulture Research farm at Department of  Horticulture ,SHUATS, Naini, Prayagraj. during July to Oct 
2019.The main objective of the experiment is to find out the most suitable variety of bottle gourd for better 
growth , yield and quality under Prayagraj Agro-climatic conditions. Twenty-six bottle gourd varieties were 
evaluated for different quantitative characters using Randomized Block Design(RBD) with the aim to identify 
the most suitable variety. Among twenty six varieties, the variety 2016/BOGVAR-1 exhibited days to first harvest 
(49.55DAT), Maximum number of fruits per plant 6.17 was recorded in 2018/BOGVAR-5.Studies revealed that 
the varieties maximum fruit yield was observed in 2018/BOGVAR-4 (36.75 t/h), Dev, 2016/BOGVAR-5, 
2016/BOGVAR-3, were found to be promising for good fruit yield. 

Keywords: Bottle gourd, Varieties and Yield. 

Introduction 

Bottle gourd [Lagenaria siceraria (Molina) Standl. 2n=22] is an important cucurbitaceous crop grown 
throughout the country. It is a warm season vegetable, which thrives well in warm and humid climate, but it 
can be grown throughout the year in Northern India plains as off-season vegetable. The young and  tender fruits 
of  bottle gourd are mostly used as vegetable. However, the delicious preparations like burfee, rayata, halwa, 
pathe etc are also common. Dry shells of the mature fruits are used to make containers and musical instruments. 
Different parts of bottle gourd have got medicinal properties also. It contains 96.3%water, 2.9% carbohydrates, 
0.2% protein, 0.5%fat, 0.5% mineral matter, 11 mg of vitamin C per 100g. Bottle gourd is monoecious crop with 
an exceptional and andromonoecious sex form (Singh et al., 1996). It is highly cross-pollinated crop in which 
large amount of variation is observed in many economically important traits. The crop is well suited for 
improvement through inbreeding followed by selection without significant loss in vigour. Therefore, high 
yielding inbreeds can be developed with desirable level of uniformity in agronomically important morphological 
traits. 

India is considered secondary centre of diversity for bottle gourd. It exhibits a great range of variability with 
respect to its morphological traits, maturity period and fruit yield potential. The genotypes also differ with 
respect to adaptability to summer and cool seasons. Eastern Uttar Pradesh is one of the rich zones exhibiting 
diversity of bottle gourd. Since this area remains frost free, bottle gourd cultivation round the year is a common 
practice, although during winter it is mainly grown on thatches, huts and roof-tops. Thus, this region also 
exhibits genetic diversity with respect to cool season adaptability. During the last two decades there has been 
a constant progress in the development of improve varieties of bottle gourd by public as well private sectors, 
particularly in the number of hybrid varieties. However, the cultivation of bottle gourd mainly depends on local 
varieties and land races in eastern Uttar Pradesh, Kumar (1995) and Tiwari (2002) observed marginal level of 
yield heterosis, expressed by the highest yielding F1 hybrids over the top yielding parent included in their study, 
in main summer season. 

Materials and Methods 

The experiment was conducted in Randomized block design (RBD) with 26 treatments and 3 replications at 
Vegetable Research Farm, Department of Horticulture, Naini Agricultural Institute, Sam Higginbottom 
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University of Agriculture, Technology &Sciences, Prayagraj (UP) during the year 2018-2019.  Total number of 
treatments used were twenty-six, collected from IIVR, Varanasi. 

Conclusion 

1. Analysis of variance revealed that there were significant differences among the varieties studied for all the 
characters.  
2. From the present investigation it is concluded that among all the varieties 2018/BOGVAR-4 variety had shown 
maximum fruit yield 36.75 per ha along with some other varieties, which can indicate that it may be utilized as 
a variety . 
3. So, variety 2018/BOGVAR-4   can be recommended to eastern U.P. growers by few more conjunctive trials at 
different locations. 
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Abstract 

The COVID-19 pandemic is a health and human crisis threatening the food security and nutrition of millions of 
people around the world. Hundreds of millions of people were already suffering from hunger and malnutrition 
before the virus hit and, unless immediate action is taken, we could see a global food emergency. 

IMF managing director Kristalina Georgieva stated on March 23, 2020 that the outlook for global growth in 2020 
was “negative.” Recovery, if any, is expected only in 2021. The COVID-19 pandemic also raises the alarm on the 
urgent need to transform the world’s food systems. 

Globally, food systems remain a driver of climate change and the planet’s unfolding environmental crisis. (Policy 
Brief: The Impact of COVID-19 on Food Security and Nutrition, June 2020). 

Our Strengths 

1. Extensive network of staff and partners on the ground, across sub-Saharan Africa and Asia. 
2. Technical and scientific knowledge to partner with development teams. 
3. A wide range of scientific tools – from GIS and remote sensing to genomics, modelling  and social tools. 
4. Nutrient-dense and drought-tolerant mandate crops–millets, sorghum, groundnut, chickpea and pigeon pea. 
5. Agribusiness innovation platform to support agri-entrepreneurs with product development and market 
analysis. 
6. Eastern and Southern Africa: Equipping smallholders with tools to combat COVID-19 (Food and Agriculture 
Organization of the United Nations Cairo, 2020). 

Strengthening of Agriculture and Food Security System 

Move towards mechanization of farm activities including harvesting and transplanting to be implemented 
uniformly amongst all states in India. Greater push for e-NAM to strengthen last-mile delivery of produce. The 
provision of technical expertise to farmers to facilitate smooth operation of online mandis. 

Making provisions for health coverage to farmers akin to health insurance scheme to COVID-19 health workers 
in the medical sector. More budgetary allocations in the Agricultural sector, especially in R&D to enable the 
scientists to support new and creative research solutions. (Pandav et al., 2020). 

COVID 19: Impact on Climate Change 

1. COVID 19 has demonstrated a profound impact that human activities have on our environment. 
a. Greenhouse gas emission are declining. 
b. Water and air quality are improving. 
c. Birds and wildlife are returning to forsaken habitats. 

2. Re-emphasize the importance of conserving natural resources, especially agro- biodiversity. 
3. Increasing carbon sequestration. 
4. Generation of renewable energy. 
5. Diversification. 
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Impact on Agriculture 

1. Difficulty in rabi crops harvesting and selling: Public Health Foundation of India reported that 10% of farmers 
could not harvest their crop in April month and 60% of those who did harvest reported a yield loss, crisis of 
labours, disrupting supply chain and significant loss of perishable items like fruits, flower, vegetables. 
2. Import export restrictions adversely affected the farm community, livestock and fisheries sector faced huge 
crisis due to reduced demand. 

Flattening of Prices 

The prices have taken a hit because of a sudden downward plunge in the demand from hotels, restaurants and 
street foods. Dairy prices including milk powder and milk cow butter have also hed from 300 to 170/ kg and 320 
to 230/ kg respectively. Farmer’s income has been badly hit. The government needs to step in to stimulate the 
demand of such agri-products. Quantity limit to 15q/acre of wheat for procurement. 

 

Opportunities After/ During Lockdown 

1. Online portals: auction, selling and purchase. 
2. Resources (land, human, water) based crop planning: glut regulation mechanism. 
3. Farm level Digitization of crop inventory. 
4. Contract  farming: assured purchase. 
5. Processing: industry in villages. 
6. Farm mechanization: for small and medium farmers. 
7. Farm produce Organizations (FPO): forward and backward linkages. 

Opportunity to Explore Make-in-India in Pharma Pesticide Industry 

India relies heavily on import of crop protection chemicals for making end-use formulations. With imports taking 
a hit due to COVID pandemic, the government could encourage “backward integration by the pharma industry 
to reduce reliance on imports,  particularly from china”. The right kind of investment in this industry, India could 
emerge as an alternative global player to China of “both formulation products and technical material”. 
Manufacturing of active ingredients to avoid losing patent protection in the next few years. Speeding up the 
process of granting registration of the manufacture by the domestic players. 

Lockdown Effect 

Cooking gas or LPG sales spike about 19.6% compared to the last year mainly due to government free cooking 
gas cylinders to poor households. Industries are shut up. Fuel consumption dipped 45.8% in April from a year 
earlier. Sales of bitumen, used for making roads slumped 71% in April. (The Economics Times, May 9, 2020). 

Measures Taken by the Government So Far 

Announcement of INR 1.7 trillion packages to protect the vulnerable sections of including farmers from the 
adverse impact of the virus. This included an advance release of INR 2000 to bank accounts of farmers under 
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PM-KISAN Scheme. Increase in wage-rate of workers under NREGS. Pradhan  Mantri  Garib  Kalyan Yojna 
(PMGKY) announced additional grain allotments to registered beneficiaries for the next three months, cash and 
food assistance to migrant laborers nation-wide applicable ration cards. 

ICAR Advisories to Agricultural Universities During COVID- 19 

Curricula delivery through e-learning utilization of online tools for conducting classes, assignments and other 
student related activities. Regular communication with students through WhatsApp groups, other social media 
tools and emails. e-resources of agricultural education available with and developed under NAIP, CAFT and 
NAHEP  shall be made available to all the students free of cost. 

Sustainable Agriculture is Fundamental to Food Security 

India joined the Food and Agriculture Organisation of the UN (FAO) to co-host the High-Level Political forum 
side-event ‘On the road to the International Year of Fruits and Vegetables 2021: Highlighting health and 
nutritional benefits through sustainable production and consumption of fruits and vegetables. India's Deputy 
Permanent Representative to the UN Ambassador K Nagaraj Naidu said the problem also lies with growing 
monoculture production patterns all over the world.” In the COVID context, it is all the more important to 
develop immunity to fight the virus and fruits and vegetables are excellent sources to induce immunity,” he 
said. 
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Introduction 

DNA sequencing is a biochemical method for assessing the exact sequence of the nucleotide bases i.e. A, T, G 
and C in a molecule of DNA. Next-generation sequencing technologies generate a deep, massively parallel 
analysis with a high throughput from multiple samples at low cost. NGS technologies can be sequenced in 
parallel millions to billions of reads in a single run and the time required to producing the Giga Base (GB) sized 
reads is only a few days or hours making it better than the first-generation sequencing. The second-generation 
sequencing methods are characterized by the need to prepare amplified sequencing libraries prior to 
sequencing of the amplified DNA, whereas third-generation single molecule sequencing can be done without 
the need for creating the time-consuming and costly amplification libraries. The NGS technologies are applied 
in the fields of genetics and biology, including those in medicine, agriculture, forensic science, virology, 
microbiology and marine & plant biology. 

Steps of Next Generation DNA Sequencing 

DNA sequencing involves three general steps: 
1. Library preparation: libraries are prepared by random fragmentation of DNA, followed by ligation with 
custom linkers. 
2. Amplification: the library is amplified by clonal amplification methods and PCR. 
3. Sequencing: DNA is sequenced by using one of different approaches. 

 
Fig.1: Steps of NGS techniques 

Various Techniques of Second and Third Generations DNA Sequencing are Presented Here as 
Follows 

1. Second generation sequencing techniques: 
a.Roche/454 sequencing: It is a pyrosequencing technique and it is a sequencing-by-synthesis approach. 
In this technique, double stranded DNA molecules are broken up into 400-600 bps fragments. Each 
fragment having adaptor sequence complimentary to the oligo primer present on the surface of bead 
that allow DNA fragment bind directly to the bead. Beads are isolated and amplified by PCR then 
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transferred to a picotiter plate consists many wells. Application of the pyrosequencing technique 
activates a chain of downstream reactions generating light at incorporation of each nucleotide. The 
sequence of the DNA fragment is deduced by detecting the emission of light.  

b. Ion torrent sequencing: A chip is used in this method that comprises micro wells and each well has a 
bead with several similar fragments. The incorporation of each nucleotide leads to release of a hydrogen 
ion which changes the pH of the solution. This change is detected by a sensor attached to the bottom of 
the micro well and converted into a voltage signal which is proportional to the number of nucleotides 
incorporated. The main advantages of this sequencing are longer read lengths (200 bp, 400 bp, 600 bp 
and up to10 Gb for ion proton sequencer and fast sequencing time (2 and 8 hours). 

c. Illumina/Solexa sequencing: It is currently the most used technology. In this, the DNA samples are 
broken and adapters are attached to both ends of each fragment. A solid plate consists a slide with many 
kinds of adapters which are complementary to adapters that are ligated with the DNA fragment. Both 
these adapters are ligated with each other and multiplied by PCR bridge amplification. A set of 
sequences made from the same original sequence is termed a cluster. The sequencing by synthesis 
approach is used for determination of sequence of each nucleotide.  

d. ABI/SOLiD sequencing: This process comprises of multiple sequencing cycles. In this technique, DNA 
fragments are attached to the adapters, set on beads and amplified by emulsion PCR. These beads are 
transferred on a glass slide and fluorescent labeled octamer probes and are sequentially ligated to DNA 
fragments and the color emitted by the label is recorded. The sequencer repeats this ligation cycle by 
off-set primer n-1. The cycle is repeated until each nucleotide is sequenced twice. The recovered data 
from the color space can be translated to DNA bases and the sequence of the DNA fragment can be 
inferred. 

2. Third generation sequencing techniques: 
a. Pacific biosciences SMRT sequencing: SMRT sequencing is performed in SMRT cells that contain 
150,000 ultra-micro wells at a zeptoliter scale. The DNA is synthesized in zero-mode waveguides 
(ZMWs), the biotin-streptavidin system in nanostructures placed at the bottom of the well. The 
sequencing is performed by use of immobilized DNA polymerase and fluorescently labelled dNTP 
analogs. The labelled nucleotides are added and detected when the nucleotide is incorporated into the 
growing strand.  

b. Oxford nanopore sequencing: In this sequencing, one DNA strand is linked by a hairpin to its 
complementary strand. The DNA fragment is passed through a protein nanopore and it is translated 
through the pore by the action of a motor protein attached to the pore. It creates variation of an ionic 
current caused by differences in the moving nucleotides occupying the pore. This variation of ionic 
current is recorded on a graphic model and then interpreted to identify the sequence. 

Uses of DNA Sequencing 

1. DNA sequencing may be used to determine the sequence of individual genes, larger genetic regions, full 
chromosomes or entire genomes. 

2. Depending on the methods used, sequencing may provide the order of nucleotides in DNA or RNA isolated 
from cells of animals, plants, bacteria or virtually any other source of genetic information. 

3. The resulting sequences may be used by researchers in molecular biology or genetics to further scientific 
research or may be used by medical personnel to make treatment decisions or aid in genetic counselling. 

5.  These technologies have been directed to clinical diagnosis of genes conferring human diseases, forensic 
genomics, metagenomics, epigenetics, and expression analyses.  
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6. In the plant research area, NGS technologies have become important tools for assembly of crop reference 
genomes, transcriptome sequencing for the study of gene expression, whole-genome molecular marker 
development, and identification of markers in known-function genes. 

7. Next-generation sequencing technologies offer novel, rapid ways for genome-wide characterisation and 
profiling of mRNAs, small RNAs, transcription factor regions, chromatin structure and DNA methylation 
patterns, in microbiology and metagenomics. 

Table 1: Basic features and performances of NGS techniques 

Next generation 
sequencing technology 
 

Length of 
Read in bp 
 

No. of 
reads in 
a run 

Time in 
hours or 
days 

Rate  of 
raw 
error (%) 

Cost of 
platform in 
US$ 

Chemistry of 
technique 

454 GS FLX+/Roche/0.7 
Gb 

700 1×106 24/48 h 1 500,000 Pyrosequencing 

HiSeq/Illumina/1500 Gb 2x150 5×109 27/240 h 0.8 750000 Reversible 
terminators 

MiSeq/Illumina/15 Gb 2x300 3×108 27 h 0.8 125,000 Reversible 
terminators 

SOLiD/Life Technologies 
/120 Gb 

50 1×109 14 days 0.01 350,000 Ligation 

Ion Proton/Life 
Technologies/100 Gb 

200 6×107 2–5 h 1.7 215,000 Proton detection 

SMRT/Pac Bio/1 Gb >10,000 1×106 1–2 h 12.9 750,000 Real-time SMS 

Nanopore/Oxford 
Nanopore 
Technologies/1 Gb 

>5000 6×104 48/72 h 34 1000 Real-time SMS 

Heliscope/Helicos/25 Gb 35 7×109 8 days 0.2 1.35×106 Real-time SMS 
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Introduction 

The agriculture sector employs more than 50 per cent of the workforce in India. It plays a vital role in our overall 
economy. India is an agricultural country. The Indian economy is basically agrarian. In spite of economic 
development and industrialization, agriculture is the backbone of the Indian economy. As Mahatma Gandhi 
said, "India lives in villages and agriculture is the soul of Indian economy". Nearly two-thirds of its population 
depends directly on agriculture for its livelihood. Agriculture is the main stay of India's economy. It contributes 
about 26 percent of the gross domestic product. Agriculture meets food requirements of the people and 
produces several raw materials for industries .From agricultural point of view, India is a unique country. It has 
vast expanse of level land, rich soils, wild climatic variations suited for various types of crops, ample sunshine 
and a long growing season. 

Though industry has been playing an important role in Indian economy, still the contribution of agriculture in 
the development of Indian economy cannot be denied. 

This can be Measured and Gauged by the Following Facts 

1. Agricultural influence on national income: The contribution of agriculture during the first two decades 
towards the gross domestic product ranged between 48 and 60%. In the year 2001-2002, this contribution 
declined to only about 26%. 

2. Agriculture plays vital role in generating employment: In India at least two-thirds of the working population 
earn their living through agricultural works. In India other sectors have failed generate much of employment 
opportunity the growing working populations. 

3. Agriculture makes provision for food for the ever-increasing population: Due to the excessive pressure of 
population labour surplus economies like India and rapid increase in the demand for food, food production 
increases at a fast rate. The existing levels of food consumption in these countries are very low and with a little 
increase in the capita income, the demand for food rise steeply (in other words it can be stated that the income 
elasticity of demand for food is very high in developing countries). 
Therefore, unless agriculture is able to continuously increase it marketed surplus of food grains, a crisis is like 
to emerge. Many developing countries are passing through this phase and in a bid to ma the increasing food 
requirements agriculture has been developed. 

4. Contribution to capital formation: There is general agreement on the necessity capital formation. Since 
agriculture happens be the largest industry in developing country like India, it can and must play an important 
role in pushing up the rate of capital formation. If it fails to do so, the whole process economic development 
will suffer a setback. 

To extract surplus from agriculture the following policies are taken: 
a. Transfer of labour and capital from farm non-farm activities. 
b. Taxation of agriculture should be in such a way that the burden on agriculture is greater than the 
government services provided to agriculture. Therefore, generation of surplus from agriculture will 
ultimately depend on increasing the agricultural productivity considerably. 

5. Supply of raw material to agro-based industries: Agriculture supplies raw materials to various agro-based 
industries like sugar, jute, cotton textile and vanaspati industries. Food processing industries are similarly 
dependent on agriculture. Therefore, the development of these industries entirely is dependent on agriculture. 
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6. Market for industrial products: Increase in rural purchasing power is very necessary for industrial 
development as two- thirds of Indian population live in villages. After green revolution the purchasing power of 
the large farmers increased due to their enhanced income and negligible tax burden. 

7. Influence on internal and external trade and commerce: Indian agriculture plays a vital role in internal and 
external trade of the country. Internal trade in food-grains and other agricultural products helps in the 
expansion of service sector. 

8. Contribution in government budget: Right from the First Five Year Plan agriculture is considered as the prime 
revenue collecting sector for the both central and state budgets. However, the governments earn huge revenue 
from agriculture and its allied activities like cattle rearing, animal husbandry, poultry farming, fishing etc. Indian 
railway along with the state transport system also earn a handsome revenue as freight charges for agricultural 
products, both-semi finished and finished ones. 

9. Need of labour force: A large number of skilled and unskilled labourers are required for the construction 
works and in other fields. This labour is supplied by Indian agriculture. 

10. Greater competitive advantages: Indian agriculture has a cost advantage in several agricultural 
commodities in the export sector because of low labour costs and self- sufficiency in input supply. 
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Introduction 

An estimated 952.2 million ha of land in the world is Salt-affected. It constitutes nearly 7% of the total land area 
and nearly 33% of the potential arable land. In India, the salt affected soils account for 6.73 million ha i.e. 2.1 % 
of geographical area of the country.  

The advent of salt-affected soils has left many agricultural areas infertile, resulting in a significant decline in 
productivity. Indo-Gangetic plains are considered to be one of the most fertile zones of the country, however, 
nearly 2.35 million ha of land under these plains has been affected by salts, both of saline and sodic nature 
severely affecting the agricultural productivity of the country. Development of efficient reclamation and 
management strategies should be of prime concern for safeguarding both the interest of the farmers and to 
meet the food grain demand of the nation. 

Different Sources of Salt Accumulation in Soil 
Production of salts is caused by the process of weathering of original matter in the soil which was contains high 
salts. Sea water is another source of salts in low-lying areas along the coast. A very common source of salts in 
irrigated soils is the irrigation water itself. Most irrigation waters contain some salts. Soil becomes saline by 
transfer of salts from underground water or from the solution of soil which comes from the lower layer to the 
upper layer. 

Types of Salt Effected Soils 

1. Saline Soil: Soluble salts of Sodium, Calcium, Magnesium, Potassium of Chloride and Sulphate collect in saline 
soils, which cover the land in the form of a white layer. Gujarat has called as Solon-Chalk, which is also called as 
reh, kallar or barren land Saline soil means such soil in which electro conductivity of saturation extract of soil is 
more than 4 desisimens per metic (ds/m), exchangeable sodium is less than 15 per cent and pi I value of soil is 
less than 8.5. 

2. Non-saline Sodic Soils: Soils in which electro conductivity of saturation extract of soil is less than 4 desisimens 
per metre (ds/m), exchangeable sodium is more than 15 per cent and pH value of soil is more than 8.5 are called 
non-saline sodic soils. Due to sufficient sodium salt in these soils, quantity of exchangeable sodium is also more, 
as a result of which the physical condition of these soils is not good. There is lesser communication of water as 
well as air in non-saline soils. In the sub-surface soil, a layer of hard pebbles collects due to which water cannot 
percolate below it and the land becomes sticky. Some soil scientists have named it as black barren land and 
solonetz. 

3. Saline Sodic Soils: Due to more sodium salts in these lands, quantity of exchangeable sodium is also more, as 
a result of which physical condition of these soils becomes deformed and communication of water and air 
becomes lesser. It is also called barren land. In its main features, electro conductivity of saturated extract of soil 
is less than 4 ds/m, exchangeable sodium is more than 15 per cent and pH value of soil is more than 8.5. 
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Effect of Salts on Crop Growth 

When soil is affected by salts, its productive capacity decreases and plants sown therein cannot develop in a 
good condition. In saline soils, sprouting of seeds does not take place in a proper way while raising crops. When 
land becomes saline, water and organisms from capillaries come back in the soluble soil, hence plants start 
withering and dying. The roots of plants are also not able to absorb water and nutritive elements in the required 
quantity. Even though humidity exists but plants feel absence of humidity. 

Management of Saline and Alkaline Soils 

Saline and alkaline soils are the main hindrance in water management. Without their management, proper 
water management cannot take a scientific form, whereas agriculture is strongly dependent on them. 

Methods to Manage the Salt Effected Soils 

1. Physical Measures: 
a. Leaching: When soil elements after dissolving with water go down from upper parts to the lower level, 
it is called leaching. In this method, saline elements of the soil are transferred to lower levels after 
dissolving with water. This water, along with the supply of water to crops, takes away salts after 
dissolving them. That is why more water is required in this method. This process is mostly adopted in 
dry season. The fields are divided into small fragments through bunding on the boundary so that water 
is conserved there, reducing the effect of salts. 
b. Bringing Salts out of Soil after dissolving them: Sometimes a layer of salts collects on the surface of 
the soil. Such salts are dissolved by spreading water and taken out. Though in this method there is a 
danger of loss of productive soil on the surface of soil also going out, but quantity of salts is reduced to 
a great extent and soil becomes fit for cultivation. 
c. Scratching: Many times, the salts are collected in a large quantity and it looks like a heap. Then it has 
to be scratched out from the field to reduce salinity of the soil. This technique is not practical on a broad 
scale. 
d. Water Discharge: Discharge of additional water in excess of the required quantity in any field is called 
water discharge or exit. With discharge of additional water, concentration of salts does not take place. 
Drains may be constructed in the field so that excess water keeps on discharging. 

2. Chemical Measures: In alkaline soils, exchangeable sodium exists in different quantities hence leaching of 
sodium should be done. Elements assisting in removal of exchangeable sodium from surface of soil can be 
divided in three categories: 

a. Solvent Calcium Salt: Gypsum and Phospho Gypsum. 
b. Little Soluble Calcium Salt: Lime Stone. 
c. Acid and Acid Producing: Sulphur, Acid of Sulphur, Pyrites etc. 

The above reformers are helpful in improving such soils but some are not available at all places. Gypsum and 
Iron Pyrite are comparatively costly but they are easily available. Gypsum should be mixed up to 10 or 15 cm. 
depth. Calcium ion found in gypsum displaces exchangeable sodium ion and converts sodium chloride into 
calcium. Iron Pyrite contains 22 per cent sulphur. Due to sufficient humidity in soil, its oxidization takes place. 

3. Soil Management Measures: Besides physical and chemical measures, soil improvement can also be done by 
soil management for which traditional knowledge of farmers is more important. If regular management of these 
soils is not done, they may again convert into saline soils. 

The Following Methods are Important Among them 

1. Preparation of the Field: Maintenance of fields is important for soil management. Fields should be kept 
levelled so that any soil improvement means can be easily adopted. Water distribution during irrigation is 
balanced in levelled field which prevents concentration of salts. 
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2. Method of Preparation of Basin and Sowing: In saline and alkaline soils, due to effect of salts and alkaline on 
seeds, sprouting is not easily possible. Hence, it is advised that sowing of crop should be done on the slope by 
following furrow and basin method. In basin irrigation, the salt collects near the basin, the adverse effect of 
which is visible on plants. Special attention should be given to irrigation. 

3. Make Crop Rotation Effective: These soils should not be kept fallow but cultivation should be continuously 
done according to crop rotation. Crops should be sown which can bear salts, for example mainly beet, potato, 
barley, wheat, cotton etc. 

4. Irrigation: Salinity affects sprouting of seeds. Hence, during first irrigation, more quantity of water should be 
supplied to neutralize the effect of salts. Thereafter, even during subsequent irrigation, along with reducing the 
quantity of water, even duration between two irrigations should be reduced so that soil does not get dry and 
dissolution of salts continues in the humid soil. 

5. Bring Reduction in Evaporation: Saline and alkaline soils must be kept moist so that salts may not collect 
over the soil surface. Hence, prevention of evaporation is very essential. The cover of vegetation and grass etc. 
should be kept over the soil. Duration between crops should also be kept comparatively shorter. 

6. Use of Carbonic Material: Biotic and carbonic materials, along with bringing improvement in physical 
qualities of soil, also generate carbon dioxide during their breaking up, which forms carbonic acid on contact 
with water. This reduces the quantity of salinity. Use of green manure, cow dung manure, compost etc. also 
reduce salinity. 

7. Use of Fertilizers: Use of fertilizers in somewhat greater quantity than normal in saline and alkaline soils is 
beneficial. Normally deficit of zinc, iron, manganese, and nitrogen etc. elements is found in such soils, hence 
productivity can be increased by use of these elements. 

8. Growing of Crops Bearing Salts and Alkaline: In these soils, such crops may be sown which can bear salts. 
Such crops are mainly beet, rice, dhencha, mustard. Other normal crops are linseed, jowar, barley, jai, spinach, 
wheat, sugarcane, bajra, cotton, barseem, chari and rijka etc. 

Conclusion 

The problematic soils need scientific management for optimizing crop yields. Before any reclamation program 
can be initiated, it is imperative to assess the kind and degree of the problem. There is need for visual 
identification along with sampling of soil/water for proper diagnosis and suggesting effective remedial measure. 
Various options suggested for crop production in salt stress environment aim at preventing the salt build up to 
the levels that limit productivity of soils and control salt balances in the soil-water system and minimizing the 
damaging effects of salts on crops at plant level or field scale. Soil, crop, climate and social factors are the 
deciding criteria for adoption of specific agronomic practices. 
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What is HPR? 

Those characters that enable a plant to avoid tolerate or recover from attacks of insects under conditions that 
would cause greater injury to other plants of the same species. Host-plant resistance as a management tactic 
involves both the exploitation of intra specific variation in genetically based plant resistance to breed crop 
varieties that support lower populations of herbivores or that better tolerate injury by herbivores. 

Host Plant Resistance Mechanism Categorized into Three Types 

1. Non-preference: Host plants that express non-preference affect the way an insect pest perceives the 
desirability of the host plant. Presence of morphological or chemical factor which alter insect behaviour 
resulting in poor establishment of the insect.  

Non-preference plants either provide stimuli that are unattractive to the pest (colour, odour, texture such as 
downy hairs) or fail to provide stimuli that are attractive to the pest. E.g.  Trichomes in cotton - resistant to 
whitefly, Open panicle of sorghum - supports less Helicoverpa, Wax bloom on crucifer leaves - deter feeding by 
DBM. Valle et al. (2012) added that the interaction between the density, size, and angle of inclination of leaf 
trichomes will determine the resistance of soybean genotypes to the whiteflies. According to War et al. (2012) 
leaf trichomes function mechanically by disrupting the movement of insect herbivores on the leaf surface, 
thereby reducing access to the leaf epidermis 

2. Antibiosis: Antibiosis is a type of resistance in which the host plant causes injury, death, reduced longevity, 
or reduced reproduction of the pest. Adverse effect of the host plant on the survival, development and 
reproduction of the insects and their progeny due to the biochemical and biophysical factors present in it. 
Taggar et al. (2014) a negative correlation between the content of tannins and flavonols with whiteflies 
population indicate that an increase in the content of these biochemical contribute to the bio-protection of host 
plants against whiteflies. 

3. Tolerance: Host plants that express tolerance are resistant to pest damage because they can remain healthy 
and yield well despite the damage. It is generally attributable to plant vigour, regrowth of damaged tissue, to 
produce additional branches, compensation by growth of neighbouring plants. According to Tiffin (2000), 
tolerance mechanisms of the host plant may be through increased photosynthesis process, compensatory 
growth, utilization of stored reserves and phonological delays. 

Advantages of HPR in IPM 

1. A resistant crop variety is economically, ecologically and environmentally advantageous. 
2. Specific to the target pest. Only affecting the target pest. 
3. No pollution. 
4. Natural enemies unaffected. 
5. Resistant varieties requires less frequent and low doses of insecticides. 
6. High yielding insect resistant variety easily accepted and adopted by farmers. 
7. HPR can be combined with other components of IPM. 
8. HPR enhances efficacy of insecticides. 
9. Compatible with biological control. E.g. Predatory activity of mired bug, Cyrtorhinus lividipennis on BPH was 
more on a resistant rice variety IR 36 than susceptible variety IR 8. 
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Disadvantages of HPR 

1. Biotype development. 
2. Absence of resistance genes among available germination. 
3. Time consuming. 
4. Introduction of varieties with resistance to one pathogen leads to the emergence of new pathogen problem 
because of the absence of competition from the key pathogen. 
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Organic Farming 

In recent years, food quality and safety has hugely attained attention of common people. Growing awareness 
of the ill-effects mediated by harmful substances present in adulterated food products has prompted 
consumers to switch towards organic food products. The term ‘organic’ was first coined by Northbourne, in 
1940. Northbourne defined the term organic farming as ‘an ecological production management system that 
promotes and enhances biodiversity, biological cycles and soil biological activity’. USDA defines organic farming 
as “a system which avoids or largely excludes the use of synthetic inputs (such as fertilizers, pesticides, 
hormones, feed additives etc.) and to the maximum extent feasible rely upon crop rotations, crop residues, 
animal manures, off-farm organic waste, mineral grade rock additives and biological system of nutrient 
mobilization and plant protection”.  

Dr. A.P.J. Abdul Kalam stated “Organic agriculture, a holistic system that focuses on improvement of soil health, 
use of local inputs and relatively high intensity use of local labour, is an admirable fit for dry lands in many ways 
and the dry land offer many benefits that would make it relatively easy to implement.” The concept of organic 
farming in India is not new and has been in practice since ancient times. This method of farming primarily aims 
at cultivating the land and raising crops in a way such that soil remains healthy and fertile, by making the use of 
organic wastes such as crop, animal and farm wastes, aquatic wastes and other biological materials along with 
beneficial microbes (biofertilizers). 

Need of Organic Farming 

The process of agricultural modernization adopted by several developed and developing countries is not 
consistent with the principles of sustainability. In order to boost productivity, several agricultural lands have 
been introduced with technological advancements, heavy machinery, chemicals and genetically modified 
organisms and plants, despite their negative impacts. Though the modern methods of agriculture have 
increased the availability of food but have resulted in some severe environmental and social problems. 
Scientists globally have begun to realize diminishing performances of modern agriculture and its negative side 
effects. Substantial increase in population demands not only the stabilization of agricultural production but also 
its increment in a sustainable manner. Organic farming is one of the options for sustainable agricultural 
production which contributes to maintain soil fertility and bio-diversity. The practice of organic farming hugely 
decreases the use of on external inputs and use of farm-derived resources and natural products is encouraged 
to employ plant nutrition and pest control. Besides, products obtained from organic farming are healthy 
containing natural flavours and fragrance and are unadulterated with harmful substances. 

Principles of Organic Farming 

The principles of organic farming reflect the vision of this farming system and the possible contributions it can 
make to the field of sustainable agriculture. The International Federation of Organic Agriculture Movements 
(IFOAM) has suggested the basic four principles of organic farming, i.e. the principle of health, ecology, fairness, 
and care. The fundamental standards and practices of organic farming aim to inspire and improve biological 
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cycles in the farming system, maintain and upgrade profound established soil fertility, reduce a wide range of 
contaminations from the soil, avoid the use of pesticides and synthetic manures, conserve genetic diversity in 
food, consider the huge socio-environmental effect of food production, and produce ample amount of high 
quality food (IFOAM, 1998). 

Principle of health: The principle of health alludes to the health of eco-systems, as well as the health of 
individuals and communities. Sound soil produces healthy harvests, and healthy produce prompts healthy 
creatures and people. Organic farming intends to produce food that is nutritious and predominant in quality. 
By not utilizing fertilizers, pesticides and added substances, organic food has an additional influence in 
supporting great wellbeing. 

Principle of ecology: This principle roots organic farming inside living ecological frameworks. It expresses that 
the basis of production should rely on ecological processes, and the concept of reusing and recycling. Organic 
farms must depend on a biological framework that offsets with the environment and nature, including reusing 
and dealing with the ecosystem. Sustenance and prosperity are accomplished through this. Ecological balance 
includes managing conditions and culture; and farmers, producers, traders and consumers should take 
environmental protection on board. Air, water, biodiversity, climate and land needs to be protected and can be 
done through the use of high-tech farming systems.  

Principle of fairness: This principle aims at providing a fair and just environment for all the living creatures. It 
aims to provide quality food and other products to humans and also encourages that animals should be housed 
in conditions that are in accordance with their natural behaviour and wellbeing. Fairness is characterized by 
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equity, respect, justice and stewardship of the shared world, both among people and in their relations to other 
living beings. Organic farmers are expected to ensure work completed at their farm is fair to all involved, from 
the farmers and pickers, through to the distributors and consumers. Organic agriculture merges human life with 
animals and plants – and ensures they are all used sensibly now, and into the future. 

Principle of care: This principle encourages not only to care for the environment today but to conserve it for 
the future too. Organic agriculture should be managed in a precautionary and responsible manner so as to 
protect the health and well-being of current as well as future generations and also the environment. Organic 
agriculture is a living and dynamic system that responds to internal and external demands and conditions. 
Practitioners of organic agriculture should enhance efficiency and increase productivity, but this should not be 
done at the risk of jeopardizing health and well-being.  

These principles encourage: 
1. Avoiding/ minimize all forms of pollution that result from agricultural techniques. 
2. Maintaining the long-term fertility of soils. 
3. Producing foodstuffs of high nutritional quality and sufficient quantity. 
4. Working as much as possible within a closed system, and draw upon local renewable resources rather than 
exploiting non-renewable sources.  
5. Minimizing the use of fossil energy in agricultural practice. 
6. Providing livestock with such conditions that meet with their physiological need. 
7. Making it possible for agricultural producers to earn a living through their work and develop their 
potentialities as human being.  
8. Maintaining the genetic diversity of agricultural system and its surroundings, including the plants and wild 
life habitats. 

The Key Characteristics of Organic Farming 

Organic farming approach involves-   
1. Management of the entire surrounding system to ensure biodiversity and sustainability of the system.  

2. Crop production with use of alternative sources of nutrients such as crop rotation, residue management, 
organic manures are biological inputs.  

3. Management of weeds and pests using better management practices, physical and cultural means and by 
biological control system.  

4. Maintenance of livestock with organic concept and make them an integral part of the entire system.  

5. Careful attention to the impact of the farming system on the wider environment and the conservation of 
wildlife and natural habitats.  

6. Protecting the long-term fertility of soils by maintaining organic matter levels, soil biological activity and 
careful mechanical intervention.  

7. Nitrogen self-sufficiency through the use of legumes and biological nitrogen fixation, as well as effective 
recycling of organic materials, including crop residues and livestock wastes. 

8. Weed, disease and pests control relying primarily on crop rotation, natural predators, crop diversity, organic 
manuring, use of resistant varieties and limited thermal, biological and chemical intervention. 

9. Supplementing crop nutrients, where necessary, by using nutrient sources which are made available to the 
plants indirectly but the action of soil micro-organisms and chemical reactions of the soil. 

10. The extensive management of livestock, paying full regards to their evolutionary adaptations’ behavioural 
needs, and animal welfare issues with respect to nutrition, housing, health, breading and rearing. 

11. Careful attention to the impact of the farming system on the wider environment and the conservation of 
wildlife and natural habitats. 
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Organic Production of Vegetables 

Vegetables form essential components of a well-balanced diet since they supply vitamins, minerals, dietary 
fibre, and phytochemicals. Each vegetable group consists of a unique blend and amount of these phyto-
nutriceuticals, which distinguishes them from one another with in their own group. To ensure that an 
individual’s diet includes a combination of all required phytonutriceuticals, a great diversity of vegetables 
should be eaten so as to obtain all the health benefits.  In the daily diet, vegetables are explicitly related to 
improvement of gastrointestinal health, good vision, and reduced risk of heart disease, chronic diseases such 
as diabetes, and some forms of cancer.  

  
Organic production of vegetable rai (Brassica 

juncia) 
Organic production of zucchini (Cucurbita pepo) 

Some phytochemicals of vegetables are strong antioxidants and are known to reduce the risk of chronic diseases 
owing to several properties like protecting against free radical damage, modifying metabolic activation and 
detoxification of carcinogens, or even influencing processes that alter the course of tumour cells. Nutrition is a 
major issue of the food consumed throughout the world with respect to both quantity and a quality, and 
vegetables in several forms ensure intake of most vitamins and nutrients, dietary fibres, and phytochemicals in 
adequate amounts, which can bring a balance to the dietary intake. The promotion of healthy vegetable 
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products that are grown organically has coincided with a surging consumer interest in the healthy functionality 
of food. Several studies have found that organic foods generally contain higher levels of antioxidants and certain 
micronutrients, such as vitamin C, zinc and iron. In fact, antioxidant levels in such foods can be up by 69%. One 
study also found that organically grown berries and corn contained 58% more antioxidants and up to 52% higher 
amounts of vitamin C. 

A study reported that on replacing regular fruit, vegetables and cereals with organic versions, one could provide 
extra antioxidants in the diet. This was comparable to eating 1-2 extra portions of fruit and vegetables daily. 
Organic plants do not rely on chemical pesticide sprays to protect themselves, instead they produce more of 
their own protective compounds, namely antioxidants, which further eliminates the risk of transfer of these 
harmful substances from plants to animals and humans. This makes the organically grown fruits and vegetables 
a safer and much healthier source of nutrition as compared to the ones grown with modern agricultural 
techniques. 

Area Production and Export of Organic Products in India in 2018-19 (NPOP, 2019) 

1. Area: As on 31st March 2018, total area under organic certification process (registered under National 
Programme for Organic Production) is 3.56 million Hectare (2017-18). This includes 1.78 million ha (50%) 
cultivable area and another 1.78 million Hectare (50%) for wild harvest collection. Among all the states, Madhya 
Pradesh has covered largest area under organic certification followed by Rajasthan, Maharashtra and Uttar 
Pradesh. During 2016, Sikkim has achieved a remarkable distinction of converting its entire cultivable land (more 
than 76000 ha) under organic certification. 

2. Production: India produced around 1.70 million MT (2017-18) of certified organic products which includes all 
varieties of food products namely Oil Seeds, Sugar cane, Cereals & Millets, Cotton, Pulses, Medicinal Plants, Tea, 
Fruits, Spices, Dry Fruits, Vegetables, Coffee etc. The production is not limited to the edible sector but also 
produces organic cotton fibre, functional food products etc. Among different states Madhya Pradesh is the 
largest producer followed by Maharashtra, Karnataka, Uttar Pradesh and Rajasthan. In terms of commodities 
Oil seeds are the single largest category followed by Sugar crops, Cereals and Millets, Fibre crops, Pulses, 
Medicinal, Herbal and Aromatic plants and Spices and Condiments. 

3. Exports: The total volume of export during 2017-18 was 4.58 lakh MT. The organic food export realization 
was around INR 3453.48 crore (515.44 million USD). Organic products are exported to USA, European Union, 
Canada, Switzerland, Australia, Israel, South Korea, Vietnam, New Zealand, Japan etc. In terms of export value 
realization Oilseeds (47.6%) lead among the products followed by Cereals and millets (10.4%), Plantation crop 
products such as Tea and Coffee (8.96%), Dry fruits (8.88%), Spices and condiments (7.76%) and others. 
According to FIBL-AMI Organic data network survey 2000-2015 “state wise area production and productivity of 
organic products and its ranking in India in 2011-12. Uttar Pradesh has highest certified area under organic 
cultivation i.e. 2.59 million hectares followed by Himachal Pradesh 0.93 million hectares, Madhya Pradesh 0.43 
million hectares and Maharashtra 0.25 million hectares in 2011-12.In terms of organic production, Orissa rank 
first 29016450 MT, followed by Maharashtra 211740.8MT, Rajasthan (7.6%) and Rajasthan 138635.8 MT. 
However, in terms of yield Orissa rank first followed by Meghalaya Maharashtra etc. Among all the states, Orissa 
has highest production and yield of organic crops followed by Maharashtra in India during 2011-12. The certified 
organic product includes all varieties of food products namely Sugarcane, Cotton, Oil Seeds, Basmati rice, Pulses, 
Spices, Tea, Fruits, Dry fruits, Vegetables, Coffee and their value-added products. The production is not limited 
to the edible sector but also produces organic cotton fibre, functional food products etc. Among all the states, 
Madhya Pradesh has covered largest area under organic certification followed by Himachal Pradesh and 
Rajasthan respectively. 

Approaches Towards Organic Farming of Vegetables 

The organic agriculture has been given different names by different people; however, the basic concept and 
philosophy remains the same. A number of terminologies are available as mentioned below: 
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1. Organic farming: It is a holistic production management system that that evades the utilization of synthetic 
fertilizers and pesticides, minimizes pollution of air, soil and water to a great extent, and improves the health 
and productivity of independent communities of life, plants, animals and people. It uses the organic 
amendments to supply nutrition to the soil and crop.  

2. Natural farming: Natural farming is at par with organic farming in many ways but gives special emphasis on 
soil health through composts and use of microbial preparations. 

3. Ecological agriculture: It is a more labour-intensive system, which requires several techniques of crop 
cultivation. It encourages the utilization of methods that promote renewable sources of energy (draught animal 
power), electric energy from garbage disposal and biogas from organic wastes. It also involves water use 
efficiency through conjunctive use of rain, tank, underground well and river water. Improve crop productivity 
(genetic and agronomic) i.e. hybrid vigour, gene pyramiding, multiple cropping, Integrated Plant Nutrient 
Management (IPNM) and Integrated Pest Management (IPM) are the essential components of ecological 
farming. 

4. Rishi Krishi (Rishi Kheti): This system was evolved by Mr. Mohan Shankar Deshpande in Maharashtra and is 
being promoted by a large number of farmers in Maharashtra and Madhya Pradesh. In this system, the following 
aids are used to maintain soil fertility and crop yield.  

a. Angara: BhomiSanskaris being performed to make the soil fertile wherein 15 kg rhizosphere soil of 
banyan tree (Ficusbenghalensis) is broadcasted over an acre of land. It has lot of earthworms and other 
beneficial microbes, which improves the soil fertility. 

b. AmritPani: AmritPaniis prepared by mixing 20 kg cow dung, ½ kg honey, ¼ kg ghee. All ingredients are 
mixed and kept overnight. This is used to treat the seeds field and plants(Beej Sanskar, JalaSanskarand 
Vanaspati Sanskar). 

c. PanchyaGavya: It basically consists of five products from cow i.e. dung (5 kg), urine (5 litres), milk (3 
litres), curd (3 litres) and ghee (1 kg). These are mixed with sugarcane juice, tender coconut water, ripe 
banana and toddy and incubated for 15 days. The mixture is stirred daily for proper mixing and 
fermentation. Mixture is diluted in 1:10 ratio with water, filtered and sprayed on the crop. 

5. Biodynamic agriculture or Vedic Kheti: Biodynamic farming is defined as working with energies, which create 
and maintain life. It involves certain principles and practices to maintain healthy soil, healthy plant and healthy 
food for human beings and feed for animals. In the system, energies from cosmos, earth, cow and plants are 
systematically and synergistically harnessed. It is based on the knowledge that soil, plants, animals and men 
work together in one agricultural cycle. 

6. Astronomical planting calendar: In biodynamic farming, it is considering that there are astronomical 
influences on soil and plant development, for example, what phase of the moon is most appropriate for 
planting, cultivating or harvesting various kinds of crops. This aspect of biodynamics has been termed 
“astrological” in nature. 

Benefits of Organic Farming 

1. Nutritional benefits and health safety: Improved nutritional value of organically grown products has created 
interest in both producers and consumers. According to a study conducted by AFSSA (2003), organically grown 
foods, especially leafy vegetables and tubers, contain higher dry matter as compared to conventionally grown 
foods. Organically grown virgin olive oil has been found to contain higher oleic acid (Gutierrez et al., 1999). 
Organic plants contain significantly more amount magnesium, iron, phosphorous, calcium, sodium, and 
potassium as major elements and manganese, iodine, chromium, molybdenum, selenium, boron, copper, 
vanadium, and zinc as trace elements (Rembialkowska, 2007). According to a review of Lairon (2010) which was 
based on the French Agency for food safety (AFSSA) report, organic products contain more dry matter, minerals, 
and antioxidants such as polyphenols and salicylic acid. Organic foods (94%–100%) also have additional benefit 
that they do not contain any pesticide residues in comparison to conventionally grown foods. As found in a 
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study of Lairon (2010), organic fruits and vegetables contain 27% more vitamin C than conventional fruits and 
vegetables. According to a Food Marketing Institute (2008), some organic foods such as corn, strawberries, and 
marionberries have greater than 30% of cancer-fighting antioxidants.  Organic fruits and vegetables also have 
higher level of phenols and polyphenolic antioxidants. Rossi et al. (2008) stated that organically grown tomatoes 
contain more salicylic acid than conventional counterparts. Salicylic acid is a naturally occurring phyto-chemical 
possessing anti-inflammatory and anti-stress properties which can prevent hardening of arteries and bowel 
cancer (Rembialkowska, 2007; Butler et al., 2008). The amount of total sugar content is more in organic fruits 
due to which they taste better to consumers. Organically grown fruits and vegetables have been proved to taste 
better and smell good. Organic vegetables normally have far less nitrate content than conventional vegetables. 
Nitrites are highly reactive nitrogen species that are capable of competing with oxygen in the blood to bind with 
haemoglobin, thus leading to methemoglobinemia. As organically grown foods are cultivated without the use 
of pesticides and sewage sludge, they are less contaminated with pesticide residue and pathogenic organisms. 
Therefore, organic foods ensure better nutritional benefits and health safety.  

2. Environmental impact: Organic farming has a protective role in environmental conservation. It is believed 
that organic farming is less harmful to the environment as it does not allow the use of synthetic pesticides, most 
of which are potentially harmful to water, soil, and local terrestrial and aquatic wildlife. In addition, organic 
farms are better than conventional farms at sustaining biodiversity, due to practices of crop rotation. Organic 
farming improves physico-biological properties of soil by producing more organic matter, biomass, producing 
higher levels of enzymes, providing better soil stability, enhancing water percolation and holding capacity, 
minimizing water and wind erosion as compared to conventionally farming soil. Organic farming uses lesser 
energy and produces lesser waste per unit yield. In addition, organically managed soils are of greater quality 
and water retention capacity, resulting in higher yield in organic farms even during the drought years. 

3. Socio-economic impact: Organic cultivation requires a higher level of labour, hence produces more income-
generating jobs per farm. According to Winter and Davis (2006), an organic product typically costs 10%–40% 
more than the similar conventionally produced crops as it depends on various factors both in the input and the 
output arms. Factors that increase the price of organic foods include the high cost of obtaining the organic 
certification, the high cost of manpower in the field and lack of subsidies on organics in India. But growing health 
awareness has prompted consumers to pay a higher price for organically produced goods. Besides, organic 
farming requires low yearly investment by farmers, since the production of bio-fertilizers and pesticides is done 
locally. As the labours working in organic farms are less likely to be exposed to agricultural chemicals, their 
occupational health is improved. Organic food has a longer shelf life than conventional foods due to lesser 
nitrate concentration and greater antioxidants. Organic farming is now an expanding economic sector as a result 
of the profit incurred by organic produce and thereby leading to a growing inclination towards organic 
agriculture by the farmers. 

Constraints of Organic Farming 

The most important constraint felt in the progress of organic farming is the inability of the government policy 
making level to take a firm decision to promote organic agriculture. It is quite natural that a change in the system 
of agriculture in a country of more than a billion people should be a well thought out process, which requires 
utmost care and caution. Farmers’ apprehension lies in non-availability of sufficient number of organic 
supplements, bio-fertilizers and local market for organic produce. Additionally, lack of access to guidelines, lack 
of market information and vocational training, risk of low yield, certification and input cost coupled with capital-
driven regulation by contracting firms strongly discourage small farm holders who constitute over 80% of 
farming community in India. 

Future Prospects 

The movement started with developed world is gradually picking up in developing countries. But demand is still 
concentrated in developed and most affluent countries. Local demand for organic food is growing. India is 
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poised for faster growth with growing domestic market. Success of organic movement in India depends upon 
the growth of its own domestic markets. India has traditionally been a country of organic agriculture, but the 
growth of modern scientific, input intensive agriculture has pushed it to wall. But with the increasing awareness 
about the safety and quality of foods, long term sustainability of the system and accumulating evidences of 
being equally productive, the organic farming has emerged as an alternative system of farming which not only 
addresses the quality and sustainability concerns, but also ensures a debt free, profitable livelihood option. 
Various newer technologies have been invented in the field of organic farming such as integration of mycorrhizal 
fungi and nanobiostimulants (to increase the agricultural productivity in an environmentally friendly manner), 
mapping cultivation areas more consciously through sensor technology and spatial geodata, 3D printers (to help 
the country’s smallholder), production from side streams and waste along with main commodities, promotion 
and improvement of sustainable agriculture through innovation in drip irrigation, precision agriculture, and 
agro-ecological practices. Organic farming has achieved commendable progress in the recent years. Currently, 
India has become the largest organic producer in the globe and ranked eighth having 1.78 million ha of organic 
agriculture land in the world in 2017 (Willer and Lernoud, 2019). With further encouragement, whole 
agriculture system of the country can be turned into organic. 

Conclusion 

Agriculture is the base of economic policies and is the ultimate driver of national economic growth and poverty 
alleviation in many developing countries including India. It has vast opportunity for rural employment and 
livelihood security. Organic agriculture is gaining momentum as an alternative method to the modern system. 
Many countries have been able to convert significant per cent of their cultivated areas into organic farming. 
Indian agriculture evolved principally as an ecologically sustainable approach using natural inputs for enhancing 
crop yield. The demand for organic products is growing fast in countries like USA & Germany. It was clear that 
area, production and yield of organic produce in India is very low and it varies very widely among different 
states in India. India has the potential to become a major organic producing country given the international 
demand for our farm products, different agro-climatic regions for the cultivation of a number of crops, the size 
of the domestic market and above all the long tradition of environment friendly farming and living. However, 
at the same time increasing health consciousness and increasing disposable income among Indians is ceaselessly 
increasing the demand for organic food. Therefore, strong national organic policy is main need of the current 
position which will give an important place to organic farming addressing the current issues and obstacles. 
Government needs to do a meticulous and in- depth evaluation of the general picture of the organic sector 
policies, programme and plans to understand how they affect the current organic sector. An action plan for the 
organic sector should be developed based on the analysis of the state of the sector, participatory consultations, 
a need evaluation and proper sequencing of the actions. 
  



 

 
Volume 2 - Issue 12 - December 2020       123 | P a g e  
 

Breeding and Varietal Improvement in Arecanut 
Article ID: 33040 

Jitendra Singh Shivran1, Mohan Lal Jat2 
1Research Scholar, Department of Horticulture, GB Pant University of Agriculture and Technology, Pantnagar 

263145 Uttarakhand India. 
2Research Scholar, Department of Horticulture, CCS Haryana Agricultural University, Hisar 125004 Haryana 

India. 

         

Introduction 

India is the largest producer and consumer of arecanut and it continues to dominate world in are under 
cultivation and production and productivity. The Areca palm, a monocot, belongs to the family Palmae. The 
genus Areca includes 76 species that are distributed widely in tropics of South East Asian countries. The 
commonly cultivated species in almost all the countries is A. catechu. In Srilanka, the fruits of A. concinna are 
reported to be occasionally chewed as substitute for arecanut. Since 1957, several accessions of arecanut have 
been collect from South East Asian countries and within India and are maintained in the field gene bank at 
CPCRI, RS, Vittal. 

Crop Improvement 

Evolving high yielding improved varieties of arecanut has been successful through the introduction of 
indigenous and exotic types and refinement of selection procedures for mother palm, seed nuts and seedlings. 
In the recent years, hybridization and exploitation of dwarfing genes for breeding dwarf and high yielding 
varieties have been initiated. 

Introduction of Germplasm 

In arecanut, 164 germplasm collections of which 23 exotic and 141 indigenous are conserved at CPCRI, RS, Vittal. 
Exotic accessions were introduced to this Station from countries viz., Fiji, Mauritius, China, Sri Lanka, Indonesia, 
Saigon, Singapor, BSI, Australia, which repress, Areca catechu Linn, Areca triandra Roxb, Areca monnanbyii, 
Areca macrecalyx, Areca concinna and related genera Actinorhytis calapparia. Besides about 90 indigenous 
collections were also made from Karnataka, Kerala, Tamil Nadu, West Bengal, Assam, Maharashtra, Gujarat and 
Andaman and Nicobar Islands and Meghalaya. 

Evaluation and Selection 

Exotic and indigenous collections have been under evaluation for morphological, nut characters and yield since 
1957. The comparative yield trial of cultivars was initiated during the first decade of introduction of exotic 
germplasm from South East and Asian countries of the world and yield evaluation for nine years showed that 
five accessions viz., VTL-3, VTL-11, VTL-12, VTL-13, and VTL-17 have high yield potential in comparison with the 
South Kanara Local cultivar. Evaluation of exotic collections resulted in identifying high yielding varieties such 
as Mangala, Sumangala, Shreemangala, Swarnamangala, Mohitnagar and Kahikuchi. 

Hybridization 

Hybridization work in areca was initiated with the specified objectives taking into consideration the existing 
variability/donor genes. To evolve varieties with high yield and regular bearing, combining large sized fruit with 
more number of nuts per bunch (Sreemangala/Calicut 17/Kahikuchi × Tall Halli/Sagar), combining semi-tall early 
bearing and high yield with quality (Mangala × Shriwardhan), evolving varieties tolerant to yellow leaf disease 
(released varieties × Hybrid Dwarf and vice-versa), transferring suckering habits more number of female flowers 
and high percentages of nutset, interspecific crosses (High yielding varieties of A. catechu × A. triandra), studying 
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the genetics of dwarfness, and their exploitation in breeding dwarf varieties (released varieties × Hybrid Dwarf 
and vice-versa), studying the combing ability for exploitation of hybrid vigour (inter-varietal) crosses for 
desirable traits. 

Table 1: Specific characteristics of different species /genus and cultivars of A. catechu: 

Species/Genus Characteristics Cultivars Characteristics 

A. catechu Linn. High yield, Edible nuts High yield Mangala, Sumangala, 
Shreemangala, Mohitnagar, Cal-
17 and SAS -1 

A. concinna Thw. Dwarf habit Early bearing Mangala 

A. triandra Roxb. Flowers throughout the year, 
suckering, tolerance to mites, 
high chali recovery (27%), 
short stature and less 
astringent taste compared to 
A. catechu 

Greater 
number of 
fruits/ bunches 

Thirthahalli 

A. macrocalyx 
Zipp.ex.Bl. 

High arecoline content Better quality Sreevardhan 

A. normanbyii  
F. Muell 

Sweet pulp, semitall Fruit size 
(large) 

South Kanara Local 

Actinoryhtis 
Calapparia 
Wendl. & Drude 

Bold nuts, extraction of 
tannins 

Regular bearing South Kanara Local 

  Semi-tall Mangala, Shrivardhan 

  Dwarfness Hirehalli Dwarf 

Floral Biology, Pollination and Fruit Development 

Floral biology: Arecanut palm is monoecious with male and female flowers occurring on the same spadix. It is 
essentially a cross-fertilized species. 

Structure of male flowers: In A. catechu, the male flowers are sessile, creamy white, triangular with two whorls 
of perianth consisting three minutes sepals and three large stiff lanceolate petals. The stamens, which are six in 
number have basi-fixed anthers and are situated in a ring next to the petals. The rudimentary ovary (pistillode) 
situated in the centre is trifid and slightly larger than the stamens. 

Male phase: Male flowers start opening on the same day or 1-11 days after the spathe bursts exposing the 
spadix. The opening of the individual flowers is found to commence at sun-rise, with a persisting strong aroma. 
The sequence of opening is from tip of rachillae downwards. The anthers dehisce simultaneously with the 
opening of the flower. The male flowers drop off either on the same day or the following morning. The male 
phase (the interval between the opening of the first male flower and the last male flower in a spadix) in arecanut 
lasts 25-46 days, the mean being 31 days. 

Structure of female flowers: The female flowers are sessile with two whorls of perianth (3+3), the outer boat-
shaped green whorl of sepals and an inner whorl of ovate petals in imbricate aestivation. The petals which are 
closely adpressed to the ovary are also imbricate arranged. There are six flattened minute staminodes whose 
bases are joined together encircling the base of the ovary. 

Female phase: The female flower buds at the time of opening of spathes are generally cream coloured turning 
green within about a week after exposure to light. They open between 2 a.m. and 10 a.m. just prior to opening, 
the corolla lengthens and attains an attractive colour of shiny cream or ivory white. The calyx also loosed its 
green colour and turns greenish yellow or white with a green tinge. Generally, the female phase extends from 
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three to ten days. The maximum receptivity of the stigma is on the day of opening of the flowers. The stigma 
continues to remain receptive on the second and third days and thereafter there is a rapid decline in receptivity. 

Pollination 

1. Pollen dispersal: The dispersal of Areca pollen in a garden isolated all round by 5 km using aeroscope, for 
catching pollen intensity was maximum at 8 a.m. gradual reduction was observed in the total pollen from the 
first week of March to the last week of April. The pollen dispersal was maximum between four and seven hours 
after anthesis. Pollen is carried by wind and that the flowers are usually cross pollinated.  

2. Pollen germination: Under normal conditions arecanut pollen remains viable for 8-9 hr. Increase longevity of 
pollen from 15-21 days by storing in a desiccator at room temperature. Pollen grains germinate rapidly in 
nutrient media, the percentage depending on the medium employed, its concentration and the type of grains 
used. A medium consisting of 0.5% sucrose and 0.1% agar was found ideal for pollen germination in arecanut 
at Vittal. 

3. Crossing technique: The hybridization technique in arecanut consists of removing the portion of rchillae 
having male flowers soon after the emergence of the inflorescence and covering the spadix bearing female 
flowers with a cloth bag. When the female flowers open, the anther from the desired male parents is rubbed 
against the stigma or the pollen is dusted on the stigmatic surface, by removing the bag. The bag is replaced 
over the inflorescence immediately after pollination. The process is repeated daily till all the female flowers in 
the spadix open. 
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Orange 

India ranks 3rd among top orange producing countries contributing 10% to the world’s total orange production. 
Madhya Pradesh is the leading producer of Orange having second largest area under cultivation. Varieties 
Grown are Nagpur Mandarin, Kinnow, Coorg Mandarin, Mosambi etc. 

Surplus Availability for Processing (M.P.) 

Total Area  116252 Ha  

Total Production  1437970 MT  

Productivity  12.36 MT/ Ha 

MP Share in India (Production wise)  30.24% 

Post-Harvest Loss  90592 MT 

Rural Consumption  1273 MT / Month  

Urban Consumption  1466 MT / Month 

Yearly Consumption  67919 MT  

Orange Clusters of Madhya Pradesh  

District Area (Ha)                                  Production (MT) 

Agar Malwa 42433 763794 

Chhindwara 23618 472348 

Shajapur 12656 284760 

Rajgarh 17226 244609 

Mandsaur 11825 119432 

Betul 3342 53472 

Ujjain 2382.69 28592.28 

Neemuch 4155 25448 

Hoshangabad 756 12096 

Sehore 695 11919.25 

Other Districts 1429.25 23349.20 

MP Total 120517.94 2039819.73 
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Surplus   1279459 MT 

Investment Potential in Madhya Pradesh 

Why Madhya Pradesh? 
1. Largest producer of Orange covering approx. 30% share 
2. Major area under world class export quality “Nagpur Mandarin” 
3. Investment support for the industry. 
4. Conducive environment by the government. 
5. Madhya Pradesh has the potential to emerge as a leader among all the states in the industry. 

Investment opportunities:  
1. Processing of Orange: Juices, Jams, Squash, Syrups, Cosmetics, perfumes, essential oils, etc. 
2. Strengthening of Value Chain. 

a. Infrastructure development for Cold Chain (Cold Store, CA, Pack house and Reefer vans). 
b. Farm Aggregation: Majority of the plantations in Madhya Pradesh are small land holdings. Investment 
into the aggregator segment for the crop can be huge business opportunity for the private sector.  
c. Farmer Education: Significant investment is required in education and relevant support services to 
give small & marginal farmers the necessary skills and knowledge to increase productivity, improve the 
quality of the produce and reduce waste.  

3. Sorting, Grading & packing units of oranges for exports. 
4. Export houses for Orange. 

Mango 

India is the world leader with 40% share of total production.  India is termed as the “Mango Capital of the 
World” Over 20% out of total production of fruits is under Mango.India- Area Under Cultivation-2.26 million 
hectares; Production- 19.68 Million Tons.  Varieties Grown- 1,500 varieties including 1,000 commercial varieties,  
Alphonso and Kesar variants are distinguished by their far superior aroma and taste. Madhya Pradesh is among 
the top ten mango producing states in India. Varieties- Alphonso, Bombay Green, Langra, Chausa, Sunderja, 
Dashehari, Fazli, Amrapalli, Mallika etc. 

Surplus Availability for Processing (M.P.) 

Total Area  42797 Ha 

Total Production  556099 MT 

Productivity  13.0 MT/Ha 

MP Share in India (Production wise)  2.3 % 

Mango  Clusters of Madhya Pradesh  

District Area (Ha) Production (MT) 

Betul 4943 123575 

Anuppur 2458 44244 

Katni 2900 42920 

Balaghat 2434 41830 

Alirajpur 3195 41055.75 

Rewa 3269 33016.9 

Singrauli 2415 28980 

Sidhi 2045 23784 

Chhindwara 1476 22140 

Vidisha 1869.98 21953.38 

Other Districts 18287.38 219557.11 

MP Total 45292.36 643056.14 
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Post-Harvest Loss  50939 MT 

Rural Consumption  5428 MT / Month 

Urban Consumption  4934 MT / Month 

Yearly Consumption  124343 MT 

Surplus   380817 MT 

Investment Potential in Madhya Pradesh 

Why Madhya Pradesh?  
1. Focused state policy framework towards enhancing crop productivity and providing incentives to investors 
for agricultural infrastructural growth and conducive environment for industry. 
2. Cluster based approach of crop production area to reduce wastage in transit. 
3. Productivity credentials are high to fulfil the raw material need of industry. 
4. Presence of global giants such as Hershey’s in the state are a testimony to the quality of the state’s mango 
produce. 

Investment opportunities  
1. processing of Mango: Squash, Pulp, Marmalade, Juice, Raw slices in Brine, Amchur, Pickle, Murabba, Chutney, 
Panna, starch, etc.  
2. Strengthening of Value Chain: 

a. Infrastructure development for Cold Chain (Cold Store, CA, Pack house and Reefer vans) 
b. Farm Aggregation: Majority of the plantations in Madhya Pradesh are small land holdings. Investment 
into the aggregator segment for the crop can be huge business opportunity for the private sector. 
c. Farmer Education: Significant investment is required in education and relevant support services to 
give small & marginal farmers the necessary skills and knowledge to increase productivity, improve the 
quality of the produce and reduce waste.  

3. Export houses: There is growing demand for export of mango pulp. Varieties such as Kesar and Alphonso, 
have been marked by APEDA as high value varieties. 

Banana 

India, by far the largest producer of bananas globally (Global Production Share-23%) Produced over 1.65 Million 
MT of banana in 2016-17; Highest productivity in India – 67.74 tons/ha Madhya Pradesh. Main transit points 
for bananas are Khandwa, Burhanpur, Dhar and Barwani. Major varieties- Grand Naine, Robusta, Dwarf 
Cavendish (Basrai), Red banana and Nendran. Dwarf Cavendish (Basrai), the 3rd most commercially grown 
variety of bananas in India due to their superior fruit quality, dwarfness and sweet aroma. Offering huge 
investment opportunities, Madhya Pradesh can lead the country in terms of banana exports as the fruit is 
available round the year. 

Investment Potential in Madhya Pradesh 

Why Madhya Pradesh? 
1. Suitable land area and agro climatic conditions for potential of further production enhancement for demand 
from the markets.  
2. MP grows Cavendish variety which makes it the perfect destination for investment for banana export. 
3. Supportive Government backing the investors which can help in taking large scale commercial farming to 
major banana clusters. 

Banana Clusters of Madhya Pradesh  

District Area (Ha) Production (MT) 

Burhanpur 20425 1429750 

Dhar 1710 121068 

Barwani 1504 112800 
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Surplus Availability for Processing (M.P.) 

Total Area  24310 Ha 

Total Production  1646891 MT 

Productivity  67.74 MT/Ha 

MP Share in India (Production wise)  5.65 % 

Post-Harvest Loss  127799 MT 

Rural Consumption  22363 MT / Month 

Urban Consumption  12398 MT / Month 

Yearly Consumption  436473 MT 

Surplus   1082619 MT 

Investment Opportunities: 
1. Banana Processing: Banana Puree, Banana Powder, Banana Flour, Banana based foods & beverages. 
2. Strengthening of Value Chain: 

a. Infrastructure development for Cold Chain (Cold Store, CA, Pack house and Reefer vans)  
b. Farm Aggregation: Majority of the plantations in Madhya Pradesh are small land holdings. Investment 
into the aggregator segment for the crop can be huge business opportunity for the private sector.  
c. Farmer Education: Significant investment is required in education and relevant support services to 
give small & marginal farmers the necessary skills and knowledge to increase productivity, improve the 
quality of the produce and reduce waste.  

3. Export Houses for Banana to harness the potential of Madhya Pradesh bananas in North & Central Europe, 
the Black Sea region and East Asia. 

Guava 

India Ranks 1st in the world in Guava Production. Guava account for over 8.8% of all fruit crops cultivated in 
Madhya Pradesh.  It is 4th most commercially important fruit after mango, banana and citrus.  Available for 
most of the year so stable position in the international markets. Madhya Pradesh Ranks No. 2 followed by Bihar 
in terms of production volume of Guava in India. Major Varieties- Sardar (L-49) , Allahabad Safeda, Gwalior-27, 
Seedless, Lalit, Shweta. 

Investment Potential in Madhya Pradesh 

Why Madhya Pradesh? 
1. The highest guava producing state in the country in terms of productivity and production volume. 
2. With the growing ease of doing business in the state, guava exports and guava processing industries can be 
the next big industrial revolution. 
3. With the vision to make Madhya Pradesh an anchorage for the food processing sector, guava is an important 
commercial product. 

Investment opportunities: 
1. Processing of Guava: Drinks (Juices), Paste, Nectar, RTS, Jam, Jelly, Concentrates, Confectionary (Candies).  

Khandwa 913 78593 

Khargone 627 46398 

Katni 417 25858.17 

Harda 190 11435 

Jabalpur 184.8 7653.72 

Balaghat 139 5319 

Sidhi 108 3564 

Other Districts 476.6 16487.29 

MP Total 26685.4 1858926.18 
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2. Strengthening of Value Chain: 
a. Infrastructure development for Cold Chain (Cold Store, CA, Pack house and Reefer vans). 
b. Farm Aggregation: Majority of the plantations in Madhya Pradesh are small land holdings. Investment 
into the aggregator segment for the crop can be huge business opportunity for the private sector. 
c. Farmer Education: Significant investment is required in education and relevant support services to 
give small & marginal farmers the necessary skills and knowledge to increase productivity, improve the 
quality of the produce and reduce waste.  

3. Grading and Packing units for exports. 
4. Export houses for Guava. 

Surplus Availability for Processing (M.P.) 

Total Area  30310 Ha 

Total Production  523749 MT 

Productivity  17.27 MT/Ha 

 MP Share in India (Production wise)  14.36% 

 Post-Harvest Loss  94170 MT 

 Rural Consumption  4844 MT / Month 

Urban Consumption  1923 MT / Month 

Yearly Consumption  106849 MT 

Surplus   372954 MT 

Pomegranate 

India is the world’s largest producer of pomegranates. Area under Pomegranate cultivation – 2.09 Lakh Ha and  
Production over 2.44 Million MT.  India can supply pomegranate to international market throughout the year,  
India can export pomegranate from February to July when there is no competition in world. 

Madhya Pradesh  
1. Emerging crop- Cultivation of pomegranate as a commercial crop was started in 2013  
2. In 2016 – 17, MP had over 9230 Ha of land under pomegranate producing over 88, 660 MT.  
3. In terms of productivity, MP is placed 5th in the country with a productivity of 9,75 MT per Ha. 
4. Pomegranate growing districts of Madhya Pradesh are Shajapur, Khargone, Agar Malwa, Dhar, Ujjain, 
Khandwa, Dewas, Vidisha, Barwani and Burhanpur.  
5. Major varieties grown – Bhagwa, Jyoti, Ruby, Mridulla. 

Guava Clusters of Madhya Pradesh 

District Area (Ha) Production (MT) 

Khargone 2287 57175 

Sehore 1350 43200 

Rewa 3030 34845 

Vidisha 1540.5 30929.9 

Katni 826 28753 

Indore 1420 28400 

Singrauli 1586 26962 

Bhopal 891 23968 

Sheopur 800 21820 

Morena 920 21022 

Other Districts 2287 57175 

MP Total 34559.19 668328.79 

Pomegranate Clusters of Madhya Pradesh 

District Area (Ha) Production (MT) 
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Surplus Availability for Processing (M.P.) 

Total Area  9230 Ha 

Total Production  88660 MT 

Productivity  9.75 MT/Ha 

Post-Harvest Loss  10663 MT 

Rural Consumption  58 MT / Month 

Urban Consumption  33 MT / Month 

Yearly Consumption  1093 MT 

Surplus   77106 MT 

Investment Potential in Madhya Pradesh 

Why Madhya Pradesh? 
1. MP has a tremendous potential for commercial cultivation of the crop because it's an economical crop that 
can tolerate high temperatures. 
2. Its leaves are waxy and the rate of transpiration is low, which make it ideally suited for the dry climate of the 
state. Investment opportunities. 

1. Processing of Pomegranate: Juice, Seed Oil, peel extracts for its uses in dietary supplements and food 
preservatives.  
2. Strengthening of Value Chain: 

a. Infrastructure development for Cold Chain (Cold Store, CA, Pack house and Reefer vans) 
b. Farm Aggregation: Majority of the plantations in Madhya Pradesh are small land holdings. Investment 
into the aggregator segment for the crop can be huge business opportunity for the private sector.  
c. Farmer Education: Significant investment is required in education and relevant support services to 
give small & marginal farmers the necessary skills and knowledge to increase productivity, improve the 
quality of the produce and reduce waste. 

3. Packing Grading Units for Exports.  
4. Export houses for Pomegranate. 

Source 
1. Global production data: FAOSTAT, 2016 National production data: NHB , Horticulture statistics at a glance, 2017 Export Data: APEDA. 
2. Department of Horticulture and Food Processing, MP 2017-18 First Estimate # Department of Horticulture & Food Processing MP. 
  

Khargone 1048 13100 

Dhar 580 10458 

Agar Malwa 1430 9280.7 

Shajapur 755 9249 

Dewas 370 8325 

Ratlam 665 7980 

Ujjain 698.37 7682.07 

Khandwa 426 4905 

Badwani 421.4 4846.1 

Chhindwara 215 4300 

Other Districts 3005.7 30532.53 

MP Total 9614.47 110658.4 
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Abstract 

Fenugreek (Trigonella foenum-graecum L.) is a widely cultivated annual herb. The leaves and seeds of fenugreek 
are commonly used for flavouring and as a spice in curries due to their strong flavour and aroma. An experiment 
was conducted at Horticulture Research farm at Department of  Horticulture, SHUATS, Naini , Prayagraj, during 
Aug to Dec 2019. The present investigation entitled “EVALUATION OF FENUGREEK (Trigonellafoenum–graecum) 
CULTIVARS  IN RELATION TO HERBAGE AND SEED YIELD IN PRAYAGRAJ AGRO-CLIMATIC CONDITION.” The main 
objective of the experiment is to find out the most suitable variety of Fenugreek for better growth, yield and 
quality under Prayagraj Agro-climatic conditions. Fifteen Fenugreek Farmer’s varieties were evaluated  using 
Randomized Block Design with the aim to identify the most suitable variety. Among Fifteen Farmer’s varieties, 
the variety Pusa Early Bunching estimated Maximum Herbage yield (q/ha)(63.36 q)  was recorded, the variety 
Pusa Early Bunching Maximum Seed yield (q/ha) (15.33q) was recorded. The variety  Pusa Early Bunching were 
found to be promising for good Herbage and Seed yield. 

Keywords: Fenugreek, varieties and yield. 

Introduction 

Fenugreek (Tigonellafoenum-graecum) commonly known as Methi is cultivated throughout India and other part 
of world for leafy vegetable, spices, medicinal purposes. Being a leguminous crop, it increases fertility of soil by 
fixing atmospheric Nitrogen. It has been estimated that each year fenugreek fixed about 283 kg Nitrogen per 
hectare (Saxena and Ahmed,1983). Although fenugreek is a dual-purpose crop but, in our country, it is mainly 
cultivated as seed spices crops. The total area occupied by seed spices in our country is 84.77 lakh hectares. Out 
of this fenugreek is cultivated in about 0.30-lakh hectare of land producing 30,000 tonnes of seed. Out of which 
3,000 tonnes are exported to countries like Saudi Arabia, Japan, Sri Lanka and U.K. Peter (1999) reported that 
an income of Rs12 crore from export of fenugreek product. 

Seeds of fenugreek are used against various digestive disorders, prevents constipation, removes indigestion and 
stimulated spleen (Yadav,1994). The seed of fenugreek also have anti-fertility and diuretic action 
(Sharma,1993). In industries seeds of fenugreek are used as dye and for extraction for steroids. 

In spite of the great importance of this multi-use crop very little research work has been done to bring about 
effective improvement in its herbage and seed yield potential. Further at present various products being 
produced in our country do not confirm to standard prescribed by major importing countries. Therefore, 
popularization of improved agro-techniques and cultivation of specific varieties for table and processing 
purpose for export need emphasis. 

Experimental evidences of the suitability of varieties have been already carried out at NBPGR Regional research 
centre, Jodhpur (2003). Similarly, evaluation trail of twelve fenugreek cultivars was carried by Sharma and 
Bhatia (1987). 

Fenugreek is regarded as the oldest known medicinal plant in recorded history (Lust 1986). Its seed and leaves 
have medicinal value, and have been used to reduce blood sugar and lower blood cholesterol in humans and 
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animals (Dahanukar et al. 2000). In parts of Asia, the young plants are used as "pot herbs" and the seed as a 
spice or herbal medicine. Fenugreek has many features that will benefit Canada's agri-food industry, one of 
them being its potential for use as a forage crop. The crop is adapted to rain-fed growing conditions and should 
grow well within the semi-arid regions of western Canada. It is a legume and can be incorporated into short 
term crop rotations. 

Materials and Methods 

The experiment was conducted in Randomized block design (RBD) with 15 Farmer’s Varieties and 3 replications 
at Vegetable Research Farm, Department of Horticulture, Naini Agricultural Institute, Sam Higginbottom 
University of Agriculture, Technology &Sciences, Prayagraj (UP) during the year 2018-2019.  Total number of 
treatments used were fifteen, collected from Farmer’s in Different locations. 

Conclusion 

1. Analysis of variance revealed that there were significant differences among the varieties studied for all the 
characters.  
2. By considering the findings of present investigation, it is concluded that the variety of fenugreek (Pusa Early 
Bunching) was found the best variety for more herbage growth parameters like plant height (cm), number of 
leafs per plant and number of branches per plant of fenugreek while V1 (Pusa Early Bunching) was found best 
in terms of Herbage yield like Number of pods per plant, Pod length (cm), Herbage yield (g), Herbage yield per 
plot, Herbage yield (q/ha), Number of seeds per plot, Seed yield per plot and Seed yield (q/ha) (15.33q) of 
fenugreek.  
3. So, variety V1 (Pusa Early Bunching) can be recommend to eastern U.P. growers by few more conjunctive 
trials at different locations. 
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Introduction 

1. Water is lost through transpiration from plants and evaporation from soil surface. 
2. In recent years, more attention has been paid for exploring the possibility of reducing transpiration from 
plants by the use of chemicals or substance. 
3. In India, about 45.5 % of the total arable land is under rainfed condition; therefore, it is very essential to 
manage every drop of water received through rains or applied as irrigation. Various measures are adopted to 
conserve the rain water. 
4. Antitranspirants may control transpiration either by filming the leaf surface or by the regulation of stomatal 
aperture. 
5. They partially mitigate water stress condition and improving crop productivity. 

Mechanism of Transpiration 

Evaporation of water from mesophyll cells into intercellular space: 
1. Opening and closing of stomata (stomatal movement). 
2. Diffusion of water vapours of intercellular spaces into the outer dry atmosphere through stomata. 

 

Measures of Transpiration Loss 

1. Through that transpiration is necessary and unavoidable evil, excessive transpiration has to be controlled 
especially when soil moisture stress develops during critical stages of crop growth. 
2. The rate of transpiration is governed by soil moisture potential, atmospheric water demand and plant canopy 
characters such as leaf area, leaf orientation, stomatal resistance, etc. 
3. Transpiration loss can be reduced by the use of anti-transpirants and by some cultural methods also. 

Antitranspirants 

1. Antitranspirants are substances or chemicals applied on plant foliage to control rate of transpiration. Nearly 
about 99 per cent of the water absorbed by the plant is lost through transpiration and 1 per cent is used in 
metabolic activities of plant.  
2. Antitranspirants applied to transpiring plant surfaces for reducing water loss from the plant. 
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3. Antitranspirants are used on field crops. In other applications to preserve and protect plants from drying out 
too quickly. They have also been used to protect leaves from fungal diseases.  

4. Most of the water loss occurs through the leaves of plants because leaf surfaces are covered with tiny 
openings called stomata.  
5. During photosynthesis, when stomata open plants take in CO2 and release O2. Water is also released during 
this process. 
6. On most plants, a majority of the stomata are located on the bottom side of the leaves.  
7. The stems and branches of the plants have stomata, though most of the water loss in these areas happens 
through the cuticles. 

Process of Stomata Opening and Closing 

1. Figure A the guard cells are turgid, or swollen, and the stomata opening is large. This turgidity is caused by 
the accumulation of K+ (potassium ions) in the guard cells. As K+ levels increase in the guard cells, the water 
potential of the guard cells drops, and water enters the guard cells.  
2. Figure B, the guard cells have lost water, which causes the cells to become flaccid and the stomata are close. 
This may occur when the plant has lost an excessive amount of water. 

  
Figure A Figure B 

Two Important Points in Use of Antitranspirants 

1. The application of an antitranspirants should restrict the water loss from the leaf surface without reducing 
photosynthesis, as carbon dioxide diffuse through stomata & is necessary for photosynthesis.  
2. Transpiration causes cooling of the leaf surface & the use of antitranspirants should not completely stop 
transpiration & thus raise the leaf temperature. 
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Antitranspirants Effective in Two Ways 

1. Through films that coat the leaf surface. 
2. Chemicals that close the stomata. 

Effect of Antitranspirants on Photosynthesis 

 
1. Antitranspirant effect in size & no. of stomata of the leaves and supply of CO2 for diffusion into the stomata 
cavity and it’s necessary for the occurrence of photosynthesis. 
2. The reduction of stomata opening results in restriction of actual photosynthesis so that yield reduction will 
be there. 

How they Reduce Transpiration (Water Loss)? 

Antitranspirants may reduce transpiration in three different ways: 
1. By reducing the absorption of solar energy and thereby reducing leaf temperatures and transpiration rates. 
2. By forming thin transparent films which hinder the escape of water vapours from the leaves. 
3. By promoting closure of stomata (by affecting the guard cells around the stomatal pore) so that decreasing 
the loss of water vapours from the leaf. 

Types of Antitranspirants 

Based on their mechanism of action antitranspirants are classified into four types. 
1. Stomatal closing type: 

a. Most of the transpiration occurs through the stomata on the leaf surface. Some phenyl mercuric 
acetate (PMA) and atrazine in low concentration serve as antitranspirants by inducing stomatal closing.  
b. PMA was found to decrease transpiration than photosynthesis. 
c. Stomata close type of antitranspirants induce the closure of stomata and reduce the rate of 
transpiration.  
d. The leaves is also reduce when low photosynthetic rates and high CO2 concentration.  
e. A little rise in CO2 concentration from the naturally 0.03% to 0.05% induces partial closure of stomata. 
Its higher concentration cannot be used because it results in complete closure of stomata affecting 
adversely in the photosynthesis and respiration. 
f. PMA is widely used chemical for stomatal closure. It has the ability to close the stomata but it has a 
disadvantage that it is toxic to fruits and vegetables which inhibits phosphorylation and hence damages 
the foliage by blocking photosynthesis. 

2. Film forming type:  
a. It is plastic and waxy material which form a thin film on the leaf surface and result act as a physical 
barrier to protect plant. It reduces photosynthesis. eg. paraffin wax, wax emulsions, etc.  
b. It is affects only at low temperature but not at high temperature. 
c. They are form the mechanical barrier for stomatal movement. 
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d. Film-forming antitranspirants caused about a 50% reduction of transpiration and photosynthesis in 
all species.  
e. Effectiveness of film forming ATs slowly over 10-14 days. Effectiveness of the silicone antitranspirant 
was very short-lived. Water use efficiency was slightly improved by film-forming antitranspirant. 

3. Reflectance type: 
a. They are white materials which form a coating on the leaves and increase the leaf reflectance. By 
reflecting the radiation, leaf temperature decreases and thus reduce transpiration. Application of 5 % 
kaolin spray reduces transpiration losses. e.g. kaolin, hydrated lime, etc. 
b. It reflects radiation falling on the leaf and reduces heat load on leaf. When heat load is reduced 
amount of water to maintain temperature is also reduced, therefore water conservation occurs. 

4. Growth retardant type: 
a. Growth retardent chemicals reduce shoot growth and increase root growth and thus enable the plants 
to resist drought. They may also induce stomatal closure. Cycocel is useful for improving water status of 
the plant. 
b. They delay the leaf senescence processes and also favors stem reserve utilization by the developing 
grains especially during the water deficit condition. 

Examples of Different Anti-Transpirants 

Stomatal closing Phenyl mercuric acetate (PMA), alkanyl succinic acid (ASA), High CO2 
concentration 

Film forming Paraffin wax, wax emulsions, Power oil 1%, Tag 9, S-789 foliate, Plastic films, 
Silicone oils, Celite 

Reflectant Kaolin , hydrated lime, calcium carbonate, magnesium carbonate and zinc 
sulphate 

Growth retardant A.B.A. cycocel (ccc-chloro choline chloride, chlor mequat) 

Good Features of Antitranspirants 

1. Non-permanent damage to stomata mechanism. 
2. Specific effects on guard cells and not to other cells.  
3. Effect on stomata should persist at least for one week. 
4. Chemical or material should be cheap and readily available. 
5. Antitranspirants generally reduce photosynthesis. Therefore; under severe moisture stress, their use is 
limited to save the crop from death. If crop survives, it can utilize the rainfall that is received subsequently. 

Benefits of ATs to the Crops can be Summarized as below 

1. Optimized yield levels under infrequent rainfall situations. 
2. Assured better crop growth and yield when no yields are expected using severe drought. 
3. Getting normal sized grains. 
4. Improved seed quality (so that produce can be used for seed purpose). 
5. Saving of crops with marginal crop productivity under drought. 
6. Reducing irrigation especially in post-rainy long duration crops like cotton and pigeon pea. 
7. Minimizing irrigation frequency and saving water through drip irrigation (eg.  Acetyl alcohol and /or 
Hexadecanol). 
8. Monitoring crop loss with limited inputs. 
9. Monitoring / managing drought. 
10. Arresting fast receding soil moisture for better growth and yield of rabi crops. 
11. Very useful for farmers with minimum irrigation facilities. 
12. Saving large nurseries when water is scarce in summer months. 
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Conclusion 

Antitranspirants can be used under moisture sterss conditions. Antitranspirants reduce rate of transpiration, 
conserve plant moisture, increase consumptive use (CU) of water, growth and yield attributing characters, 
economic benefits and save water. Antitranspirants must be applied by proper stage for enhancing crop yield. 
Antitranspirants can be used effectively under moisture deficit condition and low rainfall areas / drought prone 
areas. Cycocel @ 100 to 1000 ppm, kaolin @ 4 to 5 %, KNO3 @ 1 %, MgCO3 @ 5%, glycerol @ 5% and PMA @ 
250 ppm were found to be effective. 

References 
1. https://en.wikipedia.org/wiki/Antitranspirant 
2. https://foreverest.cn/news-list/what-are-antitranspirants-how-do-they-reduce-water-loss-in-plants. 
  



 

 
Volume 2 - Issue 12 - December 2020       139 | P a g e  
 

Varietal Evaluation of Lisianthus (Eustoma grandiflorum) Under 
Naturally Ventilated Polyhouse Conditions in Prayagraj 

Article ID: 33044 
Lakeyi Bhargav1, Devi Singh1 

1Department of horticulture, Naini Agricultural Institute, Sam Higginbottom University of Agriculture, 
Technology and Sciences, Prayagraj-211007, Uttar Pradesh, India.

 

Abstract 

An experiment was carried out in Randomized Block Design to study the varietal evaluation of lisianthus 
(Eustoma grandiflorum) under naturally ventilated polyhouse conditions in prayagraj agro-climatic condition at 
Department of Horticulture, Sam Higginbottom University of Agriculture, Technology and Science, Prayagraj. 
Based on the experiment, it can be concluded that the highest plant height was observed in Areena champange 
(73.55cm), the widest plant spread was recorded in Rosita Red(176.22cm), more number of leaves were 
observed in Areena champange (42), Minimum number of days taken to flower bud emergence was observed 
in Areena Pink(108.440) Maximum flower were harvested from the Echo purple(17.663). Maximum cost: 
Benefit ratio was recorded from Echo purple (1:3.3). 

Keywords: Lisianthus, Eustoma grandiflorum ,cut flower, varietal evaluation ventilated polyhouse. 

Introduction 

Lisianthus (Eustoma grandiflorum) belongs to the family Gentianaceae. It originated from the eastern slope of 
Rocky Mountains (USA), where it is known as the prairie’s gentian (Halevy and Kofranek, 1984). Eustoma is 
named after the two Greek words Eu (beautiful, good, well), and stoma (mouth). 

Lisianthus is popular and have a number of cultivars grown for the cut flower market. Cut flower production of 
lisianthus has risen enormously in the recent years, and commercial cultivars have been intensively developed 
in Japan (Halevy and Kofranek, 1984). Actually, it presents, as well as several cut stem species ,a huge amount 
of varieties and hybrids differing on morphological and qualitative characteristics (height and thickness of 
stems, size and colours of flower buds ) (Corr and Katz, 1997; Croft and Nelson, 1998) but also for biological 
aspects. 

The choice of the cultivars is often not so simple, in particular without available information of insitu crop 
response, but often represents one of the most important factors for the economic success of the culture. 
Therefore, it is fundamental to select the most suitable varieties to particular environmental and growing 
conditions and which contemporarily possess ornamental traits appreciated by the consumers (Harbaugh and 
Bell, 2000). Lisianthus is becoming one of the most highly ranked cut flowers in the international market due to 
its rose like flowers, excellent post-harvest life and blue / purple colour. It gained importance on account of a 
variety of cultivars developed with respect to many traits like uniform flowering throughout the year, lack of 
rossetting, heat tolerance, flower colour, flower size and form including double flower etc. (Toa, 2006). Tsukada 
et al. (1982) classified the corolla shape of lisianthus into four groups: funnel-shape, cup-shape, shallow bowl 
shape and bell shape whereas Harbough (2006) described flower shapes as flat/open petals, bell shape and 
tubular shape. 

Lisianthus is a seed produced pot plant florist crop, with flowers that appear quite similar to those of tulip. The 
colour range include pink, white and purple (Asen et al., 1986). The stem is monopodial at the base and branches 
apically. Stem length of most commercially available cultivars varies from 500-750mm. Individual flowers last 
for 2 weeks and a whole plant can remain in bloom for up to 5 weeks (Ruffoni and Savona, 2006; Gnesback et 
al., 1988). 
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Materials and Methods 

The experiment was conducted in Naturally ventilated polyhouse at Department of Horticulture, Sam 
Higginbottom University of Agriculture, Technology and Science, Prayagraj. The study was laid out as 
Randomized Block Design with 6 different varieties. Varieties used for experiment were Areena Pink, Echo 
Purple, Croma Green, Croma III White, Areena Champange and Rosita Red. 

Conclusion 

From the investigation conducted on different varieties of lisianthus, it is concluded that Rosita Red performed 
best by Areena Champange and Echo Purple in growth parameters like plant height, spread, number of leaves 
and flower qualities like number of flower buds per plant, days taken to flower bloom, number of flowers per 
plant, blooming period and vase life. These three varieties performed well under naturally ventilated polyhouse 
conditions in prayagraj and can be recommended for new cut flower display. 
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Impact of COVID-19 on Indian Agriculture 

Agriculture is the backbone of any economy. It is the primary sector which generates employment so that the 
entire circle of economic circulation goes on. COVID-19 has struck deep into the global economic system and 
India isn't any exception. In the close to future, there will be limitations like weak financial quarters, activity 
losses, profits cuts and lower income margins. However, this section too shall pass. Today, everybody is talking 
about the impact of COVID-19, however simplest from a countrywide attitude or urban centric angle. 
Unfortunately, not an awful lot has been spoken approximately the impact of COVID-19 on the rural quarter, 
which constitutes a big part of the economic system and standard consumption across product categories within 
the country. For the record, as in line with a United Nations document posted in 2019, 69% of India’s populace 
is living in rural areas, which constitutes to extra than seven hundred million humans comprising farmers, 
housewives, SME’s, authorities’ servants and youth. The first visible impact of COVID-19 inside the rural quarter 
is on the rural supply-chain. While the government has issued allows to trucks permitting them to deliver 
groceries, fruits, and cereals, a huge quantity of transporters is but to get hold of their permits. This has elevated 
the time taken for the farm produce to attain the market. On the opposite hand, there's a moderate impact on 
the demand aspect as the restaurants were ordered to close down for the period in-between period. This is 
causing a vast sales loss to many farmers across states. As per a posted report, the railway ministry shows that 
freight loading has dipped from a regular 10,000 cargo rakes in keeping with day to pretty much three thousand 
to four thousand now. As a result, the farmer has to sell his crop at a less expensive price, settle with a lower 
profit. The second impact of COVID-19 is the put off in sowing and harvesting of plants due to the unavailability 
of merchandise along with seeds, tractors, ancillary assist, drugs for crop protection. The third effect of COVID-
19 is the predicted task cuts in the agricultural region. As in keeping with the government, there are almost 9 
crore farmers along with a similar number (if not more) landless agricultural labour. While the farmer could be 
receiving comfort from the government at once, the latter is placed in a hard function at this time. The fourth 
massive impact is the complete shutdown of exports. India has been a first-rate exporter of vegetation and as 
consistent with APEDA, India’s average agri exports in 2018-19 were to the track of Rs 685 billion. Currently, all 
of the ports were locked and huge stock has piled up with the buyers and farmers. The fifth effect is on the 
MSME & SME’s. These consist of small industry units, companies/buyers, and stores that manipulate a 
respectable size stock and hire numerous direct and indirect employees. Post lockdown, their groups are shut 
down and going through a sales hit. 

They may must permit pass of their personnel for a number of motives including monetary viability, migration, 
health and other. People stand to lose jobs without a clear idea of whilst the situation is going to stabilize. The 
sixth effect is the prediction of a weak consumption trend post COVID-19. Once matters return to normal, the 
primary focus of human beings could be to secure jobs and get their groups going. During such time each 
families and companies will be maintaining stringent checks on their spending patterns. This trend can also be 
an obstacle to the growth plans of the global/countrywide manufacturer’s giants in this region. They will take 
some time earlier than reconsidering their access to this marketplace. It is almost not possible to even put a 
ballpark discern to the form of monetary hit rural areas might take due to the COVID-19. 

Immediate Challenges 

In spite of all these measures and in view of continuing restrictions on movements of people and vehicular 
traffic, concerns have been raised regarding negative implications of COVID19 pandemic on the farm economy. 
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This is the peak of rabi season in India and crops like wheat, gram, lentil, mustard, etc. (including paddy in 
irrigated tracts) are at harvestable stage or almost reaching maturity. This is also the time when the farm 
harvests reach the mandis (market yards) for assured procurement operations by designated government 
agencies. Moreover, any severe disruption to the supply of perishable fruits and vegetables, dairy products, 
fish, etc. having mobilized to meet the increasing demand from a bulging middle class as well as urban and rural 
consumers, may create irreparable damage to all actors in the supply chain. The migration of workers from few 
parts to their native places has also triggered panic buttons, as they are crucial for both harvesting operations 
and post-harvest handling of produce in storage and marketing centres. The Union Home Ministry, in a very 
significant move, has notified to exclude movement of farmers, farm laborers and harvesting and sowing-
related machines from the purview of lockdown. Making the food grains, fruits and vegetables and other 
essential items available to consumers, both in rural and urban areas, is the most critical challenge for 
Government machinery during the lockdown period. Smooth functioning of the supply chain, with adequate 
safety measures for the people involved, is of paramount importance. Transportation of public distribution 
system (PDS) items to last mile delivery agents, by both rail and road, has to be ensured by respective 
Government agencies. Distribution of the commodities to vulnerable population, while maintaining prescribed 
guidelines and protocol, particularly of social distancing, must be effectively monitored. As the ongoing 
lockdown coincides with the rabi harvesting season, farmers across the country look up to the Government to 
ensure uninterrupted harvesting of the crops as well as smooth procurement operations. The Union Home 
Ministry’s circular waiving restrictions on the inter and intra-State movements of farmers/laborers, as well as 
harvesting and related farm machines, is indeed a step-in right direction. While ensuring availability of laborers 
for critical farm operations, their safety (from any COVID infection) and welfare must be prioritized by the 
Government systems. The sale of dairy products; fish; poultry, etc. has also been hit during the lockdown period 
as the uptake by the organized industry players has been affected due to shortage of workforce and transport 
issues. As weather has been very erratic over past few months in many parts, harvested produce must also be 
protected from such risks. 

Impact on Food Security 

1. Border closures, quarantines, and market, supply chain and trade disruptions are restricting people’s access 
to sufficient/diverse and nutritious sources of food, especially in countries hit hard by the virus or already 
affected by high levels of food insecurity. 
2. In slowdown times, as demand for food will decrease over the next months, prices should go down in 2020, 
and this will have a negative impact on farmers and the agricultural sector. 
3. As of now, disruptions have been minimal as food supply has been adequate and markets have been stable 
so far to meet the ongoing demands (though skewed). 

An impending Healthcare Crisis in Rural India 

The pandemic has also highlighted the potential public health crisis awaiting rural India and farming 
communities. Basic preventive measures such as regular handwashing, social distancing and self-isolation pose 
a unique challenge for rural communities. In a country which is already water-scarce, and where there is 
irregular water supply in many areas both rural and urban, repeated handwashing is a luxury that cannot be put 
into practice. In addition, social distancing and isolation are a huge challenge for farming communities who rely 
on daily labour and wages for their subsistence. As we adjust to a new normal and “business as unusual”, it is 
imperative for a predominantly agrarian country like India to leverage the lessons from the pandemic and the 
severe impacts it has had on the farming community. 

The Key Lessons are 

1. Long food supply chains involving multiple stakeholders and entities are clearly vulnerable to shocks such as 
the pandemic. Mapping and optimizing supply chains will be key for future resilience. 
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2. Building a resilient food system is not about production, but also about ensuring access to nutritious food to 
people in times of crisis.    
3. Smallholder farmers are highly vulnerable to crisis as a result of their limited access to resources, credit and 
basic healthcare facilities. Measures will need to be taken by governments and businesses to protect the 
community. 

Some of the issues highlighted above need urgent attention since they have medium to long term implications 
on India’s food system. Also, the effects could add up to impact the global food system although it seems for 
now that the global food system is coping well with the crisis through swapping sources and rerouting supplies. 
The threat of the coronavirus for India is far from over, but the leaders realize the need for the economy to start 
functioning. Yet, it is now understood that business-as-usual is a thing of the past. As we build the “new normal”, 
we will need to be innovative in our thinking, and ensure that our efforts to rebuild are sensitive to the needs 
and circumstances of smallholder farmers. In this way we can protect and support the resilience of the local 
food supply, while also taking steps to ensure future systemic shocks can be handled quickly and effectively. 

Agriculture and Supply Chains 

COVID-19 is disrupting some activities in agriculture and supply chains. Preliminary reports show that the non-
availability of migrant labour is interrupting some harvesting activities, particularly in northwest India where 
wheat and pulses are being harvested. There are disruptions in supply chains because of transportation 
problems and other issues. Prices have declined for wheat, vegetables, and other crops, yet consumers are 
often paying more. Media reports show that the closure of hotels, restaurants, sweet shops, and tea shops 
during the lockdown is already depressing milk sales. Meanwhile, poultry farmers have been badly hit due to 
misinformation, particularly on social media, that chicken are the carriers of COVID-19. 

Here are Some Measures are Required to Keep the Agricultural Sector and Supply Chains 
Working Smoothly 

1. The government has correctly issued lockdown guidelines that exempt farm operations and supply chains. 
But implementation problems leading to labor shortages and falling prices should be rectified. 
2. Keeping supply chains functioning well is crucial to food security. It should be noted that 2 to 3 million deaths 
in the Bengal famine of 1943 were due to food supply disruptions not a lack of food availability. 
3. Farm populations must be protected from the corona virus to the extent possible by testing and practicing 
social distancing. 
4. Farmers must have continued access to markets. This can be a mix of private markets and government 
procurement. 
5. Small poultry and dairy farmers need more targeted help, as their pandemic-related input supply and market-
access problems are urgent. 
6. Farmers and agricultural workers should be included in the government’s assistance package and any social 
protection programs addressing the crisis. 
7. As lockdown measures have increased, demand has risen for home delivery of groceries and E-commerce. 
This trend should be encouraged and promoted. 
8. The government should promote trade by avoiding export bans and import restrictions. 

Indian Response to COVID-19: Agriculture Version 

The Centre and State Governments have worked in harmony to redress the grievances of farmers. Both have 
introduced a series of measures every day such as subsidies, including crop insurance to farmers, free flow of 
agricultural credit, unemployment allowance to rural landless/migrant workers under MANREGA, etc. 

The govt. is using every arrow in its quiver to ensure the health of farmers by continuously sensitizing the 
farmers about working in fields with covered faces while maintaining social distancing. In order to reinforce a 
zero-hurdle harvest season, the govt. has exempted the movement of farm machinery from lockdown. 
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1. Reforms in e-NAM: 
a. The new features of National Agriculture Market platform were introduced as a welcoming move to 
decongest mandis. 
b. They aim to strengthen agriculture marketing by reducing the need for farmers to physically access 
the wholesale mandis for selling their harvested produce. 

2. Technological support: 
a. Kisan Sabha App developed by CSIR to connect farmers to supply chain and freight transportation 
management system was recently launched to support farmers during the lockdown. 
b. The app aims to provide the most economical and timely logistics support to the farmers and increase 
their profit margins by minimizing the interference of middlemen and directly connecting with the 
institutional buyers. 
c. Kisan Rath app was also launched to facilitate farmers & traders in searching for transport vehicles for 
movement of Agriculture & Horticulture produce. 

3.  Boost to Contract farming: 

a. Various states have promoted innovative model allowing investors and farmers to enter into an 
agreement for contract farming in view of the continuing uncertainties due to the pandemic. 
b. For example, the Consumer-Farmer Compact in Telangana has been ensuring food availability and 
access in COVID-19 times. 
c. In this system, the consumers support farmers with their agricultural needs; in return, farmers ensure 
consumers are able to access food in a hassle-free manner. 

4. Allocations for direct transfers: 
a. Increasing the allocations for DBT to farmers through PM KISAN and including everyone who is actively 
undertaken during the lockdown. 
b. This has helped most farming families to be partially compensated for the losses seen in months of 
March and April. 
c. It has provided them with some cushion against the deflationary effect seen on farm-prices due to the 
prolonged lockdown. 

Way Forward 

1. With a burgeoning population, there is a corresponding rise in food demand in India. 
2. A post-COVID situation offers that unique opportunity to repurpose the existing food and agriculture policies 
for a healthier population. 
3. India, being trade-surplus on commodities like rice, meat, milk products, tea, honey, horticultural products, 
etc. may seize the opportunities by exporting such products with a stable agri-exports policy. 
4. Development of export-supportive infrastructure and logistics would need investments and support of the 
private sector that will be in the long-term interests of farmers in boosting their income. 
5. This is indeed good news in the COVID scenario, assuming agriculture can practice largely unscathed. 
6. Designing agricultural policies, post-COVID scenario, must include these imperatives for a food systems 
transformation in India. 
7. Immediately, the govt. should focus on the coming Kharif cropping season, especially ensuring timely 
availability of seeds, fertilizers, pesticides, credit and other inputs. 
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‘Bios’– life             ‘Dynamos’ – energy 

Biodynamic farming refers to a ' working with the energies which create and maintain life'.   It is a method of 
farming that aims to treat the farm as a living system which interacts with the environment, to build healthy 
living soil and to produce food that nourishes, vitalises and help to develop humanity. 

Organic Vs Biodynamic Farming 

Organic and biodynamic farming are very similar both are grown without chemicals and GMOs. However, 
Biodynamic is a holistic practice where all things are considered living, interrelated systems – animals, plants 
and the solar system. 

Biodynamic practices create healthier plants and heal the earth by replenishing the soil and adding vitality to 
the plants, soil and livestock. 

1. Substance and energy: The interaction of substance and energy forms a balanced system. Plants which have 
grown in a balanced soil can give us energy as well as substance. 

2. Soil: To produce healthy, vital plants one must concentrate mainly on the structure and the life of the soil. 
The nutrients, trace elements, microorganisms, worms and other animals present in the soil. 

3. Organic matter: In order to create balanced living soil skill full use of organic matter is required. It is done by 
building compost heaps and using the biodynamic compost preparations. 
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4. Humus: Humus holds the fertility of the soil in a stable way and retains water. Humus is a completely digested 
crude organic matter rich, dark, & moist with a fresh odour. It should be the first priority when converting to 
biodynamic farming. 

5. Cow manure: Cow dung is used in building the compost heaps as a starter and for its nitrogen content and in 
preparing dynamic preparations. 

6. Biodynamic preparations: Steiner gave two preparations. 
Numbered 500 & 501 – to be sprayed directly on the soil or the plants. 
Numbered 502 to 507 – six preparations to be used when making compost. 

7. Crop rotation: Intelligent planning is to let the soil rest after heavy feeding crops such as potatoes, tomato, 
cabbage etc., by sowing green manures such as legumes, clovers & covering the soil . So that it may build up its 
humus content and nitrogen levels. 

Advantages of Biodynamic Farming 

1. Increases vitality of food. 
2. Regenerates natural sources such as soil, seeds and water. 
3. Create a personal relationship with the world in which we live and nature of which we are a part of and to 
learn to work together. 
4. Generates on – farm fertility. 
5. Supports integrity and diversity in seeds and breeds. 
6. Biodynamic farming cultivates biodiversity. 
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What is GIS? 

A geographic information system is a conceptualized framework that provides the ability to capture and analyse 
spatial and geographic data. 

How does GIS Work? 

GIS software is designed to capture, manage, analyse and display all forms of geographically referenced 
information. 

GIS enables us to visualize, understand, interrogate, interpret, and visualize our world in ways that reveal 
relationships, patterns, and trends in the form of maps, globes, reports, and graphics. 

Application of GIS 

Common uses of GIS include inventory and management of resources, crime mapping, establishing and 
monitoring routes, managing networks, monitoring and managing vehicles, managing properties, locating and 
targeting customers, locating properties that match specific criteria and managing agricultural crop data, 
addressing public health concerns, mapping wildfire risk and preparedness, modelling hazmat risk, first 
response, and mapping/monitoring/mitigating invasive species. 

Application of GIS in Agriculture 

GIS systems are used to: 
1. Protect crops. 
2. Solve crop issues. 
3. Damage crop as well as give farmers an easy way to access information about their crops season by season. 
4. What this weather could do to crops. 
5. Could move fields to better geographic locations. 
6. Know how to irrigate based on local water resources and weather patterns. 

Types of Mapping Provided by RS Required by GIS to be Useful for Agriculture are 

1. Soil type mapping. 
2. Crop coverage mapping. 
3. Rivers/ distributaries mapping. 
4. Land use mapping. 
5. Contour mapping. 
6. Irrigation system mapping. 
7. Meteorological mapping. 

Soil Type Mapping 

For planning of agriculture on a broad scale it is extremely important to know different types of soils, type of 
crops they can support and areas having the type of soil. This information if used effectively can greatly improve 
the agricultural output and its quality.  

Some attributes of soils are: Humus content, nutrient content etc. 
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Crop Coverage Mapping 

Maps indicating crop coverage are various crops. These also help in analysing existing methods of agriculture 
such as crop rotation, terracing etc. In order to bring forth any improvements, it is important to study the 
existing trends and methodologies. 

Some attributes of crops are: suitable season/ climatic conditions, water requirements, manure/ fertilizer 
requirements, total time for sowing ,reaping and harvesting etc. 

Rivers/ Distributaries Mapping 

These maps show the Geography River and distributaries systems in and around an area. Knowing this is helpful 
in locating nearest source of water and designing of most economical canal systems. 

Attributes: name, volume, depth, width etc. 

Land Use Mapping 

These maps give information about how the land is already being used. It helps in analysing how effectively the 
land resources are being used and in coming up with more economical suggestions for the same in addition to 
keeping updated records used for various other calculations. 

Attributes: kind of usage, total forest coverage total agricultural output of an area, estimated urbanization of 
an area etc. 

Contour Mapping 

These maps show the elevation data of the various geographical features on the earth's surface. This 
information helps us in estimating important data such as the most economical laying of canals considering cost 
of excavation and levelling etc. 

Crop Condition Assessment 

The physiological changes that occur in a plant due to stress may change the spectral reflectance/ remittance 
characteristics resulting in the detection of stress amenable to remote sensing techniques. Crop monitoring at 
regular intervals during the crop growth cycle is essential to take appropriate measures and to asses information 
on probable loss of production. 

Crop Yield Modelling and Production Forecasting 

The information on production of crops before the harvest is very vital to the national food policy planning and 
economy of the country. Reliable crop yield estimate is one of the most important components of crop 
production forecasting. 

Agricultural Draught Assessment 

Draught assessment is yet another area where in remote sensing data has been used at operational level. The 
district level drought assessment and monitoring. 

RS in Biodiversity 

Remote sensing forms a valuable tooling mapping and monitoring of biodiversity and provides valuable 
information to quantify spatial patterns, Biophysical patterns, ecological process that determine species 
richness and anthropogenic factors causing loss of species richness and for predicating response of species to 
global changes. 

Conclusion 

Despite these major advances, the spatial statistical capability of typical GIS software is relatively limited. The 
integration of expanded spatial analytical/statistical capabilities, including various visualization and data 
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discovery techniques, is the next major frontier for GIS. The interface between the GIS user and between GIS 
and the modelling software has improved greatly since its inception; however, there is substantial progress to 
be made in these areas.  

Nonetheless, GIS has proven over the past few decades to be an indispensable tool for almost an unlimited 
number of practical and research applications. 
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Introduction 

The methods used to manage weed competition, sustain soil fertility, make available essential soil nutrients and 
water for trees and helps in beneficial biological processes in orchards influence the productivity and 
sustainability of fruit plantings. The tactics and approaches for handling surface vegetation and soil resources 
in fruit plantings are referred to as orchard-floor management (OFM) systems (Hogue and Neilsen, 1987). 

Principles and Objectives in Orchard-Floor Management 

Effective OFM needs to understanding the relationship between nutrient uptake and root-growth cyclicity in 
fruit trees and competing weeds. The pronouncement about how the orchard will be succeeded should always 
be taken before an orchard is planted. Management practices for orchard management should be performed 
in a timely manner during the lifetime of the orchard. Numerous systems of handling the orchard are available, 
each with advantages and disadvantages to consider before choosing a precise programme for an orchard. A 
well-organized orchard management program at all times ensures higher return to the grower. Though, no 
single management practice can be suggested for entirely orchards. A specific program is followed dependent 
on different factors like climate, location of orchard, topography, tree spacing, planting system/ orchard design 
etc. However, it should be mutual with pruning, nutrient and water management, facility for pollination, fruit 
thinning and disease and pest management in order to get required tree growth and vigour with the aim to 
encourage precocity with high productivity. 

Objectives of orchard-floor management to make favourable surroundings for moisture supply and proper 
drainage. To maintain high fertility level of orchard soil, check or diminish soil erosion, offer proper soil 
conditions for gaseous exchange and microbial actions through adding of organic matter and suppress weed 
population. Although, it is ensuring extra income from the interspaces of the orchard, especially during the pre-
bearing stage. 

Special Considerations for Orchard-Floor Management 

Organic growers have some extra challenges handling the orchard floor, particularly with weed control, 
subsequently they are not acceptable to use synthetic herbicides. As a result, weed control can be more difficult, 
challenging and expensive. Additional challenge is provided that nutrients for the soil. Organic fertilizers are 
taken up by the roots more slowly than commercial fertilizers, and are expensive.  

Apple Replant Disease is a major concern for growers planting fruit trees on land that had previously been 
planted in fruit trees. Another treatment to fumigation, as the chemicals used for fumigation only provide short-
term control of soil pathogens related to replant disease. A combination of yellow and white mustard seed meal 
mixed into the soil as a pre-plant treatment controls these organisms. 

Orchard Floor Sanitation 

Orchard floor sanitation is very significant in sustaining healthy fruit trees. Fungal pathogens over-winter on 
dried leaves, pruned limbs, and rotting fruit left on the orchard floor. Fungal spores developed on the leaves 
and limbs left on the orchard floor can inoculate healthy trees and fruit in the spring when temperatures are 
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warmer and rain, irrigation water and wind spread the spores. Diseased branches that have been pruned 
requirement to be likely of as soon as possible. Urea treatments on apple leaves in the fall or spring, as the 
nitrogen speeds up the breakdown of the leaves where scab overwinters.  

Fire blight (Erwinia amylovora) diseased limbs that have been pruned from apple trees must be removed from 
the orchard, as the bacterial inoculum on shoots and limbs will also contaminate the healthy trees in the 
orchard. Diseased cuttings from trees are typically destroyed by burning. Tools should be sanitized during and 
after this pruning procedure.  

If diseased limbs and debris on the orchard floor are removed from the orchard, the quantity of pesticides 
needed for disease control can be reduced. This can benefit to decrease problems with resistance development 
to fungicides. Fungicide resistance happens from using the same or related fungicides repeatedly, over time in 
orchards.  

When fungicides and insecticides are applied in grouping in apple orchards it is possible that synergism between 
these products can occur ensuing in acute or chronic toxicity to honey bees. 

Cover Cropping 

Orchard floor vegetation usually involves of perennial grasses that form sod, weeds, and cover crops. Legumes 
similar white clover, vetch, or trefoil are sometimes used. Characteristic grasses used in orchard drive rows, 
depending on location include: orchard grass, ryegrass, bent grass, fescue, bluegrass, and timothy. Groundcover 
mixes considered for growth and growing conditions in orchards are used.  

Legume cover crops are used to offer usable nitrogen to the soil. Cover crops affect the soil and orchard 
temperature and soil moisture. Some difficulties related with cover crops are that they can contest with young 
trees for nutrients and water, and they can be an environment for vertebrate pests such as voles and insect 
pests. Weed management can also be problematic in cover crops. The irrigation system used in an orchard 
regulates what type of cover crops can be grown. Approximately growers use drip irrigation to irrigate fruit 
trees in the tree row and under-tree sprinklers to irrigate cover crops in the row middle. 

From an insect biological control standpoint, cover crops can also improve habitat for predators and parasites 
of tree fruit pests. Sweet alyssum used as an orchard determination row ground cover attracted Syrphids, which 
eat woolly apple aphids. 

Weed Management 

Weed management is one of the most significant areas of orchard floor management, as weeds contest with 
the trees for water and nutrients, prevent adequate irrigation, and offer habitat for vertebrate pests. Weed 
species in orchards contain annual and perennial broadleaf weeds, dandelions, grasses, and others. Weed 
management in orchards is attained in numerous ways. Plans used depend on whether the orchard is under 
conventional or organic production. Conventional growers can use herbicide treatments for weed control, 
whereas organic growers must rely on other methods and organic herbicides. Almost weed control programs 
used by growers include: mechanical/tillage, flaming, steaming, mowing, and mulching. 

Soil 
Orchard floor management decisions affect the orchard soil quality and health which in term is vigorous to tree 
health, and excellence fruit production. Fruit trees need fertile soil, with decent structure and water holding 
and draining properties. Soil organic matter, composts, fertilizers, manures, green manures, and mulches are 
all used as soil amendments, dependent on site-specific soil and ground cover needs. 

Temperature and Sunlight 

Orchard floor management decisions can affect orchard temperatures. Bare ground will absorb more heat 
during the day and release additional heat at night than soil covered in vegetation. This can be mainly important 
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during spring bloom timing when just a few degrees temperature difference can result in flowers being killed 
or not. Mowing tall cover crops will help with frost defence, as more solar heat will be absorbed by the ground 
during the day. 

Finally, growers use reflective film materials on orchard floors to reflect sunlight back up into the trees to 
improve colour on apples, and cherries, and other stone fruit. 

Conclusion 

There are numerous orchard floor areas to manage, and the treatments for each may vary during the life of the 
orchard, in order to have fertile soil, balanced nutrition, weed control, and effective irrigation, etc. The orchard 
floor combinations and management decisions are unique to each site and variety. 

Reference 
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We live in a world where it is not unusual to being called a chameleon because “looks sure can be deceiving” 
and it’s a well-known fact that chameleons are familiar for these tactics and uncanny ability to change its colour 
and blend themselves with the environment to escape the threat posed by the onlookers or to deceive them. 
Exactly how many are aware of such impostors in the “insect world” too? Let me tell you, NOT MANY. This piece 
of information may seem familiar among entomologists since it comes as a part of their study in insect 
behaviour but to the rest of the world these few facts might leave them flabbergasted. 

Mimicry or Camouflage 

Mimicry refers to the similarities between two different animals (insects) species whereas Camouflage refers 
to an animal (insect) species resembling inanimate objects (showing no sign of life). Now, among this there are 
several categories, in case of mimicry of insects there are several kinds viz., Batesian mimicry, Mullerian 
mimicry, Self-mimicry, Aggressive mimicry. 

 
Fig.1 Hawk moth caterpillar 

1. Batesian mimicry: This refers to similarities between two or more different species. But among the two 
species, one is poisonous or dangerous in general whereas the other is harmless. Hence the second species 
remains protected just by its resemblance with the unpalatable one, which is used by them to deceive the 
predators. 

Some key examples of it are quoted below; one from the enormous animal world – Indonesian mimic octopus 
mimics itself as a flat fish which has poison glands at the base of its fins to deceive its predators. Among insects 
Hoverflies disguises themselves as honeybees to deter the predators, Caterpillars of Hawk moth resembles 
themselves as venomous vipers to ward off their enemies.  

There is also another sub-category under Batesian mimicry called as acoustic mimicry where it normal for tiger 
moths to produce irritating sounds which makes it less appealing to the predators, this sound is mimicked by 
tastier moths such as Fauna muta moth to avoid their predators. 
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Fig. 2 –Indonesian mimic octopus(above) Fig. 3 – Honey bee(left), Hover fly(right)   Flat fish 

(right below) 

2. Mullerian mimicry: This type of mimicry exists between two similar looking unpalatable species with some 
warning colorations (aposematic colorations) which the predators avoid after some earlier depraved 
experiences. Mullerian mimicry can be observed in wasps and other hymenopterans like Yellow jackets and 
cuckoo wasps and the classic example which is very familiar one among entomologists between monarch and 
viceroy butterfly. 

 
Fig. 4 – Monarch butterfly(left); Viceroy butterfly(Right) 

3. Self-mimicry: It is a type of mimicry where certain insects use their own body parts to escape the situation 
or to scare away their enemies but are generally not harmful. For example, eye spots present in the hind wings 
of some moths and butterflies scares away their predators by sudden revelation of hind wings. The osmetaria 
present in the larva of citrus butterfly  also comes under self-mimicry category used to repel their predators. 

  
Fig. 5 Emperor moth Fig. 6 – Papilionid larva 

4. Aggressive mimicry: A mimicry which can also be categorized under camouflage for blending in with an object 
which means no harm and attacks the prey which passes nearby. An aesthetic example for this is of an orchid 
mantis also known as walking flower mantis, where the mantis mimics itself into the parts of orchid flower with 
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such high precision because of its unwary eyes and legs which resembles flower petals. And because of their 
tendency to change the colour according to the colour of the flower, from Pink to white to brown which helps 
in merging itself with the background. 

 
Fig.7 – Orchid mantis 

Camouflage 

A behavioural adaptation for deception, where an animal pretends to look like an inanimate  (motionless) object 
to evade getting spotted by the predators and prey. These kinds of insects are present everywhere such that 
you might have come across it frequently in your everyday life yet got bluffed because of their uncanny 
resemblance with its natural environment or due to some of their duping body parts. Some peculiar examples 
for this art include, Oak leaf butterfly which on resting resembles a real oak leaf itself. The larva of Common 
Baron, a defoliator in Mango trees resembles so much like the mango leaf itself when settled accurately over 
its mid rib. The very scarce leaf insects, scarce because of its morphological features which takes after leaves 
more than the leaf itself and ends up deceiving all its predators. The very common stick insect, which looks like 
a twig when present on it and helps in the amalgamation with its surroundings. Dead leaf mantis and Katydids’ 
are also some cases of Camouflage. 

 
Fig.8 Oak leaf butterfly, Common Baron (Euthalia garuda), Stick insect,  Dead leaf mantis 

Denouement 

So, maybe in the future do not believe in everything you see in spite of watching it with your own eyes because 
you might never know if it’s actually a lifeless object or a very living imposter. 

Reference 
1. https://www.bioedonline.org/lessons-and-more/lessons-by-topic/animals-form-and-function/mimicry-and-camouflage/  
2. https://online.kidsdiscover.com/unit/insects/topic/camouflage-and-mimicry. 
3. https://rainforests.mongabay.com/0306.htm. 
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Abstract 

Indigenous knowledge is the knowledge which is unique and traditional. The knowledge existing within 
particular environment and developed around the area used by the local people. A native practice in agriculture 
is totally organic in nature; safe to mankind and never causes any damage to the environment, free from 
ecological pollution. These practices are dynamic, region specific, depending upon soil type, rainfall, topography 
etc., and are often modified by the local farmers. Indigenous technologies in agriculture are low cost and eco-
friendly in nature. Blending of scientific knowledge with indigenous knowledge is leads to sustainability in 
agricultural production. 

Introduction 

Indigenous technical knowledge (ITK) plays an essential role in sustainable agriculture. In most of the cases, the 
indigenous communities are not well aware of the value of their indigenous knowledge which has been passing 
from generation after generation. There is an urge need to popularize and evaluate the indigenous techniques. 
If not, this valuable knowledge will be extinct in future. 

Land Preparation 

Summer ploughing or off-season tillage is practiced for the betterment of next crop. It is done immediately after 
2- 3 days of summer shower. Deep ploughing in summer is helpful in preventing from soil burrowing nematodes, 
white grubs, etc. The field is exposed to sun thereby soil solarization takes place. Burning of waste material 
(crop residues) in field to produce the heat. The heat which is produced by burning of waste material sterilizes 
the soil and kills the harmful microbes. It is practiced in late kharif and summer. Repeated tillage using country 
plough is practised during monsoon season. 

Organic Inputs 

Application of FarmYard Manure (FYM) was followed strictly for every cropping season. Application of ash to 
the cultivable land will improve the potassium level in the soil and also it reclaims the soil gradually besides 
improving the fertility. Application of oilcakes also recommended. During puddling, to control the insect pest 
and to improve the soil fertility 50kg of neem cake is applied. Twigs of Caryota urens, Azardicta indica, Pongamia 
pinnata and Sesbania speciosa are incorporated during second ploughing in order to improve decomposition. 
Spraying of Panchaghavya will reduce flower drop and hereby improves fruit set. 

Weed Management 

Deep summer ploughing or ploughing after rabi also exposes the weed seeds to sun and destroy them. 
Separation of the weed seeds from the crop seeds/grains before storage. In some area’s weeds are acts as 
mulching material and bedding material for fruit crops. 

Agronomic Practices 

Intercropping and strip cropping is followed in pulse field. 
Mixed and cover cropping in orchards. Growing of Saccaharum munja on field boundaries as vegetative barriers. 
Strengthening of field bunds is done by growing grasses and Cactus. These bunds are helps in rainfed situation. 
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Soil amendment is facilitated by tank silt and groundnut shells. Soil erosion and run-off can be controlled by 
pearl millet stubbles, gingelly stubbles and crop residues (Hay). Rain water was harvested, stored in farm ponds 
and used for standing crop as well as for next crop. 

Disease and Pest Management 

For insect control, spraying of diluted green chilli or garlic juice is used to control grasshopper and other leaf 
inhabiting insects on crops. Spraying of Neem extract to control all type of insects in crop at the ratio of 1:6 
(Extract : Water). For the control of aphids, bacterial and viral diseases spraying of fermented solution which 
comprises of 5 kg cow dung, 5 litre of cow urine, 150 gm lime + 100 litre of water. Spraying of Mahua cake 
solution controls blight disease. 

Birds and Animal Management 

Jatropha (Jatropha curcas) is planted as fence around the crop which repels goats and can serve as a strong 
fence against animals. Agathi (Sesbania) Agave, Prosophis julifera, Pithecelobium dulce and Thevetia will act as 
live fencing and protect the crop against wild and domestic animals. 

Use of Scare-crow: A human like model made of paddy straw wearing a dress and head covered with a mudpot 
is made like a human head and used to keep in the center of the field. The birds fly away because of human 
appearance in the field. 

  
Perennial grass at bunds Burning of Crop Residues 

  
Summer Ploughing 

Conclusion 

There has been rising awareness for the use of indigenous knowledge with scientific knowledge for the better 
agriculture production. These type of cropping and management practices were eco-friendly in nature. 
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Abstract 

'Biofertilizer' is a substance which contains living microorganism which, when applied to seed, plant surfaces, 
or soil, colonizes the rhizosphere or the interior of the plant and promotes growth by increasing the supply or 
availability of primary nutrients to the host plant. Biofertilizers are not fertilizers. 

Fertilizers directly increase soil fertility by adding nutrients. Biofertilizers add nutrients through the natural 
processes of fixing atmospheric nitrogen, solubilizing Phosphorus, and stimulating plant growth through the 
synthesis of growth promoting substances. 

Microorganism induce many biochemical transformations in soil. These include mineralisation of organically 
bound forms of nutrients, exchange reactions, fixation of atmospheric nitrogen and various other changes 
leading to better availability of nutrients already present in the soil. 

The group of microorganisms responsible for nitrogen fixation, phosphate solubilisation and compost 
decomposition are being put to beneficial use in the form of Biofertilizers. 

Biological nitrogen fixation contributes maximum ( 67.5%) towards enriching earth surface with nitrogen. 

Microorganism capable of assimilating nitrogen are marked with “nif” genes. They synthesise nitrogenase 
enzyme responsible for converting otherwise inert N2 to plant usable NH3. Such common useful organism is 
Rhizobium, Azatobacter, Azospirillium and Blue Green Algae ( BGA). 

There are some microorganisms capable of solubilising insoluble soil phosphours while some collect available 
phosphorous from remote places out of reach of plant root hairs by sending elongated filaments. E.g. Vesicular 
Arbuscular Mycorrhiza. 

Few of the heterotropic organisms decompose cellulose rapidly. Such beneficial organisms are domesticated in 
suitable carriers which on application to soil augment crop growth and yield. These carrier-based 
microorganisms are called Biofertilizers or appropriately called bioinoculants or microbial inoculants or 
microbial fertilizers. 

Biofertilizers can be Grouped in Different Ways Based on their Nature and Function 

1. Nitrogen fixing Biofertilizers: 
a. Free-living - Azotobacter, Clostridium, Anabaena, Nostoc. 
b. Symbiotic - Rhizobium, Frankia, Anabaena azollae. 
c. Associative Symbiotic – Azospirillum. 

2. Phosphorous solubilizing Biofertilizers: 
a. Bacteria - Bacillus megaterium var. phosphaticum, Bacillus circulans, Pseudomonas striata  
b. Fungi - Penicillium sp, Aspergillus awamori. 

3. Phosphorous mobilizing Biofertilizers: 
a. Arbuscular mycorrhiza - Glomus sp., Gigaspora sp., Acaulospora sp., Scutellospora sp. & Sclerocystis 
sp.  
b. Ectomycorrhiza - Laccaria sp., Pisolithus sp., Boletus sp., Amanita sp.  
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c. Orchid mycorrhiza - Rhizoctonia solani  

4. Biofertilizers for micronutrients: Silicate and Zinc solubilizers - Bacillus sp.  

5. Plant growth promoting rhizobacteria: Pseudomonas - Pseudomonas fluorescens. 
The common microorganisms which have shown positive increase in crop yield and can possibly be used as 
Biofertilizers are as below: 

a. Nitrogen: 
i. Symbiotic organisms: 

(a) Rhizobium (Symbiosis with Legumes) 
Pulse Legumes:- Chickpea, Pea, Lentil, Moong, Urad Bean, Pigeon Pea 
Oil Legumes:- Groundnut, Soyabean 
Fodder Legume: -Berseem, Lucern 
(b) Azolla (Water Fern) Azolla Ap. + BGA Symbiosis :- Rice  

ii. Associative Symbiotic organisms: 
(a) Azospirillum: Sorghum, Perl Millet, Rice, Wheat, Finger Millet, Maize, Kodo Kutaki, 
Tomato, Chilli. 

iii. Non-Symbiotic organisms: 
(a) Azatobacter (Heterotrophs)  
Cereals: Wheat, Rice, Maize, Sorghum, Sugarcane 
Vegetables: Onion, Brinjal, TomTomato, Cabage 
Flowers: Chrysanthemum, Marygold 
(b) Blue Green Algai (Photoautotrophs) :- Rice  

b. Phosphorous: 
i. "P" solubilizers and mineralizers  

(a) Fungi - Aspergillus, Penicillum -For All Crops. 
(b) Bacteria - Bacillus Psudomonas -For All Crops. 

ii. "P" Absorbers (Root Fungus Symbiosis) 
(a) Versicular Arbuscular Mycorrhiza (VAM): For All Crops. 
(b) Ectomycorrhizae: For All Crops. 
(c) Endomycorrizae Clomus: Linseed, Maize, Wheat, Soyabean. 

Liquid Biofertilizers 

Benefits: The advantages of Liquid Bio-fertilizer over conventional carrier-based Bio-fertilizers are listed below: 
1. Longer shelf life -12-24 months.                                                
2. No contamination. 
3. No loss of properties due to storage up to 45º c. 
4. Greater potentials to fight with native population. 
5. Easy identification by typical fermented smell. 
6. Better survival on seeds and soil. 
7. Very much easy to use by the farmer. 
8. High commercial revenues. 
9. High export potential. 

Different Types of Bio-Fertilizers 

1. Rhizobium: This belongs to bacterial group and the classical example is symbiotic nitrogen fixation. The 
bacteria infect the legume root and form root nodules within which they reduce molecular nitrogen to ammonia 
which is reality utilized by the plant to produce valuable proteins, vitamins and other nitrogen containing 
compounds. The site of symbiosis is within the root nodules. It has been estimated that 40-250 kg N / ha / year 
is fixed by different legume crops by the microbial activities of Rhizobium. 
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Physical features of liquid Rhizobium: 
a. Dull white in colour. 
b. No bad smell. 
c. No foam formation, pH 6.8-7.5. 

2. Azotobacter: It is the important and well-known free-living nitrogen fixing aerobic bacterium. It is used as a 
Bio-Fertilizer for all non-leguminous plants especially rice, cotton, vegetables etc. Azotobacter cells are not 
present on the rhizosplane but are abundant in the rhizosphere region. The lack of organic matter in the soil is 
a limiting factor for the proliferation of Azotobaceter in the soil. 

Physical features of liquid Azotobacter: The pigmentation that is produced by Azotobacter in aged 
culture is melanin which is due to oxidation of tyrosine by tyrosinase an enzyme which has copper. The 
colour can be noted in liquid forms. Some of the pigmentation are described below: 
a. Chroococcum: Produces brown-black pigmentation in liquid inoculum. 
b. Beijerinchii: Produces yellow- light brown pigementation in liquid inoculum 
c. Vinelandii: Produces green fluorescent pigmentation in liquid inoculum. 
d. Paspali: Produces green fluorescent pigmentation in liquid inoculum. 
e. Macrocytogenes: Produces, pink pigmentation in liquid inoculum. 
f. Insignis: Produces less, gum less, grayish-blue pigmentation in liquid inoculum. 
g. Agilies: Produces green-fluorescent pigmentation in liquid inoculum. 

3. Azospirillum: It belongs to bacteria and is known to fix the considerable quantity of nitrogen in the range of 
20- 40 kg N/ha in the rhizosphere in non- leguminous plants such as cereals, millets, Oilseeds, cotton etc. 

Cyanobacteria 

A group of one celled to many celled aquatic organisms. Also known as blue-green algae. 

Azolla 

Azolla is a free-floating water fern that floats in water and fixes atmospheric nitrogen in association with 
nitrogen fixing blue green alga Anabaenaazollae. Azolla fronds consist of sporophyte with a floating rhizome 
and small overlapping bi-lobed leaves and roots. Azolla is considered to be a potential biofertilizer in terms of 
nitrogen contribution to rice. Long before its cultivation as a green manure, Azolla has been used as a fodder 
for domesticated animals such as pigs and ducks. In recent days, Azolla is very much used as a sustainable feed 
substitute for livestock especially dairy cattle, poultry, piggery and fish. 

Acetobaceter 

This is a sacharophillic bacteria and associate with sugarcane, sweet potato and sweet sorghum plants and fixes 
30 kgs/ N/ ha year. Mainly this bacterium is commercialized for sugarcane crop. It is known  to increase yield by 
10-20 t/ acre and sugar content by about  10-15 percent. Phosphate solubilizing microorganisms (PSM). 

AM Fungi 
An arbuscular mycorrhiza (AM Fungi) is a type of mycorrhiza in which the fungus penetrates the cortical cells of 
the roots of a vascular plant. 

Silicate Solubilizing Bacteria (SSB) 

Microorganisms are capable of degrading silicates and aluminium silicates. During the metabolism of microbes 
several organic acids are produced and these have a dual role in silicate weathering. 

Plant Growth Promoting Rhizobacteria (PGPR) 

The group of bacteria that colonize roots or rhizosphere soil and beneficial to crops are referred to as plant 
growth promoting rhizobacteria (PGPR). 
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Liquid Bio-Fertilizer Application Methodology 

There are three ways of using Liquid Bio-fertilizers: 
1. Seed treatment. 
2. Root dipping. 
3. Soil application. 

Dosage of Liquid Bio-Fertilizers in Different Crops 

Recommended Liquid Bio-fertilizers and its application method, quantity to be used in different crops are as 
follows: 

Crop  
 

Recommended  
Biofertilizer 

Application  
Method 

Quantity to be used 
ml/acre 

Field crops Rhizobium Seed treatment  200 

Pulses 
Chickpea, pea, Groundnut, 
soybean, beans, Lentil, 
lucern, Berseem, Green 
gram, Black gram, Cowpea 
and pigeon pea 
Cereals  

Azotobacter/ 
 Azospirillum 
 

Seed treatment 200 
 

Wheat, oat, barley Rice Azospirillum Seed treatment 200 

Oil seeds Azotobacter Seed treatment 200 

Mustard, seasum, Linseeds, 
Sunflower, castor 
Millets 

Azotobacter  Seed treatment  200 

Pearl millets, Finger millets, 
kodo millet 
Maize and Sorghum  

Azospirillum Seed treatment 200 

Forage crops and Grasses Azotobacter Seed treatment  200 

Bermuda grass, Sudan grass, 
Napier Grass , Para Grass, 
Star Grass etc. 
Other Misc. Plantation Crops 

Azotobacter Seedling treatment 500 

Tobacco 
Tea, Coffee 

Azotobacter Soil treatment 400 

Rubber, Coconuts Azotobacter Soil treatment 2-3 ml/plant 

Agroforestry / Fruit Plants Azotobacter Soil treatment 2-3 ml/plant at nursery  

All fruit / agro-forestry (herb, 
shrubs, annuals and 
perennial) plants for fuel 
wood fodder, fruits, gum, 
spice, leaves, flowers, nuts 
and seeds puppose  
Leguminous plants/ trees 

Rhizobium Soil treatment  
 

1-2 ml/ plant 
 

How to Apply or Use Biofertilizers 

There are three major ways of applying biofertilizers: 
1. Seed treatment: One packet of the inoculant is mixed with 200 ml of rice kanji to make a slurry. The seeds 
required for an acre are mixed in the slurry so as to have a uniform coating of the inoculant over the seeds and 
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then shade dried for 30 minutes. The shade dried seeds should be sown within 24 hours. One packet of the 
inoculant (200 g) is sufficient to treat 10 kg of seeds. 

2. Seedling root dip: This method is used for transplanted crops. Two packets of the inoculant is mixed in 40 
litres of water. The root portion of the seedlings required for an acre is dipped in the mixture for 5 to 10 minutes 
and then transplanted. 

3. Main field application: Four packets of the inoculant are mixed with 20 kgs of dried and powdered farm yard 
manure and then broadcasted in one acre of main field just before transplanting. 

Rhizobium: For all legumes, Rhizobium is applied as seed inoculant. Quantity of Rhizobium as seed 
application in different crops is: 

S. No Crop Total requirement of packets per ha 

1 Soybean 5 

2 Groundnut  5 

3 Bengalgram 5 

4 Blackgram 3 

5 Greengram 3 

6 Redgram 3 

7 Cowpea 3 

Azospirillum/Azotobacter 

In the transplanted crops, Azospirillum is inoculated through seed, seedling root dip and soil application 
methods. For direct sown crops, Azospirillum is applied through seed treatment and soil application. 

Precautions in Using Biofertilizers 

1. Bacterial inoculants should not be mixed with insecticide, fungicide, herbicide and fertilizers. 
2. Seed treatment with bacterial inoculant is to be done at last when seeds are treated with fungicides. 
3. Constraints in Biofertilizer Technology. 
4. Though the biofertilizer technology is a low cost, eco-friendly technology, several constraints limit the 
application or  implementation of the technology the constraints may be environmental, technological, 
infrastructural, financial, human resources, unawareness, quality, marketing, etc. The different constraints in 
one way or other affecting the technique at production, or marketing or usage. 

Technological constraints: 
a. Use of improper, less efficient strains for production. 
b. Lack of qualified technical personnel in production units. 

Production of poor-quality inoculants without understanding the basic microbiological techniques: 
a. Short shelf life of inoculants. 

Infrastructural constraints: 
a. Non-availability of suitable facilities for production 
b. Lack of essential equipments, power supply, etc. 
c. Space availability for laboratory, production, storage, etc. 
d. Lack of facility for cold storage of inoculant packets. 

Financial constraints: 
a. Non-availability of sufficient funds and problems in getting bank loans 
b. Less return by sale of products in smaller production units. 

Environmental constraints: 
a. Seasonal demand for biofertilizers 
b. Simultaneous cropping operations and short span of sowing/planting in a particular locality 
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c. Soil characteristics like salinity, acidity, drought, water logging, etc. 

Human resources and quality constraints: 
a. Lack of technically qualified staff in the production units. 
b. Lack of suitable training on the production techniques. 
c. Ignorance on the quality of the product by the manufacturer 
d. Non-availability of quality specifications and quick quality control methods 
e. No regulation or act on the quality of the products 
f. Awareness on the technology 
g. Unawareness on the benefits of the technology 
h. Problem in the adoption of the technology by the farmers due to different methods of inoculation. 
i. No visual difference in the crop growth immediately as that of inorganic fertilizers. 

Summary 

Biofertilize is a substance which contains living microorganism which, when applied to seed, plant surfaces, or 
soil, colonizes the rhizosphere or the interior of the plant and promotes growth by increasing the supply or 
availability of primary nutrients to the host plant. 
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Introduction 

In order to enhance biomass production and to restore the environmental health, preventive and restorative 
measures need to be employed for rehabilitation of ‘wastelands / degraded lands’ that is, non-productive land. 
So as to make sure food security, there is an urgent need to improve the productivity of existing cultivated 
lands, and to bring additional land under plough. The wastelands which are unutilized and have potential to 
produce food grain and provide vegetation cover may significantly contribute in this endeavor. India’s 
total acreage is around 329 million hectares. At present, approximately 68.35 million hector area of the land 
is laying as wastelands.  According to 2010 report in West Bengal 1994.41 sq. km. land is under waste land that 
is 2.25% of total geographic area. Out of which Nadia district bears 0.25 sq. km. or 0.01% land under waste land. 
It was unprotected non-forestlands, which suffered the maximum degradation mainly due to the tremendous 
biotic pressure on it (Department of Land Resources).  To restore the soil health and simultaneously to increase 
the income of small and marginal farmers wastelands may be takes into account. In that case we may introduce 
such plants which can cultivate in wasteland area with slight care. Aromatic Ginger is such sort of plant, 
commonly referred to as, ekangi, bhui champa, kencur, sand ginger, chandramula, resurrection lily,  Alpinia 
officinarum etc. found primarily in open areas in southern China, Taiwan, Cambodia and India, but  is 
additionally widely cultivated throughout SE Asia. The plant is employed as an herb in cooking, especially 
in Thai cuisine. It is also used as spice, condiment and in cosmetics. Due to presence of bioactive compounds it 
is famous for its medicinal value as well as edible use. Aromatic Ginger is most extensively used plant in local 
game fishing.  It's an important herb for creating almost any sort of ground-bait for carp fishing. Rhizomes 
of this plant are dried and grounded into powder form and mixed it with other ingredients to prepare ground-
baits. It has a very distinct fragrant property. The plant has a great use in traditional ayurvedic treatments, 
preparing medicines and some regional cuisines. It's filled with euphoric chemical compounds which cause 
serious effect within the central nervous systems of the animals. The multipurpose use of aromatic ginger 
makes the plant more popular day by day.  

Aromatic Ginger is botanically known as Kaempferia galangal, a monocotyledonous plant in the Zingiberaceae 
family. The plant is native to India, originated in East Asia (Burma). Aromatic Ginger is a shade loving plant, 
requires warm and humid climate and flourishing up to an elevation of 1,500 m. An annual rain fall of 1500-
2500 mm with rich sandy loam soil with good drainage facility is suitable for its cultivation. 

Cultivation Practice 

The plant is propagated through Seed and division of the rhizomes. The plant is generally shown in the month 
of April and harvest in end of January to early February. Mature rhizomes (100-150g wt.) cut into 15-20 pieces 
are used as seed materials. 60-70kg rhizomes are needed for cultivation of 10 katha land with 6”x6” spacing.  

At the time of planting a primary tillage is needed to incorporate NPK (20:50:20), compost fertilizer and Furatox 
3G @ 2 kg per bigha with soil. Excess nitrogenous fertilizer should be avoided as it causes scab disease. For 
emergence of seedlings two irrigation is required if there is no rain and the soil layer is hard as the plants take 
one month for coming out. After that for development of plant parts 2-3 irrigation is essential after 25 days 
interval in absence of rail.  Intercultural operation is done by hand weeding or selective herbicides. Specific 
insects and pests are not reported for this crop. Some diseases are reported namely, Pseudomonas 

https://en.wikipedia.org/wiki/Monocotyledon
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solanacearum causes bacterial wilt, leaf spot and rhizome rot diseases etc. Generally, these are occurring during 
the rainy season and can be prevented by spraying with 1% (w/v) Bordeaux mixture.  

Harvesting of the vegetative tips and the mature rhizomes of K. galanga are done manually. The tender young 
leaves and the tender rhizomes of the plant are harvested before the plant starts drying up and use as salads 
and various culinary purposes. However, for medicinal use the mature rhizomes are harvested about 10-12 
months of planting. The mature rhizomes are collected when the leaves of the herb begin to show yellow and 
eventually dry up. Plant growth and rhizome yield were higher when it was cultivated as an intercrop. Aromatic 
Ginger yielded 10 q / katha when it is cultivated as monocrop whereas intercrops yielded up to 6.1 t/ha. The 
volatile oil and oleoresin contents were also higher in intercropped rhizomes. Well managed plantation of 
Aromatic Ginger yielded about 4-6 tonnes per hectare of fresh rhizomes. 

Chemical Constituents 

The plant rhizomes contain cineol, borneol, 3-carene, camphene, kaempferol, kaempferide, cinnamaldehyde, 
p-methoxycinnamic acid, ethyl cinnamate, and ethyl p-methoxycinnamate. 

Uses 

Edible Uses: The young leaves can be consumed raw, steamed, in curries or cooked with chilli paste and used 
as a side dish with rice. The rhizomes can also be used as a condiment and, when dried, have been used as a 
substitute for turmeric in curry powder. K. galanga is an essential spice for Javanese cooking and it is found in 
the preparation of typically spicy-sweet dishes. It is often used to flavour sweet soy sauce; peanut sauce 
prepared from ground peanuts; various raw spices such as garlic, chillies and also lime juice 
and tamarind water. 

Medicinal uses: K. galanga is a bitter, stimulant herb with camphoraceous aroma. It structures a component of 
over 59 ayurvedic medicines and is widely used in preparation of ayurvedic drugs, perfumes, cosmetics and 
ingredients of spices. The rhizomes, root stocks and leaves of this plant are used in different way for varieties 
medicinal activities. It has antibacterial properties, improves the digestion and has diuretic effects. The root is 
used internally to treat colds, bronchial complaints, dyspepsia and other gastric complaints, and headaches. It 
is chewed to treat sore throats and coughs. It is used in traditional medicine for the treatment of high blood 
pressure and asthma. The plant roots are important ingredient of a post-partum medicine. Externally, the 
basis is applied as a poultice to wounds, swellings and ulcers, and is additionally wont to treat dandruff 
and rheumatic joints. It is used as a gargle for sore throats. The leaves are chewed to treat coughs and sore 
throat. They are good for dyspepsia, leprosy, skin diseases, rheumatism, asthma, cough, bronchitis, wounds, 
ulcers, helminthiasis, fever, malarial fever, splenopathy, inflammatory tumor, nasal obstruction and 
haemorrhoids. 

Antioxidant Activity 

Antioxidant that can reduce free radical activity can prevent the oxidation of various molecules. That may 
possibly have health promoting special effects in the interference of degenerative diseases. The whole plant 
takes out weak antioxidant activity. This antioxidant activity is especially due to the entire phenolic content and 
flavonoid including Luteolin and epidenin. 

Antimicrobial Activity 

The methanolic extract of rhizome contents ethyle p- methoxy transcinnamate which is cytotoxic to HELA cells. 
The rhizome extracts have been powerfully active against bacterial infection. The methanolic extract of the 
micropropagated plant rhizome was found to possess significant zone of inhibition compared to that of natural 
plant against two gm (-) ve (E.coli, Salmonella typhi) and two gm (+) ve organisms (Bacillus subtilis, 
Staphylococcus aureus) compared with positive control ciprofloxacin and amoxicillin. Kaempferol, a natural 
flavonoid isolated from K.galanga has been shown to scale back the danger of pancreatic and carcinoma. 

https://elmaskincare.com/herbs/herbs_soy.htm
https://elmaskincare.com/h_menu/v_peanut.htm
https://elmaskincare.com/herbs/herbs_garlic.htm
https://elmaskincare.com/h_menu/v_lime.htm
https://elmaskincare.com/herbs/herbs_tamarind.htm
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Analgesic and Anti-Inflammatory Activity 

K. galanga leaves show significant anti-nociceptive and anti-inflammatory effect in rats in a dose dependent 
manner. When it's given orally at a dose of 200 mg/kg, the anti-nociceptive effect if K. galanga rhizome 
extracts are more potent than aspirin using 100 mg/kg, but lesser than morphine using 5 mg/kg subcutaneously. 
The capacity of the extracts to dam abdominal constriction, hot plate and formaline test indicates that analgesic 
activity has both central mechanisms, involving opioid receptors, and peripheral mechanism that involves 
cyclooxygenase pathway. Leaves and rhizomes of K. galanga are utilized in traditional medicine to treat 
swelling, headache, stomach-ache, toothache and rheumatism. 

Economic Importance 

Now a day the demand for Kacholam is over 100 tonnes of dried rhizomes. The crop is economically important 
because of its price value. Dry rhizomes currently having a market value of Rs.20-25 thousand/q and fresh 
rhizomes market value is 5-6 thousand/q. The estimated net profit is near about 70 thousand/ bigha. It is 
reported to have great export potential. Experiments conducted to study the feasibility of intercropping 
medicinal plants in oil palm plantations showed that it is a profitable intercrop. The price of essential oil varies 
from US$600-700 per Kg on the international market and is highly exploited by the local people and 
pharmaceutical industries. The volatile oil finds use in perfumery, folk medicine and curry flavourings. Its 
recognition as a flavouring and perfumery in recent years created a price hike which elevated the crop from 
restricted cultivation in localized tracts of Kerala to the status of a commercial crop. If the problem of labour 
and post harvesting cost can be minimized then its cultivation practice is profitable and environment friendly 
also. 

References 
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K. galanga with its flower and rhizome 
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Introduction 

Whiteflies (Hemiptera: Aleyrodidae) are one of the key insect pests devouring plants by sucking their plant 
juices and vigour. By 2018, more than 1500 whitefly species have been described. They are known to attack 
wide range of vegetables, fruits, plantation crops and commercial crops. In Africa, where Cassava is a major 
plantation crop, whitefly is caused greater havoc. Eight species of whitefly were known till 2018 before the 
advent new species was recorded. Bemisia tabaci was the most prevalent species on cassava manifesting 
symptoms like leaves covered with sooty mold and wilting. But the keen observation of researches revealed a 
peculiar symptom where leaves had mass of white wax on their lower surface with abundant adults with unique 
two oblique gray bands on the forewings. As these identification marks were something unlike cassava whitefly, 
B. tabaci, scientists worked on this undocumented “new” whitefly species at molecular level. Mitochondrial 
characterization revealed that the sample shared 100 percent identity with Bondar’s nesting whitefly, 
Paraleyrodes bondari Peracchi (GenBank accession KP032215), reported as a new invasive species in Florida 
USA in 2011 [1]. A haplotype sequence of the Uganda specimens also grouped with sequences of the congeneric 
species Paraleyrodes pseudonaranjae Martin, a nesting whitefly that invaded China in 2010, and form a 
moderately-supported clade within the phylogeny. 

First Report in India 

In India, 440 whitefly species are registered a known so far with a wide host range of  more than 320 plant 
species belonging to 225 genera and 73 families. The accidental report of bondar’s nesting whitefly happened 
when scientists from ICAR-Central Plantation Crops Research Institute were on field observing the natural 
enemies, the aphelinid parasitoid, Encarsia guadeloupae Viggiani of two exotic whiteflies viz., spiralling whitefly 
(Aleurodicus dispersus Russell) and rugose spiralling whitefly (Aleurodicus rugioperculatus Martin) on coconut 
in Kayamkulam, Kerala. 

While working on the pesticide holiday approach, coconut leaflets were closely examined during diminishing 
period of Rugose spiraling whitefly (RSW) attack in Kayamkulam, Kerala, Peninsular India (9.1748° N, 76.5013°E) 
during December 2018. Scientists came across an undocumented unique whitefly species (0.95 mm) smaller 
than RSW. They were found extensively feeding on coconut leaflets which were priorly attacked by RSW. They 
had peculiar conspicuous oblique grey bands with wooly nests formed on abaxial surface of palm leaflets. Based 
on COI characterization, it was reported as Bondar’s Nesting whitefly (BNW), Paraleyrodes bondari Peracchi 
under first report from India in Kerala. 

Factors Aiding Invasion 

The rampant globalization mainly propels introductions and invasions of alien species through its offshoots like 
trade, travel and transport. Global warming and extensive climatic changes invite introduction and 
establishment of several insect species throughout world. Unrestricted exchange of plant materials eased 
introduction of exotic pests from one country to another. The absence of their natural enemies in the newly 
invaded places aid in multiplication of invasive species. 
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Why is it called Nesting Whitefly? 

This neotropical invasive species is named as Bondar’s “nesting” Whitefly due to the distinguished wax 
formation by immature stages around them in patterns and the nesting behaviour of adults in small fluffy 
cushioned nest like a brooding bird. 

Identification Marks 

The characters seen in insect samples studied from Kerala were, clustered eggs, flat nymphs of creamy yellow 
colour with their dorsum holding fiberglass strands and a thick flagellum prominently seen alone. They were 
transparent and oval shaped measuring 0.9 mm. Adults had oblique grey bands while pupa had characteristic 
wooly wax in nest fashion. Pupa had one cephalic pore and four abdominal compound pores of 33-35 μm 
diameter. In males, the flagellum of antenna was thick, single and orange coloured. Well-developed wax glands 
were seen in females with globose and broader abdomen compared to narrow, conical abdomen in males with 
protruded parameres. BNW possessed unique male genitalia with single dorsal and ventral horn and a pair of 
apicolateral processes on the apex of adeagus. 

 

Habit and Habitat 

BNW is photosensitive hence found restricted to abaxial surface of palm leaflets avoiding sunlight. Stalked eggs 
are laid by BNW which is a protective character against enemies. Around the nest of eggs, crawlers emerge and 
seen actively mobile in the colony. As soon as the nymphs are successful in spotting their feeding point on 
leaves, they settle down covering themselves with white fluffy wax surrounded with setae all over them. They 
greatly cut down the photosynthetic activity due to their honey dew excretion which encourages sooty mould 
formation. 

Linkage 

Scientists also examined the phylogeny of BNW with other prevalent and exotic whitefly species reporting that 
close evolutionary linkage was seen with P. minei as well as Tetraleurodes perseae than that of P. 
pseudonaranjae with the two spiralling whiteflies (A. rugioperculatus and A. dispersus) distantly placed. 

Management Strategies 

1. Short cropping cycle (Like shorter cycles with two cropping seasons per anum) must be avoided as it has more 
whitefly abundance. 
2. Antixenosis mechanisms must be encouraged being more effective in increasing whitefly development time. 
3. Nymphal mortality measures must be employed as that is most destructive stage in whitefly life cycle. 
4. Resistant varieties with standard crop regime must be considered. 
5. If single season crop is raised, fallow must be taken after the harvest to reduce whitefly incidence in the next 
crop. 
6. Stringent quarantine measures must be implemented by government to prevent the entry of invasive pest 
species. 
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7. After invasion, proper awareness must be spread among people to reduce the impact of invasive pest on the 
vegetation. 
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Introduction 

Fruit ripening is a natural process in which makes the less green, soft and sweeter of fruit. In other terms, 
ripening is the physiological process by which fruits achieve their desirable flavour, quality, colour, palatable 
nature and other textural properties. So many composition changes are having during the ripening i.e. in unripe 
fruit have high acid content but it reduced during ripening. During ripening starch are converted to sugars by 
amylases and hard pectin converted to soft one by pectinase. 

On the basis of ripening fruits are classified in two groups: 1. Climacteric fruits and 2. Non- climacteric fruits. 
1. Climacteric fruits: These fruits continue to ripen after harvesting and emits ethylene during ripening process 
along with increased respiration rate. So harvested hard and green. Fruit belongs to this group are mango, 
banana, apple, kiwi, plum, pear, sapota, guava etc. 

2. Non - Climacteric fruits: These fruits once harvested do not ripen further. These fruits produce very small 
amount of ethylene and do not respond to ethylene treatment and no characteristic increased rate of 
respiration and fully ripened fruits are harvested. Fruits belongs to this group are orange, grapes, watermelon, 
pomegranate, strawberry, litchi, blackberry. 

Artificial Ripening 

Artificial ripening is the process fruits are ripe under the controlled condition and product may be achieved as 
per requirement by controlling the different parameters. It is done to achieve faster and more uniform ripening. 
But, in this process the cosmetic quality of ripened fruits will increase but organoleptic qualities, nutrition value 
and shelf life are depreciated when fruits are subjected to treatment without since maturity status. 

Artificial Ripeness 

For the artificial ripening many chemicals and agents are used during pre-harvest, post-harvest, transportation, 
storage by farmers, transporters and traders and resulted induce colour changes and accelerate ripening. 

Some of most commonly used artificial ripeness are acetylene gas, ethephon, calcium carbide, ethylene and 
ethylene glycol. 

Ethephon/Ethrel 
Ethephon [2 – chloroethyl phosphonic acid (C2H6ClO3P), trade name in India as Floral and Cepa] is plant growth 
regulator which is a source of ethylene similar to that produced during ripening process. The government of 
India has allowed the use of ethephon for ripening of fruits as it is less harmful. Ethrel have high rate of 
acceptability and more shelf-life than fruits ripened with CaC2. It is generally used in mango, papaya, banana 
etc. 

Calcium Carbide 

It is a chemical compound (CaC2) used in the production of acetylene and calcium cyanamide and also in gas 
welding. It responds with water or moisture to produce acetylene gas which act as ripening agent produce 
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similar effect of ethylene. Fruits develop good peel colour with CaC2 the intensity of colour developed 
proportional to concentration of CaC2 used. In local it is popularly known as ‘Masala’. Example: Mango, Banana, 
Apples, Papaya, Sapota are ripened using carbide. 

Health Effects 

Early symptoms of Arsenic or Phosphorous poisoning include vomiting, diarrhea with or without blood, burning 
sensation of chest and abdomen, thirst, weakness, difficulty in swallowing, irritation or burning in the eyes and 
skin, permanent eye damage, ulcers on skin, sore throat, cough and shortness of breath. Higher exposure may 
cause a build-up of fluid in the lungs. It is carcinogenic and also may cause neurological problems. 

Rules against Calcium Carbide use in India, artificial ripening is banned under PFA act, 1954. The use of carbide 
gas for ripening is prohibited under Rules 44A of Prevention of Food Adulteration Rules, 1955. According to 
Food Safety and Standards Act, 2006 the selling of dangerous food is punishable. The food safety and standards 
regulation, 2011 explicitly prohibits the selling of fruits which are artificially ripened by carbide gas. In India, 
Ethylene like compounds are fairly expensive so traders are using low cost calcium carbide.  

Table 1: Identification of calcium carbide ripened fruits. 

Quality parameters Using Calcium carbide Naturally ripened fruit 

Weight per fruit Fair  Good 

Texture  Less attractive but uniformly colored Attractive but not uniformly colored 

Aroma  Mildly good Good 

Firmness Fair Fair 

Taste In-core sour, mildly pleasant Sweet, Longer. 

Shelf-Life Shorter, Black Blotches appear on the skin 
in 2 or 3 days. 

Longer 

Ethylene (C2H4) 

Ethylene is a daughter of ethyl (C2H4). It is a natural gaseous plant growth regulator acts as stimulating or 
regulating enzyme for the ripening of fruit. Commercially, it is very expensive. The concentration of ethylene 
required for the ripening initiation of commodities mostly in range of 0.1 to 1 ppm. The time of exposure to 
initiate ripening may vary but for climacteric fruits exposure for 24 hrs. is usually sufficient. The only safe and 
worldwide accepted method is using ethylene and FDA recognized as a safe artificial ripener. It being a natural 
hormone, does not cause any health hazard for consumers of fruits. It is used as a de-greening agent in citrus, 
bananas and climacteric fruits produce high amount. For artificial ripening, ethylene is spread using catalytic 
generators in a closed room under controlled temperature and relative humidity. 

Health Effects 

If inhaled highly, it causes drowsiness, unconsciousness. Ministry of Agriculture has explained that the fruits are 
exposed to ethylene gas in low concentration of 10-100 ppm exogenously to trigger fruit ripening is safe. 
Ethylene increase the rate of respiration, chlorophyll degradation, carotene synthesis, conversion of starch to 
sugar and increase the activity of cell-wall degrading enzymes. 

Table 2: Optimum ripening condition for different fruits. 
Parameters  Value 
Temperature 18 to 25 Degree Celsius 
RH 90 to 95 % 
Ethylene concentration 10 to 100 ppm 
Duration of treatment 24 to 72 hrs. depending on fruit kind and Maturity stage 
Air circulation Sufficient to ensure uniform distribution of ethylene, high amount 

reduces effectiveness of ethylene. 
Carbon dioxide Less than 1% 
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Table 3: Differences between the calcium carbide and ethylene based artificial ripening of fruit crops: 

Aspects Calcium carbide Ethylene-based 

Legal  Banned, Punishable under law WHO, FDA approved, Internationally 
preferred 

Health Hazardous and Carcinogenic, 
Affecting all vital organs 

Completely safe and Natural 

Quality of produce Dry skin, Less/ Bad aroma, 
Likely Green patches 

Uniform appearance, soft skin, Natural 
Aroma 

Weight Loss More (13 per cent) Less (7 per cent) 

Transport losses Comparatively more Less, Transport Friendly. 

Shelf-Life Less (5 Days), More prone to rot 
(12%) 

More (10 days), Less prone to rot (3%) 

Market demand Decreasing  Increasing with Growing awareness 

Ripening costs  Approx. Rs. 8.50/ kg Approx. Rs.5 (40% lesser), More 
Economical. 

Ethylene Glycol 
Ethylene glycol (C2H6O2) chemical structure contains the gas ethylene. Ethylene reacts with hydrogen peroxide 
to produce agent ethylene glycol. It is very much more inexpensive than the gas ethylene. Another aspect is the 
cheapness it can be diluted with water and it is use for fruit ripening in the colder climatic environment. The 
main disadvantage of ethylene glycol is if swallowed, it is poisonous and the believing of liberal amounts cause 
kidney failure. 

Regulations to Prevent Artificial Ripening 

Food adulteration and illegal activities has become rampant due to inefficiency in Government regulated quality 
assurance practices. So strict rules have to be taken by Government of India. Restrictions should be strictly 
compulsory about the procurement and selling of such banned compounds to use for this purpose example 
carbide imported from China, South Africa and Taiwan. The fruit traders need to be aware of the danger and 
imbued with a sense of moral responsibility to the society. Attention at wholesale market should be 
strengthened to stop the practice. For the preventing direct contact of ripening substances with the fruits 
develop effective and better methods. New compounds which are environmentally safe and not harmful for 
human health must be discovered and tested. 

Preventive Measures to be taken by Consumers 

One should not select homogeneously ripened fruits with eye catching brightened colors and naturally ripened 
fruits are not uniformly ripened. Natural ripened fruits have patches of green and yellow. Minimizing the risks 
of artificial agents through the washing and peeling procedures before eating the fruit. Fruit washing done 
under running water for few minutes may help in reducing the chemical contents, if any adhering to the fruits. 
While eating mangoes and apples it is better to cut the fruit into pieces, rather than consuming directly. 

Conclusion 

Fruits are being treated with artificial ripeners to ripen them faster. Considering its hazardous effects, the use 
of ripeners like calcium carbide, ethephon must be strictly monitored and controlled. It is not solely the 
responsibility of the Government: the people must also become aware and avoid consuming contaminated 
fruits. 
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Introduction 

Pollution is not just the addition of substances that damage or kill organisms; it is any manmade impact that 
increases the risk of damage to a natural system. The shape of the water molecule is a sphere, dipole (+ve and 
–ve charge), it possesses cohesion (water-water) and adhesion (water-soil). Water occurs on earth in three 
forms viz solid, liquid and gaseous. Water is vital for human, animals and plant life. It is a part of all organisms, 
some of which contain more than 92 percent. Water is an essential part of protoplasm. It is an important 
ingredient in photosynthesis. Agriculture has comprehensively changed the face of the Earth. Good seeds and 
fertilizers fail to achieve their full potential if plants are not in the situation of optimum availability of soil water. 
Adequate availability of water is important for animal husbandry as well. Fisheries are, of course, directly 
dependent on water resources. About 400 to 500 litres of water is necessary for the production of one kilogram 
of plant dry matter. Water is also required for translocation of nutrient and dissipation of heat. 

Some of the Crucial Issues Faced by the Water Sector in India Includes 

1. Erratic distribution of rainfall, often leading to floods and droughts in various areas. 
2. Water use inefficiency. 
3. Unregulated groundwater extraction. 
4. Water pollution. 
5. Decreasing water quality due to poor waste management laws, inter-state river disputes, growing financial 
crunch for development of resources and scarce safe drinking water. 

 
Fig 1 : Crucial issues 

Effect of Water Quality on Agriculture Production and Quality of Produce 

Poor quality water can be responsible for slow growth, the poor aesthetic quality of the crop and, in some cases, 
can result in the gradual death of the plants. High soluble salts can directly injure roots, interfering with water 
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and nutrient uptake. Salts can accumulate in plant leaf margins, causing burning of the edges. Water with high 
alkalinity can adversely affect the pH of the growing medium, interfering with nutrient uptake and causing 
nutrient deficiencies which reduce plant health. Only 60% fertilizers are used in the soil other chemicals leached 
into soils polluting the water, cyanobacteria are rich in polluted water and excess phosphate runoff leads to 
eutrophication. Residues of chemicals mix with river water due to flooding, heavy rainfall, excess irrigation and 
enter the food chain. These chemicals are lethal for living organisms and many vegetables and fruits are 
contaminated with these chemicals. 

The quality of irrigation water directly influences the quality of soil and crops grown on this soil. Salinity is the 
most common problem and about 10 million hectares of land is lost annually due to salinity. As a consequence, 
the effective use of both the agricultural land and the irrigation water has become an indispensable component. 
The quality of irrigation water is as important as the nature of a soil. If the quality of water supplied for irrigation 
is not good, the soil deteriorates and ultimately decreases the crop yield. 

 
Fig 2 : Water quality for agriculture and economic growth 

The irrigation water quality criteria depend on Salinity, permeability, Specific ion toxicity like sodium in terms 
of Sodium Adsorption Ratio (SAR), chloride, boron and miscellaneous effects like nitrates, bicarbonates and pH 
of water. Poor quality water can be responsible for slow growth, poor aesthetic quality of the crop and, in some 
cases, can result in the gradual death of the plants. High soluble salts can directly injure roots, interfering with 
water and nutrient uptake. Salts can accumulate in plant leaf margins, causing burning of the edges. Water with 
high alkalinity can adversely affect the pH of the growing medium, interfering with nutrient uptake and causing 
nutrient deficiencies which compromise plant health. Reclaimed water, runoff water, or recycled water may 
require reconditioning before use for irrigation since disease organisms, soluble salts and traces of organic 
chemicals may be present. 

New Water Technologies for Clean Water 

Nanotechnology in filtration: According to the World Health Organization, 1.6 million people die each year from 
diarrhoeal diseases attributable to lack of safe drinking water as well as basic sanitation. Researchers in India 
have come up with a solution to this perennial problem with a water purification system using nanotechnology. 
The technology removes microbes, bacteria and other matter from water using composite nanoparticles, which 
emit silver ions that destroy contaminants. 

Smart monitoring: In developing countries alone, it is estimated that 45m cubic meters are lost every day in 
distribution networks. Leaks are not only costly for companies, but increase pressure on stretched water 
resources and raise the likelihood of pollutants infiltrating supplies.  

Intelligent irrigation: Approximately 70% of the world's freshwater is used by the agricultural industry. Applying 
a more intelligent approach to water management by deploying precision irrigation systems and computer 
algorithms and modelling is already beginning to bring benefits to farmers in developed countries. However, 
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while this approach embraces new instrumentation and analytical technologies, innovation comes from a 
change in mindset that emphasizes the importance of measuring and forecasting. 

Wastewater usage in agriculture on an informal and unregulated basis is a pressing issue in developing countries 
which deserves more attention. Globally around 3-3.5 million hectares of land are irrigated with raw or diluted 
wastewater – double the size of Africa’s total formal vegetable irrigation schemes. In many low-income 
countries, fresh water is not readily available and municipal wastewater treatment facilities hardly exist; thus, 
untreated wastewater is the only affordable option for irrigation in many cases. Additionally, nutrient value in 
wastewater has led to increased yields, at lower costs. For instance, farmers in Pakistan on average earn 30-40 
percent more per annum when using wastewater for irrigation compared to regular water. Additionally, 
wastewater irrigation employs local suppliers, traders, and others in related services. Women also benefit in 
SSA, as they make up over 95 percent of vegetable vendors in the region (IWMI, 2006b). On the other hand, the 
health risks could be extremely high. This connects the issues of food security with the major challenges facing 
domestic water supply and sanitation, especially in LDCs. 

The Shift in the Cropping System 

Consider the production of water-thirsty crops like paddy and sugar cane in the Punjab-Haryana belt and 
Maharashtra, respectively. There is a serious mismatch between the cropping pattern of these crops and water 
resource availability in the states growing them. The National Bank for Agriculture and Rural Development 
(NABARD)- Indian Council for Research on International Economic Relations’ (ICRIER’S) report also makes an 
argument for moving such high-water reliant crops to other, relatively water-abundant areas. For instance, in 
regions with high irrigation water productivity better suited to water-intensive crops and poor power supply 
and other such problems make cultivation of water-intensive crops non-remunerative. There is room for the 
government to correct such misalignment. 

Using Agriculture to Tackle the Water Crisis 

Water use efficiency: Different approaches have been put forward for using water efficiently, some are listed 
below:  
1. The method of irrigation followed in the country is flood irrigation, which results in a lot of water loss. Greater 
efficiency in irrigation was achieved through  
2. Proper designing of irrigation system for reducing water conveyance loss.  
3. Adoptions of water-saving technologies such as sprinkler and drip irrigation systems have proven extremely 
effective in not just water conservation but also leading to higher yields.  
4. New agronomic practices like raised bed planting, the ridge-furrow method of sowing, subsurface irrigation, 
and precision farming which offer vast scope for economizing water use.  
5. Selection of crops, their varieties and salt tolerance at various stages of their growth are also important. 
6. Adaptation of guidelines for using saline irrigation water. 

Conclusion 

Large scale adaptation of rainwater harvesting apart from construction of new water storage structure along 
with enhancing the water use efficiency, taking appropriate step to prevent the contamination of water 
resources (surface and groundwater). Agriculture is a major stakeholder in freshwater consumption, So, primary 
responsibility of Agricultural researcher to develop new technologies and made necessary update in existing 
methodologies of irrigation for enhancing water use efficiency and disseminated these technologies to farmers. 
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Introduction 

Millets are coarse grains that are grown in drought conditions with the least amount of water and without any 
application of chemical fertilizer with minimum efforts. The consumption of millets provides various health-
promoting components. The millets are nutritionally superior as they are rich in protein, fibre, vitamin, 
flavonoids, polyphenols, minerals, etc. Nowadays, people become more aware of their health and interested in 
driving health benefits through nutrition from food.  The millets are the ultimate solution to health crises as 
well as agrarian crises This article focuses on nutritional content and health benefits of sorghum, finger millet, 
pearl millet, proso millet, foxtail millet, little millet, browntop millet, barnyard millet and kodo millet to getting 
rid of  several lifestyle diseases. 

Nutrient Composition 

Millets are rich in fibre, vitamins, minerals, antioxidants and essential and non-essential amino acids. The millet 
contains 12% protein and 65-70% carbohydrate, a high amount is in the form of dietary fibre and non-starchy 
polysaccharides. They are also a good source of important vitamins like thiamine, riboflavin, folin and niacin. 
The important nutrients present in millets include resistant starch, oligosaccharides, lipids, antioxidants such as 
phenolic acids, avenanthramides, flavonoids, lignans and phytosterols which are responsible for many health 
benefits (Miller, 2001; Edge et. al., 2005). The health-promoting phytochemicals like polyphenols, lignans, 
phytosterols, phytoestrogens, phytocyanins function as antioxidants, immune modulators, detoxifying agents 
etc. and hence protect against age-related degenerative diseases like cardiovascular diseases (CVD), diabetes, 
cancer etc. 

Health Benefits 

Millets are gluten-free and serve as an alternative healthy food for celiac disease patients and gluten-
intolerance. The consumption of millets reduces the risk of heart disease, protects from diabetes, improves 
digestive system, lowers the risk of cancer, detoxifies the body, increases immunity in respiratory health, 
increases energy levels and improves muscular and neural systems and are protective against several 
degenerative diseases like metabolic syndrome and Parkinson’s disease (Scalbert et. al., 2005; Chandrasekara 
and Shahidi, 2012). The antioxidants like polyphenols, phenolic compounds, tannins, flavonoids are not directly 
nourishing the body but play an important role in promoting health by minimizing and preventing the diseases 
such as diabetes, cardiovascular disease, cataract, cancer, inflammation and gastrointestinal problems. 

Sorghum 

The polyphenols and tannins present in sorghum have anti-mutagenic and anti-carcinogenic properties. A high 
amount of slow digestible starch (SDS) in sorghum prolongs digestion and absorption of carbohydrates in the 
intestine thus, managing metabolic disorders like diabetes and hyperlipidemia. A good amount of dietary fiber 
acts as a binding agent of cholesterol, increases transit time and retards carbohydrates absorption, which has a 
significant positive effect on preventing and managing the diseases like constipation, irritable bowel syndrome 
and obesity. 
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Finger Millet 

The tryptophan lowers appetite and keeping weight in control. Lecithin, threonine and methionine bring down 
cholesterol level by eliminating excess fat from the liver. The fibre controls excessive food consumption. Finger 
millet is an excellent source of calcium for growing children and ageing people. Finger millet-based diets have 
lower glycaemic response due to high fibre content and also alpha-amylase inhibition properties which are 
known to reduce starch digestibility and absorption. Finger millet has shown significant results in the dermal 
wound healing process. 

Pearl Millet 

The lignin and phytonutrients preventing heart-related diseases. High amounts of magnesium control blood 
pressure, relieve heart stress and reduce the severity of respiratory problems for asthma patients and effective 
in reducing migraine attacks. This millet is recommended for curing stomach ulcers as it turns the stomach 
alkaline which prevents formation or reduces the effect of ulcers. Pearl millet contains a phytochemical namely 
phytic acid which increases cholesterol metabolism and stabilizes the cholesterol levels in the body. The high 
fibre content reduces the risk of gall stone occurrence. The insoluble fibre decreases the production of excessive 
bile in the system as excessive secretion in intestine often aggravates the condition of gall stones. 

Proso Millet 

Proso millet is an ideal food for people with type-2-diabetes mellitus and cardiovascular disease due to low 
glycemic index. The protein increases the concentration of the high-density lipoprotein (HDL) cholesterol 
without affecting the concentration of low-density lipoprotein (LDL) cholesterol. Elevated levels of HDL in 
bloodstream help in maintaining blood LDL level and can protect endothelium or inner walls of blood vessels 
from any damage. A high amount of lecithin plays an important role in the neural health system by repairing 
and regenerating myelin fibre and intensifying brain cell metabolism. Proso millet can be used as a prebiotic 
due to growth of desirable microflora in the intestine by non-digestible carbohydrates. It can prevent 
constipation, therefore, quite effective against colon cancer. 

Foxtail Millet 

It is rich in minerals like copper and iron that keep the body strong and immune. It is a nutritive food for children 
and pregnant women. Apart from controlling cholesterol and blood sugar, it increases the disease-resistant 
ability and is recommended for people suffering from diabetes and gastric problem. Its high amount of Vitamin 
B12 is essential for the smooth functioning of the nervous system, maintaining a healthy heart, and also good 
for skin and hair growth. 

Little Millet 

Little millet is reported to have 37% to 38% of dietary fibre (Kumar et. al., 2018), termed as a nutraceutical and 
highest among cereals. It is a good source of magnesium that helps improve heart health. Vitamin B3 (niacin), 
a water-soluble vitamin, helps lower cholesterol. It also contains phosphorus which helps with weight loss, body 
tissue repair after strenuous workout and energy production. The millet also aids in treating respiratory 
conditions such as asthma. 

Kudo Millet 

It has the highest amount of dietary fibre amongst all millets. It contains a high amount of lecithin and is 
excellent for strengthening the nervous system. It is rich in B vitamins, especially niacin, B6 and folic acid, as 
well as minerals like calcium, iron, potassium, magnesium and zinc. Regular consumption of kodo millet is very 
beneficial for postmenopausal women suffering from signs of cardiovascular disease, like high blood pressure 
and high cholesterol levels. 
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Barnyard Millet 

The millet helps in the prevention of constipation, lowering of blood cholesterol and slow release of glucose 
into the bloodstream during digestion. A high degree of retrogradation of amylase facilitates the formation of 
higher amounts of resistant starches. Hence, it is recommended for patients with cardiovascular diseases and 
diabetes. Barnyard millet is most effective in reducing blood glucose and lipid levels compared to other millets 
(Krishna Kumari and Thayumanavan, 1998). It is suitable for diabetics, infants and pregnant women because of 
high iron content. 

Browntop Millet 

Magnesium helps in maintaining the blood pressure in the normal person. The millet is very good for diabetic 
patients and boosts kidney and liver functions. Serotonin content helps to relax the mind and keeps the mind 
calm. Potassium and magnesium help to prevent migraine and heart attacks. Antioxidants prevent gastric ulcers 
and colon cancers. Brown top millet acts as probiotic for the respiratory system and is useful for bronchitis and 
Asthma. The millet helps in proper functioning of brain, spine, digestive and skeletal (bone) systems. 

Conclusion 

Millets are a traditional staple food and contain many major and minor nutrients like carbohydrates, protein, 
fat, dietary fibre, vitamins, minerals, antioxidants, etc. Millets have medicinal and nutraceutical properties and 
have potential health benefits. Regular consumption of millets can protect human health from several lifestyle 
diseases like diabetes, CVD, obesity, etc. 
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Introduction 

The human population is continuously increasing, whereas the world’s food resources are declining. Efficient 
evaluation of food and energy resources and reduction of losses have therefore become important global 
issues. Reductions in food losses require the establishment of safe food production methods, processing with 
the most appropriate technologies, and use of appropriate preservation methods. Food dehydration has been 
used as a basic preservation method since ancient times. The basic aim of the dehydration process is to remove 
water from the food to prolong its shelf life and delay microbial and biochemical deterioration. Although the 
main objective of the dehydration processes is food preservation, it has many other purposes. 

Need of Ultrasound in Fruit Drying 

1. The ultrasonic process is cost effective for several fruits because of the lower energy consumption during the 
air-drying step. 
2. Drying processes can be destructive to the quality of the fruits due to the long drying times and high 
temperatures in some cases. 
3. Ultrasound is known for its varying effects on different fruits; however, it has been proved to greatly increase 
the drying rates and hence reduce the overall processing time. 

Fruits Suitable to Drying 

Dried foods are tasty, nutritious, lightweight, and easy to store and use. The energy input is less than what is 
needed to freeze or can, and the storage space is less than that needed for canning jars and freezer containers. 
Some foods such as apples, pears, peaches, and apricots dry better when pre-treated. Pre-treatment reduces 
oxidation, giving a better colour, reducing vitamin loss, and lengthening shelf life. 

Examples: Apple, Apricot, Banana, Cherry, Date, Fig, Grape, Nectarine, Peach, Pear, Pineapple, Plum, 
Strawberry. 

Principle of Ultrasound Drying 

The underlying principle of food dehydration is mainly simultaneous heat and mass transfer. 
Cavitation: Cavitation is the main ultrasound mechanism in a liquid system. The moisture transfer rate from a 
solid food to the surrounding environment can be increased if cavitation is generated in the inner liquid phase 
of the food.  
Sponge effect: Ultrasound generates a series of rapid compressions and expansions of the material in the solid. 
This is called the “sponge effect” and facilitates the flow of liquid out of the foods by creating micro channels 
that are suitable for fluid movement. It is widely used in dehydration processes, as well as in preservation, 
crystallization, filtration, extraction, and cutting technologies. Ultrasound technology can show different effects 
in different systems because many factors, such as ultrasonic intensity, frequency, application form, 
pressure/vacuum, and temperature, affect its efficiency. However, the underlying mechanism of ultrasound 
involves acoustic cavitation, which can be divided into transient and stable forms. 

Methods of Ultrasound Drying 

Ultrasound-assisted (US-assisted) dehydration methods are based on a combination of the ultrasonic process 
with appropriate dehydration techniques. The ultrasound wave strongly accelerates mass transfer, so the 
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ultrasound technique assists in dehydration by providing a high drying rate, thereby maintaining food quality. 
US-assisted dehydration has been combined with other forms of dehydration, including convective, osmotic, 
vacuum and freeze-drying in order to improve the overall effectiveness of the drying. In all these processes, 
ultrasound is employed to increase the drying rate and/or decrease the drying temperature. 

Ultrasound-Assisted Convective Dehydration 

1. Convective drying is one of the most widely used and oldest preservation methods in the food industry 
because of its ease of operation. A considerable amount (12–25 %) of the overall industrial energy consumption 
is associated with the drying industry. This process gives food products a longer shelf life by reducing water 
activity. In this process, hot air with low humidity is used to remove moisture from the food material. The 
resulting reduction in the water activity provides some advantages to the food, such as preventing microbial 
growth and enzymatic activity and enabling easy packaging and transportation (Goyal et al., 2006. and Villa et 
al., 2010.).  

2. Convective drying involves two types of water transfer resistances: the internal resistance to water 
movement inside the material and external resistance between the solid surface and the air (Rossello et al., 
1997; Simal et al., 2001).  

3. The convective drying process also has several disadvantages, such as high energy consumption, low 
dehydration rate, low product quality, high drying temperature, and long drying time (Bantle et al., 2014). 

Ultrasound-Assisted Osmotic Dehydration 

1. The basis of osmotic dehydration is osmosis, which is based on removal of a fluid across a semipermeable 
membrane. When two solutions having different solute concentrations are separated by a semipermeable 
membrane, some ions or molecules are removed from the denser medium to less heavy medium until 
equilibrate.  

2. Osmotic dehydration (OD) is mainly used as a pre-drying treatment prior to air-drying, freezing, freeze-drying, 
or vacuum-drying, in order to reduce energy consumption or the load of the following operations, to improve 
the quality of preserved food product, or to increase the shelf life of a product with high moisture content 
without changing its integrity. 

3. Ultrasound-assisted osmotic dehydration is a dehydration process in which an osmotic solution is exposed to 
ultrasonic waves. The complex cellular surface of the material acts as an effective semipermeable membrane 
in the osmotic dehydration process. Water moves from the tissue into the hypertonic solution and the solutes 
from the osmotic solution moves into the treated material in the reverse direction (Rastogi et al., 2002). 

Ultrasound-Assisted Vacuum Dehydration 

1. Vacuum dehydration is the dehydration of humid foods under pressure lower than zero. Lowering the 
pressure allows water removal at lower temperature so that the quality of the dehydrated food is improved 
over that prepared with traditional methods.  
2. The vacuum dehydration method has specific properties, such as prevention of oxidation, which separates it 
from conventional atmospheric dehydration methods because the sample does not come into contact with air 
during the vacuum dehydration process.  
3. The vacuum dehydration can also decrease the dehydration time more than the traditional dehydration 
methods, making it a more energy-efficient dehydration process. The short dehydration time and/or low drying 
temperature also help to retain the organoleptic and nutritional properties of food substances (Wu et al., 2007). 

Ultrasound-Assisted Freeze Dehydration 

1. Freeze-drying, also known as lyophilization, is a widely used drying process that is especially performed for 
the prevention of loss of bioactive or nutritive compounds during drying. In this process, the temperature of 
the product is reduced below its freezing point and water vapour is formed from ice by sublimation at pressures 
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lower than the triple point of water. The shape, colour, and flavour of the product can be maintained as the 
sample is freeze-dried at low temperature and pressure and the resulting sponge-like structure favours faster 
water penetration and recovery of the original characteristics during a rehydration process. 

2. Freeze-drying enables preservation of the activity of nutraceuticals and pharmaceuticals, and flavour and 
aroma of food products (Nakagawa and Ochiai 2015). These advantages of freeze-drying have led to its 
acceptance as the best drying method for keeping the fresh-like quality characteristics of the dried product. 
However, despite its many advantages, its high cost due to operation and the long drying period, which ranges 
from several hours and to days, restricts its industrial application. 

Conclusion 

The use of US in processing industries has steadily increased over the past several years, resulting in permanent 
changes in food materials in liquid systems through cavitation. Ultrasound processes activate microorganisms 
and enzymes to preserve or decontaminate foods, particularly when US is combined with heat and high-
pressure techniques. 

Future Line of Work 

Ultrasonic processes are still under development and more studies are required to fully comprehend the effects 
of ultrasound on the fruit tissue and on the sensory characteristics of the fruit, such as texture, adhesiveness 
and other. Recent studies have shown a good potential of ultrasonic treatments. 
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Abstract 

Agriculture is the backbone of India’s economic activity and our experience during the last 50 years has 
demonstrated the strong correlation between agricultural growth and economic prosperity. The present 
agricultural scenario is a mix of outstanding achievements and missed opportunities. If India has to emerge as 
an economic power in the world, our agricultural productivity should equal those countries, which are currently 
rated as economic power of the world. We need a new and effective technology which can improve 
continuously the productivity, profitability, sustainability of our major farming systems. One such technology is 
the greenhouse technology or protected cultivation technology. Although it is centuries old, it is new to India. 
Protected cultivation is a cropping technique where the micro climate surrounding the plant body is controlled 
partially/ fully as per the requirement of the plant species grown during their period of growth. Greenhouse 
technology is the most practical way of achieving the goal of protected cultivation. 

Keywords: Greenhouse technology, protected cultivation, cropping technique, sustainability, productivity, 
farming systems. 

Introduction 

Protective cultivation practices can be defined as cropping techniques wherein the micro climate surrounding 
the plant body is controlled partially/fully, as per the requirement of the plant species grown, during their period 
of growth. With the advancement in agriculture, various types of protective cultivation practices suitable for a 
specific type of agroclimatic zone have emerged. Among these protective cultivation practices, 
greenhouse/polyhouse is extremely useful for round-the-year vegetable cultivation. 

Advantages of Protected Cultivation 

1. Poly house give 5-6 times higher production compared to open field for round the year. 
2. High input use efficiencies are achieved. 
3. Grown under unfavourable agro climatic condition. 
4. Protection from excess rainfall, wind, extreme cold, birds, Animals, human activity and minimum space 
maximum production per unit area. 
5. Minimum use of water and fertilizers. 
6. Diseases and pests can be controlled easily. 
7. Quality of product is superior. 
8. Ideally suited for production of genetically engineered and micro propagated veg. varieties and hybrids. 

Greenhouse Technology 

Growing plants is both an art and a science. About 95% of plants, either food crops or cash crops are grown in 
open field. Since time immemorial, man has learnt how to grow plants under natural environmental conditions. 
In some of the temperate regions where the climatic conditions are extremely adverse and no crops can be 
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grown, man has developed methods of growing some high value crop continuously by providing protection 
from the excessive cold, which is called as Greenhouse Technology. So, Greenhouse Technology is the technique 
of providing favorable environment condition to the plants. It is rather used to protect the plants from the 
adverse climatic conditions such as wind, cold, precipitation, excessive radiation, extreme temperature, insects 
and diseases. It is also of vital importance to create an ideal micro climate around the plants. This is possible by 
erecting a greenhouse / glass house, where the environmental conditions are so modified that one can grow 
any plant in any place at any time by providing suitable environmental conditions with minimum labor. 
Greenhouses are framed or inflated structures covered with transparent or translucent material large enough 
to grow crops under partial or fully controlled environmental conditions to get optimum growth and 
productivity. 

Advantages of Greenhouses 

1. The yield may be 10-12 times higher than that of outdoor cultivation depending upon the type of greenhouse, 
type of crop, environmental control facilities.  
2. Reliability of crop increases under greenhouse cultivation. 
3. Ideally suited for vegetables and flower crops. 
4. Year-round production of floricultural crops. 
5. Off-season production of vegetable and fruit crops. 
6. Disease-free and genetically superior transplants can be produced continuously. 
7. Efficient utilisation of chemicals, pesticides to control pest and diseases. 
8. Water requirement of crops very limited and easy to control. 
9. Maintenance of stock plants, cultivating grafted plant-lets and micro propagated plant-lets. 
10. Hardening of tissue cultured plants 
11. Production of quality produce free of blemishes. 
12. Most useful in monitoring and controlling the instability of various ecological system. 
13. Modern techniques of Hydroponic (Soil less culture), Aeroponics and Nutrient film techniques are possible 
only under greenhouse cultivation. 

Status of Greenhouse in India 

There are more than 50 countries now in the world where cultivation of crops is undertaken on a commercial 
scale under cover. United States of America has a total area of about 4000 ha under greenhouses mostly used 
for floriculture with a turnover of more than 2.8 billion US $ per annum and the area under greenhouses is 
expected to go up considerably, if the cost of transportation of vegetables from neighbouring countries 
continues to rise. While greenhouses have existed for more than one and a half centuries in various parts of the 
world, in India use of greenhouse technology started only during 1980’s and it was mainly used for research 
activities. This may be because of our emphasis, so far had been on achieving self-sufficiency in food grain 
production. However, in recent years in view of the globalization of international market and tremendous boost 
and fillip that is being given for export of agricultural produce, there has been a spurt in the demand for 
greenhouse technology. The National Committee on the use of Plastics in Agriculture (NCPA-1982) has 
recommended location specific trials of greenhouse technology for adoption in various regions of the country. 
Greenhouses are being built in the Ladakh region for extending the growing season of vegetables from 3 to 8 
months. In the North-East, greenhouses are being constructed essentially as rain shelters to permit off-season 
vegetable production. In the Northern plains, seedlings of vegetables and flowers are being raised in the 
greenhouses either for capturing the early markets or to improve the quality of the seedlings. Propagation of 
difficult-to-root tree species has also been found to be very encouraging. Several commercial floriculture 
ventures are coming up in Maharashtra, Tamil Nadu and Karnataka states to meet the demands of both 
domestic and export markets. The commercial utilization of greenhouses started from 1988 onwards and now 
with the introduction of Government’s liberalization policies and developmental initiatives, several corporate 
houses have entered to set up 100% export-oriented units. In just four years, since implementation of the new 
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policies in 1991, 103 projects with foreign investment of more than Rs.80 crores have been approved to be set 
up in the country at an estimated cost of more than Rs.1000 crores around Pune, Bangalore, Hyderabad and 
Delhi. Thus, the area under climatically controlled greenhouses of these projects is estimated to be around 300 
ha. Out of which many have already commenced exports and have received very encouraging results in terms 
of the acceptance of the quality in major markets abroad and the price obtained. 

Classification of Greenhouses 

Greenhouse structures of various types are used for crop production. Although there are advantages in each 
type for a particular application, in general there is no single type greenhouse, which can be constituted as the 
best. Different types of greenhouses are designed to meet the specific needs. The different types of 
greenhouses based on shape, utility, material and construction are briefly given below: 
1. Greenhouse type based on shape: For the purpose of classification, the uniqueness of cross section of the 
greenhouses can be considered as a factor. The commonly followed types of greenhouses based on shape are:  

a. Lean to type greenhouse.  
b. Even span type greenhouse.  
c. Uneven span type greenhouse.  
d. Ridge and furrow type.  
e. Saw tooth type.  
f. Quonset greenhouse.  
g. Interlocking ridges and furrow type Quonset greenhouse.  
h. Ground to ground greenhouse.  

2. Greenhouse type based on Utility: Classification can be made depending on the functions or utilities. Of the 
different utilities, artificial cooling and heating are more expensive and elaborate. Hence based on this, they are 
classified in to two types:  

a. Greenhouses for active heating.  
b. Greenhouses for active cooling.  

3. Greenhouse type based on construction: The type of construction predominantly is influenced by structural 
material, though the covering material also influences the type. Higher the span, stronger should be the material 
and more structural members are used to make sturdy tissues. For smaller spans, simple designs like hoops can 
be followed. So based on construction, greenhouses can be classified as:  

a. Wooden framed structure.  
b. Pipe framed structure.  
c. Truss framed structure.  

4. Greenhouse type based on covering material: Covering materials are the important component of the 
greenhouse structure. They have direct influence on greenhouse effect, inside the structure and they alter the 
air temperature inside. The types of frames and method of fixing also varies with covering material. Hence 
based on the type of covering material they may be classified as: 

a. Glass glazing.  
b. Fibre glass reinforced plastic (FRP) glazing. 

i. Plain sheet  
ii. Corrugated sheet.  

c. Plastic film  
i. UV stabilized LDPE film.  
ii. Silpaulin type sheet.  
iii. Net house.  

d. Based on the cost of construction involved ( which includes various factors mentioned from a to c )  
i. High cost Green House  
ii. Medium cost Green House  
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iii. Low cost Green House  
The structural requirements and the cost per unit area for different models of low-cost green houses for 
cultivation of vegetables are detailed below with diagrams to enable an interested entrepreneur to construct a 
low-cost green house on his own accord. However, the local weather conditions and the individual’s necessity 
play a major role in the selection of the model. 

Basic Requirements 

The Technology of producing horticultural crops in greenhouses has been around for decades. Greenhouse 
production provides growers with the ability to achieve significantly higher yields than open field production. 
Ph meter, EC meter, Thermometer, Electronic Scale – 5 lbs. capacity, Measuring Cylinder, Relative Humidity 
meter, etc. 

Growing Mediums 

There are presently in use are soil [direct], soil with gravel in bags, coir, perlite, etc. 

Water 

Availability and quality of water should be checked. Access to good quality water is one of the most important 
inputs for greenhouse production. At their early stage, crops require at least 0.75 to 1 litre per plant, per day 
and this increases at the blooming, fruiting, and harvesting stages. High yielding indeterminate tomatoes before 
harvest may require up to 2.5 to 3.00 litres per plant per day. 

Growing in the Soil 
The soil should be properly prepared to allow for excellent development of the root system. It is best to use 
Raised Beds which ensures less compaction and room for workers to manoeuvre. Beds should be 1.7 meters 
from centre to centre of beds. The suggested planting distance is 3 two rows per bed, 40 centimetres between 
plants along the bed and 50 centimetres between rows staggered for tomato and sweet pepper. 

Drip Irrigation System 

The Components are water tanks, water pumps – electric or gas, elevated stand of about 5 feet to support tanks 
for gravity feed, filter systems, pipes, drip lines or spaghetti system [Micro Tube 5/3]. 

Irrigation 

The quantity of water used is dependent on the soil, the weather condition, growth stage of the plant and the 
pressure. The recommended pressure is between 8–12 psi. For the spaghetti system [Micro Tube 5/3] an 
electric pump is used, giving a pressure of 15 psi at the dripper. Also, when using bags e.g. 6 x 11 x 14 two 
drippers are used per bag, with a dripper on either side of the plant. 

Fertilization Program 

Plants are fertilized every time water is added except once per week when the system is cleaned. It is best to 
use individual soluble fertilizers when available to make the mixture. This is after a chemical analysis of the soil 
is done. 

Plant Support System 

This can be made from any affordable material available e.g. bamboo, wood and metal. The wire at the top of 
the system should be about 2.5 meters above ground. 

Trellising or Plant Training 

The cord and wires should be in place immediately after transplanting. White is the recommended colour of the 
cord. Plant training is done as required, possibly weekly. 
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Tomato pruning involves three operations:  
1. Suckers – to be removed twice weekly.  
2. Fruits – to be removed weekly (done during (a) developmental stage (b) to facilitate marketable fruit size). 
3. Leaves – five days before harvest remove the lower leaves up to the lowest fruit bearing cluster. 

Basic Protected Structures 

1. Glass House (High-tech.): These types are popular in Netherland where evaporative cooling and heaters are 
used to maintain required temperature inside glass house and the water and nutrient supply are maintained by 
the mist and drip irrigation system with fertigation. It is suited for high value blemish free crops like tomato, 
cauliflower, cherry tomato, sweet pepper, musk melon and cucumber. 

2. Poly House: These are mainly being used in Turkey and Japan where naturally Ventilated Poly houses are 
provided to maintain a favorable temperature and humidity during summer with water and nutrient supply by 
the drip irrigation system with fertigation. 

3. Shade Net (Greenhouse): The greenhouse top is covered with side walls having insect proof nets from ground 
to height of 5-6 feet with manually foldable net cover. Mainly used for production of cucumber, muskmelon, 
tomato in Japan, Israel and Turkey. 

4. Low Tunnels: Low tunnels and small walk-in tunnels are actually miniature greenhouses. These can be various 
types depending on material used like row cover materials, clear (non-perforated) – too hot, clear (perforated) 
– hot, white (perforated) – warm, green (perforated) – warm, woven –warm, etc. 

Following Environmental Parameters Maintained in a Protected Structure 

1. Light: Light is a most critical factor for poly house. PAR (Photosynthetically active radiation) between 400-
700 nm is important for photosynthesis, production & crop development. UVR of 315-400 nm influence stem & 
leaf development. NIR – wavelength of 700-3000 nm is responsible for heating. FIR- wavelength of 3,000-
100,000 nm causes the greenhouse effect. We can reduce sunlight 30%, 50%, 75% in shed net. The 50% shed 
net are common in India. 

2. Temperature: For healthy and maximum growth of vegetables, the temperature requirement is between 
26oC to 30oC during day time and 15oC to 18oC in night. To control the temp inside the poly house, the 
ventilation as well as cooling pads and fans are used. Because of this we can have continuous quality production 
of vegetable throughout the year. 

3. Carbon dioxide: In our surrounding atmosphere, there is CO2 which is used by plants for photosynthesis. In 
poly house, during night time there is no photosynthesis but CO2 is given out by respiration. It has been proved 
that if a poly house is having 1000-2000 ppm of CO2, then vegetables production can increase to 4 to 5 times 
more compare to normal conditions. 

4. Humidity: For vegetables, we should have proper humidity from 60% to 65%. It is because of controlled 
humidity, plant growth remains continue, their shelf life also increases. Humidity helps in colour combination 
of vegetables. 

5. Wind movement: If humidity is more in polyhouse, then chances of diseases and pest increases. Under such 
condition, side vents of polyhouse are opened to promote wind movement in polyhouse. Because of wind 
movement the humidity decreases and chances of diseases also reduced. 
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Introduction 

Food availability is one of the major concerns nowadays. About 10% of the people in the world today suffer 
from undernourishment. Since about over a quarter of our harvested food is lost due to various kinds of wastage 
and spoilage, food preservation is no less important than food production. Food preservation prevents the 
growth of microorganisms and slowing the oxidation of fats that cause rancidity and hence preventing the decay 
and spoilage of produced fresh foods and storing it under conditions for future use. Preserving foods plays an 
essential role in people’s businesses and consumers. Marketers are in a position to earn more since it reduces 
food spoilage and decay. It also stabilizes food prices since prices tend to rise when supply is low and demand 
high. 

Different methods can be used to preserve food. One such method is Irradiation of crops. It is energy conserving 
when compared with conventional methods and food irradiation can replace or drastically reduce the use of 
food additives and fumigants which pose hazards for the consumers as well as for workers in food processing 
factories. 

Two types of radiations are used for preservation. They are ionizing radiations such as cathode and gamma rays 
and non-ionizing radiation such as infrared and UV rays. The latter two have poor penetration and bactericidal 
properties. Ionizing radiations act by disrupting progeny cycles of pathogenic microorganisms by destroying 
DNA/RNA cycles. Thus, it enhances shelf life of food and reduces microbial contamination. Like pasteurizing of 
milk and canning fruits and vegetables, irradiation can make food safer for the consumer. 

Irradiation can Serve many Purposes 

1. To effectively eliminate organisms that cause food borne illness, such as salmonella and Escherichia Coli (E. 
coli). 
2. To destroy or inactive organisms that cause spoilage and decomposition and extend the shelf life of foods. 
3. To destroy insects in or on tropical fruits. Irradiation also decreases the need of other pest- control practices 
that may harm the fruits. 
4. To inhibit sprouting and delay ripening of fruits to increase longevity. 
5. Irradiation can be used to sterilize foods, which can then be stored for years without refrigeration. 

Radiation Sources Used for Food Irradiation are 

1. Gamma rays are emitted from radioactive forms of the element Cobalt(Cobalt-60) or the element Caesium 
(Cesium-137). 
2. X rays generated from machine sources operated at or below an energy level of 7.5 MeV. 
3. Electron beams generated from machine sources operated at or below an energy level of 10 MeV. 

Irradiation Dose Measuring Unit 

The dose of radiation is measured in the SI unit known as the Gray (Gy). One Gray of radiation is equal to 1 joule 
of energy absorbed per kilogram of food material. In radiation processing of foods, the doses are generally 
measured in kilograys (KGy=1,000 Gy). 

Dose rate: Generally, dose rate of gamma sources does not exceed 10 Gy/s and that of electron accelerators 
vary between 104 and 109Gy/s. 
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Food Irradiation Facility 

A radiation source (cobalt-60 or electron accelerator), source hoist system, biological shield (irradiation cell) 
and a conveyor system are the main features of a radiation processing facility. Walls and ceiling of an irradiation 
cell are 1.5-2.0m thick of high-density cement concrete (2.5 g/cc). This ensures that no radiation escapes outside 
the cell and poses no health hazard to operators. The radionuclide source, which continuously emits radiation, 
is normally stored under water when not in use (wet storage type irradiator). Water as shielding medium is 
generally preferred as it is cheap and easily available. On the other hand, machine sources like electron 
accelerators can be switched ‘on- off’ at will and do not require any shielding in ‘off position’. Using gamma 
sources big size containers can be irradiated due to high penetration power of gamma radiation, while with 
electrons thickness of product may become a limiting factor. However, this problem could be overcome by 
conversion of electrons to X-rays. This choice of an irradiator largely depends upon the nature of food, dose to 
be given and throughput required. 

Technology Demonstration Units 

The FDA has evaluated the safety of Irradiated food for more than 30 years and has found the process to be 
safe. The World Health Organisation (WHO), the Centres for Disease Control and Prevention(CDC) have also 
endorsed the safety of Irradiated food. 

The Department of atomic energy has set up 2 technology demonstration units in India. The radiation processing 
plant at Vashi, Navi Mumbai, is a 30 ton per day capacity unit capable of delivering medium and high doses, 
mainly for microbial decontamination of spices, dry vegetables seasoning like onion flakes, and pet foods. Board 
of radiation and isotope technology (BRIT) is operating this plant since January, 2000. Another unit KRUSHAK 
(Krushi Utpadan Sanrakshan Kendra), Lasalgaon, was set up as a technology demonstration facility for low dose 
applications of radiation such as control of sprouting, insect disinfestation of cereals, pulses, spices and 
quarantine treatment of fresh fruits and vegetables. 
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Summary 

Organic farming is a system of agriculture that relies on crop rotation, green manure, compost, biological pest 
control, and mechanical cultivation to maintain soil productivity and control pests, excluding or strictly limiting 
the use of synthetic fertilizers and synthetic pesticides, plant growth regulators, livestock feed additives, and 
genetically modified organisms. Organic farmers typically rely on biological products derived from plants, animal 
wastes, and minerals. They incorporate biological methods, such as the use of one organism to suppress 
another, to help control pests. The methods used in organic farming increase soil fertility, balance insect 
populations, and reduce air, soil, and water pollution. Organic farming does not mean going ‘back’ to traditional 
methods. Many of the farming methods used in the past are still useful today. Organic farming takes the best 
of these and combines them with modern scientific knowledge. Organic farmers do not leave their farms to be 
taken over by nature; they use all the knowledge, techniques and materials available to work with nature. In 
this way the farmer creates a healthy balance between nature and farming, where crops and animals can grow 
and thrive. To be a successful organic farmer, the farmer must not see every insect as a pest, every plant out of 
place as a weed and the solution to every problem in an artificial chemical spray. The aim is not to eradicate all 
pests and weeds, but to keep them down to an acceptable level and make the earth a safer and better place for 
a healthy life. 

Introduction 

Modern, intensive agriculture causes many problems, including the following: 
1. Artificial fertilisers and herbicides are easily washed from the soil and pollute rivers, lakes and water courses. 
2. The prolonged use of artificial fertilisers results in soils with a low organic matter content which is easily 
eroded by wind and rain. 
3. Dependency on fertilisers. Greater amounts are needed every year to produce the same yields of crops. 
4. Artificial pesticides can stay in the soil for a long time and enter the food chain where they build up in the 
bodies of animals and humans, causing health problems. 
5. Artificial chemicals destroy soil micro-organisms resulting in poor soil structure and aeration and decreasing 
nutrient availability. 
6. Pests and diseases become more difficult to control as they become resistant to artificial pesticides. The 
numbers of natural enemies decrease because of pesticide use and habitat loss. 

Need of Organic Farming 

Intensive practice of conventional farming, shrinking land holdings, growing awareness on food safety, personal 
health, environmental safety, declining trust of consumers on food quality, poor socio-economic conditions of 
farmers, rise in input cost are some of the major reasons of resorting to organic farming. The current methods 
of farming are threatening the natural resources and the environment. The farmers need  to  invest heavily into 
farm inputs so as to obtain higher yields and productivity. In addition to this, many research studies have proved 
the presence of pesticide residues in agricultural products. About one million people worldwide suffer from 
pesticides poisoning.  
1. 20000 die every year due to the toxic effect of the chemicals used in agriculture.  
2. The crop loss due to pest is still 15000 crores.  
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In order to avoid the deleterious effects of synthetic chemical fertilizers and pesticides, organic agriculture is 
needed as an alternative to provide ecologically safe methods of farming. Organic farming provides long-term 
benefits to people and the environment. 

Objectives of Organic Farming 

1. Increase long-term soil fertility. 
2. Control pests and diseases without harming the environment. 
3. Ensure that water stays clean and safe. 
4. Use resources which the farmer already has, so the farmer needs less money to buy farm inputs. 
5. Produce nutritious food, feed for animals and high-quality crops to sell at a good price. 

Hence in recent years, organic farming as a cultivation process is gaining increasing popularity (Dangour et al., 
2010). Organically grown foods have become one of the best choices for both consumers and farmers. 

Principles of Organic Farming 

The main principles of organic farming were laid down by IFOAM in 1992. 
1. To produce food of high nutritional quality in sufficient quantity. 
2. To interact in a constructive and life enhancing way with all-natural systems and cycles. 
3. To encourage and enhance biological cycles within the farming system, involving micro-organisms, soil flora 
and fauna, plants and animals. 
4. To maintain and increase long term fertility of soils. 
5. To use, as far as possible, renewable resources in locally organised agricultural systems. 
6. To work, as far as possible, within a closed system with regard to organic matter and nutrient elements. This 
aims to reduce external inputs. 
7. To work, as far as possible, with materials and substances which can be reused or recycled, either on the farm 
or elsewhere? 

Advantages of Organic Farming 

1. Conservation of Natural resources(soil, water, petroleum products, energy etc). 
2. Enhances soil productivity. 
3. Prevent damage to ecosystem(soil, water, atmospheric pollution 
4. Reduce- prevent entry of toxicants in to the Food chain. 
5. Promote exports of Organic foods, fibre. 
6. Generates on-farm rural employment in developing countries. 
7. Encourages- promotes adoption of self-sustaining production systems. 

Components of Organic Farming 

There are assumptions throughout the literature on the differences between organic and conventional systems 
of farming with respect to their effects on soil physical properties, soil  fauna,  nutrient flow within the soil, crop 
health and nutritional value of the harvested produce. Different components of organic farming are: 
1. Crop and Soil Management: Organic farming system encourages the use of crop rotations and eco-friendly 
measures to maintain soil fertility. Soil carefully managed with a high production of humus offer essential 
advantages with respect to water retention, ion exchange, soil erosion and biotic life in the soil. Green manuring 
and inter-cropping of legumes is another important aspect for biological farming systems not only with regard 
to weed control but also in reducing the leaching of nutrients and thus reducing soil erosion. Maintaining a 
green cover throughout the year is one of the main goals of such farming methods. Depending on the green 
manure mixture or the legumes used  for sowing, there may be an increased soil organic matter and soil nitrogen 
as well as  other nutrients besides improving the organic matter content and physical properties of soil. 
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2. On-farm Waste Recycling: Increase in the price of chemical fertilizers has enabled organic wastes and 
composts to regain an important role in the nutrient management practices on the farm. Good manure 
management means improving the fertilizer value of manure and slurry and incurring fewer nutrient losses. 
Composting of all organic wastes in general and of Farm Yard Manure (FYM) or feedlot manure in particular is 
important in organic farming.  

3. Non-chemical Weed Management: Weed management is one of the main concerns in organic agriculture. 
Generally, all aspects of arable crop production play an important role in a system approach. The components 
to be considered in preventing weed problems are crop rotation, green manuring, manure management and 
tillage. Mulching on a large scale by using manure spreaders may also be useful in weed control.  

4. Domestic and Industrial Waste Recycling: Sewage and sludge use for crop production can form an important 
component of organic farming if treatment and application methods are improved further.  

5. Energy Use: Organic farms require only one third of energy per unit cost of the produce compared to  their 
conventional counterparts. Because N-fertilizer and pesticides are not used by organic growers, the comparison 
of total energy input per hectare with total energy output favours biological farming systems.  

6. Food Quality: Food quality is one of the main issues, which concerns both scientists and consumers. Nitrates 
in water and farm produce, desirable components, pesticides residues, keeping quality and physiological 
imbalances are some of the important aspects of food quality.  

7. Ecological Agriculture: The growing concern about environmental degradation, dwindling natural resources 
and urgency to meet the food needs of the increasing population are compelling farm scientist and policy 
makers to seriously examine alternative to chemical agriculture. If one gets a premium price for organically 
grown rice, the economic returns from the ecological farming system will highly encouraging.  

8. Integrated Intensive Farming System (IIFS): IIFS involves intensive use of farm resources. To be ecologically 
sustainable, such intensification should be based on techniques which are knowledge intensive and which 
replaces to the extent possible, market purchased chemical inputs with farm grown biological inputs. 

Nutrient Management in Organic Farming 

Introduction of high yielding varieties, extension of irrigated areas, use of high analysis NPK fertilizers and 
increase in cropping intensity during the era of Green Revolution propelled India towards self-sufficiency in food 
production. In the process, relative contribution of Organic manures as a source of plant nutrients vis-a-vis 
chemical fertilizers declined substantially. With increase in cost of inputs, inorganic fertilizers became 
increasingly more expensive. Another issue of great concern is the sustainability of soil productivity as lands 
began to be intensively tilled to produce higher yields under multiple and intensive cropping systems. It is 
distressing to note that organic carbon present in soil is fast declining. The present level of organic carbon in 
arable lands in India varies between 0.3 to 0.5 percent. Frequently tilling the lands, use of chemicals for plant 
protection measures also minimize soil microbial activity, fauna and flora development.  

Organic farming system solely depends on the use of crop residues, animal manures, green manures, use of 
crop residues, off- farm organic wastes, crop rotation incorporating legumes and biological pest control to 
maintain soil productivity.(Suryatapa Das et.al.,2020) The organic manures viz., cattle dung, pig manure, poultry 
manure, rural and urban composts, crop residues, green manure ,oil seed cakes, coil pith and sewage sludge 
are commonly used. Bulky organic manures such as FYM, compost and crop residues supply low quantities of 
major plant nutrients, concentrated organic manures such as oil cakes, slaughters house wastes, fish meal, 
poultry manure etc., are comparatively richer in NPK contents. 

Organic manures undergo microbial decomposition. In this process, the nutrients held in organic combinations 
are slowly released in available forms besides improving the availability of nutrient elements present in the soil. 
In addition, the organic carbon level of the soil also slowly increases when the manures are used continuously. 
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Organic Farming Process 

To be acceptable as organic, crops should be cultivated in lands without any synthetic pesticides, chemical 
fertilizers, and herbicides for 3 years before harvesting with enough buffer zone to lower contamination from 
the adjacent farms. Genetically engineered products, sewage sludge, and ionizing radiation are strictly 
prohibited. Fertility and nutrient content of soil are managed primarily by farming practices, with crop rotation, 
and using cover crops that are boosted with animal and plant waste manures. Pests, diseases, and weeds are 
mainly controlled with the adaptation of physical and biological control systems without using herbicides and 
synthetic pesticides. Organic livestock should be reared devoid of scheduled application of growth hormones 
or antibiotics and they should be provided with enough access to the outdoor. Preventive health practices such 
as routine vaccination, vitamins and minerals supplementation are also needed (OFPA, 1990). 

Drawbacks of Organic Farming 

There are not many drawbacks in this farming practice. But they need to be considered to sustain soil health, 
crop yield and farm income. 
1. Not nutrient specific: Most organic manures are not nutrient specific.  
2. Labour: Ample labour is required; otherwise the land goes a waste.  
3. Timely vigilance: Regular vigil is required. As in the case of chemical farming, the pesticides once sprayed last 
for certain duration. Since Organic agronomy requires the complete discard of pesticides, a regular inspection 
of land is necessary.  
4. Lack of good marketing policies. 
5. Lack of financial support. 
6. Inadequate farming infrastructure. 

Despite the drawbacks of this practice of agronomy, it can be regarded as a sustainable farming method. 

Towards Organic India 

Recently, the Government of India has implemented a number of programs and schemes for boosting organic 
farming in the country. Among these the most important include: 
1. The Paramparagat Krishi Vikas Yojana. 
2. Organic Value Chain Development in North Eastern Region Scheme. 
3. Rashtriya Krishi Vikas Yojana. 
4. The mission for Integrated Development of Horticulture: 

a. National Horticulture Mission. 
b. Horticulture Mission for North East and Himalayan states. 
c. National Bamboo Mission. 
d. National Horticulture Board. 
e. Coconut Development Board. 
d. Central Institute for Horticulture, Nagaland. 

5. National Programme for Organic Production. 
6. National Project on Organic Farming. 
7. National Mission for Sustainable Agriculture (Yadav, 2017). 

Conclusions 

Organic farming is imperative rather than a choice; it is much nearer to nature and natural processes; it can 
achieve greater sustainability than chemical farming. The primary motto is to improve soil quality in terms of 
physical & biological characters. The sources of organic farming are able to naturally fit themselves into an agro 
eco-system than chemicals and  therefore, are able to mould the soil system to long term sustainability. The 
biological bases of sustainable crop yield lie in sustainable fertility and sustainable eco- system. Hence organic 
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farming can have a positive impact on soil, plant and  human ecosystems and thus can build ecologically 
sustainable, economically profitable and healthy nation in the near future. 
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Introduction 

Karnal bunt of wheat (Triticum aestivum L.), brought about by the smut organism Tilletia indica Mitra (Neovossia 
indica (Mitra) Mundkur), was first found in 1930 at the Botanical Research Station, Karnal, Haryana, in 
northwest India (Mitra, 1931) and now is viewed as regular in the Punjab area of India. The disease has been 
accounted for from Pakistan, Iraq, and Nepal, and is found in wheat from Afghanistan. It was first announced in 
Mexico in 1972 (Duran, R. 1972), and from that point forward it has happened irregularly in limited zones in the 
conditions of Sonora and Sinaloa, northwest Mexico. 

Nature of Pathogen 

Karnal bunt pathogen is seed, soil and air-borne. It influences principally basic wheat, durum wheat, triticale 
and other related species. The disease decreases seed quality, changes the compound arrangement of tainted 
grains, and makes seed unappetizing. Wheat containing 3% bunt grains is unsuitable for human utilization. 
Exceptionally contaminated grains show wonderful abatement in the seed suitability. The disease is described 
by a fishy smell, which is because of the nearness of trimethylamine discharged by teliospores. The teliospores 
of the Karnal hit parasite can make due in soil for over 5 years. 

Predisposing Factors 

Karnal bunt commencement and advancement is subject to reasonable climate conditions during the period 
wheat plants are blossoming and generally vulnerable to disease. The ideal temperature extend for teliospore 
germination is 15 to 25°C. The ideal following 3-week brooding in ceaseless light was 15 to 20°C over a pH scope 
of 6.0 to 9.5. Moisture is a basic component in deciding if there will be an infection episode. Teliospore 
germination requires in any event 82% relative mugginess (RH) and ideally, free water (Singh, A. 1994.). 

Symptoms 

Because of seed borne nature, the indications of the Karnal bunt disease become obvious simply in the wake of 
sifting. The contamination of grains in an ear head by their swollen appearance and somewhat more extensive 
opening of the glumes. The glumes open separated uncovering the hit grains which later tumble off on the 
ground with a little snap in seriously tainted spikelets. 

There is reduction in length of the spike and number of spikelets in the infected plant. All the ears are not 
affected and, in an ear, head all the spikelets are not bunted. The infected grains are partially or completely 
converted into bunt sori. The sori are oblong to ovoid, 1-3 mm long, brown to black in color and contain black 
powdery spores mass enclosed in the pericarp. In severely affected kernels, most of the endosperm along with 
longitudinal furrow, together with the scutellum, is destroyed leaving only the pericarp and the aleuronic layer. 
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Bunted wheat seeds 

(Image source: researchgate.net) 

Principles of Organic Farming 

Karnal bunt was accounted for as a soil borne disease by Mitra (1931), however now it is considered as an air 
borne disease. The contagious spores are additionally moved by methods for equipment’s, devices or by man 
moving from processing places. The spores stay suitable for quite a long while in soil, wheat straw and 
homestead yard excrement. Soil or seeds are essential wellsprings of inoculum. Condition assumes a key job in 
disease movement. Teliospores sprout at appropriate temperature (15–25oC). This condition for the most part 
commands during February to March in North Indian fields. On germination, every teliospore produces 
promycelium which bears 110–185 essential sporidia at its tip. 

 
Fig. Life cycle of karnal bunt pathogen 

The essential sporidia are sickle moulded and were viewed as infective elements. Presently it is notable that 
optional sporidia (allantoid and filiform) assume a significant job in the illness pattern of the microorganism. 
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The allantoid sporidia are pathogenic while filiform sporidia increment the inoculum by division on have/soil 
surface. The sporidia are generally binucleate and produce a germ-tube that enters the creating grain through 
disgrace or ovary divider. Disease happens for the most part at the hour of anthesis. By and large, the grains are 
tolerably influenced however in serious conditions entire grain might be contaminated. 

Losses Due to Karnal Bunt 

Karnal bunt can lessen wheat yields. There is no gauge of misfortunes, because of this disease, happening in 
Pakistan (Shakoor et al., 2014), However, study in India led during the long stretches of hefty malady uncovered 
an absolute loss of practically 0.5 per cent, yet in certain fields where 89 per cent of the pieces were 
contaminated, the yield misfortunes went from 20-40 per cent in profoundly powerless assortments. 

Management Practices 

1. Resistant varieties: Use of resistant varieties is the most effective method for controlling the disease. Among 
recent wheat varieties, PBW 502 is resistant while the cultivars Pastour, N-75-3 and N-75-5 are partially 
resistant. 

2. Seed treatment with fungicide: Fungicides namely corboxin (Vitavax 75WP), Carbendazim (Bavistin 50WP), 
Subeej (Bavistin 25SD), Propiconozole (Tilt 20EC), Vitavax power (Cromp. Uni. Royal) found effective against 
karnal bunt of wheat. 

3. Crop rotation: Crop rotation is also useful in managing the disease. The number of viable teliospores in the 
soil can be reduced by increasing the time between wheat crops. Rotation with non-host crops may reduce 
viable spores sufficiently to control the disease, 

4. Soil fumigation: Fumigation of soil with chemicals such as methyl bromide, metham-sodium and 
formaldehyde has been partially successful for killing teliospores, but is not likely to be cost effective except for 
eradicating a new introduction of fungus. 

5. Biological control: Isolates of Streptomyces and Bacillus species can cause marked reductions in teliospore 
germination of T. caries and T. laevis. 

Conclusion 

Karnal bunt has potentially serious phytosanitary implications for wheat production and agricultural trade in 
some countries. To achieve effective management of this disease, continuous efforts of scientists and regulators 
are required. The development of more adaptable, powerful and profitable systems will continue over the 
coming years, which allow greater sensitivity and selectivity for elevated throughput and detection of multiple 
microbes. The Indian Department of Agriculture has applied control measures in the contaminated areas to 
limit its spread. The management of Karnal bunt disease can be done by encouraging farmers for cultivation of 
bunt resistant varieties, discouraging broadcasting of seed to reduce the impact of germination of primary 
inoculums from infected seed material and by mass campaigning for use of fungicide in Karnal bunt sensitive 
area. 
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Introduction 

Manures are plant and animal wastes that are used as sources of plant nutrients. They release nutrients after 
their decomposition. The art of collecting and using wastes from animal, human and vegetables sources for 
improving crop productivity is as old as agriculture. Manures are the organic materials derived from animal, 
human and plant residues which contain plant nutrients in complex organic forms. Naturally occurring or 
synthetic chemicals containing plant nutrients are called fertilizers. Manures with low nutrient, content per unit 
quantity have longer residual effect besides improving soil physical properties compared to fertilizer with high 
nutrient content. 

Liquid organic manures are eco-friendly organic preparation made from the different animal and plant products. 
Manures are organic materials with plant nutrients in small concentrations. Organic manures are the main 
source of replenishing soil fertility. Organic farming is an internationally regulated legally enforced and 
standardized alternative paradigm relies on ecological processes, biodiversity for sustaining the health of soil. 
Liquid organic manure has largely remained in background of bio-dynamic farming. The plant can absorb 
nutrients about 20 times fast through the leaves than applied through the soil. Liquid manures are helpful to 
overcome temporary nutrient shortages, mainly used to stimulate growth during the season when nutrient 
uptake through the roots is hindered. Liquid organic manure has long shelf life, easy to disperse in water and it 
is rapidly up taken by plants compared to solid organic fertilizer. The use of organic liquid products such as 
panchagavya, sasyagavya, beejamrutha, sanjeevani, kunapajala, vermiwash, sea weed extract etc. resulted in 
higher growth, yield and quality of crops. They enhance crop growth and can help in sustainability of safe 
environment and crop productivity (Sattar et al., 2014). 

Advantages of Liquid Organic Manures 

1. Made up from locally available resources. 
2. Minimum production cost. 
3. Saves our health by reducing use of harmful chemicals. 
4. Improves the soil. 
5. Eco-friendly. 

Vermiwash 

1. Prepared from the heavy population of earthworms reared in earthen pots or plastic drums. 

2. Contains vitamins, plant growth-promoting hormones (auxin and gibberellins), enzymes (cocktail of protease, 
amylase urease and phosphatase that acts as antimicrobic), symbiotic microbes (nitrogen fixing bacteria such 
as Azotobacter sp., Agrobacterium sp., and rhizobium and Phosphate Solubilising Bacteria (PSB)) in addition to 
the macronutrients and micronutrients and other substances helpful for growth, quality and yield of plants 
(Shield and Earl, 1982). It acts as a pesticide and natural fertilizer for the crop plants in sustainable agriculture 
and increases the resistance power of crops against various diseases and enhance the growth and productivity 
of crops (Anand et al., 1995), Karuna et al., 1999). 
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3. The treatment of vermiwash of vermicompost has been shown to reduced disease by necrotrophs as well as 
biotrophs (Al-Dahmani et al., 2003) and significantly decreases in soil borne pathogens and various pests 
(Nakasone et al., 1999). 

4. Foliar spray of vermiwash and vermicomposting would off era method of supplying nutrients to higher plants 
more rapidly than methods involving soil and root application (Marschner 1995). 

5. The species Eisenia fetida (Monroy et al., 2006) are commonly used globally for the management of organic 
wastes, and also in ecotoxicology, physiology and genetics studies. 

Preparation of Vermiwash 

1. Big earthen pot/plastic drum with a tap fitted to the bottom placed in the shade. 
2. Laid out concrete or red sand 5 cm in the bottom. 

 
3. 30-40 cm thick layer of soft kitchen waste or 10 days old dung filled in the pot. 
4. Introduce 500-1000 earthworms in the pot. 
5. An earthen pot with the minute hole in the bottom hanged over the pot after 15 days of inoculation. 
6. After 2-5 days extract collected in the earthen pot from the tap is called vermiwash. 

How to Use Vermiwash 

1. Dilute with water (10%) before spraying effectively on the plant. 
2. Vermiwash must be diluted 5 to 10 times with water and then applied, it can also be mixed with cow’s urine 
and diluted for use as foliar spray and pesticide as follows: 

a. 1 litre of vermiwash. 
b. 1 litre of cow’s urine. 
c. 8 litres of water. 

Application of Vermiwash 

1. Spray system:  Vermiwash is diluted in water for 5 times and sprayed on the foliage of crops as it enriches 
the soil with nutrients and controlling plant diseases. 

2. Flow system: Vermiwash can be mixed with irrigation water at 50 litres per hectare either through drip 
irrigation or flow irrigation. 

3. Seed/seedling treatment: The seedlings before transplanting are dipped in vermiwash solution which is 
diluted 5 times with water for 15-20 minutes and then transplanted. 



 

 
Volume 2 - Issue 12 - December 2020       199 | P a g e  
 

4. Soil drench: Vermiwash is diluted about 10 times with water and soil is drenched with the solution to prevent 
soil-borne pathogens as it has anti-microbial properties. 

5. Soil application: It enhances the nutrient uptake by the plants and thereby it acts as a natural fertilizer for 
the crop. 

6. Root dip or stem: seedlings of the plants are dipped in vermiwash solution for 15 to 20 minutes before 
transplantation. The solution wants to be diluted 5 times with water and then after they can be transplanted. 

7. Vermiwash as growth promoter: Vermiwash alone or mix with cow urine is an excellent growth promoter. 
Dilute one litre of vermiwash or 0.5 litres of vermiwash+0.5 litres of cow urine in 20 lit of water and use as a 
foliar spray. Three to four applications are required for excellent results. 

Benefits 

1. Rich in dissolved nutrients and amino acids which are easily obtainable for plants. 
2. Non-toxic and eco-friendly compound, which arrests the bacterial growth and forms protective layer for their 
survival and growth. 
3. Vermiwash at 5 to 10 percent dilution inhibits the mycelial growth of pathogenic fungi. 
4. It has the capacity to encounter worms thereby saving the plants and their productivity. 
5. As a foliar spray, it was reported to initiate flowering and lasting inflorescence. 
6. Used as a liquid fertilizer applied to the rhizosphere. 
7. No pathogen can survive in this fluid, thus protecting the earthworms from the diseases caused by pathogens. 
8. Acts as a plant tonic and thus helps in reducing several plant pathogenic fungi. 
9. Increases the rate of photosynthesis in crops or plants. 
10. Increases the number of micro-organisms in the soil which helps in decomposing soil organic matter. 

Role of Vermiwash in Sustainable Crop Production 

Vermiwash can be used as a potent biofertilizer to develop the germination and seedling survival rates in crop 
plants growing on nutrition depleted soils thus paving the way for sustainable agriculture using organic farming 
practices. It could be utilized efficiently for sustainable plant production at low input basis green farming. 
Vermiwash recorded significant growth and productivity in the black gram, natural growth supplement for tea, 
coconut and also horticultural crops. 

Cost of Vermiwash 

It varies from farmer to farmer. However, the farmer can sell Vermiwash at the rate of Rs. 50 per litre. 

Physio-Chemical Properties of Vermiwash 

Parameter Vermiwash 

pH 7.11 

OC (%) 0.18 

Total Nitrogen (%) 0.02 

Available phosphate (ppm) 48.86 

Total potassium (ppm) 245.67 

Total Ca (ppm) 192.4 

Total Mg (ppm) 142.53 

Total Mn (ppm) 0.04 

Total Fe (ppm) 2.21 

Total Cu (ppm) 0.35 

Total Zn (ppm) 0.03 

Source: Ansari and Sukhraj (2010) 
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Biochemical and Microbiological Properties of Coconut Leaf Vermiwash (CLV) 

Biochemical 
constituents (µg ml-1) 

Indole acetic acid Gibberellic acid Total humic acid 

Microbial population 
(cfu ml-1) 

Phosphate solubilizers Free living nitrogen fixers Pseudomonas 

CLV 2×102 15×102 8×102 

Source: Gopal et al. (2010) 
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Introduction 

Enormous amount of — cosmic, solar, lunar, planets, stars and earth energies are available. People do not 
respect: Ancestors respected Panch mahabhutas & these provided free energy. Energy from cosmic, planets, 
stars and sun are still in prime form availability for mankind. Cosmic energy is available all time, while solar in 
day hours. Soil microbes, plant cell, cow and soil humus have capacity to harness cosmic and solar energy. Sun 
is giant power house-Infinite, non-polluting source. 

What is Cosmic Farming? 

The vedic answer is that cosmic energy is behind all the mysteries of nature. It is available through primitive 
microorganism in soil as also to the living cells. Therefore plants have capacity to produce all food elements 
needed for their growth and development. According to Indian Express, “ cosmic farming- a technology that 
involves channelling “Shakti”  spiritual power into the soil”. 

 

Applications of Cosmic Farming 

1. Neutrons propelled to Earth by cosmic rays from space are helping scientists in more than 25 countries to 
measure water in soil and help farmers save water and adapt to climate change. With a cosmic ray neutron 
sensor, scientists track these fast-moving neutrons in the atmosphere to determine how much water is already 
in the soil and when the farmer needs to add water to help crops thrive even in harsh climate conditions. The 
cosmic ray neutron sensor is a device that can measure moisture levels by detecting fast moving neutrons in 
the soil and in the air just above the soil. It is faster, more portable and can more easily cover an area compared 
to traditional methods. 
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2. Cosmic Cycles: Astrology for Your Crops: Rudolf Steiner insists on the importance of cosmic cycles. Whether 
or not you believe in astrology is irrelevant. It is a proven scientific, natural fact that not only does the moon 
dictate the tides, it also impacts sap circulation in plants; hence their growth and overall health. Furthermore, 
biodynamic farming responds to a crop calendar, close to our usual seasons, but including moon and solar cycles 
as well as zodiac influence. This calendar is used for crops, harvests, labour and food processes such as the 
production of bread or cheese. 

Present Scenario of Indian Cosmic Farming 

1. Natural Farming. 
2. Bio-dynamic Farming. 
3. Rishi Krishi. 
4. Natural Farming. 
5. Nateuco Farming. 
6. Panchagvaya Farming. 
7. Homa Farming. 
8. JaivikKrishi. 

Nature’s Gesture to Mediate Cosmic Energy 

1. Soil microbial consortia and earthworms have capacity to mediate cosmic energy. 
2. In beneath each leaf, millions of lips are operating to inhale Carbon di oxide and exhales Oxygen thereby 
maintaining eco balance in nature. 
3. Leaves mediate solar energy in process of photosynthesis, basic requirement of food to everyone. 
4. Root nodules of leguminous plants posses’ specific bacteria which can capture free N from the atmosphere. 
5. Indigenous breeds of cow has pyramid shape hump and horns have capacity to mediate cosmic energy and 
their belly is mini replica of cosmos. 
6. Farming practiced in consonance of energy mediated through nature’s gesture is now being promoted as 
cosmic farming. 

Implications of Cosmic Farming 

1. Biosol, jivamrit, bijamrit, panchagavya, matka khad, compost tea, vermiwash+ gomutra  were  applied  thrice 
in knol-khol at 30, 60, 90 DAT in 1:10 ratio , results revealed that among all others vermiwash showed best 
response compared to all treatments. 
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2. Wine makers particularly interested in biodynamic grapes (Vitis vinifera). 
3. Disease management: 

a. Biodynamic tree paste / cow dung paste for gummosis and dieback. 
b. Spraying of horsetail (Equisetum arvensis) / casuarinas leaf extract for control of fungal diseases in 
ascending moon period. 

4. Insect management: 
a. Spraying Agnihotra ash, biodyanamic pesticide produced from cow urine, neem, karanj, calotropis, 
lantana, etc. 
b. Regular performance of agnihotra and two spray of  agnihotra ash rich water, nettle leaves extract to 
control hard pests like mango hopper, mites, etc. 

Conclusion 

To counter act environmental pollution quickly we have to insight on organic cultivation and for this context 
cosmic farming will be the best suited option for future generation for sustainable agriculture. It can provide 
positive impact for survival of humanity at this crucial juncture. 
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Introduction 

Issues of national food security for growing population take the scientific research towards the goal for higher 
yield in agriculture field. Hybrid varieties are proven that, they outperform the parents and also compare to the 
varieties, with respect to yield and its related character’s due to the phenomenon called heterosis. 

Heterosis 

Heterosis is the complex natural phenomenon, whereby hybrid (first filial generation, i.e., F1) offspring’s of 
genetically diverse individuals exhibit improved physical and functional features relative to their parents (Shull, 
1948). Generally, the hybrid heterosis can also observed morphologically in the field condition when the size of 
the population is manageable. When the population size is large and less area will lead to labour shortage for 
farm operation, time consumption and cost of cultivation will increase drastically. This problem ultimately leads 
to the decrease in the precession during breeding programme. With the advancement in the technologies like 
genomics, transcriptomics and proteomics one can predict the crop performance in laboratory and take the 
validation step in the field. That reduce the number of genotypes for evaluation in the field and also precise 
identification at molecular and phenotypic level. 

Proteomics 

Proteomics involves the applications of technologies for the identification, quantification and characterization 
of overall proteins of a cell or tissue of an organism. It also helps in recognizing the structure and functions of a 
particular protein. Proteomics-based technologies are utilized for the detection of various diagnostic markers, 
candidates for vaccine production, understanding pathogenicity mechanisms, alteration of expression patterns 
in response to different signals and interpretation of functional protein pathways in different diseases. 
Proteomics is practically intricate, because it includes the analysis and categorization of overall protein 
signatures of a genome. 

Along with the development of genome-wide expression technology such as EST, microarrays, current 
technological advance allow scientists to gain comprehensive information and knowledge on gene expression 
profiles from hybrids and their parental lines. Recently, the differential expression on transcriptional level of 
some genes correlated with heterosis was reported. Although transcriptomic analyses have contributed greatly 
to our understanding of the heterosis in main crops, but changes on the level of mRNA do not necessarily 
indicate changes on the protein level. The differential protein expression between hybrid and its parents is still 
an area to be elucidated. Proteomic analysis is a basic tool of studying protein expression and may offer straight 
forward clues to characterize phenotypic differences and responsible for favourable phenotypes (Valentim-
Neto et al., 2016). 

Studying the role of proteins in determining heterosis is important, as changes at the level of transcripts may 
not always reflect at the protein level due to various post-transcriptional and translational regulatory 
mechanisms.  The generalized concept is that, in the inbred parental lines protein metabolism is higher due to 
unstable protein levels which require more energy to quench. Consequently, less energy remains for its 
vegetative growth, biomass, and yield in the end. The genetic basis for this condition in inbred parental lines is 
due to the lack of allelic choice in their homozygous condition with only two alleles, whereas hybrids in 
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polyploidy condition will have more alleles and thus display faster growth rates due to increased cell divisions 
(Goff, 2011). 

Different Technique in Analysis of Proteomics 

Several techniques are followed to isolation, identification and purification of proteins. An overview of 
proteomics techniques is given in the Figure 1. 

 

 

Figure 1: Overview of proteomics techniques Figure 2: Outline of proteomics techniques 

With the advent of 2-D gel electrophoresis (2-DGE) along with mass spectrometry (MS), numerous studies have 
been reported to identify the differentially expressed proteins (DEPs) determining heterosis. In addition, MS-
based protein detection and quantification depend upon the two isobaric labelling reagents like tandem mass 
tags (TMT) and isobaric tags for relative and absolute quantification (iTRAQ), which are employed to detect 
altered proteins or DEPs in heterotic phenotypes. To date, the majority of the DEPs determining heterosis have 
been identified in major crop species like maize, wheat and rice from the tissue samples of the embryo, root, 
and leaf. It is apparent from these studies that the majority of the DEPs identified between inbreds and hybrids 
are due to the non-additive gene effects, and it has also been reported that these DEPs belong to the pathways 
of signal transduction, glycolysis, photosynthesis, disease resistance, carbon metabolism, protein, amino acid 
metabolism, etc. (Marcon et al., 2010) These results indicate that the degree of heterosis was dependent upon 
the incidence of protein isoforms or modifications (Srivastava, 2020). 

Research in Maize 

Maize is one of the most important cereal crops worldwide and maize hybrids with heterosis are wildly planted 
in the world. Proteomic research is also conducted more with respect to heterosis phenomenon. Generally, the 
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hybridization between parents can change the expression pattern of some proteins such as non-additive 
proteins (NAPs) which might lead to heterosis.  

Genetic study showed that, one showing primarily nonadditive gene action explained most of the heterotic 
variation of grain weight in rice. In proteomics analysis of crop hybrids, some heterosis-related differentially 
accumulated proteins (DAPs) were identified and non-additive proteins (NAPs) were believed as the important 
DAPs. In analysis of heterosis-related proteins, proteins that deviated from the midparent value are termed 
non-additive proteins (NAPs), while others are termed additive proteins (APs). 

The concept of NAPs is widely used in heterosis research and NAPs are generally classed into four types, ‘above-
high parent abundance’ (++), ‘high parent abundance’ (+), ‘below-low parent abundance’ (− −) and ‘low parent 
abundance’ (−). Above-high or below-low parent abundance indicates that the NAP content in hybrid is 
significantly greater or lower than any of parents, high or low parent abundance indicates that, the NAP content 
in hybrid is significantly greater or lower than one of parental line but not another parental line. 

In 2010, 2DE and ESI-MS/MS were also used to study NAP accumulation patterns in maize hybrids during 
embryo development. An analysis of the heterosis of ZD909 determined that half of the DAPs in immature maize 
ears were related to dominance expression patterns, and high parental dominance proteins mainly participated 
in carbon metabolism and nitrogen assimilation processes. 

In 2018, a proteomics analysis of DAPs in the primary roots of the popcorn hybrid UENF/UEM01 showed that 
the heterosis was associated with an up-regulation of proteins related to synthesis and energy metabolism at 
an early stage of plant development. proteomics study of auxin homeostasis’ influence on the heterosis of the 
eighth internodal length in maize found that proteins involved in phenylpropanoid and benzoxazinoid metabolic 
pathways were correlated with the extent of the heterosis. 

Recently, 2DE and MALDI-TOFMS were also used to analyze the seed germination trait of hybrid DHM 117 and 
its parental inbred lines. The DAPs between the hybrid and its parental inbred lines were related to metabolism 
and energy, followed by storage proteins, stress response, transcription and translation. These results indicated 
that hybridization between parents can change the expression types of some proteins in maize hybrids, which 
might lead to heterosis (Wang et al., 2020).  

Weng et al., (2020), while working with foxtail millet hybrid Zhangzagu10 and its parental lines used the iTRAQ-
based technique to identify the differentially expressed protein. The outline of the experiment for proteomic 
analysis given in the Figure 2. Most of the researchers are using the advanced techniques rather than the 
classical technique because of the reliability, precision and cost involved. 

Conclusion 

Proteomics and its technique for identification is an emerging technique having importance in several branches 
of science. Ultimate expression of the gene is the protein as a single or in combination. Between proteomics 
and genomics there is big gap in the flow of information. Genes are not changing but there is a differential 
expression due the effect of environment either macro or micro and various post-transcriptional and 
translational regulatory mechanisms, which ultimately lead the difference in information. So, proteomics is 
specific for particular species and environment whereas genes are particular to the specific species or an 
individual. Since, heterosis is the dominant gene action i.e. inter allelic action, which ultimately lead to 
outperform than parents, mainly because of the environment created inside the hybrid. So, proteomics is the 
useful technique for exploitation of heterosis. 
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Introduction to Rhizoremediation 

The word, “rhizoremediation” is composed of two words, rhizo (a latin word which means roots) and 
remediation (which means the process of removal of pollutants). It is a process where micro-organisms degrade 
soil contaminants in the rhizosphere. The microbes involved may range from certain bacteria, actinomycetes to 
fungi and so on. It is the use of plant roots and associated microbial consortium to degrade environmental 
pollutants from soil. It aims at restoring contaminated sites to a condition useable for intended purpose. The 
rhizosphere region of plants which is growing in heavy metal-contaminated soil harbors a large population of 
microbes which are able to tolerate high concentration of metals. They convert toxic metals into bioavailable 
form in soil by mechanisms like precipitation, chelation, acidification, redox reactions, and complexation. These 
microbes have developed various resistance mechanisms for survival in the presence of heavy metal 
contaminated soil such as bioabsorption, bioaccumulation, bioleaching, biotransformation, biomineralization, 
and plant-microbe interaction. Besides this PGPRs also act as biofertilizer which enhance the yield of crops by 
efficient way of heavy metals remediation in soil. The root exudates needed can be naturally gained from plant 
root (Intrinsic process) or we can specifically supply the desired microbes with the particular substrates needed 
(Engineered Rhizoremediation). Thus, there are many advantages of rhizoremediation like it is a cost-effective 
and eco-friendly approach, no need to add any chemical for degradation, and negligible side effects while 
chemical degradation adversely affect the environment. The efficient microbial strain and consortium has to be 
provided, and no investment is required (Saravanan et al. 2019). 

Processes Involved in Rhizoremediation 

1. Microbial Action: Bacterial cell wall is made up of a polysaccharide which is peptidoglycan and it has certain 
functional groups like sulphate, amine which helps in accumulating these heavy metals leading to its 
precipitation. This accumulation will not affect the bacterial cell, as they are not allowed inside due to the 
presence of extra polysaccharide substances like lipids. Likewise, even some fungi like the Penicillium sp is 
capable of immobilizing certain metals like calcium, magnesium by producing oxalic acid which lowers the pH 
The reason microbes are important because they have a wider surface for attachment, fast metabolic rates 
leading to degradation of tougher chemicals like organophosphorus (OPPs) molecules [Wu et al. 2017] and they 
grow very faster than other organisms especially bacteria with their quicker doubling rate. In the case of OPPs 
they are degraded by microbes which synthesize enzymes like phosphatases [Wu et al. 2017], but if the microbe 
does not possess the genes directly, it uses an alternate way by producing acids and ions to increase the acidity 
favoring removal. Thus, the use of enzymes can either cause a redox reaction or change the toxic to an 
organometallic complex tried out in removing Arsenic contamination. Hydrophilic pollutants are easier to 
degrade than hydrophobic ones. 

2. Plant Microbe Interactions: The plant’s root is capable of forming a relationship with the soil microbial flora 
and this relationship is mostly helpful for the plants with them getting more tolerance towards biotic and abiotic 
factors, barring a few which might cause diseases to the plant. The root secretes exudates which are nutritional 
substances for the useful microbe to utilize so that they can prevent pathogenic attack and this association is 
called as mutualism. These exudates tend to attract the microbes as they move in the direction of increased 
nutrient concentration called chemotaxis. The microbes may be present near the root or it may also be inside 
the tissues of the plants like endophytes and they will not affect the host. The microbe first has to colonies and 
grow there by competing with other microbes for the root exudate synthesized. The carbohydrate content given 



 

 
Volume 2 - Issue 12 - December 2020       209 | P a g e  
 

to different microbes are not the same as plants tend to offer more sources for the efficient microbe to grow 
and it reciprocates the help by increasing the uptake of important minerals. A certain strain of Zea mays (maize) 
are grown and some of the exudates released are fatty acids and even terpenes (volatile unsaturated 
hydrocarbons). Plant roots tend to release a substance called flavonoids (polyphenolic compounds) which have 
antimicrobial ability and it can prevent the attack of pathogenic microbes. A certain plant Vicia fava (Fava bean) 
when allowed to grow under excess concentration of copper ions was inhibited of its growth but when an 
inoculum of Rhizobium and Pseudomonas were added to it the inhibitory effect was decreased as the microbe 
helped in reducing the Cu concentration. Rhizophagus irregularis, another microbe in the rhizosphere of the 
sunflower plant helped in the increased removal of Cd from the soil and Funneliformis mosseae helped in 
immobilising Zn in the soil. This general relationship between the plants and microbial flora is also related to a 
microbial ability named quorum sensing wherein they synthesize specific substances called auto inducers to 
interact with other microbes, but here it also has to perform quorum quenching where it has to interfere with 
the communication of pathogenic microbes thereby helping the plant. Two endophytic fungi of the 
Neotyphodium sp when interacting with a meadow fescue (Festuca pratensis) helped in inducing the synthesis 
of a dehydrogenase enzyme, which did the degrading of PAHs [Soleimani et al. 2010]. The common way of 
degrading PCBs is to use the secondary metabolites produced by the plants as Arabidopsis thaliana provides a 
compound called flavanone, which helps in metabolising the PCBs by the specific bacterial species. 

3. PGPRs: These perform this function by various ways like helping in the nutrient uptake of plants by solubilising 
the minerals, which are in the insoluble form, which cannot be taken in by the plants. Another important way 
is to help in nitrogen fixation for the plants to utilise from either air or soil. It was also found that these microbes 
induced the synthesis of plant growth hormones. N-acyl-L-homoserine lactones (AHLs) are certain signals, which 
were found to be affecting the expression of genes leading to protein synthesis that favours the better growth 
of the plant. There are several abiotic factors called stresses, which inhibit the growth of plant like salinity, less 
water content etc. Reactive oxygen species (ROS) are formed during the metabolism of oxygen and when it is 
accumulated, it leads to oxidative stress causing damage to cells and these should be inhibited. Other than 
bacteria, arbuscular mycorrhizal fungi also happen to act as a growth promoter and this was observed in a 
tomato plant wherein the root’s hydraulic conductivity was increased to help it survive in drought laden soils. 
A specific substance called siderophores plays a major role in increasing plant growth. Siderophores are metal 
chelators generally iron chelators which are able to separate the particular metal from the complex which can 
be used for further purposes. Thus, the concentration of the metal ion can be decreased as siderophores can 
remove different metals like Cd, Cu, Pb thereby removing those factors inhibiting normal growth. 

 
Fig 1- Rhizoremediation for removal of toxic contaminants 
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Pollutant Removal Mechanism 

Through different types of process by the microorganisms in the rhizosphere which removes the toxic metals 
or reduce their toxicity or degradation of those metal ions.  
1. Bio surfactant production: Biosurfacants are amphiphilic in nature, which are secreted in the living space by 
the microorganism as extracellular compounds that are extracted from the microorganisms as the mixtures of 
hydrophilic and hydrophobic. They have the ability to reduce surface tension and interfacial tension by 
accumulate between fluid phases. The micelle formation between the hydrophilic and hydrophobic compounds 
to increases the solubility of the hydrophobic contaminants thereby degrades those contaminants by 
microorganisms in the rhizosphere [Kuiper et al. 2004].  

2. Biofilm formation: Biofilms are the community or aggregate of microorganisms at a specific area that are 
attached to the each other and embedded to the surface of the matrix, which was secreted, by the 
microorganisms. Due to the presence of matrix the microflora was protected and has the ability to survive in 
the biofilm. It will help in the immobilization and degradation of contaminants in the rhizosphere [Segura et al. 
2009].  

3. Organic acid production: Microorganisms present in the rhizosphere have the ability to produce organic acid 
such as gluconic acid, citric acid, malic acid, malonic acid, oxalic acid, succinic acid and lactic acid during their 
growth and development. These acids can act as chelating agents by providing their protons and organic anions. 
The negatively charged anions can bind with the positively charged metal ions like Ca2+, Al3+, Fe3+ to form 
complex and chelate them from the soil [Mardad et al. 2013]. These organic acids can act as carbon source to 
the microorganisms during Phosphate (P) solubilising process and increases the solubility of the contaminants 
by reducing the pH of soil. These solubilizing effects have permitted to evaluate the life span of organic acid 
between 30 mins to 12 h.  

Apart from these three mechanisms, there are several mechanisms were involved in the remediation process 
such as desorption, adsorption, precipitation, redox reaction, chelation, complexation, transportation, 
respiration, acidification and exudation are also involved in the metal removal process. 

 
Fig-2 Major Mechanisms for Pollutant Removal through Rhizoremediation 
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Fig 3- List of Rhizobacteria for Improved Uptake of Polluted Soils 

Conclusion 

The rhizoremediation is a cost-effective and eco-friendly approach that is the emerging technique for 
remediation of pollutants. The versatility and adaptability of microbes to any challenges posed by the 
environment make them perfect for remediation of environmental pollutants. In rhizoremediation the 
degradation of pollutant is higher than that of phytoremediation in plant and microbe alone. So 
rhizoremediation is the best research topic for understanding the interaction of soil-root-microbe for 
bioremediation of pollutants. Plants and microbes can be genetically modified for improvement of degradation 
ability. Thus, rhizoremediation can be an environment-friendly cleaning technique. 
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Honey bee like all other creatures is attacked by various pests, predators and enemies. Major insect enemies 
are: 

Wax Moth 

Greater wax moth Galleria mellonella L (.Galleridae: Lepidoptera). 
Lesser wax moth, Achroia grisella (Fab.) (Galleridae: Lepidoptera). 

Wax moth is a serious insect enemy of honey bees causing absconding and death of colony. Out of the two 
species G. mellonella is more common and destructive. Their attack is seen during June-October and mostly the 
weaker colonies are attacked.  

Nature of damage: The mottled brown to ashy grey adult enters into the hives during night and starts egg laying 
on cracks or crevices or bottom board and then on combs. The emerging larvae feed on the wax powder on the 
bottom board and later on make silken tunnels in combs and feed on bees’ wax. They also feed on honey, wax, 
pollen and pupal skins found in the cell. Due to heavy population of wax moth larvae, the bee hive temperature 
rises more than 400C which leads to death of broods.  

Management:  
1. Remove the infested comb and burn  
2. Unite the weaker colonies to make one strong colony  
3. Reduced the size of hive entrance  
4. Provide sugar syrup (50 %) to maintain the strength of the colony  
5. Clean the bottom board thoroughly and wash in boiled water  
6. While staking the super chamber place 2-4 table spoon of para dichloro benzene (PDB) between every other 
super in a stack.  
7. Spray of B- 401 a formulation of Bacillus thuringiensis @ 1.5 ml / 10cm2 

Wasp: The Yellow Banded Wasp Vespa cincta F. 
Wasps are serious enemies of bees which kill the bees at the entrance of hive and in the field.  

Nature of damage: The wasps alight near the entrance and catch the incoming bees. Sometimes they venture 
inside the hive where they are killed by the bees and many dead bodies are seen on the bottom board. They 
are very active during noon hours in the hilly areas in the month of June to August.  

Management:  
1. Destroy the wasp nest by burning mechanically. 
2. Cover the bee hives with coconut leaf.  
3. Use of wasp trap: Wasps are generally attracted to the smell of ripened banana or jack fruit. So, for trapping 
mix 2 to 3 gms of furadan along with this ripened banana or jackfruit. 
4. Mechanically collect and destroy. 

Ant 

Camponotus compressus, Monomorium indicum Morell. 
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Nature of damage: Various species of ants visit the bee colonies and take away honey, pollen and broods. They 
pose serious threat to weak colonies during rainy season.  

Management: The legs of hive stand must be placed in cups full of water or apply used mobil on the stand. 

Varroa Mite (Varroasis) 

This mite is a native parasite of A. cerana throughout Asia. Since the initiation of beekeeping development 
projects with A. mellifera on the continent, it has been reported as causing damage in both temperate and 
tropical Asia. The overall effect of varroa infestation is to weaken the honey bee colonies and thus decrease 
honey production, often seriously. Occasionally in A. mellifera, and more frequently in A. cerana, heavy 
infestation may cause absconding. Today this mite is found throughout the world, except for Australia and New 
Zealand of South Island. 3. Honey bee Mites. 

Symptom: 
1. Varroa causes injuries to honey bees by direct feeding. The adult female pierces the bees’ soft intersegmental 
membrane with their pointed chelicerae and sucks the bees` haemolymph (‘blood’). The adult bee, however, is 
only damaged if the infestation is severe. The condition of a honeybee colony being infested with Varroa mites 
is called varroasis.  
2. If more than one parasitic female mite infests the brood cell the brood decays or deformations occur including 
shortened abdomen or deformed wings. If only one mite infests a cell symptom may not be visible, although 
the bees’ life-span is considerably shortened.  
3. Moreover, the bee’s behavior may be disturbed, e.g. in orientation or gathering food. Infested bees often 
have a reduced fat body that hampers the functioning of their glands or increases their susceptibility to 
pesticides. The semen production of drones may be considerably reduced.  

Management:   
1. Formic acid: Formic acid can kill some of the mites in the sealed brood cells. It is recommended that the 
formic acid be allowed to evaporate in colonies with sealed brood for at least two to three weeks. In this way, 
mites emerging from the brood will also be killed. 

2. Oxalic acid: Contrary to formic acid oxalic acid does not act via evaporation but through contact with the 
bees. Thirty-two grams of crystal oxalic acid (dehydrate) is thinned in one litre of sugar water (1:1). Protective 
spectacles and acid-proof gloves must be work together with an adequate mouth protector. Depending on the 
size of the colony 20 to 30 ml of the suspension per chamber are dropped into the bee-ways. A repetition of 
the treatment can lead to damage to the bees. Applicators are available by which the acid can be evaporated.  

3. Lactic acid: Lactic acid is clearly better tolerated by bees and does not cause problems in warmer climatic 
zones. The disadvantage is that every single comb must be extracted to spray the bees with the acid. The dosage 
applied per comb side is 8 ml of 15 percent acid. This treatment can be repeated two times at intervals of seven 
days.  

4. Etheric oils: The only etheric oil that is sufficiently affective against varroa mites is thymol. Thymol can be 
applied as a commercially available ready-made preparation or in crystal form. For this purpose, put 5g of 
thymol crystal into a gauze bag and kep on the top bars for two weeks. In this way mites emerging from the 
brood will be covered.  

5. Control by hive manipulation: The varroa mite depends on bee brood to complete its development cycle. 
Since the mite prefers drone brood to worker brood, empty frames are given to the colonies, which will rear 
drone brood in them. When the cells are sealed, the frames, containing the mites trapped inside the cells, can 
be removed and destroyed. 

Tracheal Mite (Acarine Disease) 

This mite, Acarapis woodi, infests the tracheal system of adult bees, queens, workers and drones, which are all 
equally susceptible to its attack. Since it was first reported in Apis mellifera colonies in Europe in 1921, opinions 
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regarding the extent of the damage it can cause to honey bee colonies have varied. Reports from India and 
Pakistan indicate that the tracheal mite caused severe loss of Apis Cerana colonies.  

Acarapis woodi is a very small mite (0.1 mm) species that lives and breeds within the thoracic tracheae of adult 
bees. The mite penetrates through the spiracles into the first tracheal pair of the thorax of 10-day old honey 
bees. There it lays eggs at intervals of a few days. After the deutonymph stage, male offspring emerge after 
around 12 days and females after 13 to 16 days.  

Symptoms: The typical visible symptoms of infestation are presence of crawler’s bees around the hive and ‘K’ 
type wing condition. Infestation shortens the lifespan of the individual bees, so that severe infestation of 
colonies causes them to lose strength and thus increases a colony’s susceptibility to winter losses.  

Management: Chemotherapeutic measures are widely adopted for mite control. Best results could be achieved 
with evaporating substances such as formic acid and ethereal oils. 

Major Diseases of Honey Bee and their Management 

Honey bee broods suffer from variety of diseases. Loss of brood affects the colony strength. Adult bees are not 
affected by brood diseases but they can spread the casual organisms. Brood diseases are more serious than 
adult diseases. Brood diseases of bees are described below.  
1. European foul-brood.  
2. American foul-brood. 
3. Sac foul-brood. 
4. Thai Sac brood virus (TSBV).  
5. Chalk foul-brood and stone brood disease. 

Out these brood diseases, the European foul-brood disease and the Thai Sac-brood disease are common in India 

Thai Sac Brood Virus Disease 

It is a serious brood disease of Apis cerana indica caused by a virus Morator aetatulus (Thai strain) during spring 
season.  

Symptom: 
1. Spotty brood appearance (pepper box.). 
2. Capping tends to be darker, concave and punctured frequently.  
3. Dead larvae / pre pupae dry up in brood cell forming loose scale or sac like.  
4. Brood die in pre pupal stage but in healthy and unsealed stage.  
5. Dead larvae lie on their back, tip of head capsule turned upward. 

Management: 
1. Destroy all affected frame by burning. 
2. Maintain strong and vigorous colony.  
3. Sterilization of all beekeeping equipment with Potassium permanganate@ 50g/It of water followed by hot 
water dipping. 
4. Fumigation of hive with formic acid (85%) @ 5ml / hive for 21 days to control mite which acts as carrier. 

European Foul-Brood Disease, Streptococcus pluton 

1. This disease was first noticed in Mahabaleshwar and is now widespread  
2. The disease is caused by non-spore-forming bacterium, Streptococcus pluton along with Bacillus alvei as 
secondary invader. 
3. The disease affects larvae of all castes. 
4. The symptoms are: the larvae turn watery, yellow then brown and lastly dark colored.  
5. The tracheal system becomes visible and larva dies in a coiled stage causing foul smell. 
6. In advanced stages, a hempy non-elastic thread is formed. 
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7. Dead larvae are usually found in unkept cells with no predominant odour. 
8. Scales and larvae lie in any position. 
9. The disease occurs at a time when there is active brood rearing. 

Management: 
1. The use of antibiotic terramycin is most effective in treating the disease. Terramycin is given dissolved in 
sugar syrup @ 100 mg of active terramycin in a litre of syrup.  
2. The terramycin syrup (freshly prepared) is fed every seventh day the disease can also be controlled by 
fumigation with ethylene oxide  
3. Quarantine is a must to prevent entry of any of the bee diseases. 

Nosema Disease 

This is a serious adult disease of honey bees during winter and spring season caused by protozoa Nosema apis 
Zanders. 

Symptom: 
1. Bees become dysenteric with distended, shinning and swollen abdomen. 
2. Affected worker bees have disjointed wings and are found crawling near the hive entrance. 
3. Large spores in the mid gut of infected bees under microscope. 

Management: Feed the affected colony Entakon M @ 455 mg /I of sugar syrup at weekly interval. 

Dysentery 

It is common disease of adult worker bees during rainy season caused due to contaminated water.  

Symptom: 
1. Yellow dropping on bottom board with smell during rainy season. 
2. Presence of weak dying adults in front of hive. 

Management: Feed the colony with Metron @ 5mg along with honey I sugar solution daily for 3days I hive. 
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Introduction 

Fungicidal Resistance: It refers to the heritable character of a fungus which renders it less susceptible to a 
fungicide. Fungicidal resistance became problematic with the introduction of the single-site mode of action 
fungicides. Since these fungicides target specific locations in genes or metabolic processes, single changes in 
fungal DNA sequences or structural changes of binding sites may cause these fungicides to lose their 
effectiveness. In the last decades, numerous cases of fungicide resistance have occurred world-wide, leading to 
losses of entire fungicide classes in several cases. For example, resistance of Venturia inequalis (causal agent of 
apple scab disease) against dodine was reported in the late 1960s. Similar reports on resistance of Pyrenophora 
avenae (leaf stripe disease of oats) against organomercurials, of Botrytis cineria (grey mold of vegetables and 
fruits) against benzimidazole, of Phytophthora infestans (Potato late blight) against pheylamides, etc were 
published in the following years. 

Types of Fungicidal Resistance 

Qualitative and quantitative resistance have been coined to differentiate mechanism of resistance.  

1. Qualitative Resistance: Qualitative resistance is mutation based, which may be introduced by UV radiation 
and it is more important in case of wind borne non pigmented spores such as conidia of powdery mildew fungi. 
If a gene encoding the target protein is mutated so that an amino acid required for binding of the fungicide is 
exchanged inhibition of fungicide no longer occur and fungicide treatment fails even if applied in high amount. 
For example, resistance of Phytophthora infestans against phenylamides.  

2. Quantitative resistance: This type of resistance is mediated by keeping the intracellular fungicide 
concentration low, which occurs due to synthesis of efflux transporter that secrete drug molecules to the 
extracellular space, modifications of plasma membranes causing reduced fungicides permeability or by 
synthesis of enzymes that degrade fungicide molecules or utilization of alternative metabolic pathways. 
Population will shift towards increased level of resistance because different mechanism conferring tolerance 
are active at different level. 

Mechanism of Fungicidal Resistance 

1. Decreased permeability of pathogen cell membrane to the chemical. 
2. Detoxification of the chemical through modification of its structure or through binding it to a cell constituent.  
3. Decreased conversion to the real toxic compound in the target organism. 
4. Decreased affinity at reaction site in the cell. 
5. Bypassing a blocked reaction through shift in metabolism. 
6. Compensation for the effect of inhibition by producing more of the inhibited products. 
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Ways to Overcome the Fungicidal Resistance 

1. Do not use any one product or fungicides with similar mode of action exclusively: It is important to rotate 
fungicides with different mode of action (MOA) in weekly or bi-weekly fungicide applications. Continually 
applying same fungicide or fungicides from a single fungicide class may increase selection pressure and decrease 
the time it takes for the resistant population to outnumber the sensitive population. In this situation, tank-
mixing or buying premixed packages of fungicides with different MOA can be advantageous. For example, 
applying a fungicide that is potentially exhibiting resistance to the target pathogen along with a contact 
fungicide (multi-site MOA) or a fungicide with a separate MOA not thought to be resistant can help in managing 
resistance development.  

2. Need based application of fungicides: The main factor that adjusts from season to season is environment. If 
environmental conditions were not conducive for disease to occur, the number of fungicide applications could 
be reduced; however, if conditions are similar to previous seasons when disease occurred, it would be better 
to manage the disease preventively with a fungicide rotation. 

3. Maintain recommended dose: There is some debate on whether or not lower or split rates of fungicides can 
increase the frequency of resistant isolates. If the chemicals are applied below label rates, the fungicides may 
not manage the fungal population in the desired manner and increase the chance of resistance development 
due to continuous exposure to sub-lethal dose of the chemical. 

4. Avoid curative rates: The fungicides capable of entering the plant are beneficial because of their effectiveness 
at low concentrations. For some pests, especially insects and nematodes, pesticides are not applied until a 
threshold is reached. Generally, curative rates of fungicides are higher, exposing resistant isolates to higher 
concentrations of the fungicide.  

5. Use integrated disease management strategy: Integrated disease management refers to a harmonious 
integration of various disease management tools in order to keep the disease level below the threshold level. 
It involves the efficient and economical use of the cultural, mechanical, biological and the chemical 
management tactics to keep the disease to the minimum. It emphasizes on using the fungicides and other 
pesticides as one of the components for disease management rather than relying fully on it. Thus, it not only 
helps in reducing the use of the fungicides but also helps to enhance the efficiency of the applied fungicide. 
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Figure 1. Fungicide resistance development from repeat applications of single-site mode of action fungicides 

from one fungicide class during heavy disease pressure 
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Introduction 

Botanical Name: Arachis hypogea L. 
Family: Leguminosae. 

Origin 

Recent botanical survey has indicated that Brazil in South America is the most likely centre of origin of this plant.  
1. In India, Jesuit Father (Missionaries) introduced it in the first half of the 16th century.  
2. It was introduced in Gujarat by Shri Padmabhai Patel of Pipaliya village, taluka dhoraji (Rajkot) in 1910 from 
Tamil Nadu. (https://kvk.icar.gov.in/API/Content/PPupload/k0447_28.pdf) 
3. India ranks second next to china in groundnut production and it is the most important oilseed crop in India. 
4. Gujarat is the largest producer and produced 40% of the total groundnut production of the country. 

What is Chlorosis? 

1. Chlorosis is a condition in which leaves produce insufficient chlorophyll. The green color of leaves is due to 
chlorophyll content and chlorotic leaves are pale, yellow, or yellow-white in color. 
2. Chlorosis word is derived from the Greek language word 'khloros' which means greenish-yellow or pale green. 
3. Generally low rainfall areas of western India like Gujarat, Rajasthan, and Maharashtra and central parts of 
India like M.P and U.P. having more than one-third part of calcareous soil with growing groundnut as a major 
crop. 
4. However, chlorosis is more prevalent in the Saurashtra region of Gujarat, Marathwada region of Maharashtra, 
and some parts of Rajasthan, Tamil Nadu, and Karnataka, which cause considerable yield losses. 
5. Some studies on chlorosis in groundnut indicated that more than 70 % of the chlorotic plants showed Fe-
deficiency and only 30 % plant S deficiency during the rabi-summer season.  
6. However, about 60 % of the chlorotic plants showed S-deficiency and only 40 % showed Fe deficiency in 
Kharif season. 
7. Andhra Pradesh soils are rich in iron but also having problems of chlorosis mainly due to S deficiency.  
8. Though, high free CaCO3, HCO-

3, moisture, pH and intensive cropping enhance the deficiency. The presence 
of excess lime (15-40% CaCO3) hence high soil pH (7.5 to 9.0), excess irrigation, and a few places high organic 
matter and P content of the soil are the principal soil factors causing Fe-deficiency chlorosis in India. (Singh et 
al., 2003). 

General Causes of Chlorosis in Groundnut 

Chlorosis occurs when leaves do not have enough nutrients to synthesize chlorophyll. It can be brought about 
by a combination of factors including:  
1. A specific mineral deficiency in the soil: 

a. Deficiency of specific minerals such as Iron, Nitrogen, Magnesium, or Sulphur, etc can cause chlorosis 
in groundnut. 
b. Iron is the most needed element to produce chlorophyll; hence its deficiency causes chlorosis. 
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c. Iron is used in the active site of glutamyl-tRNA reductase and this enzyme is needed for the formation 
of 5-Aminolevulinic acid which is a precursor of chlorophyll. 
d. Leaf nitrogen content and chlorophyll concentration are closely linked with each other, which would 
be expected since the majority of leaf nitrogen is contained in chlorophyll molecules. 
e. In Vertisols NH4NO3 was applied as a supply of mineral N also causes chlorosis in groundnut (Sahrawat 
et al., 1990). 
f. S-deficiency occurs as high lime content precipitates S as CaSO4 and finally leaching of SO4--S during 
excessive rain. 

2. Higher pH of soil: 
a. At higher pH minerals become unavailable for absorption by the roots 
b. Chlorosis frequently occurs in soils that having a pH greater than 7.0 and that contain more amount 
of lime. Even though there typically is plenty of iron in soils, the high soil pH causes chemical reactions 
that make the iron solid and unavailable to plant roots. 

3. Waterlogging condition: 
a. Soil may be regarded as waterlogged when it is nearly saturated with water much of the time such 
that its air phase is restricted and anaerobic conditions prevail. 
b. When water comes into contact with lime releasing CO2 and bicarbonate thereby increasing their 
concentrations. When the soil moisture increases, microbial respiration increases, gas exchange 
decreases, and partial pressure of CO2 increases, which results in the increase of bio-carbonate 
concentration in soil and reduce the availability of Fe. 

4. Pesticides and particularly herbicides may cause chlorosis: 
a. Pesticides and particularly herbicides may cause chlorosis in groundnut as well as the targeted weed. 
b. Pesticide application also causes toxicity to plants, which can be seen in the form of necrosis, chlorosis, 
stunting, burns, and twisting of leaves.  
c. Herbicides are phytotoxic chemicals used for destroying various weeds or inhibiting their growth. They 
have variable degrees of specificity. 

Why Iron is Unavailable to Your Plants? 

Managing the iron nutrition of your crops can be difficult due to the following three mechanisms: 
1. Alkaline pH soils: Soils with an alkaline pH often exhibit crops with a Fe deficiency because Fe is largely in the 
oxide and unavailable form.  Although, high levels of calcium carbonate and bicarbonate in the soil also 
commanding Fe deficiencies due to the formation of insoluble compounds and competition of Ca with Fe uptake 
by the root.  

2. Acidic pH soils: Manganese is a strong competitor with Fe uptake in acidic soil due to this condition 
sometimes acidic soil also suffers Fe deficiency. However, in acidic soils, phosphate and iron readily form 
insoluble precipitates, thus rendering both nutrients unavailable for plant uptake. 

3. Saturated soil: Crops that are grown under flood irrigation, overwatered, or having poorly drained soils show 
iron chlorosis. Water-logged soils result in a chemical environment where insoluble iron compounds are allowed 
to persist, and ionic constituents, such as bicarbonates, form insoluble iron compounds in the irrigation water. 

Yield Losses Due to Chlorosis 

1. In general, crops showing less than 10% of the chlorotic plant did not affect the yield much. Crop showing 
more than 10 % chlorotic plant can cause significant yield losses in groundnut. Chlorosis during 30-70 DAE was 
identified as the critical period causing maximum yield losses in groundnut (Singh et al., 1995). 

2. Chlorosis occurs during the early stages (20 DAE) and also during maturity (80 DAE onwards) did not affect 
the yield of groundnut. However, sometimes the early severity of iron-chlorosis caused complete crop failure. 
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Depending upon the management practices, the yield losses due to iron-chlorosis in groundnut, in India, were 
20 to 41 %, which is a very high amount and has to be looked at seriously (Singh and Joshi, 1997). 

How to Overcome Chlorosis in Groundnut? 

1. Iron-deficiency has become so severe that globally an international symposium is organized every alternate 
year to review the progress and chalk out the new strategies. 
2. Some of the successful attempts made for the prevention and correction of iron-chlorosis in field-grown 
groundnut are discussed below.  

a. Soil amelioration: Repeated experimentation with iron and non-iron containing chemicals for several 
years revealed that soil application of iron sulphate, gypsum; phospho-gypsum, elemental Sulphur 
pyrite, and sulphuric acid could ameliorate the iron-chlorosis of groundnut, increased chlorophyll, pod 
yield, and Fe uptake by groundnut. 
b. Foliar application: 

i. Foliar application of water-soluble iron-containing chemicals is another approach to ameliorate 
the Fe-deficiency in standing crops. 
ii. The available iron sources are ferrous sulphate, ferrous ammonium sulphate, ferric citrate, and 
Fe-EDTA which can be used as a foliar spray at 15-20 days interval. 

c. Drip application: 
i. As the foliar application is not very effective during dry weather conditions prevailing in the 
arid and semi-arid region, the application of iron fertilizer through drip is the alternative.  
ii. Nowadays, looking to the water economy, drip irrigation is becoming very popular in the semi-
arid regions, and hence for better nutrient utilization and high groundnut yield, the iron should 
be applied through drip irrigation in the semi-arid region if the facility exists. 

d. Seed dressing with iron fertilizer and biofertilizers: 
i. The iron-containing salts such as iron sulphate, ferric chloride, at a rate of 5 kg/ha, were 
compared by applying as a seed dressing, and also in the furrows as a soil application. It was 
noticed that only ferrous sulphate could increase the yield and other parameters as a seed 
dressing. 
ii. The ferric chloride caused seed damage and showed a reduction in field germination. 
iii. The induced chlorosis was also partially corrected by inoculation with Bradyrhizobium strains 
NC 92 which produced siderophore bound iron. 

e. Selection for Fe-efficient genotypes: 
i. The above-discussed methods have some major limitations. The soil application requires a large 
amount of iron fertilizer or chelates, whereas the foliar method requires frequent applications. 
Drip irrigation requires a high amount of investment leading to a high cost of cultivation. 
ii. As all these may not be viable solutions on a long-term basis, the selection of iron-efficient 
genotypes, which can tolerate iron-chlorosis, could be the potential alternative solution to this 
malady. 
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Introduction 

Agriculture is affected by adverse environmental change which resulted in the reduction of yield. The reduction 
in the global yield 6.0% in wheat, 3.2% in rice, 7.4% in maize, and 3.1% in soybean for every degree Celsius 
increase in global mean temperature (Zao et al., 2017). 

This indicates that the change in the climate will lead change in the yield. In the view of plant breeders, 
quantitative traits are most affected which include yield, which is an ultimate aim of breeders in almost all the 
cases. This change in the climate make difficulty for breeders in identification of true high yielding genotypes 
and evaluation of varieties and hybrids in preliminary multi-location yield trial.  

Advancement in the emerging technology regarding molecular marker, sequencing technologies, genomic 
selection, high throughput phenotyping etc. helps in the identification of true genotypes. This all new 
technologies helps to handle large number of genotypes with less cost and labor. But these technologies are 
still not reached the all crops, which are having good future values like millets. Varshney et al. (2020) proposed 
the 5Gs concept is to address the breeders about the importance of the 5Gs in current scenario to exploit the 
new technologies and to create genetic variation to get better genetic gains per time. 

What is 5Gs? 

5Gs are the proposed connected process one should have to include in the particular crop for dramatically 
accelerate crop genetic improvement in the current scenario of advanced technologies. 5Gs includes 1st G is 
Genome assembly for each crop species, the 2nd G is Germplasm characterized at genomic and agronomic 
levels, the 3rd G is Gene function identification, the 4th G is Genomic breeding methodologies, and the 5th G is 
Gene editing technologies (Figure 1). 
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1st G: Genome Assembly 

Advancement in the next generation sequencing technology (NGS) and introduction of third generation 
sequencing technology, its able to sequence the genome to meet the platinum genome standard indicates the 
assemblies with full-chromosome scaffolds and haplotypes resolved across the entire genome (Zang et al., 
2019). The physical map created using sequenced data helps in generating SNP variation and haplotype 
identification which intern useful for marker assisted selection. For instance, 3010, 994 and 429 germplasm 
accessions have been re-sequenced in rice, pearl millet and chickpea respectively (Varshney et al., 2020). 

2nd G: Germplasm Characterization 

Germplasm is the source of variation for selection and breeding programmed demands characterization. 
Morphological characterizing of the germplasm is pre-requisite. Molecular marker-based tourniquets are using 
now a day. NGS technologies are advanced technology for characterizing the germplasm. Whole genome re-
sequencing (WGRS) is the powerful tool in this aspect. These studies are providing genome-wide variant 
information and insights on population structure, crop domestication, and so on. Large-scale germplasm 
characterization also provides information on the presence of haplotypes at a particular locus for a given trait 
that can be used in haplotype-based breeding strategies (Bevan et al., 2017). By using sequencing technology 
for germplasm characterization will have high precision and large number population can be handled.  

3rd G: Gene Function Identification 

Identification of function of genes involves three main approach i.e. Positional cloning, Insertional mutagenesis 
and Candidate gene approach (Pflieger et al.,2001). Using different technologies for trait mapping and 
functional genomics large number of candidate genes are identified and yet to be confirmation or validation. 
These genes are helps in marker assisted selection and other genetic studies. Systems Biology is an emerging 
holistic approach that proposes full understanding of biological systems by combining -omics approaches such 
as genomics, transcriptomics, epigenomics, proteomics, and metabolomics, together with modeling and high-
performance computational analysis (Lavarenne et al., 2018). Once the superior trait or alleles are identified 
the breeders can study deep into the subject and able to predict the genotype of interest. 

4th G: Genomic Breeding (GB) 

Genomic breeding involves marker-assisted selection (MAS), marker-assisted backcrossing (MABC), marker-
assisted recurrent selection (MARS), forward breeding (FB), haplotype-based breeding (HBB) and genomic 
selection (GS). forward breeding (FB), haplotype-based breeding (HBB) and genomic selection (GS) are new 
breeding techniques which gaining importance now a day. GS combined with superior haplotypes (Haplo-GS) is 
another new and promising approach for the rapid development of new breeding lines. 

5th G: Gene Editing (GE) 

Gene editing technologies become the powerful tool for the correction of the gene for developing biotic and 
abiotic stress tolerance genotypes. With the recent discovery of Cas9 guide RNA and availability of functional 
genomics data coupled with advances in bioinformatics pipelines, targets are being identified and subjected to 
editing. The main difficulty is the lack of clarity as to the GMO or non-GMO which is developed from the gene 
editing technology. it has been suggested that a reverse domestication approach could be pursued for new 
crops or current crops by editing genes related to domestication traits in wild species. 

Conclusion 

For coordinated crop improvement programmed worldwide, 5Gs strategy gives the comprehensive idea 
regarding the present development and advanced technologies. 5G breeding can enhance the precision, 
efficiency and effectiveness of breeding programs to develop climate-resilient, high yielding and nutritious 
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varieties while delivering a high rate of genetic gain in any breeding program, including in developing countries 
where these gains are most needed. 
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Abstract 

A spice is a dried seed, fruit, root, bark or flower of a plant or a herb used in small quantities for flavor, color or 
as a preservative. Many of these substances can be used in traditional medicines also. Globalization has made 
these spices easily available, and increased their popularity. There are many spices which are used in 
preparation and preservation of meat products to enhance aroma and flavor of these products such as Pimenta, 
Saunf, Byleaves, Blackpepper, Capsicum, Caraway seeds etc. 

Keywords: Spices, Meat Products, flavour, Preparation, Globalization. 

Introduction 

Spices and condiments are products of plants, which are mostly used for seasonal, flavouring and then 
enhancing the taste of foods. Spices come from the bark (cinnamon), Rhizome (ginger, bulb-onion, garlic), buds, 
cloves, seeds (yellow mustard, sesamum). Variety of spices, seasoning and flavourings are used in meat 
products & those sailed more to Indian palate are discussed here.  

1. All Spices/ Pimenta (Pimenta dioica): It is a “dried unripe berry” of the Pimenta dioica which belongs to the 
family Myrtaceae. It is also known as Jamaica pepper. Common name applied to the berry of a small West Indian 
tree of the myrtle family. The English name “All spice” was given because the spice is said to have the aroma of 
several spices including cloves, pepper and even cinnamon and nutmeg. 

Uses-It is used in sausages and meat blends throughout the world. 

2. Anise seed / Saunf: (Pimpinella anisum, L.): Anise seeds are ovoid - somewhat compressed at side and 
greyish - green to grayish-brown in colour. Anise is an annual herb. It has licoricey flavour. Anise oil has 
antibacterial, antifungal, antioxidant, carminative and expectorant properties. 

Uses -It is used as a flavouring agent, cosmetic and medicine purpose. This is one of the oldest spices used 
widely in curries, soups, pickles and beverages as a flavouring agent. Anise seeds and anise oil are used in Italian 
sausage, pepperoni, pizza topping and other processed meat items. 

3. Bay leaves (Laures nobilis, L.): Also known as laurel leaves. Bay leaves have a strong, spicy flavour and a 
striking aroma which becomes even more apparent when the leaves are shredded or crushed. In cooking bay 
leaves can be used as whole, cut up or ground to give a strong and pungent flavour and the whole leaves are 
usually removed before food is served. Bay leaves can, also improve the flavour of salt free dishes with their 
rich flavour. 

Uses-used in stews, marinades, pickling spice, meats and vegetables. Ground bay is utilized in many seasoning 
blends and products for flavouring, soups, stews, gravies and meat, corned beef. 

4. Black Pepper/ Kalimirch (Piper nigrem, L.): Widely used spice in the world, also known as king among spices. 
Black pepper has been the spice of choice for those who could afford it. Hot, biting and pungent flavour of black 
pepper that makes it the perfect seasoning for almost any food. Piperine is the major pungent component of 
pepper and volatile oil is responsible for the aroma and flavour. It has flavouring, preservative, medicinal 
(Carminative and febrifuge) properties. 
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Uses-Black pepper is suitable for dishes of meat, seafood and eggs. It is used as multifunctional spices, imparting 
flavour, taste, colour and marking off flavour in foods. 

5. Capsicum / mirch: There are five domesticated species of Capsicum. Capsicum annum, C. baccatum, Chinese, 
C. frutescens and C. pubescens. Capsicum includes paprika, chilli pepper, red pepper (cayenne) and bell peppers. 
In Asia word chilli is associated with highly pungent varieties of C. annum and C. frutescens whereas a capsicum 
refers to non-pungent sweet bell peppers. The capsanthin is the pigment responsible for red colour and is 
present in all capsicums. Capsaicin (8-methyl-N-vanillyl-6-enamide) is the pungent component of capsicum. 

Uses-In foods these are used to impart colour and pungency in sausages, smoked pork, soups and canned meats. 
In addition to colour paprika is valued for its flavour. 

6. Caraway seed / Ajwain (Carum Carvi L.): Caraway seed is the fruit of an herb of the Parsely family main 
component of essential oil is carvone. Flavour closely resembles dill seeds. 

Uses -Caraway seed is used whole in pork roasts while ground caraway seed is used in the      sausages. 

7. Cardamom / Eliachi (Eletteria cardamomum maton): Cardamom is commonly referred as queen of spices. 
There are two varieties of cardamom, small cardamom/ chhota eliachi (Elettaria cardamomum or true 
cardamom) and Bada eliachi/ large cardamom includes alframomum and amomum species. Cardamom oil finds 
its uses in food, perfumery and pharmaceutical industries as a flavour and carminative. 

Uses -used in pickles, meat and canned soups as flavouring agent but oil of cardamom develops off flavour 
within few days after contact with atmosphere. 

8. Cinnamon / Dalchini (Cinnamomum verum): Cinnamon is used for culnary purposes & is commonly used in 
meat and fast-food seasoning. The bark oil is found to be an antifungal property. 

Uses -Cinnamon is used in a ground form in processed meat. It is used to stud baked hams and other meats also 
used in pickling spices for meat and pickle products. 

9. Clove/Laung: (Syzygium aromaticum L.): Cloves are the dried unopened flower bud of evergreen tree 
belonging to myrtle family. It contains eugenol and eugenyl acetate as the major aroma constituents. Cloves 
are strongly aromatic and have a pungent, spicy taste. Clove is used for domestic culinary purposes and as 
flavouring agent. Whole cloves are  must for pickling meats and studding hams. The flavour is quite strong so 
use sparingly. Because cloves bring out the flavour of beef, add a whole clove to beef stew or a tiny pinch of 
ground cloves to gravy. 

Uses -Cloves are used in a ground form in processed meat industry. At consumer level whole clove is used to 
stud baked hams and other meats. It is also used in pickling spices for meat and pickle products. 

10. Coriander/Dhania (Coriandrum sativum L.): Coriander is an annual herb from plants, seeds and leafs are 
obtained. Principal component is coriandrol (d-linalool). The seeds are aromatically sweet and make a mild and 
spicy flavour. Coriander is an essential part of curry powder and Indian masalas in Northern India (garam masala) 
and in the South (sambaar podi). Roasting or frying, much practiced in India and Sri Lanka, enhances the flavour.  

Uses -Seeds and its extracts are used in sausage item. Whole coriander is used in pickling spices for meat and 
pickles. Seeds are indispensable items of Indian spice mixes like garam masalas. 

11. Cumin/ Zeera or Zira: (Cuminum cyminum L.): Characteristic odour and flavour of cumin is due to its 
aldehyde content cumaldehyde (Cuminol, P-menth-3-en-7-ol and P-mentha1,3-dien-7.ol). It imparts flavour and 
acts as preservative. It also possesses medicinal properties like stimulant. antispasmodic, carminative and 
antimicrobial property. 

Uses-Ground cumin is used in lemon based marinates for chicken, turkey, lamb and pork curries. In many ethnic 
products cumin is used as flavouring agent. 
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12. Nutmeg (Jaiphal) and Mace (Javitri) (Myristica fragrans Hoult): Nutmeg and mace are the two different 
parts of the same fruit. Nutmeg is the dried kernel of seed while mace is  the dried aril surrounding part of the 
seeds. Myristicin is the main flavouring component of nutmeg. 

Uses-Nutmeg is widely used in processed meats. Nutmeg and its oleoresinare used- in the preparation of meat 
products, soups, seasoning of meat products. Mace is used in processed meat produces like sausages, soups, 
pickles and Chutneys. 

13. Turmeric/Haldi (Curcuma domestica): Turmeric is a perennial herb. Turmeric contains colouring pigment, 
curcumin which imparts yellow colour to turmeric. The yellow pigment curcumin and demethoxylated 
curcumins found in turmeric and ginger is known to possess potent antioxidant activity. 

Uses-Turmeric is used in meat dishes and soups. 

14. White pepper (Piper nigrem, L.): White Pepper is desirable in light coloured foods like salad, dressings, 
soups, mayonnaise. Pepper is one of the important ingredients in Indian systems of medicine, and it has 
analgesic antipyretic, antioxidant, and antimicrobial properties. 

Uses-White pepper is used as multifunctional spice, imparting flavour, taste, colour and masking off flavour in 
foods. Pepperis suitable for dishes of meat, seafood and eggs. 

15. Curry leaves (Murraya koerigii): Curry leaves are extensively used for seasoning and flavouring dishes. Curry 
leaf was found to have antioxidant properties in high fat diet fed to rats. Antioxidant activity of curry leaves in 
meat is reported. 

Uses-Used as flavouring, antioxidant and antimicrobial agent in different meat products. 

16. Garlic/ Lahsun (Allium satirum L.): Garlic is a bulbous perennial herb. Allicin is the pungent principle in 
garlic. Garlic is used worldwide for flavouring various dishes. Garlic has a pungent smell and its own 
characteristic flavour. That does not resemble any other herb. For a subtle flavour rub the garlic clove as well 
as other seasonings like salt and pepper into lamb chop or any other meat before cooking. Garlic is widely used 
as an excellent carminative, nerve tonic and an antiseptic agent for centuries. It is effective in reducing serum 
cholesterol level, levelling blood pressure and anti-carcinogenic activity. 

Uses-Important as a variable flavouring agent for use in various meat products, soups, sauces and carried foods. 

17. Ginger/Adrak: (Zingiber officinale): Ginger is a tropical perennial herb. It is one of the most important and 
valued spices worldwide. The functionally significant components of ginger are primarily its aroma and 
secondarily its pungency. Peculiar organoleptic properties ginger is due to steam volatile oil and non-volatile 
solvent extractable pungent components. More than 70 different components present in steam volatile oil 
imports pleasant aroma to ginger. Out of them sesquiterpene hydrocarbon (-) a - zingiberene constitutes about 
20-30% oil obtained from dry ginger. The primary flavouring constituents of the oil includes cineol, borneol, 
geraniol, linalool and franasenze. 

Uses-Ginger is an indispensable ingredient due to its refreshing pleasant aroma and carminative property. In 
Indian fish and meat dishes ginger is an important ingredient. 

18. Onion/ Pyaz (Allium cepa): Nearly every Indian recipe makes use of onion. Onion bulb is mostly used for 
flavouring and garnishing soup and foods. Onion is characterized by its distinct flavour and pungency which is 
due to sulphur containing compounds. Beside its culinary uses, onions also possess medicinal properties such 
as stimulant, diuretic, expectorant, hypoglycemic, reducing cholesterol. Antibacterial properties at onion are 
due to allicin disulphide and cystein compounds. 

Uses-onion is used for making meat dishes and soup. 

Important flavour compound in spices General Formulation for making spice mix for meat 
products 

S.No. Spice Flavouring Compound S. No. Ingredients Percentage 

1 Anise (E) – anethole, methyl chayicol 1 Anise seed 10 
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2 Black 
pepper 

piperine, S-3 carene, B- 
caryophyllene 

2 Black pepper 10 

3 Bay leaves 1, 8- Cineole 3 Capsicum 08 

4 Caraway d- carvone, carone derivatives 4 Caraway seeds 10 

5 Cardamom A terpinyl acetate, 1-8 cineole, 
linalool 

5 Cardamom Badi elaichi 05 

6 Cinnamon Cinnamaldehyde, eugenol 6 Cinnamon- Dalchini 05 

7 Chilli Capsaicinol dihydro capaicin 7 Cloves 03 

8 Clove Eugenol, eugenyl acetate 8 Coriander 17 

9 Coriander de-linalool, C10- C14 allcenals 9 Cumin seed 10 

10 Cumin Cuminaledehyde, p- 1,3 
mentha- dienal 

10 Dried Ginger (Saunth) 10 

11 Ginger Gingerol, Shogaol, neral, 
geranial 

11 Lace(Jaipatri) 01 

   12 Nutmug (Jaifal) 01 

   13 Termeric (Haldi) 10 

    Total 100 
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Introduction 

Aromatherapy derived its name from the word aroma, which means fragrance or smell and therapy which 
means treatment. This therapy is a natural way of healing a person's mind, body and soul. Aromatherapy is the 
treatment or prevention of disease by use of essential oils. Aromatherapy is one of the complementary 
therapies which use essential oils as the major therapeutic agents to treat several diseases (Babar et al., 2015). 

Aromatherapy defined as the use of aromatic oils for their supposed therapeutic effects when applied to the 
skin, as in massage or when the scent inhaled or it is the holistic healing process using essential oils of aromatic 
plants and trees. 

How this Aromatherapy Works (Mode of Action) 

Individual oil possesses known properties of antiseptic, stimulative, antispasmodic, nasal, anti-inflammatory,  
antibacterial, antiviral, etc. The mechanism of their action involves integration of essential oils into a biological 
signal of the receptor cells in the nose when inhaled. The signal is transmitted to limbic and hypothalamus parts 
of the brain via olfactory bulb. These signals cause brain to release neuro messengers like serotonin, endorphin 
etc., to link our nervous and other body systems assuring a desired change and to provide a feeling of relief. 
Serotonin, endorphin and noradrenalin are released from calming oil, euphoric, and stimulating oil respectively 
to give expected effect on mind and body (Mahantesh et al.,2018). 

Major Therapeutic Properties of Some Common Essential Oil 
Sl. No.  Therapeutic properties  Oils  

1.  Sedatives  Sandal wood, Lavender, Bergamot, Chamomile, Sweet Marjoram.  

2.  CNS Stimulant  Basil, Clove, Jasmine, Peppermint, Ylang Ylang, Chamomile, Achillea.  

3.  Adaptogen  Geranium, Ylang Ylang.  

4.  Bronchitis  Eucalyptus, Ginger, Black pepper.  

5.  Antiseptic  Geranium, Sandal wood, Thyme.  

6.  Antistress  Cedar wood, Lemon.  

7.  Muscle relaxant  All spice  

8.  Haemostatic  Achillea  

9.  Antispasmodic  Clove, Thyme  

10.  Analgesic  Clove.  

Mode of Application 

1. Diffusers and Atomizers: Essential oil mist into the air. 
2. Inhalations: Essential oil are mixed into a bowl of steaming water by which vapours are inhaled.  
3. Massage: It is an age old, tested and reliable way to reduce stress. A dilution of 3% E.O. to carrier oil is 
recommended. 
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4. Lotions and Oils: Essential oils are applied over skin to increase circulation at the surface of skin, opening up 
the pores. 
5. Vaporization: Essential oils are antiseptic and evaporate easily, so they make very good air fresheners.  
6. Baths: Using oils in bath is a simple, effective and pleasant way to relax and receive therapeutic effects.  
7. Perfumes: These are another effective way of practicing aromatherapy. 

Types of Aromatherapy 

There are five types of aromatherapy benefits which can be experienced in a variety of ways: 
1. Cosmetic aromatherapy: This therapy utilizes certain essential oils for skin, body, face]and hair cosmetic 
products. These products are used for their various effects as cleansing, moisturizing, drying and toning. A 
healthy skin can be obtained by use of essential oils in facial products. On a personal level, cosmetic 
aromatherapy of full body or foot bath will be a simple and an effective way to have an experience. Similarly, 
few drops of appropriate oil give a rejuvenating and revitalizing experience.  

2. Massage aromatherapy: The use of grape seed, almond, or jojoba oil in pure vegetable oil during massage 
has been shown to have wonderful effects. This is also known as healing touch of massage therapy  

Major essential oil and their use in massage Aromatherapy: 

Oils  Uses  

Citronella oil  Possess warming and activating both physical and mental condition  

Eucalyptus oil  Activating, vitalizing & energizing action Effective for sore and aching muscles.  

Geranium oil  Balancing effect in blending to effect on emotions. Evoke a sense of calm and 
tranquillity.  

Rose oil  Inspires emotional calm and stability without sedative effects.  

Rosemary oil  Combat against nervous exhaustion and fatigue. Used to sharpen memory.  

3. Medical aromatherapy: The founder of modern aromatherapy Rene-Maurice Gattefosse has used essential 
oils to massage patients during surgery, thus utilizing the medical aromatherapy knowledge of the effect of 
essential oils on promoting and treating clinically diagnosed medical ailments.  

4. Olfactory aromatherapy: Inhalation of essential oils has given rise to olfactory aromatherapy, where simple 
inhalation has resulted in enhanced emotional wellness, calmness, relaxation or rejuvenation of the human 
body. The release of stress is welded with pleasurable scents which unlock odour memories. Essential oils are 
complemented to medical treatment and can never be taken as a replacement for it. 

5. Psycho-aromatherapy: In psycho-aromatherapy, certain states of moods and emotion scan be obtained by 
these oils giving the pleasure of relaxation, invigoration or a pleasant memory. The inhalation of the oils in this 
therapy is direct though the infusion in the room of a patient. Psycho-aromatherapy and aromacology, both 
deal with the study and effects of aroma be it natural or synthetic. Psycho-aromatherapy has limited itself with 
study of natural essential oils. 

Benefits of Aromatherapy 

1. Enhance mood and general feeling of well-being through massage and the use of essential oils  
2. Reduce pain.  
3. Encourage restful sleep.  
4. Improve digestion.  
5. Aromatherapy offers easy way to enhance the quality of life and improve health.  
6. It prompts body and mind to function more efficiently.  
7. It also helps to boost immune system and thus prevents common ailments or illness. Stress both physical and 
mental plays a major role in almost all illness.  
8. Regular use of essential oils helps to control stress, elevate Anxiety and tension and minimize the physical 
aches, and thus one can refresh and recharge himself from busy life by using aromatherapy.  
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9. Aromatherapy has positive influence on the emotions and helps to regulate your mood, soothe your emotion, 
clear your mind, quiet your anger and inspire your creativity. 

Conclusion 

In the increasing instances of modern day’s stresses, depressions and psychosomatic disorders, aromatherapy 
has come to stay and proliferate. With all the convincing application of aromatherapy in place, it has still a long 
way to go from emerging as a powerful alternate medicine. With more rigorous scientific studies on the 
properties of the ingredients, large scale clinical studies on the benefits and risks involved and standardized 
protocols for treatments can probably get aromatherapy the place it rightfully deserves, in the modern scientific 
world. 
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Introduction 

On the occasion of 75th Anniversary of Food and Agriculture Organization (FAO) on October, 16, 2020, Prime 
Minister Narendra Modi will release a commemorative coin of Rs 75 denomination to mark the long-standing 
relation of India with FAO. Prime Minister will also dedicate to the nation, 17 recently developed bio fortified 
varieties of 8 crops. These varieties, along with other food ingredients, will transform the normal Indian thali 
into nutri-thali. These varieties have been developed by utilizing the local landraces and farmer’s varieties. The 
high zinc rice has been developed from landraces of Assam rice collected from Garo hills and those of finger 
millets from Gujarat collections of Dang districts. ICAR has started Nutri-Sensitive Agricultural Resources and 
Innovations (NARI) programme for promoting family farming linking agriculture to nutrition, nutri-smart villages 
for enhancing nutritional security and location specific nutrition garden models are being developed and 
promoted by KVKs to ensure access to locally available, healthy and diversified diet with adequate macro and 
micronutrients. 

Biofortification 

Biofortification is the process by which the nutrient density of food crops is increased through conventional 
plant breeding, and/or improved agronomic practices and/or modern biotechnology without sacrificing any 
characteristic that is preferred by consumers or most importantly to farmers. 

Current examples: 
Rice: CR Dhan 310, DRR Dhan 45 which contain high protein and high zinc in polished grain.  
Wheat: WB 02, HPBW 01, Pusa Tejas (HI 8759), Pusa Ujala (HI 1605), MACS 4028 (d) which are rich in zinc and 
iron. 
Maize (which possess high provitamin-A, tryptophan and lysine), Pearl millet, Mustard (contains low erucic 
acid), Soybeans, Sweet potato which contains high β-carotene, Pomegranate which contains high iron, zinc and 
vitamin C. 

Agronomic Bio Fortification 
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Agronomic bio fortification is the deliberate use of mineral fertilizers to increase the concentration of a target 
mineral in edible portions of crops to increase dietary intake of the target mineral. 

The United Nations Food and Agriculture Organization has estimated that around 792.5 million people across 
the world are malnourished, out of which 780 million people live in developing countries. Apart from this, 
around two billion people across the world suffer from another type of hunger known as “hidden hunger,” 
which is caused by an inadequate intake of essential micronutrients in the daily diet despite increased food crop 
production. 

In August, 2018, FSSAI introduced the Food Safety and Standards (Fortification of Foods) Regulations, 2018, to 
regulate the provisions regarding fortified food.  

There are several approaches to increase the micronutrient concentrations by: 
1. Soil Application. 
2. Foliar Application. 
3. Soil + Foliar Application. 
4. Seed Treatment. 
5. Organic Matter. 
6. Soil Amendments and Sewage. 

Advantages Posed by Genetically Modified Crops 

1. The genetically modified crops can add to food security due to higher yields and improved nutritional value.   
2. The inbuilt resistance to pests, weeds and disease makes them more environment friendly as they require 
less herbicides and pesticides 
3. It is effective in controlling farm runoff that otherwise pollutes water systems that is associated with reduced 
spraying of chemical insecticides and highly toxic herbicides. 
4. Genetic engineering allows the gene transfer across species boundaries with relative ease. 
5. Although the seed is more expensive however the overall costs of production is low because of reduced 
inputs of machinery, fuel, and chemical pesticides. 

Constraints Posed by Genetically Biofortified Foods 

 
1. GM foods have been reported with risks of toxins or allergens among the consumers. 
2. Genetic engineering involves use of genes for antibiotic resistance as “selectable markers” that might be 
transferred to human or animal pathogens, making them resistant to antibiotics.  
3. Genetically modified food may lack important nutrients that are normally present in the corresponding 
natural, none genetically engineered food for example, it might lower phytoestrogens in genetically engineered 
soybeans, which protect against heart disease and cancer.  
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4. Generate a predominant position of multinationals in agricultural markets and create new dependencies of 
both poor farmers and poor countries in the seed and food supply. 
5. The cost of certified seeds for biofortified crops may be beyond the means of small-scale producers. 

Benefits of Bio Fortification 

Enhancing the nutritional value of staple foods offers the benefit to all age groups and economic sections of the 
population especially to women and children which form majority of vulnerable population of hidden hunger. 

Biofortification of crops ensures a regular access of nutritive food to the rural and poor population and in good 
proportions without any change in dietary patterns. Although initial investments are high, however cost 
effectiveness of biofortification has already been scrutinized under different studies by various researchers i.e. 
recurrent costs are low, and germplasm can be shared internationally. 

The other major advantage of the biofortified crop system is its high sustainability since, nutritionally improved 
varieties will continue to be grown and consumed year after year, even if government attention and 
international funding for micronutrient issues fades. 

Conclusion 

Bio fortification is a promising, cost-effective, agricultural strategy for improving the nutritional status of 
malnourished populations throughout the world. Bio fortification strategies based on crop breeding, targeted 
genetic manipulation, and/or the application of mineral fertilizers hold great potential for addressing mineral 
malnutrition in humans. The generation of bio fortified food crops with improved nutrient contents such as 
increases in iron, zinc, Se, and provitamin A content are providing sufficient levels of these and other such 
micronutrients that are frequently lacking in the diets of the developing and developed world. International 
initiatives, such as the Harvest Plus program and national initiatives, are acting as pillars to achieve these 
targets. These efforts have delivered crops with the potential to increase both the amounts and bioavailability 
of essential mineral elements in human diets. 

References 
Monika Garg*, Natasha Sharma, Saloni Sharma, and Priya Arora., (2018). Biofortified Crops Generated by Breeding, Agronomy, and Transgenic 
Approaches Are improving Lives of Millions of People around the world.  Journal of Frontiers in Nutrition. 5(12). 
  



 

 
Volume 2 - Issue 12 - December 2020       234 | P a g e  
 

Impact of Covid-19 Pandemic on Agriculture Sector 
Article ID: 33073 

S. B. Sawant1, K. A. Sindhura2, A. R. Mohapatra3, Laxmipreeya Behera4 
1Department of Plant Pathology, B. A. College of Agriculture, 

2Department of Agriculture Entomology, B. A. College of Agriculture, 
3Department of Agriculture Entomology, B. A. College of Agriculture, 

4Department of Agricultural Biotechnology, OUAT, Bhubneshwar, Orissa, 
Anand Agricultural University, Anand-388110, Gujarat, India. 

 

Introduction 

The first case of infection of new coronavirus (2019-nCoV) was reported in wuhan, china on December 31st, 
2019. It causes a disease called COVID-19. This became a main health problem on the global platform which 
affecting the economy and other components of developing society. It is a contagious disease without any 
medicine or vaccine and created a major threat to human being. 

During this pandemic Quarantine and lock down have an effect on economic growth of various sector and 
people’s daily routine also. In agriculture sector also, covid-19 increases the problem of hunger and 
malnutrition. It became more worst when cases increased and it causes shortage of labour for harvesting and 
it was very difficult for farmers to bring their products to market.  

Agriculture’s main objective is food security and covid-19 have a devastating effect on agriculture and farming 
community. 

Impact on Agriculture 

Food supply: According to FAO covid-19 has two types of effects on agriculture sector that is supply and demand 
for food. The chain of food supply joins the farm to the consumer through various processes such as 
manufacturing, packaging, distribution, and storage. Because of isolation news people went to supply centers 
and created food supply shortage by purchasing more food items. But situation was more difficult when it 
comes to goods which are imported and exported due to sealing of state, countries border. There is greater 
impact on livestock sector due to lack of availability of animal feed and shortage of labour. 

Food Demand: Demand for food is decreases due to reduction in the spending capacity of people. This situation 
will become more worst if pandemic continues for long time due to reduced income and job of the people. 
During this situation contactless delivery sector increased a lot. 

Food Security: People who experience chronic hunger if virus will spread in such locality the consequences 
could be more serious. Another vulnerable group is small farmers, who may be prevented from working on their 
land and accessing markets to sell their products or buy seeds and other essential inputs. The third vulnerable 
group: children from low-income families, who are mainly nourished by food provided by social programs; the 
suspension of these programs due to the pandemic puts food security and nutrition at risk. 

COVID-19 is destroying the agricultural production sector, which is the root of food system. Although the direct 
impacts will overwhelmingly be felt post-farm an increasing number of on-farm problems have been witnessed 
in various countries. For example, in northwest India, wheat and pulse harvesting was disrupted because of 
non-availability of migrant labour. In Ethiopia, vegetable farmers suffered not only from income loss due to 
overstocked products but also from a shortage of important inputs. This served to lower farmer income and 
reduce production intentions. 

The online survey data collected from 1501 rural households by the Chinese Academy of Agricultural Sciences 
(CAAS) showed that 51.19% of respondents had difficulty buying fertilizers, pesticides, and other inputs, and 
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20.39% had no access to purchasing these necessities. On the national level, data from the Ministry of 
Agriculture and Rural Affairs (MARA) showed that the seed markets’ opening time was delayed by 10–15 days, 
and seed sales decreased by 10%–30% by March 10th compared with the previous year. Only 36% of rural 
households had direct access to fertilizers by March 4th. 

Impact on Agriculture Research 

The COVID-19 pandemic has been disruptive for agricultural and food research. Many research labs have closed 
and many global research conferences have been cancelled. Reducing direct contact between researchers. 
Researchers have responded by working online as much as possible and adjusting laboratory working 
environments to have lower numbers of researchers per unit area of laboratory space. Increased shift work has 
allowed researchers to work at different times of the day and continue to have laboratory access.  

One short-term impact has been the diversion of researchers to COVID-19 research projects. Agricultural 
researchers with appropriate skills have been tasked with supporting research such as developing vaccines, 
assessing anti-viral treatments, improving or deploying diagnostic tests, and supporting contact tracing of 
people infected with the virus. The pandemic will result in some resetting of research priorities to focus on 
making agriculture and food production more resilient to such events. The long-term impact of COVID19 on the 
progress of agricultural and food research remains unclear 

Long Term 

People and countries could aim to be more self-sufficient in food production to reduce reliance on food supply 
from other places or countries. Trends that may emerge could include more attempts at self-sufficiency by 
consumers growing their own food at home, and more home cooking because of experiences during the 
pandemic. More significant will be the approach of governments to food security with possible impacts on 
global trade in foods. Export of foods maybe blocked and imports restricted to force local production as 
strategies to protect the food supply in future pandemics.  

The adverse impact of COVID-19 on the global economy may also result in a renewed risk of accelerated 
population growth that could add significantly to food insecurity. While economic difficulties result in lower 
population growth rates in developed countries, poverty is a major factor contributing to rapid population 
growth in developing countries. If COVID-19 prevents escape from poverty in these countries, population 
growth may be higher than previously predicted and put more pressure on food security. 

Changes and Trends to Meet the Demand 

Many responses to the pandemic have resulted in changes in agriculture and food production that may persist 
in the longer term. In some situations, more emphasis may be placed on automation of food production and 
processing to avoid the risks of using labour that may be unavailable due to illness or due to the restriction on 
labour migration. This could result in more investment in automation of harvesting and processing, minimizing 
manual steps in the whole production chain. The automation of food production in these systems could also 
eliminate the risks of contamination of the food during production. COVID-19 contamination of foods has not 
been a problem, but other organisms in future pandemics might pose this risk. 
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Agri Food System 

Food industry plays a very important part in a country's financial growth. This helps to ensure people's food 
needs and to build jobs. In support of a need for radical change, significant threats to future food systems–
population development, poverty, pollution, resource scarcity, food waste, climate change and employment–
are frequently cited. With population growth this sector faces challenging challenges such as meeting food 
demand, protecting the environment, rising waste and poor food quality. In 2019, the global population reached 
7.7 billion and is rising by around 1.2 per cent per year. As the population increases, the contribution of rural 
residents continues to decline significantly. The UN predicts that almost all of the world's population increase 
in urban areas in developed countries will be concentrated over the next 25 years (FAO, 2017). 

Drivers of Changing Agri Food System in India 

1. Population growth, urbanization and income growth: In 2019, the global population exceeded 7.7 billion 
and is increasing annually by around 1.2 per cent. The proportion of inhabitants living in rural areas tends to 
decline sharply as population grows. It is expected that more than half of the world's population is urban. In 
addition, the UN predicts that virtually all of the world's population growth will be concentrated in developed 
countries' urban areas over the next 25 years (FAO, 2017). Indeed, World Bank's latest estimates show income 
per person to rise in all regions of the world with especially high levels in the Asia-Pacific region. In average, 
developing countries should experience a growth rate of 4.4% per year in GDP per capita between 2006 and 
2015. 

 
Figure: 1 India’s GDP from the year 2010 to 2018 (Source: Central Statistical Organization Report 2018) 
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Figure: 2 Urban and rural population of the world, 1950–2050 (Source: Department of Economic and Social 

Affairs Annual Report 2018) 

2. Trade Liberalization and Mobility of Capital Flows: 
a. Liberalization: Trade liberalization and capital flow mobility are at the root of free movement between 
nations of products, services, resources, and expertise, and have influenced the organization and 
efficiency of agri-food systems worldwide. By the end of the 1990s, the share of processed agricultural 
products traded in commodities had risen from 24.7% in 1970 to 58.2%, a development that had parallel 
trends in developed and developing countries. Conventional export commodities, such as cocoa, coffee 
and sugar, had decreased their relative value, while raised trade in fruits, vegetables and dais had 
occurred.  
A big one is the need for increased technological efficiency in production, processing and distribution, 
resulting in lower product costs and thus potentially greater market share. 
b. Foreign direct investment in food and agriculture is regarded as the main engine of globalization in 
this economic field as regards mobility of capital flows. The transnationality index rose from 59 to 79 per 
cent between 1990 and 1999. 

3. Progress in Information Technology: More strength, more energy, lower costs, i.e. in 1965: 1 transistor cost 
1 dollar; 1st processor had 2200 transistors but today: more than 1 billion transistors costing less than 
1/10000th of a cent per device. Enabling data collection, storage, retrieval and inter-organizational sharing, 
information and fund transfers, computer and communications technology also enables enhanced customer 
sensitivity and compliance with food safety and quality regulations, the advent of RFIS (radio frequency 
identification systems) and cell phones with the potential to further enhance logistics management and use.  

4. Advances in production and processing technology: Technology has guided advances in the development 
and processing of agricultural goods, green revolution, post-harvest packaging and drying. Biotechnology 
requires market control, allowing for activities such as the requirement that farmers sign contracts that hinder 
seed reuse and restrict the type of herbicides they can use and the rapid spread of GM crops in certain parts of 
the world. In 2017, the total region with GM crops was worldwide 190 million hectares & India 11.4 mha. 
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Introduction 

The global quest for nutritious food, security of farmers, sustainable agriculture and conservation of 
environment is fueling a revolution in organics and millets. Globally, over 43.7 million hectares are organic, with 
over 2 million producers from 172 countries. The total area under organic cultivation and the global food market 
are increasing at 10 & 12% respectively. Global organic trade is estimated to reach 100 billion by 2020. 

What is Organic Farming? 

Organic farming primarily aims at cultivating the land and raising crops in such a way, as to keep the soil alive 
and in good health. FAO defines Organic agriculture as ‘a holistic production management system which 
promotes and enhances agro-ecosystem health, including biodiversity, biological cycles, and soil biological 
activity’. According to International Federation for Organic Agriculture Movement (IFOAM) "Organic Agriculture 
is a production system that sustains the health of soils, ecosystems and people” and is based on the principles 
of health, ecology, fairness and care. 

 

The Global Organic Food Market 

The global organic food market which is estimated at USD 97.5billion in 2018 has been growing at an average 
CAGR of around 12% for last 14 years. Europe and North America together generate about 90% of the global 
organic food sales. United States leads the market with a market size of over USD 39 billion followed by Germany 
USD 11.2 billion and France USD 6.7 billion. The largest organic market in EU is Germany with growth rate of 
over 7%; and together with France they represent over 50% of the EU organic market. Amongst the well-
established organic markets, USA, Switzerland, Sweden and Norway have witnessed double digit growths in the 
recent years. Few others like Poland in EU and Brazil are reported to be growing at growth rates of close to 20%-
largely because of lower base. (UK, Italy, Switzerland – between $ 2200 to $ 3000 million are also large markets 
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compared to Indian market size of $ 415 million). Other than UK, all are fast growing markets. Austria, Sweden 
Denmark, Netherlands and Spain are markets over 2-3 times the size of the current Indian market.  

Organic packaged food and beverage products category constitutes about 40-50% of the total global organic 
food market ($ 90 billion) with an estimated retail level market size of around USD 38-45 billion in 2018. Of this, 
organic packaged food category accounts for USD 32-34 billion while organic packaged beverages account for 
USD 4-6 billion. Dairy and dairy products, bakery/confectionery products, ready meals and baby food are the 
largest categories in the organic packaged food market globally accounting for around 50% of the total organic 
packaged food market. Dairy sector accounts for close to 25% of the packaged food products followed by bakery 
confectionery products (18%), ready meals (8%), baby food (6%), chilled processed meat/seafood (5%), and 
processed/frozen food (4%). In the beverage segment, the major categories are fruits and vegetables juices, 
coffee and tea which together account for over 70% of the total non-alcoholic beverage segment. 

Organic Potential - India 

Organic agriculture has seen a significant growth in India, especially in the last 8-10 years. The area under 
organic farming with certification has grown from 42,000 ha during 2003-04 to 11,00,000 ha in 2016. The 
markets for organic products are growing faster with the global demand increasing at 20-25 % p.a (and India’s 
markets growing at even 40-50%). The worldwide sales crossed US $ 80 billion and are expected to reach US $ 
100 billion by 2017. The trade estimate in India shows that the market for organic products has crossed Rs.4500 
crores (exports at Rs. 3500 crores and domestic markets at Rs. 1000 crores). The market in India will touch Rs. 
10000 crores (USD 1.50 billion) by 2020. India produced around 1.53 million MT (2017-18) of certified organic 
products which includes all varieties of food products namely Sugarcane, Oil Seeds, Cereals & Millets, Cotton, 
Pulses, Medicinal Plants, Tea, Fruits, Spices, Dry Fruits, Vegetables, Coffee etc. The production is not limited to 
the edible sector but also produces organic cotton fibre, functional food products etc. Among all the states, 
Madhya Pradesh has covered largest area under organic 

Indian Organic sector Currently the Indian Organic food sector is primarily driven by exports comprising about 
Rs. 2,100 crore and domestic certified market (organized sector) estimated between Rs. 250 to Rs 300 crore. 
Estimates of unregulated domestic organic market size range between Rs. 500 to Rs 800 crore. Certified cotton 
exports of over Rs. 1,100 crores are another major component of India’s organic sector. Current Indian exports 
are predominantly non-value-added commodities. 

Export Trends 

The total volume of export during 2015-17 was 263687 MT. The organic food export realization was around 298 
million USD. Organic products are exported to European Union, US, Canada, Switzerland, Korea, Australia, New 
Zealand, South East Asian countries, Middle East, South Africa etc. Oil seeds (50%) lead among the products 
exported followed by Processed food products (25%), Cereals & Millets (17%), Tea (2%), Pulses (2%), Spices 
(1%), Dry fruits (1%), and others(2%) USA is the top most market for the Indian organic products having a share 
of 42% followed by EU (European Union- 37%), Canada (14%), Switzerland (2%), and Israel (1%) These had a 
combined share of around 99% in volume terms (lakh MT). In terms of export value USA, European Union, 
Canada, Switzerland, and Japan have a combined share of 97%. Around 3000 MT of organic produce worth 
around INR 55 Cr was exported to different Asian markets in 2015-17. The major Asian markets volume -wise 
were Israel, Japan, Turkey, UAE, Singapore and Thailand. Japan with Rs. 26.5 crore tops the chart in value terms 
followed by Israel, Turkey and China. 

Organic Certification 

Certification of Organic Products Certification is a process of auditing the organic agricultural methods followed 
by the organic farm by an independent agency with reference to some established standards. In our country, 
the National Programme for Organic Production (NPOP) has set standards for organic production. The 
‘standards’ are the minimum required practices to be followed for the resulting product to be called as ‘organic’. 
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Is it necessary to undergo certification process for all organic production? It is a voluntary step taken by an 
organic farmer or project. If the interest of the farmer is only for improving fertility of the soil or saving the 
environment from pollution of soil and water with chemical contamination or for growing organic food for own 
consumption, there is no need for certification. If a farmer wants to export his product to overseas markets, 
then the organic certificate is a must. Without such certificate, he cannot export organic products from India. 
Even in the domestic market, with the advent of retail chains, the opportunity to market certified organic food 
is quite promising. Apart from the certificate from the Accredited certificate agency, the Government of India 
has introduced Participatory Guarantee System (PGS) Certificates for small farmer groups who would like to 
market their organic products direct to consumers or retail chains. This is a decentralized organic certification 
system to help small organic farmers to market their products authentically. The details regarding this scheme 
are available with all agricultural extension offices in the country. Details can also be obtained from the Website: 
www.pgsindia-ncof.gov.in. 

 

What are Organic Standards? 

Organic Standards are some minimum required organic practices to be followed by the organic farmers so that 
the farm can be called as Organic. Some of the practices are given below in brief: 
1. The conventional farms should undergo conversion to organic farm. The conversion period is 24 months from 
the date of inspection for annual crops like cereals, pulses, vegetables, oilseeds etc. It is 36 months in case of 
perennial crops like orchards and plantation crops.  
2. Soil fertility and nutrient management should be only with organic inputs. Organic inputs can be sourced 
from on-farm resources or off-farm materials as long as they are natural products and not chemicals. Generally, 
all organic products are based on plant, animal or microbial sources.  
3. Seeds and planting materials shall be sourced from organic crops.  
4. Crop protection from pests and diseases are carried out with materials originating from plant, animal and 
microbial sources. Chemicals are prohibited. 
5. All branded nutrients and plant protection products should be approved by accredited Certification Bodies 
(CBs) for use in organic agriculture.  
6. Genetically Modified (GM) products are not allowed in Organic agriculture. • Steps should be taken to avoid 
contamination of land, water, air and the organic products with chemicals and non-organic substances.  
7. The organic farm should have an organic system plan containing all the production practices followed in the 
organic farm. 
8. All farm activities should be properly documented and should be made available for inspection by the CBs.  
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9. More details can be obtained from the National Programme for Organic Production (NPOP) guidelines 
available in APEDA website www.apeda.gov.in under publication section. 
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Abstract 

The present study entitled “Effect of micronutrient management zinc and boron on crop growth, yield and 
quality of Onion (Allium cepa L.)” was undertaken in the Horticulture Research Farm, Department of 
Horticulture, Sam Higginbottom University of Agriculture Technology and Science, Prayagraj, 211007 during the 
Rabi season of 2019-2020. The Experiment was laid out in a Randomized Block Design with 10 treatments and 
3 replications. Results revealed that the application of T9:3.5+ 3.5 Zn + B+ RDF (100:50:50) influenced most of 
the characteristics significantly and recorded the highest values of plant height (73.52), number of leaves plant-
1 (10.45), fresh weight of bulb (94.18),  dry weight of bulb (89.51),  days to first bulb harvesting (49.71), diameter 
of bulb (9.65cm),  bulb yield per plot (18.84), bulb yield (t ha-1) (62.79),  ascorbic acid (mg/10g fresh weight)  
(14.35) and protein (%) (12.48). 

Keyword:  Micronutrient, Zinc, Boron, NPK, growth, bulb yield, quality and onion. 

Introduction 

Onion (Allium cepa L.) is one of the most important commercial vegetable crops cultivated extensively in India 
and it belongs to family Alliaceae. Onion is an indispensable item in every kitchen as vegetable and condiment, 
therefore commands, an extensive internal market. Onion is liked for its flavour and pungency which is due to 
the presence of a volatile oil ‘allyl propyl disulphide’- organic compound rich in sulphur. Onion bulb is a rich 
source of minerals like phosphorus, calcium and carbohydrates. It also contains protein and vitamin C. It is being 
used in several ways as a fresh, frozen and dehydrated bulbs. Dehydrated onion is in great demand which 
reduces transport cost and storage losses. Onion has got good medicinal value. It contains several anticancer 
agents which have shown to prevent cancer in animals. 

Onion (Allium cepa L.) belongs to the family Alliaceae, is one of the most important monocotyledonous, cross-
pollinated and cool season vegetable crops. Onion is popularly known as Piaz in Hindi, Ullai payya in telugu and 
Ullagaddi/Irulli in Kannada. Onion has its own distinctive flavour, used in soups, meat dishes, salads and 
sandwiches and is cooked alone as a vegetable. 

Onion (Allium cepa L.), the “Queen of Kitchen” is one of the most important commercial crops not only in India 
but also in the world. Onion is cultivated under an area of 3991.51 („000 ha) with a production of 76377.21 
(„000 Mt) in the world (Anonymous, 2015). India ranks first in area and is the second largest producer of onion 
in the world, next to China, accounting for 22.18 per cent of the world area and 18.78 per cent of the world 
production. In India, onion is being grown in an area of 1274 („000ha) with production of 21717.70 („000 Mt) 
and the productivity is 17.04 t ha-1 which is low (Anonymous, 2015). Productivity of onion were higher in the 
case of Turkey (34.3 Mt ha-1) followed by Brazil (26.1 Mt ha-1). Due to lower yields, though India has the highest 
area under onion, it stands second in the production of onion in the world. Hence, there is a lot of potential for 
increasing the production of onion by improving the yields. India is also the largest exporter of onion and hence, 
it is crucial to improve the yields for enhancing the export level, so that it helps in earning foreign exchange for 
the exchequer of the country. Productivity could be increased by use of suitable varieties, balanced nutrition, 
optimum water management as well as need-based plant protection measures. Among the many constraints 
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for low productivity in onion, imbalanced nutrition is the main limiting factor. Zinc plays vital role in 
carbohydrate metabolism. It is involved in diverse range of enzyme system. Zinc is taken up by plants as Zn+2. 
The functional role of Zn includes auxin metabolism, influence on the activities of dehydrogenase and carbonic 
anhydrate enzymes, synthesis of cytochrome and stabilization or ribosomal fractions (Tisdale et al., 1984). 
Boron is an essential micronutrient required for normal plant growth and development. It performs wide range 
of functions in onion plant. It is very sensitive element and plants differ widely in their requirements but the 
ranges of deficiency and toxicity are narrow. It maintains balance between sugar and starch in plant body (Ali, 
2013). 

Materials and Methods 

The experiment was conducted in Randomized block design (RBD) with 10 treatments and 3 replications in 
Horticulture research field, Department of Horticulture, Naini Agriculture Institute, SHUATS, Prayagraj during 
the Rabi season, (2019-2020). 

Conclusion 

The variety used for the experiment is N-53 collected from Alopibagh, Prayagraj. Among the various levels of 
micronutrient (Zinc and Boron) and NPK used in the experiment, treatment T9:3.5+ 3.5 Zn + B+ RDF RDF 
(100:50:50) for  plant height (73.52),  number of leaves plant-1 (10.45),  fresh weight of bulb (94.18),  dry weight 
of bulb (89.51),  days to first bulb harvesting (49.71),  diameter of bulb (9.65cm),  bulb yield per plot (kg) (18.84),  
bulb yield (t ha-1) (62.79), ascorbic acid (mg/10g fresh weight)  (14.35) and protein (%) (12.48) was the best for 
the maximum growth, yield and quality of onion under Praygaraj agro-climatic condition when compared with 
control and the other treatments. 
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Introduction 

The practice to use of entho-medicinal plant to treat various illness dates backs to ancient times. Ziziphus jujube 
is one of herbal plant used in traditional medicine belongs to Rhamnaceae family and is one of the most 
important Ziziphus species. 

Ziziphus jujube commonly known as Jujube or red date or Korean date is typically a small shrub or tree with 
small yellowish-green petals and drupe fruits that are about the size of a date and range from brown to purplish-
black. In terms of culinary use, jujube fruit are eaten as dried candies or fresh, and is also occasionally made 
into juice. Sometimes the pits are removed and the flesh is pounded with sugar and other fruits into a cake that 
can dry in the sun. Regardless of how you eat jujubes, the powerful antioxidants and organic compounds found 
in this impressive fruit will grant a wide range of health effects. Fard et.al. (2015) found that jujube fruits are 
rich in bioactive compounds that can benefit human health. 

 

Nutrients Present in Jujube 

The traditional and functional fruit jujube contains 23 types of amino acids that are not found in most other 
kinds of fruits and it has numerous health benefits. The major minerals in jujube are phosphorus, potassium, 
calcium and manganese. It also contains high amounts of sodium, zinc, copper and iron and known for rich 
source of vitamin-C, riboflavin and thiamine. (Shahrajabian et.al, 2019) 

Health Benefits 

1. Anticancer Activities: Jujube extract is used in the treatment of breast cancer in traditional Chinese medicine; 
the bioactive compounds of triterpenic acids, such as ZE2 and ZE4, are present in the extract. These compounds 
are effective in inhibiting cell growth and inducing cell apoptosis. The bioactive compounds present in jujube 
fruit, triterpenic acids and polysaccharides have antiproliferative and anticancer effects on various cancer cell 
lines. (Fard et.al.,2015) 

2. Fight against anemia: The jujube fruits are rich in iron ( 1.9 mg /100gm) and phosphorous and this two are 
key  ingredient of red blood cells. Anemia refers to low iron content in blood followed by some common 
symptoms like fatigue, weakness, pale skin, dizziness, indigestion, light headache, tingling or crawling feeling in 

https://www.organicfacts.net/health-benefits/fruit/fruits.html?utm_source=internal&utm_medium=link&utm_campaign=smartlinks
http://www.sciencedirect.com/science/article/pii/S030881460600673X
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the legs, Cold hand and feet, fast or irregular heartbeat etc. Thus, increase intake of jujube fruits rich in iron 
help to fight against anemia. 

3. Strengthening of bones: To remain our bones hardy, healthy and strong intake of minerals like calcium ( 79 
mg or 8% of RDI present in jujube), phosphorous and iron is necessary and all these minerals are prevalent in 
jujube fruits. We all know about the fact that with increase age, we may suffer from osteoporosis and other 
bone degradation conditions, so adding this fruit will slow down or reverse the trends. 

4. Help to lose weight: Eating fruits and vegetables is a common suggestion to people attempting to lose weight, 
and jujube is another that can be easily be added to the list. Jujube is known for low calorie count and high 
protein and fiber content jujube can satisfy the nutritional need and fill up and thus prevent from snacking in 
between meals. 

5. Improve immunity: High anti-oxidant content, Vitamin C (69 mg /100gm), Vitamin A and various organic 
compounds and acids present in jujube is beneficial for immune system. Antioxidants are able to neutralize free 
radicals, the dangerous by products of cellular respiration, which are responsible for many dangerous diseases 
and illness within the body. Vitamin C also stimulate the production of white blood cells, the first line of defense 
our immune system. 

6. Control stress and anxiety: Jujube has been proven to have certain anxiolytic and smoothing effect on body 
and have an impact on hormonal levels and thus induce calm relaxing sensation throughout the body and mind. 
For people who regularly suffer from chronic stress or anxiety , snacking on some dried jujube can help to ease 
our mind. It contains flavanoid which is an antioxidant and reduce stress. (Hossain M.A,2019). 

7. Skin health: As the fruit is rich in antioxidants and thus help to prevent appearance of wrinkle and scars, as 
well as keeping the skin tight and energized with oxygenated blood. Jujube extract and juice have been tropically 
used to treat various irritation and inflammations on the skin like psoriasis, eczema, acne. 

8. Improve digestion: The high fibre content in jujube helps in preventing constipation, cramping, bloating and 
excess flatulence and serious gastrointestinal problem.  

9. Blood Detoxification: The saponins and alkaloids found in jujube fruits has been directly with blood 
purification and eliminating of harmful toxins from the body. Antioxidant effect can help to prevent large 
number of disorder and diseases, and also ease the  stress on the immune and lymphatic system. 

10. Sleeping aids: People suffering from insomnia or restlessness, consuming the seed extract is a good remedy. 

11. Burn wound: Jujube fruit (Zizyphus vulgaris L.) has been reported to have anti-inflammatory effects as a 
traditional therapeutic agent. It contains agents such as  9 fatty acids, 2 saponins, a lot of vitamin C, and 7 
phenolic compounds including caffeine, caffeine acid, epicatechin, feruic acid, rutin, pins acid, hydroxy benzoic, 
and chromogenic acid  that reduce inflammation and because disinfection affect the burn healing (Vafaei F, 
2015). 

Conclusion 

Ziziphus jujube is an important medicinal plant and is used to treat different ailments since antient times and 
almost all parts and its extracts showed significant pharmacological activity and frequently used as an 
alternative medicine to treat a range of aliments and disorders. The roots of the plant are used to treat coughs, 
nausea, and headache. The bark is used to treat chronic dysentery and diarrhoea. The leaves boiled in water is 
also used to clean corpse prior to burials. In addition, the leaves can be used to reduce the weight and combat 
obesity. The fruits are the main ingredient which are traditionally used as a digestible, tonic and laxative to treat 
nausea, burn, sensations, thirst, tuberculosis and blood bone diseases the seed extracts can be used to treat 
eye inflammation and leucorrhoea. Traditionally, the leaves and bark powdered are used as dressing materials 
to treat wounds. In addition, the fresh leaves can be used to treat a wounds and urinary infections. Hence, 
jujube can be used as an alternative to treat various ailments naturally. 
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Nitrogen (N) and phosphorus (P) losses from agricultural and urban non-point sources (those not easily 
traceable to a single source) have been linked to surface and ground water pollution. A water body may be 
designated as impaired when nutrients from agricultural and urban systems pollute water resources. When a 
water body is impaired, the water quality criteria are not met and the designated use of that water body (e.g., 
recreation, fishing, drinking water) may be compromised. Therefore, it is important to understand how 
nutrients move into, cycle within, and are transported out of urban or agricultural systems. Nutrient inputs at a 
particular spatial scale or region should equal nutrient outputs at the same scale (or be as close to equal as 
possible). If not managed properly, nutrient inputs (usually from fertilizers or organic amendments) can lead to 
a nutrient surplus within a given area. When nutrient surpluses exist, the potential for non-point nutrient loss 
is increased. For example, N applied in excess of plant needs can be transported out of the system in runoff or 
leachate or can be lost to the atmosphere as ammonia gas (by volatilization). Phosphorus applied in excess of 
plant needs can build up in soils and potentially be lost during erosion or runoff events. In cases where the soil 
has a low P-holding capacity, P can also leach into groundwater during heavy precipitation or irrigation events. 
In addition, applying more nutrients than plants need can place an unnecessary economic burden on 
landowners. Landowners can implement best management practices (BMPs) and nutrient management 
planning to reduce potential nutrient losses from agricultural and urban systems. In turn, these BMPs can help 
minimize economic and environmental costs. Nutrient budgeting is a management tool that can identify if 
nutrient inputs to and outputs from a specified area of interest are balanced (inputs = outputs), or if the area 
has a nutrient deficit (inputs < outputs) or surplus (inputs > outputs). Once the nutrient balance of a specified 
area is understood, BMPs can be implemented to manage nutrients in a way that minimizes losses that 
negatively impact the environment. 

Nutrient budgets offer insight into the balance between crop inputs and outputs. In short, they compare 
nutrients applied to the soil to nutrients taken up by crops. A nutrient budget takes into account all the nutrient 
inputs on a farm and all those removed from the land. The most obvious source of nutrients in this situation is 
fertilizer, but this is only part of the picture. Other inputs come with rainfall, in supplements brought on to the 
farm and in effluent – either farm or dairy factory – spread on the land. In addition, nutrients can be moved 
around the farm – from an area used for growing silage to the area used to feed it out, from paddock to raceway, 
and within paddocks in dung and urine patches. Nutrients are removed from the farm in stock sold on, products 
(meat, milk, wool), crops sold or fed out of farm, and through processes such as nitrate leaching, volatilization 
and phosphate run-off etc. 

Importance 

An accurate nutrient budget is an important tool to provide an early indication of potential problems arising 
from: 
1. A nutrient surplus (inputs>outputs), leading to an accumulation of nutrients and increased risk of loss 
2. A deficit (outputs>inputs), depleting nutrient reserves and increasing the risk of deficiencies and reduced 
crop yields.  

They also provide regulatory authorities with a readily-determined, comparative indicator of environmental 
impact. Overall, nutrient budgets help ensure that farming practices are conducted in an efficient, economic, 
and environmentally sustainable manner. 
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Nutrient budgets can be calculated at any scale, such as a farm, a county, a watershed, a state, or a country. 
The availability of data, as well as the scale of the unit of interest, will determine which nutrient balance 
approach is most appropriate. 

Contents 

A nutrient budget isn't as exact as a financial statement. An assortment of variables affects each tract of land. 
For example, some areas may have had too much manure applied over time or it may have been unevenly 
distributed, and previous flooding could affect results. Limits and assumptions should be incorporated when 
compiling a budget including the average nutrient removal coefficient values if they are not specific to a certain 
field.  
Soil test: This component is complementary to the budget and lets you know what nutrients are already 
available to crops and helps you plan input purchases. It is a critical best management practice (BMP) in the 4R 
strategy.  

Yield history: By examining the historical yields of crops take from specific fields, you can calculate nutrient 
removal over time. Yield history may also help better predict the amount of uptake that will occur with similar 
crops planted in the future. 

Previous applications: Knowing what's been applied to the field in years past will offer insight into what may 
already be in the ground or what nutrients may no longer be present. 

Water: Consider what kind of water has been applied to the field. Does irrigation water contain dissolved 
nutrients such as nitrogen (N), sulphur (S), or chloride (Cl). If so, it should be counted as input. 

What's around you: Consider water sources that could run into your field. Is there a manufacturing facility 
nearby? What makes up these water sources can impact how you plant. 

Types of Nutrient Budgets 

There are three main types of nutrient budgets: farm-gate, soil surface, and soil system.  

A farm-gate nutrient budget only accounts for nutrient imports and exports relative to farm (or other similar 
unit) boundaries using data that can be collected easily at the unit level. These nutrient inputs and outputs (e.g., 
animal feed, fertilizers, crop, manure, and animal products) can be readily tracked. Hochmuth and Bennett 
(2011) present an example of a farm-gate budget in their publication available at http://edis.ifas.ufl.edu/ss547.  

A soil surface nutrient budget accounts for all nutrients that enter the soil surface and leave the soil through 
crop uptake. In the case of N, the total amount of manure or fertilizer N applied would be adjusted to account 
for ammonia volatilization, since this N would not enter the soil surface. In addition, the soil surface budget 
includes estimates of nutrient inputs such as biological N-fixation and atmospheric deposition.  

A soil system budget is the most comprehensive type of nutrient budget because all nutrient inputs and outputs 
in a given area of interest are included in the budget. The soil system budget requires the use of assumptions 
and estimations to account for nutrient transformations in the soil (e.g., immobilization, mineralization) and 
nutrient export from the system (e.g., losses through runoff, leaching, volatilization, and denitrification). 
Because a soil system budget relies on assumptions and estimates, more uncertainty is associated with this type 
of budget compared with farm-gate or soil surface budgets. The reliability of a soil system budget improves as 
more direct measurements of inputs, transformations, and losses are included. 

Table 1.  Examples of nutrient inputs and outputs that can be used when constructing a nutrient budget. 

Nutrient inputs Nutrient outputs 

Animal feeds Harvested portion of crops sold off-farm 

Commercial fertilizers Animal products sold off-farm 

Municipal biosolids or manures Exported manures or wastes 

Agricultural/municipal wastewater By-products sold off-farm 
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Natural additions (rainfall, groundwater) Nutrients leached 

Nutrients in irrigation water Volatilization and denitrification 

Biological N2 fixation (legumes) Nutrient in runoff 

Summary 

A nutrient budget is a useful management tool that quantifies the amount of nutrients imported to and 
exported from a system. The goal of nutrient budgeting is to help landowners choose and implement BMPs that 
reduce the likelihood of nutrient surpluses, while maintaining or increasing agricultural production or urban 
aesthetics. Having a balanced nutrient budget for an agricultural or urban system helps avoid unnecessary 
production costs and greatly reduces pollution potential from surplus nutrients. 
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Reactive Oxygen Species (ROS) 

These are ions or small molecules consisting of oxygen ions or free radicals of inorganic or organic forms. The 
common ROS generated in plants include superoxide anion (O2

•−), perhydroxy radical (HO2 •−), hydrogen 
peroxide (H2O2), hydroxyl radical (OH•), alkoxy radical (RO•), peroxy radical (ROO•), singlet oxygen (1O2), organic 
hydroperoxide (ROOH). They are produced during normal cellular metabolism. Abiotic stresses including water 
stress (drought/ waterlogging), salinity, low and high temperature, and metal toxicity, as well as biotic stress, 
lead to enhanced ROS formation in plants due to disturbance in cellular redox homeostasis. ROS are always 
generated by the unavoidable leakage of electrons from the electron transport activities of chloroplasts, 
mitochondria, and plasma membranes or as a byproduct of various metabolic pathways localized in different 
cellular compartments. ROS is dissipated through several antioxidants, metabolites, enzymes and other small 
molecules evolved by plants and other living organisms. 

Superoxide Anion (O2•−) 

1. It is the chief ROS produced in the cell due to environmental stresses, which further commences a cascade of 
reactions to give rise to “secondary” ROS, either directly or predominantly through enzyme‐ or metal‐catalyzed 
processes based on the cell type or cellular compartment.  
2. It is moderately reactive, short-lived ROS with a half‐life of about 1μs. 
3. It is a charged molecule and it has no ability to pass through the biological membranes. 
4. It forms H2O2 by accepting one electron and two protons respectively. 

Hydrogen Peroxide (H2O2) 

1. The main sources of H2O2 production are electron transport chain (ETC) of mitochondria, chloroplast, 
endoplasmic reticulum, plasma membrane, β‐oxidation of fatty acid, and photorespiration. 
2. It is moderately reactive and is a relatively long‐lived molecule with a half‐life of 1ms. 
3. It can pass through aquaporins in the membranes. 
4. It is more stable as compared to other ROS. 
5. It regulates specific biological processes and acts as a signalling molecule. Low concentrations of H2O2 confer 
tolerance against different environmental stresses. 

Hydroxyl Radical (OH•) 

1. Fe catalyzed Haber‐Weiss reaction forms OH• from H2O2 and O2
•−. 

2. Among all ROS, it is the most reactive. 
3. It interacts with various biological molecules and causes cellular damages like lipid peroxidation, destruction 
of the membrane, and protein damage. 
4. Its excess production may lead to cell death in the end. 

Singlet oxygen (1O2) 

1. It is produced by the reaction of chlorophyll (Chl) triplet state in the antenna system with O2. 
2. It damages the photosynthetic machinery of plants. 
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3. It elicits cellular death by harming the activity of PSII. 
4. It can be scavenged with the help of tocopherol, plastoquinone, and β-carotene. 
5. It plays a role in up-regulating genes that are involved in providing protection against photo-oxidative stress. 

Sites of ROS Production 

1. Chloroplast: PSI, and PSII are the major sources of ROS in plant cells. 
2. Mitochondria: The two major components of the mitochondrial electron transport chain responsible for 
producing ROS are Complex I and Complex III. Other sources include enzymes present in the mitochondrial 
matrix, for example, aconitase, 1-Galactono-γ-lactone dehydrogenase (GAL). 
3. Peroxisomes: Xanthine oxidase located in the peroxisomal matrix and NADPH-dependent small ETC, 
composed of NADH and Cyt b localized in the peroxisomal membrane are responsible for the production of 
O2

•−.  In addition, peroxisomal membrane polypeptides generate O2
•−. 

4. Apoplast: It is the prominent site for H2O2 production. 
5. Plasma Membranes: The NADPH oxidase produces O2

•− by transferring electrons from cytosolic NADPH to 
O2, which either spontaneously dismutates to H2O2 or is catalyzed by SOD. 
6. Cell Walls: Cell wall-localized lipooxygenases and diamine oxidases produce ROS. 
7. Endoplasmic Reticulum: The NADPH-mediated electron transport involving Cyt P450, localized in the ER 
generates O2

•− 

Reactive Nitrogen Species (RNS) 

1. These are a family of antimicrobial molecules derived from nitric oxide (NO) and superoxide (O2•−) produced 
via the enzymatic activity of inducible nitric oxide synthase 2 (NOS2) and NADPH oxidase respectively.  
2. These are continuously produced in plants as by-products of aerobic metabolism or in response to stress. 

Functions of NO in Plants 

1. NO acts as an inter- and intracellular signalling molecule, in plant growth and development. 
2. It regulates different processes by inducing gene transcription or activating secondary messengers. 
3. It plays an important role in many physiological and pathological processes including seed germination, pollen 
tube growth, cell wall lignification, root organogenesis, establishment and functioning of the legume–
Rhizobium symbiosis, flowering, fruit ripening and senescence, and biotic and abiotic stresses. 

Sites of NO Synthesis 

1. Mitochondria: Respiratory ETC dependent nitrite reduction, nitric oxide synthase-like activity. 
2. Chloroplasts:  Nitric oxide synthase-like activity, photosynthetic ETC nitrite reduction. 
3. Peroxisomes: Nitrite oxide synthase-like activity, nitrite reduction by xanthine oxidoreductase. 
4. Cytoplasm: Nitrite reduction by nitrate reductase. 
5. Cell wall/ plasma membrane: Spontaneous nitrite reduction at acidic pH, plasma membrane-bound nitrite 
reductase, root-specific–NO release to the apoplast, polyamine oxidase. 

ROS and RNS as Key Signalling Molecules 

1. Both ROS and RNS are important signals in plants and key regulators of several processes such as metabolism, 
growth, and development, response to abiotic and biotic stresses, solute transport, autophagy, and 
programmed cell death (PCD).  
2. Specificity in ROS signalling depends on the type, site, amount, and duration of the ROS signature, as well as 
the ability to regulate gene expression in response to the perceived stimuli. 
3. ROS can act during the acquisition of cross-stress tolerance, which usually occurs during intense and 
prolonged exposure to oxidative stress. 
4. The regulation of cellular metabolism and signalling via post-translational modifications such as S-
nitrosylation is one of the most interesting roles of RNS. 
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5. In peroxisomes, catalase and glycolate oxidase activity are inhibited by S-nitrosylation and this could regulate 
the cellular level of key signalling molecules like H2O2. 
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Sorting 

Sorting is done by hand to remove the fruits and vegetables which are unsuitable to market or storage due to 
damage by mechanical injuries, insects, diseases, immature, over-mature, misshapen etc. This is usually carried 
out manually and done before washing. By removing damaged produce from the healthy ones, it reduces losses 
by preventing secondary contamination. Sorting is done either at farm level or in the pack-houses. In sorting, 
only sensory quality parameters are taken into consideration. 

Sizing 

Before or after sorting, sizing is done either by hand or machine. Machine sizers work on two basic principles; 
weight and diameter. Sizing on the basis of fruit shape and size are most effective for spherical (oranges, 
tomato, certain apple cultivars) and elongated (Delicious apples and European pears are of non-uniform shape) 
commodities, respectively. 

Mechanisms/Types of Sizing 

1. Diverging belts/rope grader: The different speed of belts makes produce rotate besides moving forward to 
a point where produce diameter equals belt/rope separation. Eg. cucumbers, gherkins, pineapples and large 
root vegetables.  
2. Sizing rollers: With increased spaces between rollers. Eg. Citrus  
3. Hand held template: Sizing can be performed manually using rings of known diameter.  
4. Sizing by weight: sorting by weight is carried out in many crops with weight sensitive trays. These 
automatically move fruit into another belt aggregating all units of the same mass. Individual trays deposit fruit 
on the corresponding conveyor belt (fig.10). Eg. Citrus, apples and pear and irregular fruits  
5. Mesh screens: eg, potato, onion, anola etc. 

Grading 

The produce is separated into two or more grades on the basis of the surface colour, shape, size, weight, 
soundness, firmness, cleanliness, maturity & free from foreign matter /diseases insect damage /mechanical 
injury.  

For example: Apple I. Extra Fancy II. Fancy III. Standard IV. Cull (for processing).  

Grading may be done manually or mechanically. It consists of sorting product in grades or categories based on 
weight/size. 

Systems of Grading 

1. Static systems: These are common in tender and/or high value crops. Here the product is placed on an 
inspection table where sorters remove units which do not meet the requirements for the grade or quality 
category.  

2. The dynamic system: Here product moves along a belt in front of the sorters who remove units with defects. 
Main flow is the highest quality grade. Often second and third grade quality units are removed and placed onto 
other belts. It is much more efficient in terms of volume sorted per unit of time. However, personnel should be 
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well trained. This is because every unit remains only a few seconds in the worker's area of vision. Eg. Onion 
grading. 

There are two types of common mistakes: removing good quality units from the main flow and more frequently, 
not removing produce of doubtful quality. 

New Innovation in Grading Systems 

1. Computerized weight grader: Operate on the basis of tipping buckets that drops to release the pre weighed 
item at a particular position. – Apples, citrus. 
2. Video image capture &analysis: Used for size, colour &external defect grading-coffee bean, apple  
3. NIR Spectrometers: To assess the TSS non – destructively in apple and stone fruits  
4. X-ray imaging and Computer aided tomography  
5. MRI: Magnetic Resonances Imaging  
6. Spectroscopy  
7. Acoustic methods  
8. Volatile emission analysis 

Curing 

Curing is necessary to extend the shelf life of bulb and tubers such as onion, garlic, potato, sweet potato, yam 
where cuticle is poorly developed. Mechanical wounds caused during harvesting and handling will be cured at 
intermediate to high temperature and high relative humidity. Curing develops periderm over cut, broken or 
skinned surfaces. 

Holding the bulb and tuber at high temperature and RH for several days, while harvesting wounds heals and 
new protective layers of cell forms around wound. 

It is an effective operation to reduce the water loss during storage from hardy root and tuber vegetables and 
other tropical vegetables.  

Curing is normally undertaken in the field, but in some case curing structure is employed. Produce can be cured 
in the field by piling them in a partially shaded area. Cut grass or straw can serve as insulating material, while, 
covering the pile with canvas, burlap, or woven grass matting. This covering will provide sufficient heat to reach 
high temperatures and high relative humidity. The stack can be left in this state for up to four days. 

Curing in potato starts with deposition of suberin in parenchymatous cell just below the damaged area of the 
tubers. Suberin (a waxy waterproof substance found in the cell walls of many plants, especially corky in nature) 
is a group of fatty acids which provides initial protection to the tuber against water loss and infection. 
Subsequently, below the suberized cells a meristematic layer of cells is formed which is the periderm, also called 
as cork cambium. This produces new cells which seal off the damaged area. But these processes are 
temperature and humidity dependent.  

Curing of potato takes place in 1 days at 210C; 2 days at 150C; 3 days at 100C; 5-8 days 50C. 

Advantages 

1. It helps in wound healing of harvest and handling injuries through skin hardening. 
2. Reduce water losses. 
3. Prevent infection from pathogen. 

Optimum Condition for Curing of Vegetables 

Commodity Temperature(0C) RH (%) Days for curing 

Potato 13-17 >85 7- 15 

Sweet potato 27-33 >90 5- 7 

Yam 32-40 >90 1- 4 
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Cassava 30-35 >80 4- 7 

Garlic and onion 35-45 60-75 0.5-1 warm forced air 

When extreme conditions in the field exist, such as heavy rain or flooded terrain, and curing facilities are not 
available, a temporary tent must be constructed from large tarpaulins or plastic sheets to cure the produce and 
avoid heavy loss. 

Curing Citrus Fruits 

Curing treatments facilitates: 
1. The wound healing  
2. Reduce decay through lignification. 
3. Increase in the antifungal chemicals in the fruit peel in orange (300C), pomelo, lemons and grapefruit at 340C 
and 90-100 % RH for 2-3 days, not later than 48 hours after harvest. 
4. In pumpkins and other cucurbits, curing is the hardening of the skin. 

Drying 

Drying is carried out to preserve the fruits and vegetables by reducing the water activities below that which 
support the growth of microorganisms and action of enzymes. This irreversibly changes the nature of the 
produce. Example: Onion and garlic dying in the field. Dying in onion and garlic does not involve the uniform 
and low moisture content as in case of dehydration but drying only the outer layer. Objective is to provide a 
surface barrier to water loss and microbial infection. Sometimes this process is referred to as curing, but since 
no cell regeneration or wound healing occurs it is clear to refer to it as drying. Drying of onion has been carried 
out in the field and called ‘windrowing’. This involves the pulling the bulb from the ground and laying them in 
ground in small heaps for 1-2 weeks. When ground is wet, they can cure in pack house for 7-10 days with 
condition of 30oC and 70% RH. Curing is judged to be complete when necks of bulbs have dried out and tight 
and the skin rustles when held in the hand. 
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Summary 

Demand for agricultural crops is expected to double as the world's population reaches 9.1 billion by 2050. 
Increasing the quantity and quality of food in response to growing demand will require increased agricultural 
production. Good agricultural practices, often in combination with effective input use, are one of the best ways 
to increase productivity. Many agribusinesses are building sustainable supply chains to increase production and 
improve quality using this means of technology. GAP is particularly desirable when there is chronic overuse and 
misuse of agricultural pesticides. Food safety is defined as the assurance that the food will not cause harm to 
the consumer when it is prepared and/or eaten according to its intended use. Implementation of GAP and GMP 
are primary steps in reducing the risks associated with fresh fruits and vegetables. 

Introduction 

Good Agricultural Practice (GAP) is a certification system for agriculture that must be implemented to create 
food for consumers or further processing that is safe and wholesome, using sustainable methods. GAP offers 
benefits to farmers and consumers to meet specific objectives of food security, food quality, production 
efficiency, livelihood and environmental protection. GAP applies available knowledge in addressing 
environmental, economic and social sustainability for on-farm production and post-production processing, 
resulting in safe and healthy food and agricultural products. In simple language, GAP stands on four pillars 
(economic viability, environmental sustainability, social acceptability and food safety and quality). The concept 
of GAP evolved recently in the form of no harms to the creatures in any ways. Food safety is defined as the 
assurance that the food will not cause harm to the consumer when it is prepared and/or eaten according to its 
intended use. (FAO/WHO, 1997). GAPs may be applied to a wide range of farming systems and at different 
scales. They are applied through sustainable agricultural methods, including economically and efficiently 
produce being sufficient (food security), safe (food safety), and making sure that the food is nutritious (food 
quality). GAPs require maintaining a common database on integrated production techniques for each of the 
major agro-ecological area. 

Recommendations in Relation to GAP 

1. For soil attributes:  
a. Application of fertilizers at appropriate moments and in adequate doses (i.e., when the plant needs 
the fertilizer), to avoid run-off. 
b. The use of sewage sludge is currently not allowed on GAP-certified farms of horticultural crops. 
c. Reduce soil compaction issues (by avoiding using heavy mechanical devices). 
d. In situ green manuring by growing pulse crops like cowpea, horse gram, sunn hemp etc. 

2. For water attributes:  
a. Practice scheduled irrigation, with monitoring of plant needs, and soil water reserve status to avoid 
water loss by drainage. 
b. Maintain permanent soil covering, particularly in winter. 
c. Restore or maintain wetlands. 
d. Harvest water in situ by digging catch pits, crescent bunds across slope. 

3. For animal production attributes: 
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a. Prevent chemical and medical residues from entering the food chain. 
b. Minimize non-therapeutic use of antibiotics or hormones. 
c. Respect of animal well-being. 
d.  Avoid negative impacts on landscape, environment and life: contamination of land for grazing, food, 
water and air. 

Product Quality and Hazards 

Product quality is defined as the totality of characteristics of a product that bears on its ability to satisfy stated 
or implied needs. In other words, good quality exists when the product complies with the requirements 
specified by the client (van Reeuwijk, 1998). This means quality is a term defined by the consumer, buyer, grader 
or any other. Using the same safety is the most important component of quality, because a lack of safety can 
result in serious injury and even death for the consumer of the product. One way is to observe its characteristics 
as the product is encountered and consumed. Using this system, quality attributes are often classified as 
external, internal or hidden. The “hidden attributes” are more difficult for most consumers to measure or 
differentiate, but the perception of these contributes to the consumer’s decision to accept or reject and to 
differentiate food products. Hidden quality attributes include wholesomeness, nutritional value and safety of a 
product. 

There are three main types of hazards associated with fresh produce: 
1. Biological: Micro-organisms able to cause human disease may be found on raw produce. Sometimes they are 
part of the fruit or vegetable microflora as incidental contaminants from the soil, dust and surroundings. In 
other instances, they get introduced onto the produce through poor production and handling practices, such as 
the use of untreated manure, the use of contaminated irrigation water or unsanitary handling practices. 
Pathogenic bacteria associated with fruits and vegetables. 

2. Chemical: Chemical contaminants in raw fruits and vegetables may be naturally occurring or may be added 
during agricultural production, post-harvest handling and other unit operations. 

3. Physical: Foreign bodies, residual soil and stones found on fruits and vegetable, packing materials and storage 
facilities, e.g. packaging plastics and cardboard. 

Conclusion 

GAP adhere to appropriate soil management as an important tool to maintain and improve soil productivity, 
and should aim to improve the availability and plant uptake of water and nutrients. Activities such as 
replenishing soil organic matter and soil moisture and minimizing soil erosion are fundamental for sustainable 
agricultural production. We must understand the importance of promoting GAP for both quality assurance and 
market access to improve country economy and producers’ livelihoods. Capturing new opportunities to export 
high-value horticultural products will require producers to manage safety from farm to table and to meet 
increasingly stringent food-safety standards in import markets. Implementation of GAP and GMP are primary 
steps in reducing the risks associated with fresh fruits and vegetables. Training and education of consumers is 
the key element in reducing hazards associated with fresh fruits and vegetables. 
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Introduction 

Mut Map and Mut map + are techniques to identify the genes responsible for agronomically important traits in 
mutant lines. MutMap is based on the crossing of a mutant line with our interest to the parental line which was 
used for the mutagenesis, followed by selling of F1 individuals for F2 progeny. If the phenotype is caused by a 
single recessive mutation, the F2 population is expected to segregate 3:1 for the wild-type and mutant progeny. 
DNA from some of selected F2 individuals which showed the mutant phenotype is pooled in an equal ratio and 
subjected to Illumina whole genome sequencing with depth of more than 10x coverage. The short reads are 
then aligned to the reference genome sequence as wildtype. 

Principle of Mut Map 

The principle of MutMap is explained using rice as an example (Figure 1). EMS mutagenesis of rice immature 
embryo was done immediately after fertilization, and the embryos were allowed to develop to seeds. M0 seeds 
were sown to generate M1 plants, in which the majority of EMS mutations were expected to be in the 
heterozygous state.  

 
Figure 1. Schematic representation of mutmap technique 
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M2 seeds obtained from selfing of M1 plants were advanced to M2 generation to identify the recessive mutant 
lines with altered agronomically important traits such as plant height, tiller number and grain number per spike. 
Once the mutant line was identified, we have to cross with the wildtype. The F1 plants were selfed to get the 
F2 progeny. F2 progenies (>100) were grown in the field for scoring the phenotypic characters. Collect the DNA 
samples from the mutant lines which are showing phenotypic variation and bulked, sequence them with 
substantial genomic coverage (>10× coverage) and aligned to the reference sequence of the parental cultivar. 
The results expect to have 50% mutant and 50% wild-type sequence reads for SNPs that are unlinked to the 
SNP responsible for the mutant phenotype. SNP indices can be scanned across the genome to find the region 
with a SNP index of 1, harbouring the gene responsible for the mutant phenotype. SNP index calculated as ratio 
between the number of reads of a mutant SNP and the total number of reads corresponding to the SNP, we 
expect that this index would equal 1 near the causal gene and 0.5 for the unlinked loci. 

Principle of MutMap+ 

MutMap+ technique is a versatile extension of MutMap that is based on selfing of heterozygous plants showing 
wild-type phenotype and identified in M2 progeny segregating for wild-type and a mutant phenotype of interest 
that is recessive homozygous. The principle of MutMap+ is explained using rice as an example (Figure 2). 
Mutagenized M0 seeds were sown to generate M1 plants, in which the majority of EMS mutations were 
expected to be in the heterozygous state, M2 seeds obtained from selfing of M1 plants were advanced to M2 
generation to select the recessive mutations. 

 
Figure2.  Schematic representation of mutmap+ technique 

M2 seeds were planted approximately 10 per line in the field scored phenotypic segregation, harvested 
separately from individual plants. M3 seeds were sown in the field to observe the segregation of phenotype. 
Further, two bulks of DNA, one from the mutant phenotype and another from wild-type phenotype, both of 
which were derived from selfing of a single heterozygous M2 plant. These two bulks of DNA were separately 
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sequenced by Illumina GAIIx sequencer, and aligned to the reference sequence of the parental cultivar. 
Calculated the SNP-index=1 in the SNP-index plots obtained for the mutant DNA pool. Subtract the SNP-index 
of the wild-type bulk from that of mutant bulk for each SNP to obtain a D (SNP-index). MutMap+ expands the 
applications of MutMap for the genetic improvement of potential yield crops such as rice wheat, maize etc.  
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Introduction 

Fruits and vegetables have a natural waxy layer on the whole surface (excluding under-ground ones). This is 
partly removed by washing. Waxing is especially important if tiny injuries and scratches on the surface of the 
fruit or vegetable are present and these can be sealed by wax.  

Waxes are esters of higher fatty acid with monohydric alcohols and hydrocarbons and some free fatty acids. 
Waxing generally reduces the respiration and transpiration rates, but other chemicals such as fungicides, 
growth regulators, preservative can also be incorporated specially for reducing microbial spoilage, sprout 
inhibition etc. However, it should be remembered that waxing does not improve the quality of any inferior 
horticulture product but it can be a beneficial in addition to good handling.  

A protective edible coat on fruit and vegetable which protect them from transpiration losses and reduce the 
rate of respiration is called ‘waxing’.  

Skin coating (Protective coating) is defined as artificial application of a very thin film of wax or oil or other 
material to the surface of the fruits or vegetables as an addition to or replacement for the natural wax coating.  

Fruit coating results in the restriction of the gas exchange between the fruit and surrounding atmosphere. This 
causes a build-up of CO2 and a depletion of O2 within the fruit, thus causing an effect similar to CAS (controlled 
atmosphere storage).  

If surface coatings and their concentration are not selected properly, the respiratory gas exchange through fruit 
skins is excessively impaired leading to development of off-odours and off-flavours. Over waxing also results in 
abnormal ripening and softening that affects the marketing of such fruits.  

Fruit coatings can be formulated from different materials including lipid, resins, polysaccharides, proteins, and 
synthetic polymers. Most coatings are a composite of more than one film with the addition of low molecular 
weight molecules such as polyols, that serve as plasticizers (increase the plasticity or fluidity of the material). 
Otherwise, coatings can be too brittle and will flake or crack on the coated product. Surfactants, antifoaming 
agents, and emulsifiers are also often used in coatings. 

Advantages of Wax Application 

1. Improved appearance  
2. Reduced physiological loss in weight - reduced moisture losses and retards wilting and shrivelling during 
storage  
3. Reduced weight loss  
4. Prevents chilling injury and browning  
5. Protect produce from bruising  
6. Reducing respiration rate - by creating diffusion barrier between fruit and surrounding as a result of which it 
reduces the availability of O2 to the tissues.  
7. Protects fruits from micro-biological infection  
8. Considered a cost-effective substitute in the reduction of spoilage when refrigerated storage is unaffordable.  
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9. Carrier agent - used as carrier for sprout inhibitors, growth regulators and preservatives.  
10. Increase in the shelf life. 

Mango fruits treated with wax emulsion containing 8 to 12% solids have one- or two-week’s longer storage life 
than the untreated ones.  

Disadvantages 

Development of off-flavour if not applied properly. Adverse flavour changes have been attributed to inhibition 
of O2 and CO2 exchange thus, resulting in anaerobic respiration and elevated ethanol and acetaldehyde 
contents. 

Specifications of a Desirable Wax 

1. The selected wax material should provide a lasting shine. 
2. Must be manufactured from food grade materials. 
3. It should not develop any off-flavour and resistant to chalking. This can be determined by cooling waxed fruit 
to 0°C and allowing moisture to condense on fruit on removal from cold room. 
4. It should reduce weight loss of commodity by 30% to 50%. 
5. Rapid drying, competitive price and easy clean up. 

Fruits Suitable for Waxing 

Immature fruit vegetables - cucumbers and summer squash. 

Mature fruit vegetables - eggplant, peppers and tomato, potato, pumpkin, carrot, snake gourd, coccinia and 
capsicum. 

Fruits – apple, avocado, banana, citrus (orange, mandarin, lemon, grapefruit), guava, mangoes, melons, papaya, 
peaches, pine apple etc.  

Food grade waxes are used to replace some of the natural waxes removed in washing and cleaning operations, 
and helps in reducing loss during handling and marketing. If produce is waxed, the wax coating must be allowed 
to dry thoroughly before further handling. 

Types of Waxing 

1. Natural waxing: On the plant when fruit attains desired stage of maturity, nature provides them with thin 
coat of whitish substance, which is called bloom or natural waxing. Natural coat is clearly visible on fruits and 
disappears after harvest due to repeated handling of fruit. Ex: apple, pear, plum, mango and grapes.  

2. Artificial waxing: To prolong the shelf life of produce some of the fruit and vegetables are dipped in a wax 
emulsion and then dried for few minutes. This process provides thin layer (<1 μ) of artificial wax on skin of the 
produce by which the small pores present on the skin are fully covered and reduce the transpiration and 
respiration process resulting in increased shelf life. Artificial wax also provides good shining and lustre to the 
produce, which increases its market value.  

Artificial waxes like solvent waxes, water waxes and paste or oil waxes are used. 

List of Commercial Waxes 

1. Shellac. 
2. Carnauba wax. 
3. Bee wax. 
4. Polyethylene. 
5. Wood resins. 
6. Paraffin wax. 
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Methods of Wax Application 

Performance of waxing depends on method of application. Amount of wax applied and uniformity of application 
are extremely important. Fruits should be damp dry prior to wax application to prevent dilution. Waxes should 
never be diluted with water. The following methods are commonly used.  

1. Spray waxing: This is most commonly used method. Fruits and vegetables which move on the roller conveyor 
are sprayed with water-wax emulsion. The waxed produce is dried in a current of air at 55°C. There are two 
types of spray waxing namely low pressure spraying and high-pressure atomizing.  

2. Dipping: Here fruits are dipped in water wax emulsion of required concentration for 30 to 60 seconds. The 
fruits or vegetables could be waxed by keeping them in wire boxes holding about 100 fruits (30 kg) and dipping 
in 30 litre capacity tank containing wax emulsion. The fruits are then removed and allowed to dry under electric 
fan or in the open air or with warm air at 54 to 55°C. The produce should be turned periodically while drying.  

3. Foam waxing: Foaming is a satisfactory means of application because it leaves a very thin coating of wax on 
the fruit after the water has evaporated. A foam generator is mounted over a suitable brush head, and water is 
applied to the fruit or vegetable in the foam of foam. Spraying tends to waste wax, but it can be recovered in 
catch pans.  

4. Flooding: Flooding is similar to dipping and is a safe and convenient method of application. 

Trade Name of Some Extensively Used Waxes 

1. Citrashine@ from DECCO, India UPL  
2. Waxol -12 – Oil/ water-emulsion wax containing 12% solids  
3. Tal-Prolong  
4. Semper fresh  
5. Frutox - Emulsion of different waxes with 12 % solids. 

Use of Wax Concentration on the Fresh Produce 

Conc. of wax (%)  Commodity  

12 Carrot, brinjal, snake gourd, potato, cucumber, coccinia, capsicum, ribbed gourd, 
pine apple, guava and papaya  

09 Tomato, lime, orange  

08 Apple  

06 Mango and musk melon  
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Need to Physical Treatments 

The use of fungicides is becoming more limited because the concerns of the consumers and the administration 
about human health and the release of fungicides in the environment. In addition, organic products becoming 
more popular, retailers ask for products with a very limited number of residues and the cost of developing and 
registering new fungicides is very high especially for a small market as postharvest. For all these reasons, the 
development of nonchemical techniques to control postharvest diseases is increasing in many research 
programs worldwide. 

Physical Treatments as an Alternative to Fungicides/Synthetic Chemicals 

Physical treatments have gained great interest in recent years to control many postharvest diseases because 
the total absence of residues in the treated product and minimal environmental impact. However, they could 
have also some limitations, including low persistence, the risk of adverse effects on quality of produce or 
technological problems for commercial application. The most well-known physical treatment is the heat. 
Traditionally it and curing (Fallik, 2004). More recently, the interest in the use of the radio frequency or 
microwave energy to heat fruits has increased. Other promising technologies are hypobaric and hyperbaric 
pressure (Thompson, 2015) and especially far ultraviolet radiation (UV-C light), due to the direct activity against 
the pathogens and the resistance induction in the host (Romanazzi et al., 2016). Cold storage, controlled and 
modified atmospheres are complementary physical tools to reduce or delay the development postharvest 
pathogens, but they are used mainly to maintain fruit quality after harvest. 

Cold storage: Cold storage can be considered the main physical method for delaying or reducing biotic and 
abiotic diseases on fresh fruits and vegetables. The deterioration of fruits and vegetables depend on the 
temperature, the rate of respiration and the stress caused by harvesting and postharvest handling. Lowering 
the temperature of the product as quickly as possible after harvest will maintain a high level of quality remaining 
attractive for customers. Obviously, storage at low temperature is not an antifungal treatment, but its effects 
have consequences able to reduce produce weakening, influencing both the host and the pathogen 
simultaneously. Indeed, low temperature exerts its activity: 
1. Indirectly, by reducing the metabolism of the host, and thus delaying its senescence and contributing to the 
maintenance of fruit resistance to fungal infection. 
2. Directly, by inhibiting or delaying the growth and enzymatic activity of the pathogens. Moreover, low 
temperature prevents moisture loss from the host tissues and consequent shrivelling, which allows tissues to 
maintain a high level of resistance to pathogens as compared to fruit kept in low moisture environment. 

Hot air treatments: The exposure of fruits for several hours or days to an air atmosphere heated to 
temperatures higher than 300C at high relative humidity (RH > 90%) is known as hot air treatment or curing. 
The term curing was adopted after evidencing that a significant amount of rind wound of citrus fruit healed 
following exposure to this treatment (Ben-Yehoshua and Porat, 2005). Although these heat treatments 
decrease the incidence of green and blue mold decay, in some instances, do not provide similar control as 
synthetic fungicides and do not offer adequate residual protection. 
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Hot water treatment (HWT): HWT is a non-conventional approach to control postharvest decay based on the 
use of water at temperature above 400C. The technique is completely safe for human and environment (residue 
free and environment friendly) and of feasible use without registration rules. For these reasons, HWT appears 
to be especially recommended for organic crops or to comply with the stringent regulations of markets that 
require minimal or no chemical postharvest treatment on commodities. The system provides more efficient 
transfer of heat than air, so needs shorter times of treatment than hot air. In addition, it is cheap when 
compared to other heat treatments, such as vapour treatment or forced air (Sivakumar and Fallik, 2013). HWT 
may be suitable also for the control of pests of quarantine importance, such as fruit flies and codling moth (Lay- 
Yee et al., 1997; Feng et al., 2004). HWT is usually applied by a complete immersion of the commodity (hot 
water dip, HWD) or in the form of hot water rinse brushing (HWRB). This latter technique provides a first rinsing 
of commodity by tap water sprayed above commodity rolling over brushes on sorting line, followed by 
pressurized hot water rinse and final forced-air drying. HWRB was reported to provide a more effective cleaning 
than HWD or dry-brushing, and it was considered particularly important to remove the dirt and dust that 
accumulate in the calix or blossom-end of pepper (Fallik et al., 1999). The HWRB is employed in commercial 
lines of a variety of commodities (i.e. pepper, melon, mango and grapefruit) in Israel, with a capacity of 3–4 t/h 
in addition it is commercially adopted in Egypt, Indonesia and Morocco. 

 
 

Fig 1: Hot Water dip (HWD) Technique Fig 2: Hot water rinse brushing (HWRB) Technique 

Radio frequency and microwave: The need to achieve fast and effective heat treatments in recent years has 
increased the use of radio frequency and microwave heating, also referred to as dielectric heating. Dielectric 
heating has been widely studied as a rapid pest control treatment (Marra et al., 2009) or as a pasteurization 
and sterilization method (Chandrasekaran et al., 2013). On the contrary, little information is available about the 
use of these new technologies to control postharvest diseases on fruits and vegetables.  

Hypobaric and hyperbaric pressure: Hypobaric treatment ranges from 0 to 100 kPa absolute and is applied for 
a short period of time (Romanazzi et al., 2001; Goyette et al., 2007). Indeed, its application differs from 
hypobaric storage at low pressure, which lasts for all or most of the storage period and is used to reduce fading 
of cut flowers, delay ripening of fruits and vegetables, and to kill quarantine insects in transhipped loads of 
imported and exported commodities (Burg and Burg, 1966).  

Ultraviolet-C light: Among the physical means, the ultraviolet-C light (UV-C, 190– 280 nm) showed interesting 
perspectives of applications due to the direct activity against pathogens and the resistance induction in the host 
(Romanazzi et al., 2016). Induced resistance to diseases by the application of low or sub-lethal doses of UV-C 
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light, is the result of the phenomenon termed “hormesis”, defined as the stimulation of a beneficial effect by 
low doses of a potentially harmful agent (Luckey, 1980), which is in contrast to the germicidal effects of UV-C 
light at high doses, involving sterilization of the fruit surfaces. In the last decades, UV-C irradiation has been 
tested as a postharvest treatment to delay fungal growth and/or senescence in a variety of fresh fruits and 
vegetables. The decay of bell pepper was reduced by inactivating B. cinerea conidia in wounds by UV-C doses 
of 2.2–4.4 kJ m-2 (Mercier et al., 2001). UV-C light was effective in reducing both the number of infected fruit 
and the lesion diameter of B. cinerea on kiwifruit and table grapes artificially inoculated with the pathogen after 
the UV-C illumination (Nigro et al., 1998a, 1998b). 

Trade Name of Some Extensively Used Waxes 
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Introduction 

Breeding by design concept was proposed by Johan D. Peleman and Jeroen Rouppe van der Voort in 2003 by 
their publication entitled Breeding by Design. Breeding by Design is a concept that aims to control all allelic 
variation for all genes of agronomic importance. This concept can be achieved through a combination of precise 
genetic mapping, high-resolution chromosome haplotyping and extensive phenotyping. 

Marker assisted selection is one of the great advantages where phenotypic assessment is difficult like drought 
tolerance and disease resistance, which will eventually reduce the cost and labour. Marker assisted breeding is 
practiced in several crops from rice to millets like finger millets and even in the forest crops. Gene pyramiding 
already successful in many crops like rice where Pusa Basumati 1 to improved Pusa Basumati 1 by pyramiding 
gene xa13 and Xa21. 

Breeding by Design 

By using the technologies and understanding the genetic basis regarding all agronomical important characters 
and the allelic variation at those loci, the breeder can design superior genotypes ‘in silico’. This can be achieved 
by the following a three-step approach (Peleman and Van der Voort, 2003). 

1. Mapping loci involved in all agronomic ally relevant traits: This can be achieved through the marker and 
mapping population. They suggested introgression lines (IL) for the purpose of mapping, as it is a powerful 
mapping population where it remove the other trait effect and epistatic effect (Fig 1). Sequencing is the 
advanced technique can be used to identify the loci on chromosome using synteny and comparative mapping 
techniques. Which helps in opening the possibility for developing candidate-gene mapping approaches and 
causal SNP markers. Linkage disequilibrium (LD) mapping is other powerful mapping strategy which consider 
more than two loci at a time. So, this mapping strategy can be applying to get haplotype of markers linked to a 
trait (Fig 2). 

  
Fig 1 : Example of an introgression line (IL) library 

construction process in tomato.  Homozygous 
recurrent parent segments are shown in red. The 

homozygous donor segments are indicated in blue. 

Fig 2: Predicting trait values by use of haplotypes: 
Figure shows an example of three allelic variants of 

a hypothetical gene. Three tightly linked single 
nucleotide polymorphism (SNP) markers were 
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Green bars represent heterozygous segments. The 
construction and use of IL libraries is extensively 

reviewed. 

identified in a segregating population derived from 
parental lines G1 and G2. However, once the linked 

markers are used in a germplasm panel (G1–G6), 
typically the association between (most of) the 

markers is lost because of the independent origin 
of the SNPs. In this example, the haplotypes 

composed of the three SNPs. 

Fig 3: The principle of Breeding by Design. Subsequent selfings (F2) and BackCross (BC) selections using 
markers lead to the desired superior elite line genotype. Three chromosomes, A, B and C, of five parental 

lines, 1–5 is shown side by side. Specific recombination points are selected on chromosomes A and B 
whereas chromosome C is selected from parental line 1. Dotted lines indicate marker positions used to 

select for the desired recombinants. Below the desired genome composition of the ideal line, hypothetical 
resistance (R) and quality traits. 

2. Assessment of the allelic variation at those loci:  Assessment and evaluation of the loci for the trait variation 
is the one of the major steps in the initial breeding programme. The segregating mapping population are not 
reliable when comes to the more than one contrasting character are there for a trait. Because this mapping 
populations are segregating for only two characters (two alleles) at a time. For this purpose, association 
mapping is the good option. Once the allelic variation at the loci of interest is identified, then it is essential to 
attribute phenotypic values to the different alleles. This can be achieved by phenotyping thoroughly and 
development of algorithms for marker trait association and marker haplotype identification for each trait.  

3. Breeding by Design: Once the agronomic trait loci, allelic variation of that loci and marker association with 
the traits and its contribution to the final phenotype are known will enable the breeders to design the superior 
genotypes comprising a combination of favourable alleles at all loci. Because the positions of all loci of 
importance are mapped precisely, recombination events can be accurately selected using flanking markers to 
collate the different favourable alleles next to each other (Fig. 3). Software tools should enable to determine 
the optimal route for generating those mosaic genotypes by crossing lines and using markers to select for the 
specific recombinants that will eventually combine all those alleles. 

Current Scenario for Breeding by Design 
With the use of high through put sequencing, most of the agriculture crops are sequenced. Using bioinformatics 
tools its now possible to identify the variation in the loci for a trait. Physical mapping of the trait is more reliable 
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as compare to the linkage mapping. Whole genome re-sequencing technology helps in the identification SNP 
variation for creating SNP haplotype mapping. Xie et al., (2020) published the paper entitled with “Crop genome 
editing: A way to breeding by design” explains the current aspects for the CRISPR/Cas9 editing approach for the 
plant breeding. 

Conclusion 
Breeding by Design is the concept which gives the suggestion for the breeders for getting the more gain per 
cycle of selection. According, to this design breeder already planned the plant type in silco. The plant types are 
obtained through the MAS and marker haplotype approach. The main drawback is it demands uniform marker 
on chromosome, good lab facility with skilled person to handle the bioinformatics tools and initial cost is very 
high. Once all the variation to particular loci of agronomical important traits are identified it’s is to develop best 
breeding lines. 
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Introduction 

Homestead farming also called as home gardening. It is a system for the production of subsistence crops.  It is 
a historical tradition that has evolved in many tropical countries over a period of time. This system is mainly 
used for the sustainable growth of crops, conserving biodiversity, household nutritional security, maximizing 
production. 

Definition of Homestead Farming 

Homestead is "a small scale, supplementary food production system, by and large for the household members˝, 
it has the potential to produce high- value crops including various spices and condiments. 

Why is it called a Homestead? 
A homestead simply means a person's primary residence or a house or estate and adjoining land designated by 
the owner for farming. 

 

How does a Homestead Farm Differ from a Farm? 
A farm is an area of land that is devoted primarily to agricultural processes. It generates money by selling the 
livestock and/or products from the land. Whereas a homestead is a place where a person and/or family 
cultivates the land and tries to become more self -sufficient. A homesteader strives to live off of the land by 
growing and raising what he eats. 
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What is Self-Sufficient Living of Farming? 
It means learning to grow your own, make your own, sell your own, and bake your own. This is the way of 
forwarding to grow a couple of rows of vegetables and have a few nut and fruit trees. 

What Foods Make You Self-Sufficient in Vegetables? 
Essential vegetable crops for a homestead farm. 

Tomato, brinjal, chili, bhendi, cabbage, cauliflowers, onion, garlic, all leafy vegetables, all root crops, all legumes, 
and all cucurbits. 

What is the Scope of Homestead Farming? 
It is labour-intensive. It satisfies family basic needs through the continuous production of fresh vegetables per 
unit area of land and it generates self-employment by selling vegetables. Seasonal migration is reduced. 

The Main Aim of Homestead Farming 
ProductIon of qualitative vegetables and microgreens (coriander, fenugreek, radish, red cabbage, cilantro, 
amaranth, celery, and lettuce) through organic practices and locally available materials like vermicompost, 
kitchen waste manure. The tiny leaves of most of the microgreens get ready for harvest in 12 to 14 days and 
are packed with nutrition and intense flavours imitating their mature counterparts. Microgreens are ideal for 
you if you are struggling with time and space for your garden but want to start eating healthy. 

Reasons for Growing Microgreens Organically 
1. Easy to grow. 
2. Quick to harvest. 
3. Packed with flavours. 
4. Loaded with nutrients. 

  
Palak Radish 

Installation of Vermicompost Unit 
Recycling of available bio-resources and on-farm production of vermicomposting also helps to provide the 
required essential plant nutrients to homestead farms. 

 

Advantages of Homestead Farming 
1. It has environmental benefits, social benefits, economic benefits, and health benefits. 
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2. It gives year-round availability of nutritious and seasonal food, a good recycling system, zero waste farming. 
3. Soil health, percent organic carbon increased. 
4. Reduces stress periods on the farm. 
5. The farmer is getting income throughout the year from different sources, which reduces the dependency on 
a single system. 
6. Fresh vegetables in one's own backyard will make the citizens healthier, pesticide-free vegetables are 
obtained. 
7. Chemical and fertilizer consumption will reduce so it increases the nutritive value of the food stuffs. 
8. It increases and sustains the productivity of existing systems of cultivation. 
9. A large number of local crops are introduced, soil micro/macrofauna will be increased. 

Layout and Necessary Components for Establishment of Homestead Farming for Production 
of Vegetables 
Garden size depends on the area available in the house compound. At the present homestead, farming is 
practiced haphazardly manner, without any scientific base. Components for homestead farming is a path, fence, 
water source, irrigation channel. Important criteria will be the choice of nutritious vegetables. The varieties 
should be selected based on optimum performance and preference under local agro-climatic conditions. 

The main aim of the layout is the most economic utilization of space. Vegetables that produce a larger amount 
of edible material in proportion to the space occupied should be given priority. For proper utilization of space, 
we grow all cucurbits in sunny space on pandals. Below pandals, vacant space can be utilized by growing 
colocasia vegetables. Different root crops like radish, carrot, beetroot, and colocasia can be grown on the ridges, 
tall grown perennial crops like drumstick, curry leaf plants should be grouped together. 

Seasonal Cultivation of Vegetables 
Many of the vegetables are season bound and need to be selected for better productivity. The vegetable 
cultivation is more concentrated during June-July (Kharif season) and October to March period (rabi season). 

Nutritional Value of Homestead Farming 
Food is the basic necessity of our life. Food is a prerequisite of nutrition. Nutrition includes everything the quality 
of our health depends upon the nourishment that we provide to our body. In India, nearly 29 percent of the 
population lives below the food consumption-based poverty line, lacking sufficient resources to afford a diet of 
2,122 kilocalories (kcal) per person per day, along with other basic necessities. Per day at least 200 g of vegetable 
is needed for an adult man/woman. Vegetables through homestead vegetable production fulfilled the 100% 
recommended dietary allowance (RDA) requirements of vitamin A (carrots, spinach, amaranthus, colocasia, 
drumstick leaves, and tomato), vitamin C (tomato and leafy vegetables, cole crops), iron (all leafy vegetables), 
87% calcium (curry leaves, drumstick, and spinach), 47% protein (legumes ), B-complex (capsicum, broad beans, 
tomato, bhendi, and peas) and calories from tapioca, sweet potato, yam, onion, and colocasia. The widespread 
deficient vitamins could be successfully mitigated. 

Conclusion 
Homestead farming is widely used for diversification of plants and animals based on microclimate situations for 
mankind and proper utilization of natural resources for self- sustainability and to get proper nutrition. Mainly it 
generates income for families due to the organic production of crops. 
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Floral Biology of Cucumber 

Cucumber is an annual day neutral plant. It is normally monoecious; it has male and female flowers on the same 
plant but on separate nodes. Male flowers occur in clusters and female flower occurs single. Each male flower 
on a slender stem by having three stamens. Female flowers are distinguishable by the large size ovary at flower 
base. The ovary has three chambers with several rows of ovules which is connected to a short, thick style with 
three stigma lobes. Flowers are attractive with yellow colour wrinkled petals. The nectar produced by both male 
and female flowers, which is largely collected by bee visitors. Female flowers produce abundant volume of 
nectar than male flowers, but sugar concentration is found higher in male flowers. Normally, the ratio of male 
to female flowers is ten to one in monoecious cultivars. Therefore, the new cultivars of cucumber having 
gynoecious character and hybrids based on gynoecious lines have been developed, which have substantially 
higher number of pistillate flowers, and therefore, fruiting prolifically. 

Cucumber flowers are short lived, which begin to open with rising sun and remain open only for a single day. 
The flowers will be abort and drops from the vine, if they are not pollinated in that time, the flowers. The relative 
time of anthesis in staminate and pistillate cucumber flowers was determined. Anthesis in cucumber takes place 
between 5 and 8 A.M., dehiscence starts early after anthesis and it reaches high between 6 and 7A.M., the 
stigma becomes receptive 12 hours before and remains receptive 24 hours after opening of flowers at moderate 
temperature. The rise in atmospheric temperature is associated with the early drying of stigmatic secretion. 
Cucumber pollen grains are large in size and sticky in nature and it is well suited to pollination by bees better 
than the wind pollination. 

Pollinator Fauna and their Abundance 

Cucumber is a cross-pollinated crop and insects of many species are known to visit flowers and pollinate them, 
which include bees, wasps, moths, butterflies, beetles, thrips and midges. The honey bees viz., Apis cerana 
indica Fab., Apis mellifera L., Apis dorsata L, Apis florea Fab., and Tetragonula iridipennis Smith comprised nearly 
82 per cent of the total insect pollinators.  There are 24 species of insects visiting the cucumber bloom, 
predominantly by honey bees, A. dorsata was the most frequent visitor. Totally 27 insect species were visited 
on Cucumber crop, in which 16 belonging to Hymenoptera and four each to Coleoptera, Lepidoptera and 
Diptera. 

Foraging Behaviour of Honey Bees in Cucumber 
Honey bees visit the flower to seek nectar and/or pollen, but most of them transfer pollen grains from one 
flower to another and so contributing in crop pollination. In cucumber, total abortion of female flowers in the 
absence of bee visitation was demonstrated which confirm the absolute necessity of insect pollination for fruit 
set in cucumber crops. 

Pollen Foraging Activity of Honeybees 
Honey bees, usually known to work more vigorously on the staminate flowers than the pistillate flowers. The 
bees are found to collect cucumber pollens heavily from 0800 to 1000 h and nectar from 1000 to 1200 h of the 
day. A. cerana was the principal pollinating insect and the activity was maximum at 0900 h as the pollen 
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gatherers were maximum during this period. The peak pollen foraging activity of A. cerana was found at 1000 
h and with maximum pollen collection rendered between 0800 and 0900 h in cucumber. 

Nectar Foraging Activity of Honeybees 
Nectar is produced in a cup like gland called nectarines present in the centre of receptacle in a staminate flower. 
Both pistillate and staminate flowers of cucumber produces nectar which attracts honeybees. The best time of 
the day for effective cucumber pollination was from 1000 h to 1500 h. A cucumber flower needs at least 8 to 
10 bee visits for satisfactory fruit set. The honeybees collect nectar throughout the day from cucumber flowers 
with peak activity during 1100 to 1430 h. A. mellifera collects nectar from both staminate and pistillate flowers 
of cucumber, but found to spent more time on pistillate flowers compared to staminate flowers. Majority of 
bee visits around 80.0% was between 0900 and 1400 h with a preference to pistillate flowers before 0900 h, 
followed by staminate flowers. The time spent by A. florae in collection of nectar from both the sexes was found 
to be maximum 305.93 seconds on pistillate and 276.68 seconds on staminate flower, followed by A. mellifera 
37.47 seconds on pistillate and 34.00 seconds on staminate flower and A. cerana 38.12 seconds on pistillate 
and 35.31seconds on staminate flower. 

Foraging Speed 
Foraging speed refers to the time spent by bees per flower and foraging rate implies number of flowers visited 
per minute it also depends upon the foraging behaviour of insects and floral structure of the crop concerned, 
particularly the corolla depth. The frequency of bee visits to pistillate flower was lower than to staminate, but 
the duration of a visit was longer on pistillate flower (8-16 seconds) than on staminate flower (4-10 seconds) in 
cucumber fields. Foraging speed varies among the insect species. A. cerana indica nectar foragers visited 17.5 
and 25.0 flowers per minute in the morning and afternoon, whereas, A. mellifera visited 25.8 and 33.6 flowers 
per minute during the same hours. Cucumber requires large numbers of honey bees for adequate pollination 
because each female blossom is only receptive to being pollinated for one day, and each blossom requires an 
average of 6 to11 bee visits for proper fruit set in cucumber. 

Impact of Weather Factors on Pollination Ecology of Cucumber 
Weather conditions are known to have a pronounced effect on foraging speed of insects. Temperature and 
relative humidity as the important environmental correlates controlling the foraging activity of honey bee. Bee 
abundance was negatively correlated with relative humidity and significantly correlated with temperature, light 
intensity, solar radiation and nectar concentration. The bee-flying conditions are found in temperature greater 
than 21°C (70°F), humidity of less than 75 per cent, wind speeds below 25 km/h (15 mph) with clear and serene 
sky. The most frequent visits of honey bees were at 20 to 25oC temperature and 60-65% relative humidity. 

Influence of Bee Pollination on Yield Parameters of Cucumber 
Honey bees constituted 82.6 per cent of visitor to cucumber flowers. The fruit set of cucumber in bee and open 
pollinated plants were 75 and 58 per cent, respectively and these were significantly higher than the non-
pollinated plants (33 %). The fruit weight was greater (2.69 kg/plant) in honey bee pollinated plants compared 
to self-pollinated plants (2.03 kg/plant) in cucumber. 

Conclusion 
Bee pollination is required for cucumber crop as an additional input in enhancing the yield. Its plays a vital role 
in increasing fruit yield. The farmers should keep the bee hives adjacent to cucumber fields as soon as first fruit 
producing flower emerges in order to get higher yield. 
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Introduction 

At present, global climate change is expected to raise the risk of frequent drought. Agriculture and horticulture 
are in a phase of major change around the world and dealing with serious problems. It could be challenging to 
provide supplemental food products to feed the entire population using traditional/open field cultivation 
system. 

Although, the open field cultivation associated with enormous risks and uncertainties from biotic and abiotic 
stresses, such as pest attacks, droughts, floods and high winds. As it required the larger area for cultivation, 
higher land preparation cost, number of labours and the excess amount of water. Under such circumstances, 
soilless cultivation is intensively used in protected agriculture and horticulture to improve control over the 
growing environment and to avoid uncertainties in the water and nutrient status of the soil. 

Aeroponics is the soil-less cultivation and it is a process of growing crops suspended in the air or in a mist without 
using soil. The roots of the crops are sprayed with nutrients at regular intervals. It is a type of high-technology 
farming. The word “aeroponic” is derived from the Greek meanings of aero-(air) and ponos- (labour). W. Carter 
in 1942 who first researched air culture growing. In 1944, L.J. Klotz was the first to discover vapor misted citrus 
plants in a facilitated research. Fifteen years after the study of Carter (1942) and Went (1957) named the air-
growing process in spray culture as “aeroponics”. 

Aeroponic culture differs from both conventional hydroponics and in-vitro (plant tissue culture) growing. Unlike 
hydroponics, which uses water as a growing medium and essential mineral to sustain plant growth, aeroponics 
is conducted without a growing medium. Because water is used in aeroponics to transmit nutrients, it is 
sometimes considered a type of hydroponics. 

Importance of Aeroponics 

Growing in soil is no longer a sustainable way to grow food for the 7 billion people on the planet. Increase crop 
yields by 45% to 75%. Outcomes of using aeroponics system over their counter parts are more efficient use of 
water. Almost 99 percent of the water is used. Since pesticides and soil compatible fertilizers are not used, fruits 
and vegetables obtained are pure and doesn’t need to be washed before use. Delivers nutrients directly to the 
plant roots, which results in a faster growth of crops. Fruits and vegetables obtained from an aeroponics-based 
greenhouse are healthy, nutritious, pure, rich, fresh and tasteful. 

Components of Aeroponics System 
1. Spray misters - Atomization is achieved by pumping water through nozzles at high pressure. 
2. Droplet size - The ideal droplet size range for most plant species is 20 - 100 microns. 
3. High pressure water pump - High pressure aeroponics requires a pump that can produce enough to pressurize 
the water to produce the ideal droplet size of 20 to 50 microns. 
4. pH meter - The optimal pH for plant growth is between 5.8 and 6.5. 
5. EC (Electrical conductivity). 
6. Light and Temperature. 
7. Misting Frequency and Nutrient Reservoir. 
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Nutrients Used in Aeroponics System 
Carbon, oxygen and hydrogen are present in air and water. Primary nutrients are nitrogen, phosphorus, 
potassium and are used by plants in different amounts according to the growth stage. Secondary nutrients are 
calcium, magnesium, and sulphur, micro-nutrients are iron, zinc molybdenum, manganese, boron, copper, 
cobalt and chlorine. 

Types of Aeroponics 
1. Low pressure units: In most low-pressure aeroponic gardens, the plant roots are suspended above a reservoir 
of nutrient solution or inside a channel connected to a reservoir. A low-pressure pump delivers nutrient solution 
via jets or by ultrasonic transducers, which then drips or drains back into the reservoir.  

2. High pressure device: High-pressure aeroponic techniques, where the mist is generated by high-pressure 
pump(s), are typically used in the cultivation of high value crops and plant specimens that can offset the high 
setup costs associated with this method of horticulture. High-pressure aeroponic systems include technologies 
for air and water purification, nutrient sterilization, low-mass polymers and pressurized nutrient delivery 
systems. 

3. Commercial systems: Commercial aeroponic systems comprise high-pressure device hardware and biological 
systems. The biological systems matrix includes enhancements for extended plant life and crop maturation. 
Commercial aeroponic systems, like the high-pressure devices, are used for the cultivation of high value crops 
where multiple crop rotations are achieved on an ongoing commercial basis. 

Environmental Impact 
Aeroponic growing is safe and ecologically friendly and also produces natural, organic and healthy crops. 
Aeroponics is ecologically friendly because of the conservation of water and energy. When compared to 
hydroponics, aeroponics requires less water and uses less energy inputs/sqm of growing area. 

Challenges Faced in Aeroponics 
The profit made by farms all depend on how much crop is produced, so if machinery malfunctions, and a large 
crop is destroyed, there is a chance the farm will face a loss.  Machinery must be carefully inspected every day 
to make sure the machinery works properly. 

Aeroponics in Space 
In 1999, R. Stoner (developer of aeroponics), funded by NASA, developed an inflatable low-mass aeroponic 
system (AIS) for space and earth for high performance food production.  The inflatable nature of the innovation 
makes it lightweight, and can be deflated to take up less space for easy transportation and storage. There was 
also another aeroponic system for use in space, but it was hard to transport and store it, thus making it very 
problematic. 

Aeroponics on Earth 
Aeroponics is mainly used in countries where water and land are scarce. The countries are also usually rich. 
Examples of such countries are Japan and Singapore. 
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List of Crops that can be Grown on Commercial Level Using Soil-Less Culture 

Vegetables : Lycopersicon esculentum (Tomato), Solanum tuberosum (Potato), Capsicum frutescens (Chilli), 
Solanum melongena (Brinjal), Phaseolus vulgaris (Green bean), Beta vulgaris (Beet), Capsicum annum (Bell 
pepper), Brassica oleracea var. capitata (Cabbage), Brassica oleracea var. botrytis (Cauliflower), Cucumis sativus 
(Cucumbers), Cucumis melo (Melons), Raphanus sativus (Radish), Allium cepa (Onion). 

Fruits: Fragaria ananassa (Strawberry). 

Leafy vegetables: Lactuca sativa (Lettuce), Ipomoea aquatica (Kang Kong). 

Condiments: Petroselinum crispum (Parsley), Mentha spicata (Mint), Ocimum basilicum (Sweet basil), Origanum 
vulgare (Oregano). 

Medicinal plants : Aloe vera (Indian Aloe), Coleus forskohli (Coleus). 

  
Tomato Potato 

Pros and Cons of Aeroponics 
Pros: 

a. Less Fertilizer. 
b. Less water requirement. 
c. More cost effective. 
d. Reduced disease damage. 
e. Faster and healthier growth. 
f. Use of technology speeds up works and can solve labour shortage  problems. 

Cons: 
a. More expensive for long scale production.  
b. Exposed roots will rapidly dry out and kill the plant. 
c. Mister spray heads may also have a tendency to clog and not produce mist when needed.  
d. Maintenance of an aeroponics farm is very expensive. 
e. The machinery also tends to malfunction. Aeroponics requires precise regulation and control of water 
and nutrients, and if the machinery has a slight malfunction, the plants may be much damaged in a short 
time. 

Conclusion 
Aeroponics is conducted in air combined with micro-droplets of water, almost any plant can grow to maturity 
in air with a plentiful supply of carbon dioxide, water and nutrients. Aeroponics helps to conserve water, land 
and nutrients, so the aeroponics system is the way of the future, making cultivation of crops easier. Aeroponics 
appeared to be a highly feasible method for the production of both aerial parts and roots as raw materials for 
the herbal dietary supplement and phytopharmaceutical industries. 
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Future Prospects 
Aeroponics offers the potential to improve production and reduce costs compared to conventional methods or 
to the other soilless method of hydroponics (growth in water). Aeroponics effectively exploits the vertical space 
of the greenhouse and air humidity balance to optimize the development of roots, tubers, and foliage. 

Reference 
1. Carter, W. A. 1942. A method of growing plants in water vapor to facilitate examination of roots. 0732, 623– 625. 
2. Gopinath, P, Irene Vethamoni, P. and  Gomathi, M. 2017. Aeroponics Soilless Cultivation System for Vegetable Crops. Chemical Science Review 

and Letters. 6(22), 838-849. 
3. Lakkireddy, K. K. R, Kasturi, K, Sambasiva Rao, K. R. S. 2012. Role of Hydroponics and Aeroponics in Soilless Culture in Commercial Food 

Production. Journal of Agricultural Science & Technology. 1(1), 26-35.  
4. Went, F.W. 1957. The Experiment Control of Plant Growth. Ronald Press, NewYork. 
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Introduction 

Tomato (Lycopersicon esculentum ) is one of the perishable vegetables and limit its shelf life after post-harvest. 
The exposure to unfavourable environment during the harvest could result in severe loss and can affect the 
supply chain.( Kabir et al.,2020). Improper storage leads to decrease fresh weight and make it more susceptible 
to bacteria, yeast, mould and viruses ( Satheesh et. al, 2015). Effective management of temperature and relative 
humidity can contribute to extend shelf life and thus mechanical refrigerators are the best option. But due to 
its high cost and limited storage space, small and marginal farmers and small retailers are unable to procure 
and maintain it. So, development of low-cost storage system with available resource is utmost important to 
increase the shelf life of tomatoes. 

Factors Affect Post Harvested Storage of Tomatoes 

The post-harvest storage of tomatoes is affected by numerous interrelated factors such as: 
1. Tomato varieties. 
2. Climate condition. 
3. Cultivation condition. 
4. Degree of ripeness in harvesting condition. 
5. Harvesting techniques. 
6. Storage condition. 
7. Maintenance of temperature, humidity, air circulation and cleanliness. 

The post-harvest handling from harvest to storage place, significantly affect the quality of tomatoes and 
subsequently marketing procedure from storage to transportation. Quality degradation during storage is one 
of the major issues in perishable fruits and vegetables. Keeping the product cool to avoid moisture loss, slow 
down chemical change and to avoid physical damage is the main goal of post-harvest handling. Post-harvest 
quality parameter such as weight loss, total solid soluble content, firmness, taste, texture and colour are the 
main factors effecting the acceptance and marketability of tomatoes. Further, it is also important to well 
maintain the quality of tomatoes otherwise it will also affect the preservation process due to improper post-
harvest handling. 

Storage of Tomato with Air Hanging Stalks 
1. Harvesting tomatoes with stalks: The matured and medium ripe tomatoes must be harvested from mother 
plant with stalks. Harvesting should be done in such a manner that tomatoes must not be separated from its 
stalks and harvesting can be done with use of available blade or sharp knife. 
Harvesting time is also plays a major role in post-harvest handling. If tomatoes are harvest before onset of rain 
than shelf life is increased in comparison with tomatoes harvested after rain as found more prone to 
decomposition and deuteriation. 

2. Tying of tomatoes with rope: The stalk of the tomatoes is tied with a rope of 1 -2 mm diameter and extra 
amount of rope of about one-foot length must be kept left for tying in bamboo pools. 
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3. Storage room: For domestic storage of matured tomatoes one need a room preferably in shade area with 
thatched roof and provision of free air circulation. The technique involve is air hanging of stalked tomatoes on 
ceiling by tying with thread. Ropes of 1-2 mm diameter are tied on two side of bamboo pool. On the rope, 
tomatoes are tied with stalks is hanged keeping at least 6 feet height from the ground level and 2 feet below 
the roof with free air circulation. To protect direct light from the roof by kept ceiling of thick cotton cloth at a 
distance of 1.5 feet from the roof. This increases the shelf life of tomato up to 3- 4 months. Around 30 -40 kg or 
more quantity of tomatoes will be stored depending on the size of storage room, size of thick cloth used.  

The colour of the cloth must be of black or navy colour instead of any light colour. Exposure of tomatoes with 
direct sunlight will accelerate fruit ripening process and sometime leads to fruit drop from stalks. 

 

Conclusion 
The shelf life of tomato usually last for 1 week in normal condition and extend to 2 weeks, if refrigerate. The 
domestic storage technique of matured tomatoes at harvesting stage through air hanging stalk will increase 
shelf life of tomato up to 3- 4 month and farmer can also sale it to a little higher price at off season also. It will 
not only reduce the storage loss but also increase the shelf life of tomatoes. It is comparatively very low price 
in terms of other mechanical storage system and small and marginal farmer who cannot effort to buy a 
refrigerator can easily store tomatoes with stalks through air hanging techniques. Further, this low-cost storage 
techniques are one-time construction and investment and farmers can store tomatoes for at least 3-4 years 
with minor replacement of bamboo pools and thus is cost effective and farmers friendly. 

Reference 
1. Godana E.A., Satheesh N. and Taye A.H.,(2015).Effect of storage methods and ripening stages on postharvest quality of tomato (lycopersicom 

esculentum mill) cv. Chali. Annual Food science and technology. 16(1): 127-137 
2. Ali M.,Kabir S.N.,Lee w., Cho S and Chung S., (2020).Physicochemical quality changes in tomatoes during delay cooling and storage during 

controlled chamber.Agriculture MDPI. 10 (196): 1-10. 
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Introduction 

Ornamental gingers are plays important role in ornamental plants. Ornamental Gingers are iconic tropical and 
subtropical plants that have spectacular, brightly coloured flowers. They are from the plant order zingiber ales 
and are the more glamorous relatives of edible ginger, bananas and turmeric.  Ornamental gingers are mainly 
used in landscaping as garden bed and screening plant. there are three types of ornamental gingers i.e., torch 
ginger, ginger lily and red ginger. The cultivation practices of ornamental gingers are discussed in this paper. 

Torch Ginger 

Introduction and Uses: The torch ginger lily (Etlingera elatior) are an ornamental crop of tropical landscape and 
main constituent member of Zingiberaceae family, as it is a large plant with a variety of unusual, colourful 
blooms. Torch ginger plant is an herbaceous perennial, grows in areas where temperatures fall no lower than 
100C at night. 

Torch ginger flowers may reach 17 to 20 feet in height. It is not suitable for wind prone area and need protection 
from the wind, which can snap the shoots of this tropical plant. Due to the large height, growing torch ginger in 
containers may not be feasible. 

The torch ginger flowers may be red, pink or orange blooming from colourful bracts. White blooms also have 
been reported in some torch ginger plants. Buds are edible, flavourful and are used in Southeast Asian cooking. 

Culture of torch ginger: Growing torch ginger is possible in wide range of soil types. A major problem when 
growing torch ginger plants is potassium deficiency. Potassium is necessary for the correct uptake of water, 
which is necessary for the optimum growth of this large plant. 

Add potassium to the soil before growing torch gingers by working it into unplanted beds to about 30 cm deep. 
When growing these plants in established beds, fertilize with manures that is high in potassium is necessary. 

Ginger Lily 
Introduction and uses: Ginger lily (Hedychium sp.) are native to tropical Asia. They are a group of flowering 
plant types with minimum hardiness. Hedychium are often called butterfly ginger lily or garland lily. Each species 
has a unique floral shape but have characteristic “canna-like” large foliage. Hedychium can grow well in the 
areas where monsoons are common and heavy, moist, warm tropical atmospheric condition. 

The butterfly ginger lily is a half hardy perennial, flowering plant. The flowers are strongly scented. The plants 
are part of the marginal rainforest community in tropical Asia. It needs partial shade and organic rich, moist soil 
to give good flowering. Several species are available for landscaping. 

They produce spikes of flowers in hues of red, white, gold, and orange. The flower sizes vary among the species 
but each has a deep spicy scent. Flower spikes may be up to 6 feet tall and each flower lasts for only one day. 
The foliage may get 4 to 5 feet tall and has a wide, sword-like form. Foliage will persist until a cool temperature 
kills it to the ground. 

Culture of Ginger lily: It is propagated through seeds or through rhizomes. These seedlings will not bloom in 
the first year. Seeds germinate in warm climates and should be planted in autumn, 18 to 36 inches apart and 
covered with ¼ inch of soil. Thinning out of the seedlings is needed, if necessary, in spring. Young butterfly 
ginger plants will benefit from a good flowering plant food in spring. 
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Post-harvest handling of rhizomes: Hedychium needs optimum moisture for best performance. When the 
flowers are all spent, cut off the stem to allow the plant’s energy to direct towards the rhizomes. Keep the 
foliage well-tended until it dies back, as it will keep collecting solar energy to store for the next season’s bloom. 

In spring, divide the rhizomes of plants, ensuring that each has a growth node and roots before planting them 
separately for a new batch of tropical flowers. In cold climates, dig up the rhizomes in late summer to early fall, 
brush off the soil and store them in peat moss inside paper bags where temperatures are cool but not freezing 
and air is dry. Replant in early spring in containers or prepared soil. 

Red Ginger 
Introduction and uses: Red ginger, Alpinia purpurata is a tall, upright, herbaceous, evergreen plant. A shoot 
bears an inflorescence about 41⁄2–5 months after planting. It is originated from the South Pacific. It is with 
bright red floral bracts after it emerges. The inflorescence is a compact spike and inconspicuous white flowers. 
It grows well in rich soil and in wet habitats, but it few at a time can grow in dry areas as well. Red ginger is quite 
popular as an ornamental and cut flower, both for the home and for Fruits commercial sale. 

Cultivars of red ginger: Anne Hironaka, Dwarf Pink, Darwin series, Eileen McDonald, Fireball, Hot Pink, Jungle 
King, Jungle Queen, Pink Princess, Raspberry, Red dwarf, Rosy Dawn and Tomi Pink. 

Culture 
Soil: A fertile, well-drained soil is recommended. In poorly drained clay soils, chlorosis occurs, attributed to high 
manganese content. The soil pH range should be from 6.0 to 6.8. Chlorosis due to high pH is a common problem 
in calcareous soils. 

Propagation:  
a. Offshoots: Inflorescences develop aerial offshoots (small plantlets) from the sides of the bracts (the 
bract axils). These offshoots can be used as the source of new plants. The offshoots grow rapidly and 
soon weigh down the mature stem. Rooting of offshoots is improved with 500 ppm auxin (IBA or NAA), 
although they can be rooted without hormone treatment. About 2 years is required to produce flowers 
of marketable size and quality. 
b. Rhizomes: Some cultivars do not develop offshoots and must be propagated by rhizome divisions. 
Rhizome-propagated plants typically produce marketable flowers within a year when planted in beds. 
c. Seeds: Seeds are rarely produced. Seeds germinate in 2–3 weeks. The seedlings may be transplanted 
into larger pots as soon as they are large enough to handle. With heavy fertilizer application, some 
flowers will be produced in 2–3 years. 

Irrigation: Keep the soil moist. Red ginger requires 1 inch or more of water per week from irrigation during 
droughty periods. The best flower quality is achieved with generous irrigation. 

Fertilizer: Apply a complete fertilizer once a month. Flower production increases with increasing levels of 
nitrogen fertilizer. High levels of nitrogen fertilizer do not adversely affect the postharvest life of the flowers. 
Grower practice is a handful of fertilizer distributed around the plant three to six times a year using a 1:1:1 to 
3:1:5 NPK ratio formulation. Increasing nitrogen fertilizer increases the number of marketable flowers. The 
suggested minimum elemental content of healthy green foliage is 2% N, 0.16% P, 1.8% K, 1.8% Ca and 0.4% Mg. 
For microelements, adequate leaf tissue levels are in the ranges 450–700 ppm Mn, 30–60 ppm Fe, 10–15 ppm 
Cu, 40–90 ppm Zn, and 15–25 ppm B. 

Pruning: Prune to remove spent flowering shoots and yellowed and unsightly foliage. Cut off spent flowers at 
the ground. 

Planting: An in-row spacing of 4–6 feet is recommended. Thin out weak flower stalks, leaving 8–12 heavy stems 
per yard of row. Closer spacing increases yield per unit of production area, but yield per plant is reduced. Less 
dense plantings permit greater per-plant yields. 

Harvesting: Time to harvest is shorter in the summer than in the winter. Inflorescences are harvested in the 
early morning while still turgid. They should be cut when the bracts are about two-thirds to three-fourths open, 
as an immature flower has a longer shelf life than a mature flower. The entire shoot should be cut at ground 
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level, if possible, because a longer stem increases the postharvest life of cut flowers. To extend shelf life, trim 
all or all but the top one to three leaves from the stem in the field or at the packing shed prior to cleaning. Keep 
the stem bases in water during transport from the field to the packing area.  

Rhizome-propagated plants typically produce marketable flowers within a year after establishment. Red gingers 
propagated from plantlets require from 11⁄2–3 years to produce flowers of marketable size and quality. Floral 
spikes are harvested about 4–5 months after stem emergence. Although production is year-round, the greatest 
number of flowers is produced during the summer months. 

   
Torch ginger Ginger lily Red ginger 
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Family: Zingiberaceae 
Parts used: Rhizome 

 

Therapeutic Uses 

1. The rhizome of kali haldi has a bitter, sharp, hot taste, and a pleasant odour. It has anti-bacterial and anti-
fungal properties, and is laxative. 
2. It is used as a tonic for the brain and the heart. Rhizomes are useful in treating leucoderma, piles, bronchitis, 
asthma, tumours, tuberculous glands of the neck, enlargement of the spleen, epileptic seizures, inflammations, 
and allergic eruptions. 

Morphological Characteristics 
It is an erect, rhizomatous herb, about 1.0–1.5 m high. The rhizomes are ovoid in shape, acute at tip, but not so 
thick as in other species of Curcuma. Leaves are about 30–60 cm long and up to 15 cm broad, broadly lanceolate 
or oblong, glabrous, with a deep ferruginous purple cloud down the middle, which penetrates to the lower 
surface. Leaves arise from the underground rhizome. 

Floral Characteristics 
Inflorescence is a spike, about 15 cm long or altogether about 30 cm high on basal peduncle. Flowers are pale 
yellow, reddish at the outer border and shorter than their bracts. Petiole and sheath are about as long as the 
blade. Spikes appear before the leaves. Flowers appear in June and July, while fruits mature in September and 
October. 

Distribution 
The species occurs in moist deciduous forests, mostly in Bengal, North East, and Central India, within the 
altitudinal range of 200–1000 m. It grows as ground cover of forest area in subtropical to temperate region. It 
is a rare species and is mostly under cultivation. 
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Climate and Soil 
Curcuma caesia grows well in sandy loam, acidic soils of pH 4.5–6.5. It is a partial shade-loving species; however, 
it grows well in open sun under cultivated conditions. 

Propagation Material 
Rhizome is the propagation material. Mature rhizomes are collected in December or just before plantation and 
longitudinally sliced with one apical bud in each slice. 
1. Raising propagules: Rhizome pieces are directly planted in the field and no nursery stock is generally raised. 
2. Propagule rate and pre-treatment: Approximately, 2.2 tonnes of rhizomes shall be required per hectare for 
planting at a spacing of 30 cm × 30 cm. No particular treatment is given to the propagules before planting. 

Planting in the Field 
1. Land preparation and fertilizer application: The land is ploughed, harrowed, and planked, mixed with FYM 
(farmyard manure) @ 5 tonnes per hectare together with NPK (nitrogen, phosphorus, potassium) @ 33:80:60 
kg per hectare as basal dose during land preparation. If required, lime @ 2 tonnes per hectare may be applied 
to reduce excessive acidity in soils, at least one month before planting. 

2. Transplanting and optimum spacing: Middle of April is the best time for raising the crop in North-East India, 
while in other regions, it is the pre-monsoon period. The crop is propagated vegetatively through rhizomes. The 
whole or parts of rhizome, weighing approximately 20 g, should be planted in rows directly in the field during 
April. Planting at a spacing of 30 cm × 30 cm is found optimum, for which 0.11 million propagules (rhizome 
segments) are required per hectare. The rhizomes sprout in about 15–20 days. 

3. Intercropping system: Kali haldi is grown as a single crop. But it may be intercropped beneath widely 
interrupted canopy trees. 

4. Interculture and maintenance practices: A complete dose of NPK is to be applied @ 100:80:60 kg per hectare 
as urea, single super phosphate, and potash, respectively. One-third of urea, that is, 33 kg, and full 
recommended quantity of single super phosphate and potash are applied at the time of final land preparation. 
The rest two-thirds of nitrogen as urea is top dressed in two split doses, first at the time of first earthing up and 
the rest at the time of second earthing-up. Earthing-up is carried out at 45 days and 60 days after planting. To 
reduce the crop–weed competition during the early stages of growth, manual weeding at 60, 90, and 120 days 
after planting is recommended. 

5. Irrigation practices: The crop is usually grown under rain-fed conditions in high rainfall tracts of Assam and 
Kerala states. Constant humidity is to be maintained in other areas through regular irrigation. Sprinkler irrigation 
is the most suitable method. 
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6. Disease and pest control: Leaf spot (Tephrina sp., Coletotrichum sp.) and leaf blotch (Corticium sp.) are 
sometimes observed on the crop.  They can be controlled by spraying of 1% Bordeaux mixture at monthly 
intervals. 

Harvest Management 
1. Crop maturity and harvesting: The crop takes about nine months to mature. Harvesting is done in mid-
January. Before digging the rhizomes, soil is moistened through irrigation, so that the rhizomes are not injured. 
Injury to the rhizomes may cause decay of the harvest. 

2. Post-harvest management: Peeled, half cut or sliced rhizomes should be kept in oven at 55 °C or under well-
ventilated shade for drying. These dried rhizomes should be stored in suitable damp-proof containers. 

3. Chemical constituents: Dried rhizomes of Curcuma caesia are reported to contain 1.6% essential oil 
containing 76.6% d-camphor; 8.2% camphene and bornylene; and 10.5% sesquiterpenes, curcumine, ionone, 
and turmerone. 

4. Yield: Estimated yield of fresh rhizomes is 48 tonnes per hectare while dry rhizome yield is about 10 tonnes 
per hectare. 
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Family: Asclepiadaceae 
Parts used: Aerial parts, roots. 

 

Therapeutic Uses 

1. Antamool is used in treating bronchial asthma and allergic rhinitis.  
2. It has diaphoretic and expectorant properties.  
3. The dried leaves and roots are often used as substitute for Ipecacuanha (Cephalis ipecacuanha). 

Morphological Characteristics 
The Tylophora species is a profusely branching climber, which attains a length of 15 m or more. It has short, 
knotty, 3–4-cm-thick rootstock. The roots are numerous, fine, up to 15 cm long, very brittle and consist of fibres 
or fibrils. Leaves are ovate to orbicular, elliptic–lanceolate, shining green, leathery cordate at base, and 3–10 
cm long. The climber can be recognized by its ovate–oblong, shiny leaves and divaricated fruits. 

Floral Characteristics 
Flowers are small, greenish yellow outside and purplish within. They are arranged in umbellate racemes. Calyx 
is coarsely hairy outside. Corolla is greenish-yellow or greenish purple, 5–6 mm long. Fruit is a striated, 
divaricated follicle up to 10 cm long and 1–2 cm broad. Seeds are ovate and elongate into 2–2.5-cm-long coma. 
Flowering is usually abundant, but fruit setting has scarcely been noticed under North Indian climatic conditions. 
Flowering and fruiting occur from October to December. 

Distribution 
The species is common in peninsular India, extending to Bihar, Orissa, West Bengal, and north-eastern states. 
It is found growing wild mostly in forests in plains and hills up to a height of 1000 m throughout the eastern and 
southern parts and subtropical regions. 
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Climate and Soil 
Annual rainfall of about 1000–1500 mm is ideal for Tylophora plant. It prefers partial shade conditions of the 
forests and soil rich in humus. It needs the support of host vegetation for climbing to a sunny location. It does 
well when cultivated in plains. For its cultivation, loamy soil rich in organic matter is preferable. However, it can 
grow on soils ranging from sandy to clayey and supplemented with FYM (farmyard manure). Ambient conditions 
of temperature and sunlight are desirable for the growth of the plant. 

Propagation Material 
The seeds have a high germination percentage (more than 90%) but fruit set is rare. Vegetative propagules as 
cuttings from stem coppices or ground layering can be prepared in spring season. Success rate of these 
propagules is high. The mature follicles containing seeds can be collected at the end of the cold season. 

 
Flowering and fruiting 

Raising Propagules 
Plants can also be raised through seeds or using stem cuttings, ground layering, and root coppices from the 
mother plants in March. Seeds should be sown in well-prepared nursery beds or polybags containing fine soil 
with good organic content. Seeds start germinating in 10 days and germination is completed within three weeks. 
Vegetative propagules sprout in three to four weeks. 

Propagule Rate and Pre-Treatment 
About 250 g of seeds are required to raise a nursery for planting in 1 hectare of land. These seeds are sufficient 
to be sown in six beds of size 10 m × 1 m to raise about 20 000 seedlings. Seeds should be treated with Dithane 
M-45 before sowing. 
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Land Preparation and Fertilizer Application 
Land is ploughed and harrowed twice to turn the soil and bring it to a fine tilth. Once it is made weed-free, it 
can be planked for transplantation of the crop. The entire quantity of FYM (farmyard manure; 20 tonnes per 
hectare), phosphorus (50 kg per hectare), potash (40 kg per hectare), and half of nitrogen (45 kg per hectare) 
are applied as basal dose at the time of field preparation. 

Transplanting and Optimum Spacing 
Three-month-old plantlets are ready for transplanting in the main field. Transplanting is done during the rainy 
season. The crop gives maximum yield if row-to-row and plant-to-plant distance is maintained as 75 cm × 75 
cm. About 17 500 propagules per hectare are required as a pure crop, while about 10 000–14 000 plants may 
be required in an intercropping system. 

Intercropping System 
Tylophora is a perennial crop, which can last for at least five years in the field. Hence, ideally, it can be 
intercropped with non-climbing summer and winter vegetables. Summer vegetables like okra and brinjal and 
winter vegetables like cauliflower, radish, spinach, turnip, and coriander can be successfully grown between the 
rows of the plant. Provision of host may be made through trees or stakes. Jatropha and guava have been found 
to be the best hosts. 

Irrigation Practices 
It is evident from the field experiments that Tylophora can tolerate drought up to some extent. It requires 15–
18 irrigations per year at an interval of 20 days, depending upon the moisture availability and water holding 
capacity of soil. 

Weed Control 
Atrazine 50% WDP @ 0.1% is mixed in soil at the time of land preparation or before weed emergence. At least 
two to three manual weeding are required in the crop at an interval of one month. However, weeding is required 
more frequently during the monsoon season. 

Disease and Pest Control 
Insects of the order Coleoptera seriously affect the crop. The insects feed on the young leaves when the 
temperature and humidity are high. They can be taken care of by spraying the crop with methyl parathion @ 2 
ml/litre of water. About 1 litre of the insecticide is sufficient to control the disease in 1 hectare of land. 

 
Staking 
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Harvest Management 
The flowering appears in the second year of growth. The leaves should be harvested once a year when the plant 
attains a height of 1.5–2.5 m. It is, however, not economical to harvest a plant of less than one year of age, as 
it adversely affects the plant growth and subsequent yield. The crop is cut 10–15 cm above-ground level with 
the help of sickle. October is the best time for harvesting. 

Post-Harvest Management 
The harvested crop is spread out on HDPE (high density polyethylene) sheets in open sunny locations for a day. 
Thereafter, the material is dried in shade for 8–10 days. The dried material should be stored in clean gunny bags 
and kept in well- ventilated space. Storage for long periods may lead to the deterioration in the quality of the 
raw material. 

Chemical Constituents 
Tylophora indica contains 0.2%–0.3% alkaloids but the alkaloid content (w/w) in commercial samples is 
standardized to about 0.1% of tylophorine in the sun-dried material. 

Yield 
Gross maximum dry matter yield of aerial parts averages about 3.25–3.75 tonnes/hectare. 
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“The Evolution of Worker Caste Diversity in Social Insects” 

The morphological diversification of workers is predicted to improve the division of labour within social insect 
colonies, yet many species have monomorphic workers. Individual‐level selection on the reproductive capacities 
of workers may counter colony‐level selection for diversification, and life‐history differences between species 
(timing of caste determination, colony size, and genetic variation available) may mediate the strength of this 
selection. The new data set for 35 ant species have been tested with phylogenetically independent contrast 
analyses. 

The early divergence of queen to worker development pathways may have facilitated the evolution of worker 
diversity as the queen to worker dimorphism was having a positive association with the diversity this have been 
substantiated with the evidences. By contradicting to this factor, risks for colonies which intended to capitalize 
in specialized workers and colony size effects on costs of worker reproduction seem unlikely to strongly affect 
the evolution of worker diversity because there was no significant association between colony size and diversity 
when controlling statistically for queen‐worker dimorphism. Finally, worker diversity was found to have greater 
in species with multiple lineages per colony, and it was negatively associated with relatedness in monogynous 
species. This could be due to high intracolonial genetic variance backing the expression and evolution of great 
worker diversity or to diversity evolving more easily when there is selection for repression of worker 
reproduction (worker policing) (Else and Ross, 2006). 

“Born to be bee, fed to be worker?  The caste system of a primitively eusocial insect” 

The present study was in a site that is located in Adlikon, near Zurich, in northern Switzerland where Sweat bee, 
Halictus scabiosae (Rossi, 1790) (a primitively eusocial halictid bees which are excellent systems to study the 
proximate mechanisms and ultimate causes leading to eusociality, because helpers have retained the ancestral 
ability to breed independently) is abundant, for observing how the mother alters the phenotype of its offspring 
by restricting their food provisions and to study, if the behavioural specialization of the first and second brood 
females is associated with between-brood differences in body size, energetic reserves and pollen provisions.  

 

The first brood females are channelled into a helper role during their pre - imaginal development by giving 
consistently smaller pollen provisions to the first brood this is due to the marked size dimorphism fixed between 
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females produced in the first and second brood. This supported the hypothesis of parental manipulation to 
promote worker behaviour in offspring (Nayuta and Michel, 2012). 

 

Comparison between head sizes of foundress, first brood & second brood females and males sampled in 
2008 and 2009 

“The Soldiers in Societies: Defence, Regulation, and Evolution” 

Li Tian and Xuguo Zhou (2014) studied the various factors responsible for the evolution of eusociality, focusing 
largely on the evolution of worker-first lineages and soldier-first lineages. They said that, the presence of 
reproductively altruistic castes is one of the primary traits of the eusocial societies. Adaptation and regulation 
of the sterile caste, to a certain extent, drives the evolution of eusociality. Depending on the adaptive abilities 
of the first evolved sterile caste, eusocial societies can be categorized into the worker-first and soldier-first 
lineages, respectively. The former is marked by a worker caste as the first evolved altruistic caste, whose primary 
function is housekeeping, and the latter is highlighted by a sterile soldier caste as the first evolved altruistic 
caste, whose task is predominantly colony defence. The prominent functional differences between these two 
fundamentally important castes suggest worker-first and soldier-first eusociality are potentially driven by a suite 
of distinctively differential factors. 

 

 

Soldier castes of different eusocial insects 
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The worker- first lineages are observed in Hymenopterans whereas the soldier-first lineages are noticed in 
termites, social aphids and gall-forming thrips. The evolution of Soldier-first lineages is regulated by 
environmental cues like predation and competition risk. They also noticed that, in addition to nest defence, 
soldier caste also performs various adaptive functions like participation in seed milling, food storage and even 
brood care in certain ant species and gall cleaning and repair in the colonies of social aphids. 
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Introduction 
Over half of all Indians, especially women, eat an unbalanced diet devoid of fresh fruits, green vegetables, 
pulses, meat and milk products that are needed to lead a healthy life. The recently released National Family 
Health Survey (NFHS-4) 2015-16 by the health ministry revealed that fewer than half (47%) of all women 
consume dark green, leafy vegetables daily and another 38% eat them only once a week. There are two classes 
in India those who can’t afford vegetables, fresh fruits and milk and the others who can afford them but they 
don’t know what should eat and what should not. Most of the affordable people eat too much calorie food and 
not focus on the proteins, vitamins, minerals. High calorie unbalanced diet leading to development of chronic 
diseases like diabetes, thyroid, obesity and respiratory diseases. Especially in women development of PCOD 
problems, thyroid and anaemia. So, it’s time to look into what’s on our plate. 

What we are Eating? 
Most of the Indians consume paddy as major dish. Eating too much rice (Carbohydrate) with little curry (lack of 
vitamins and minerals) causes overweight, diabetes and other mental issues. Eating fried foods, backed foods 
and junk foods as snacks rather than fresh fruits and vegetables is big problem. Fried foods and unhealthy 
beverages are major triggers for non-communicable diseases (NCDs) such as diabetes, hypertension and obesity 
that are growing rapidly in India. 

What the Body Wants? 
A well-balanced diet is one that contains enough proteins, fats, carbohydrates, vitamins and minerals.  
1. Proteins: These are building blocks of the body. For healthy maintenance 1g of protein required per one 
kilogram of body weight. Proteins are large, complex molecules that play many critical roles in the body. They 
do most of the work in cells and are required for the structure, function, and regulation of the body’s tissues 
and organs. Proteins are required to maintain each and every enzymatic activity because all enzymes are 
proteins. Enzymes are a class of biological catalysts. Enzymes enable the human body to digest and absorb 
nutrients in food, and maintain all internal organ functions including: cell repair, anti-inflammatory 
detoxification, and metabolism, improve immunity, generate energy, and promote blood circulation. 
Insufficient of protein may cause various health problems such as kwashiorkor, marasmus, impaired mental 
health, edema, organ failure, wasting and shrinkage of muscle tissues, and weakness of immune system 
(Alamgir et al., 2017).  

2. Vitamins: Daily intake recommendation of vitamin A, D, E, K and C are 700 mcg, 15 mcg, 15 mg, 60 mcg and 
75 mg respectively.  

a. According to WHO Trusted Source, a lack of vitamin A is the leading cause of preventable blindness in 
children. Pregnant women deficient in vitamin A have higher maternal mortality rates as well. Beta 
carotene is a nutrient that functions as an antioxidant. It’s found in red, orange, yellow, and dark green 
produce. Beta carotene can be converted to vitamin A in the body when needed. 
b. Thiamine (B1) deficiency can also lead to nerve and muscle damage and can affect the heart. Good 
sources of thiamine include eggs, legumes, nuts, seeds and wheat germ. 
c. A severe deficiency in niacin is often referred to as pellagra. Niacin is found in most animal proteins 
but also in peanuts.  
d. Vitamin B-9 helps the body create red blood cells and produce DNA. It’s often referred to as folate. 
Folate also helps brain development and nervous system functioning. Folic acid is the synthetic form 
found in supplements or fortified foods. Folate is especially important for fetal development. It plays a 
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crucial role in the formation of a developing child’s brain and spinal cord. Folate deficiency can lead to 
severe birth defects, growth problems, or anemia. Beans and lentils, citrus fruits, leafy green vegetables, 
asparagus, meats, such as poultry and pork, shellfish, fortified grain products, whole grains were rich 
sources of B9. 
e. Symptoms of vitamin B-12 deficiency include: fatigue and weakness in extremities, dizziness, 
shortness of breath, weight loss, nausea or poor appetite, sore, red, or swollen tongue pale or yellowish 
skin (WHO guidelines 2003).  

3. Minerals: Minerals are required to maintain the enzymatic activity. Because minerals are acts as cofactors of 
enzymes.  

a. Calcium is needed for strong bones and teeth. It also supports proper function of your blood vessels, 
muscles, nerves, and hormones. Symptoms of a severe deficiency include: cramping of the muscles, 
numbness, tingling in the fingers, fatigue, poor appetite, irregular heart rhythms.  
b. Iron is an important part of hemoglobin, a protein that carries oxygen to your tissues. The symptoms 
of iron-deficiency anemia include feeling weak and tired.  
c. The body needs magnesium for hundreds of chemical reactions. These include responses that control 
blood glucose levels and blood pressure. Proper function of muscles and nerves, brain function, energy 
metabolism, and protein production are also controlled by magnesium. 
d. Potassium is a mineral that functions as an electrolyte. It’s required for muscle contraction, proper 
heart function, and the transmission of nerve signals. It’s also needed by a few enzymes, including one 
that helps your body turn carbohydrates into energy. Symptoms of potassium deficiency include muscle 
cramping and weakness.  
e. Zinc deficiency can cause loss of appetite, taste, or smell. Decreased function of the immune system, 
reproductive system and slowed growth are other symptoms (WHO guidelines 2003).  

4. Carbohydrates: Carbohydrates serve several key functions in our body. They provide energy for daily tasks 
and are the primary fuel source for your brain’s high energy demands. Fiber is a special type of carb that helps 
promote good digestive health and may lower your risk of heart disease and diabetes. 

a. Carbohydrates help preserve muscle. Nearly every cell in our body can generate the fuel molecule 
ATP from fat. In fact, the body’s largest form of stored energy is not glycogen- its triglyceride molecules 
stored in fat tissue.  
b. Most of the time, the brain uses almost exclusively glucose for fuel. However, during times of 
prolonged starvation or very low-carb diets, the brain shifts its main fuel source from glucose to ketone 
bodies, also known simply as ketones (Alamgir et al., 2017). 

Recommended Dietary Allowance Given by Indian Council of Medical Research 
2500mg of Calcium; 2000mg of chloride, 425-550mg of vitamin b complex; 900mg of copper; 3-4mg of fluoride; 
150 mcg of iodine; 18mg of iron, 400mg of magnesium; 1.8-2.3mg of manganese; 16mg of B3; 1.3mg of vitamin 
B6; 75-90mg of vitamin C; 15mg of vitamin E. 1 gram of protein per 1 kg body weight per day is sufficient to 
meet the basic nutritional requirements. An ideal daily intake of calories varies depending on age, metabolism 
and levels of physical activity. Generally, the recommended daily calorie intake is 2,000-2,500. 

Key Elements of Healthy Eating Patterns 
To encourage healthy eating patterns, the Dietary Guidelines provides five major guidelines: 
1. Follow a healthy eating pattern across the lifespan: All food and beverage choices matter. Choose a healthy 
eating pattern at an appropriate calorie level to help achieve and maintain a healthy body weight, get adequate 
nutrients, and reduce the risk of chronic disease.  

2. Focus on variety, nutrient density, and amount: To meet nutrient needs within calorie limits, choose a variety 
of nutrient-dense foods across and within all food groups in recommended amounts. 

3. Limit calories from added sugars and saturated fats, and reduce sodium intake: Cut back on foods and 
beverages that is high in added sugars, saturated fats, and sodium. Aim for amounts that fit within healthy 
eating patterns.  
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4. Shift to healthier food and beverage choices: Choose nutrient-dense foods and beverages across and within 
all food groups in place of less healthy choices. Choose foods you like to make these shifts easier to maintain.  

5. Support healthy eating patterns for all: Everyone has a role in helping to create and support healthy eating 
patterns, at home, school, and work and in communities. 

Table 1: List of essential nutrients and its affordable source: 

 

Conclusion 
Most of the affordable people take high carbohydrate & low protein food due to the lack of knowledge. So, it is 
necessary to educate the people regarding the food habits by conducting the awareness programmers. Add the 
syllabus regarding good food habits to schooling children will create not only healthy youngers but also healthy 
family, healthy villages and finally healthy nation! 
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Summary 
This paper presents the Indian Dairy Sector during COVID-19, through review of literature. The main objective 
of this paper is to discuss the impact of COVID-19 on different working segments of milk value chain like Retail, 
Distribution, Farms and Processors. 
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Introduction 
The Indian dairy sector has very much importance as it contributes a markable share of about 27% (Jaiswal et. 
al., 2018) in agricultural gross domestic products as it plays a complementary relation with agriculture and 
enrich the vegetarian population with protein diet (Deshmukh, 2014).   

The hit of global pandemic COVID-19 has affected the Indian milk industry as the honourable prime minister of 
India has declared a nation-wide lock down from 25th March which have brought several challenges for our 
dairy sector to face. The purchasing power of people as well as commercial institute is impacted by the country 
wide lockdown, thus consequently a major dent had to be bear by the sale & consumption of dairy products.  

This article is an attempt to address the impacts of COVID-19 on different working segments of milk value chain 
like Retail, Distribution, Farms and Processors by reviewing literature from popular articles; magazines & recent 
blogs post regarding the impact of COVID-19 on Indian Dairy sector. 

Discussion 
Retail: Retails stores, street vendors, restaurants and ice-cream parlours’ shutdown and even the marriages 
and functions are not happening, which have brought down the sale of ice-cream almost by half. “In the 
meantime, consumers are showing more interest in buying products such as ghee, cheese and paneer in large 
quantities from retail stores. Paneer sales has risen up by 80% in the post lockdown phase which is helping to 
average out the entire situation,” said R.S. Sodhi (Chairman& MD, Amul). The officials of NDDB informed that 
with the passage of time milk sales are also showing positive and steady recovery with the support and proactive 
policies of central and state governments as the stores gradually opens in green & orange zones. 

Distribution: The initial shutdown restriction on milk sector overwhelmed procurement and sales as the 
consequences of disrupted transportation service. This disruption has severely impacted the 
unorganized/private sector milkmen (mithai shops, bakeries, creameries, milk contractors) as they have higher 
market share of 70%, while the organized sector (dairy cooperatives & private milk plants) handed only 30%. 
So, the unorganized players are now trying to deviate towards organized sector, which lead to subdued in the 
producers’ price and have widen the disparity between demand and supply.  

After an initial impediment (March 15 – April 14), the sale of milk fell by 13.70% across the country while 
procurement of milk from farmers was less by only 3.50%. With the proactive restoration, in the last two weeks 
of April we marked a rise of 1.30% in milk sale across the country.  Hence, observing the above data we can say 
that the dairy sector is trying its best achieve a steady growth in terms of procurement and sale of milk by taking 
some extra steps in its distribution channel. 
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The Karnataka Milk Federation, “Nandini” is procuring seven lakh litters of milk daily and distributing the poor 
people at free of cost. This initiative is supporting the dairy farmers’ surplus as well as providing a better diet to 
the needy. 

Unlike other FMCG players, the dairy companies are also trying to find new innovative ways to reach out their 
consumers. Some dairy companies like Lactalis India & Creamline Dairy have adopted direct distribution of milk 
and aid-products with their own vans in some residential areas. Dairy companies like Amul is using e-commerce 
to enhance the marketing. 

Farms: The initial period of lock down was very crucial for dairy farmers as there was no clear guidance about 
what should be consider as essential commodity, which has affected the dairy farmers livelihood severely. As a 
result, dairy farmers in many states like Punjab, Kerala, Karnataka and Assam had dumped thousand litters of 
milk in drain and roads because they don’t have any idea what to do with the excesses milk that they could not 
sale or store due to unavailability refrigeration facility. 

All these constrain lead to crashing of milk price in the unorganized milk sector. According to the vendors of 
Maharashtra, Karnataka and Assam there is Rs10, Rs 1.5-2.5 and Rs4 price cut than the usual milk price 
respectively. 

In our country major proportion of total milk production, that is around 70%, is being contributed by the small 
farmers. This livelihood is the only major for their immediate flow of liquid cash. The decrease in surplus of milk 
slowed down the flow of cash, as a result farmer are not able to buy fodder. 

The commercial dairy farmers of Assam have very less land holding and are majorly depend on cattle feed from 
other states like West Bengal and Bihar, their feed stock is about to over and they are going to struggle to meet 
the feed requirement of cattle (on an average 25Kg/day). 

In small farms situation is even worse, cattle are in miserable condition and even not capable to get up. They 
are not able to bear the cost of feed which has risen up to 1300Rs while previously it was only 1000Rs. 

The fear of psychosis among the dairy farmers is creating a new problem, as they are trying to create restriction 
in excess of people from other villages or cooperatives, which is increasing hurdles in distribution of fodder & 
milk. 

At this time of crisis, to counteract these problems some new start-ups are emerging in Mumbai and trying to 
supply the cattle feed at lowest possible price to small farmers (Bodishop). 

Processors: Despite of all the odds during this global pandemic our milk cooperatives such as Amul, Nandini, 
Mother Dairy and others has taken an extra step to procure the extra surplus of milk to support the farmers by 
producing skimmed milk powder (SMP) and milk fat. 

According to the data revealed by Dilip Rath, Chairman NDDB, the SMP stock on 15th March was 70thousand 
metric ton and by 30th April it will rose to 1.34 lakh metric ton, whereas the daily SMP production is about 1.5 
thousand metric tons. 

Prior to global pandemic, some Indian dairy industry was running out of milk and were trying to import skimmed 
milk powder from New Zealand to meet their requirement. But now the pandemic COVID-19 helped them to 
restore and achieving balance to meet their demand. Moreover, in the past few weeks the price of global SMP 
have fell down to Rs 230/Kg from Rs340/Kg. 

Conclusion 
At this time of pandemic, we need to be extra sensitive towards the diary sector, considering its perishable 
nature. We have discussed many innovative steps that have been followed in different working segments of 
dairy supply chain, likewise we can take some extra steps like providing health security measures for the people 
associated with supply chain, providing insurance for the cattle of all age, developing refrigeration facility and 
cold chain logistic system for small dairy farmers. We also need to find the light of hope in this dark period and 
that sparkle could be the reverse migration of urban labours to rural area. We can encourage them to join our 
dairy family to support their family and can bring the second white revolution followed by eradicating social 
disparity. 
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Introduction 
It is locally known as ‘amla’ and scientifically as Indian Gooseberry or Emblica officinalis, belonging to family 
Euphorbiaceae. The tree plant is grown mostly on sub-tropical regions and its processed products are preserved 
under the similar circumstances. It is native to the Indian sub-continent and India ranks first in global anola 
cultivation as well as production. Besides it is also grown in other areas of the world, viz., South Asian and South 
East Asian Countries. The plant grows well under slightly acidic to slightly alkaline soil pH, i.e., 6.3 to 9.6. The 
fruit is a very rich source of Vitamin C, dietary fibre, minerals, trace elements, proteins as well as carbohydrates, 
etc. The fruit is having very high bitter taste due to presence of secondary metabolites such as ellagitannins 
(emblicanin A and emblicanin B). It also contains very large number of other alkaloids, polyphenols and alkaloids 
such as flavonoids, gallic and ellagic acid, etc. Therefore, this article particularly focuses on the medicinal aspect 
of Indian gooseberry and different human ailments in which it is obliging. 

 
Figure 1: The image depicts numerous intrinsic medicinal properties of Aonla. 

Additionally, different parts of the plant are having intrinsic medicinal properties and has been used for culinary 
purposes as well. The fruit is processed to prepare a variety of kitchen dishes such as murabbah and lentil 
preparation. Moreover, the anola fruit is processed and consumed in a variety of ways, viz., juice, candy, pickle, 
jelly, etc. Besides, it also controls blood cholesterol and excessive body fat, relieves from persistent heart burn 
and cures multiple metabolic syndromes associated to Heart and Pancreas. In addition, it is also helpful in 
treating vitiligo, osteoarthritis, eye problems, atherosclerosis, dyspepsia, pancreatitis, etc. Since time 
immemorial it is utilized in traditional Ayurvedic medical practices for treatment of a variety of diseases (as 
shown in figure 1). 

The local and domestic Indian rural and tribal people provide main marketplace for the fruit as well as diverse 
processed anola food products. As people across the world are preferring herbal food as well as medicinal 
products, it is time to make food as a medicine rather than medicine as a food. The world is already facing the 
epidemiological situation due to COVID19 which is spread by the highly infectious Corona Virus.  Therefore, 
considering the current humanities condition, it demands organically grown herbal and quality food products. 
As they say, make food safe from farm to plate. Several research publications support the fact that anola has a 
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very high anti-oxidant quenching rate due to presence of several secondary metabolites and acids such as citric 
acid, gallic acid, ellagic acid, chebulinic scid, chebulagic acid, etc. Therefore, the anolaberry has prominent 
superoxide quenching rate and also shown resistance to high temperature. 

 
Figure 2: The image depicts nutritional values of variety of processed anola based food products, viz., Jelly, 

Candy, Juice and Pickle. 

As we know world climatic conditions are abruptly changing and human population will also reach none billion 
by the end of 2050. Due to growing stress and low physical exercises, the degree if illness is seen rising among 
the common people. State wise production of anola is shown in Table 1. 

Table 1: Table showing the Indian production of Indian Gooseberry in 2017-18 (Data retrieved from 
National Horticulture Board, APEDA Agri Exchange) 

Henceforth, it is necessary to grow and consume food crops having internal medicinal potential. The numerous 
processed anola food products have become people’s common choice and thus are enlisted in five-star hotels 
and restaurants. The products are either consumed fresh or stored in dried form without any preservative. Since 
ancient and medieval times, the fruit is consumed either raw or in processed form. Furthermore, in Ayurveda, 
the fruits consumption is considered to balance basic nature of a human being, i.e., vaata, pitta, kapha, etc. The 
fruit is also utilized as an offering or naivedya to lord ‘Shiva’ and then eaten to get rid of numerous respiratory 
ailments. The fruit shows exclusive healing properties due to its tremendous antioxidant ability to scavenge 
oxide and superoxide radicals. It is also helpful in toxic-metal (Cadmium, Aluminum, Cesium Chloride and 
Chromium) induced tissue and liver damage, radiation damage alongside it cures genotoxicity as well. Recent 
studies also claim to have its anti-mutagenic, anti-neoplastic, chemopreventive, cytoprotective and 
radioprotective effects. Therefore, the agricultural scientific community shall implement more research and 

 
2017-18 

Sr. No. State Production Share (%) 

1 Uttar Pradesh 384.32 35.79 

2 Madhya Pradesh 302.18 28.14 

3 Tamil Nadu 152.87 14.24 

4 Gujarat 81.90 7.63 

5 Chattisgarh 43.29 4.03 

6 Assam 17.76 1.65 

7 Bihar 14.92 1.39 

8 Maharashtra 12.25 1.14 

9 Jammu & Kashmir 12.10 1.13 

10 Rajasthan 11.19 1.04 

  Page Total 1,032.78 
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development related projects on Indian gooseberry. Thus, promoting the farmers to develop more marketplace 
for anolaberry due to its plenty of inherent medicinal properties. 

Conclusion 
The Indian Gooseberry or anola is considered to be very significant in Indian culture since ancient times due to 
its medicinal and culinary uses. It is most revered tree in Indian ethos and values as it is believed to be developed 
from tears of God brahma while he was in deep conscious sleep. Therefore, it is alleged that anola is the first 
tree grown on Indian soil, hence people consume it due to its ‘sarvadosha hara’ properties. The fruit bears 
several medicinal benefits and used in Siddha, Unani, Tibetan, Shri Lankan and Chinese folk remedies. However, 
in spite of diverse benefits the tasty bitter fruit is not known to western people or people living in developed 
countries. Several new research articles are backing the medicinal values of this plant in a variety of ailments, 
viz., osteoporosis, ophthalmic problems, low blood pressure and controls bad blood cholesterol. Hence, time 
has come to spread the use and consumption of this fruit and its processed products throughout the world for 
betterment of humanity and thus mankind. 
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Introduction 
Jasmine (Jasminum sambac Aiton.) (Family: Oliaceae) is one of the most important fragrant flower crops. 
Jasmine buds are used for making garlands, bouquets, decorating women’s hair, for religious offerings and for 
the production of perfumed oils and attars. The flowers and other parts of the plant also find a place in useful 
medicines (Ramadas et al., 1985). Jasminum sambac is a species of jasmine native to South Asia, India, 
Philippines, Myanmar and Sri Lanka. The common names include Arabian Jasmine, Mogra (Hindi and Marathi), 
Mallika (Sanskrit), Melati (Malay and Indonesian Language), Sampaguita (Filipino), Mallepuvvu (Telugu), 
Mallikaipu (Tamil), Mallige (Kannada), and Kaliyan (Urdu). The botanical name of sambac is derived from a 
misapplication of the Sanskrit name Champaka, which refers to the fragrant flowered shrub, Michaelia 
champaca Linn. Jasmine prefers full sun to partial shade and a warm site. Jasmine can be grown on all soil types, 
well in moist, well drained, sandy loam to clayey garden soil with moderate level of fertility. Well drained sandy 
loams and red loams are ideally suited for its cultivation. They give good yield in low rainfall conditions 
(Choudhary and Mehta, 2011). 

Results 
Occurrence of Hendecasis duplifascialis - in situ. 

The results on the multiple regression coefficient of weather parameters against the incidence of jasmine 
budworm, H. duplifascialis are given in Table 1. The in-situ count of H. duplifascialis under field conditions was 
recorded at weekly intervals from February 2012 to January 2013 and average monthly incidence of pests was 
regressed against the respective average weekly and monthly weather parameters. 

Table 1. Multiple regression coefficient of weather parameters against the incidence of jasmine budworm, H. 
duplifascialis on jasmine during February – January - in situ 

Sl. No. Source Pests Regression equation R2 

1. Weekly 
count 

Budworm, 
H. duplifascialis  

Y= 50.725-0.245X1-0.464X2-
0.090X3+0.371X4-0.030X5-0.155X6 

0.750** 

2. Monthly 
count 

Budworm, 
H. duplifascialis  

Y=109.078-0.064X1-1.096X2-0.136X3-
0.033X4-0.351X5-0.052X6 

0.938** 

** = Significant at P=0.01 
X1 = Maximum temperature.    
X2 = Minimum temperature. 
X3 = Morning relative humidity. 
X4 = Evening relative humidity. 
X5 = Bright sunshine hours. 
X6 = Rainfall. 
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The regression equations of the incidence of jasmine budworm, H. duplifascialis on J. sambac based on per cent 
damage against weekly and monthly average weather parameters showed a good and statistically significant 
R2 value of 0.750 and 0.938 respectively. It was found that, a positive correlation was observed with the evening 
relative humidity and a negative correlation with the weather parameters viz., maximum and minimum 
temperature, morning relative humidity, bright sunshine hours and rainfall. 

Vanitha (2001) stated that the incidence of budworm, H. duplifascialis was found to increase gradually from the 
month of June to December. Similar findings were reported by Shukla and Sandhu (1988), Gunasekaran (1989) 
and Isabel (1996). Lanfang et al. (2007) indicated that, the budworm, H. duplifascialis was widely distributed in 
all jasmine planting areas in Yuanjiang (Thailand), with jasmine as the only host species. It occurred from April 
to October, with the ovipositional peaks in July, August and September. Similar results were reported by 
Chawalitwongphon and Watthanathanyakam (1986). The present findings are in conformity with the above 
research findings. 
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Introduction 
Flame weeding belongs to a group of thermal weed control methods, which is a collective name for different 
physical methods using high or low temperatures or electrical fields. A wide range of methods exists including 
infrared radiation, freezing and different electro-thermal methods.  

Flaming is an integral part of the weed control strategy in organic farming for non-selective weed control in 
slow-germinating row crops. In some heat-tolerant crops such as onions and maize, selective post emergence 
flaming is also used. A patent on flame cultivators was obtained as early as in 1852. Flame weeding was widely 
used in the USA in various crops including cotton, maize, soybeans, beans, alfalfa, potatoes, onions, grapes, 
blueberries and strawberries. At that time, liquid fuels such as kerosene and oils were gradually being replaced 
by LPG, mainly propane and butane.  

Flame weeding is mainly effective on small annual weeds. The use of flame weeding eliminates the risks of 
pollution from herbicides. Flame weeding can be used in other situations in which the presence of herbicide is 
undesirable, such as in cities, parks and other urban settings. Flaming is the killing of weeds with intense heat 
produced by a fuel-burning device, either hand-held or tractor-mounted. Flaming dose not burn the plants but 
heats them rapidly, to rapture the cell membranes. 

 

How Flaming Works? 
It is a misconception that plant tissue ignites during flaming treatment. Flaming kills weeds by exposing plant 
tissue to an intense wave of heat. Thus, it is a combination of thermal energy applied to the plant and exposure 
time that determines effectiveness of flaming. It is reported in the literature that temperatures necessary to kill 
the plants range from 55 to 94°C, which can be achieved with exposure time of 0.65 to 0.13 seconds. 

Propane burners generate waves of heat with combustion temperatures of up to 1900°C, which increases the 
internal temperature of the exposed plant tissues rapidly. Direct heat injury results in denaturation of 
membrane proteins, which results in loss of cell function and eventually the plants die or their competitive 
ability is drastically reduced. The effectiveness of flaming treatment can be assessed by pressing a treated weed 
leaf between the thumb and index finger – the so called “fingerprint test”. 

If a darkened impression is visible after pressing on the leaf surface, it is likely evidence of a loss of internal 
pressure within the leaf due to water leakage from ruptured cell walls. 
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Flaming Equipment 

  
 

 
  

Type of Flaming 
1. Pre-emergence flaming:  

a. Pre-emergence flaming kills the first flush of weeds before the crop emerges. 
b. This is often the largest group of weeds to germinate during the season. The idea is to provide the 
alternative to shallow tillage that promotes new weed flushes by disturbing the soil. During the pre-
emergence flaming application torches are positioned parallel to the travelling direction and usually 
covered with some kind of a hood to increase propane use efficiency. This technique is most commonly 
used in vegetable production where weeds are killed the preparation of stale seedbed or just before 
vegetable seedlings emerge. 
c. Pre-emergence flaming technique is primarily used in slow germinating crops such as coriander, 
cumin, potato and banana etc.  
d. Pre-emergence flaming controls only a fraction of the weeds that emerge during the growing season, 
it can still provide sufficient weed suppression allowing a crop the formation of full canopy closure, 
which inhibits future weed emergence. 

2. Post-emergence flaming: 
a. Flaming can also be applied once the crop has emerged.  
b. Such treatment is selective and aims to direct the heat towards the weeds while avoiding damaging 
the crop. 
c. Post-emergence flaming technique is primarily used in fast germinating crops such as cotton, maize, 
soybean and bean  etc.  
d. Selectivity of flaming treatment is achieved partially by adjusting the propane dose to a level that the 
crop can tolerate and partially by adjusting different technical parameters of the flaming equipment 
(e.g. burner type, burner setting, etc.).  
e. In order to achieve the maximum level of selectivity biological and technical factors should always be 
used in a complementary manner. 
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3. Cross-flaming:  

a. In agronomic row crops post-emergence flaming is accomplished either by cross flaming or by parallel-
flaming.  
b. Most of the studies that investigated technical aspects of selective flame weeding in agronomic row 
crops recommend cross flaming set up. 
c. In this set up open torches are usually angled down 30-45o, 10-25 cm from the crop, and set 
perpendicular to the travelling direction in a staggered pattern so that flames that oppose each other 
do not collide.  
d. During the treatment heat is distributed from the base of the plant in the directions outwards, 
upwards and along the plant row, selectively killing the weeds within the crop row.  
e. Although this method has been widely accepted, it has some major disadvantages:  

i. It cannot be used early in the season when the crops are small (corn <10 cm , soybean <30 cm) 
because it causes severe crop injury,  
ii. It provides only weed control in intra-row space,  
iii. It cannot take the advantage of hooded flaming that is proved to be more energy efficient (up 
to 50%) than flaming with open torches,  
iv. Changing torch configuration when flaming is combined with cultivation might be limiting 
v. Lower heat exposure time on the weeds, which results in lower weed control. 

4. Parallel-flaming: 
a. Parallel-flaming was developed along with the discovery of the midget burner in the late 1950s in 
Arkansas. 
b. During the parallel flaming treatment, a high-velocity stream of intense heat is directed onto the 
weeds on either side of the crop row.  

 
c. As the stream strikes the row surface a fan-shaped pattern of heat distribution results deflecting a 
small portion of the heat into the crop row. 
d. This set up provided the following advantages over cross-flaming: 

i. It can be applied earlier and reduce the height of leaf kill from 20-30 cm to about 10 cm. 
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ii. Larger weeds can be controlled over a wider area of the row. 
iii. The precision of the burner settings and the smoothness of the row is less critical. 

e. This method has gained fairly wide acceptance in the cotton belt in the 1960. 

Factors Influencing Flaming Efficacy 
1. Biological factors: 

a. Plant size 
b. Degree of exposure of the growing point at the time of flaming. 

2. Environmental factors: 
a. Time of the day. 
b. Leaf surface moisture. 
c. Wind. 

Advantages of Flaming 
1. It leaves no chemical residues in plants, soil, air or water.  
2. Produces no drift hazards or herbicide carry-over to the next season. 
3. Can control herbicide-tolerant or resistant weeds. 
4. Flaming also provides benefits over mechanical cultivation and hand weeding. Because it does not disturb 
the soil. 
5. Flaming does not bring buried weed seeds to the surface where germination is likely to occur. 
6. Reduces potential for soil erosion. 
7. Can be used when fields are too wet or stony for cultivation. 
8. It is less costly than hand weeding. 
9. It might provide benefits in insect or disease control. 

Disadvantages of Flaming 
1. Higher cost of equipment compared to herbicide applicators. 
2. Lack of selectivity for crop safety. 
3. Low speed of application. 
4. Low field capacity due to narrow working widths. 
5. Lack of residual weed control. 
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Introduction 
Cowpea (Vigna unguiculata) is an important pulse as well as fodder crop in India. In fresh form, the young leaves 
and green pods are used as vegetables, while several snacks and main meal dishes are prepared from the grain. 
All the plant parts that are used for food are nutritious. Cowpea grain contains, on an average 23-25 % protein 
and 50-70% starch and thus offers a balanced blend of protein and carbohydrate Cowpea is endowed with 
ability of living atmospheric nitrogen through symbiosis with nodule bacteria (Bradyrhizobium sp.) In doing so 
the crop does not deplete the natural reserves of soil nitrogen and many experimental findings illustrate that 
soil N levels increases, following cowpea. In addition, cowpea is drought resistant, hardy and it is able to 
maintain some growth or at least survive under dry skin conditions. This trait is in part explained by the deep 
rooting habit of some of the varieties which enables the crop to grow and yield under the semi-arid conditions 
of Haryana Rajasthan and other parts of the Indian States. therefore. this crop besides being important source 
of food and feed is regarded as an important crop for sustainable farming in semi-arid lands. 

Meaning of Integrated Disease Management (IDM) 
The Integrated Disease Management (IDM) involves the need-based use of pesticide only when the disease 
incidence reaches economic threshold levels and this will promote the build-up of many bio-control agent in 
the crop ecosystems. Thus IDM, a greener alternative to the conventional use of chemicals, is an attempt to 
promote natural, economic and sociological farming methods through the most effective combination of 
farming techniques and judicious and limited use of fungicide. 

In other words, IDM programme implies all the available disease management approaches including cultural, 
biological and chemical control with the main objective to keep the disease incidence below economic threshold 
level. 

Different Aspects of IDM 
1. Proper Identification of pathogen causing the disease. 

2. Exclusion of the pathogen from the area – ‘quarantine’. The pathogen from entering particular area where 
the disease is not prevalent. Seed is the basic input for any commercial venture of agriculture. It is needless to 
mention the importance of good quality seed. In cotton, for obtaining good quality of seed, acid delinting with 
commercial sulphuric acid (100 ml/kg of seed) followed by seed treatment with either bio-fungicides or any 
systemic chemicals is being advised. This the near total elimination of disease of seed and seedlings. 

3. Use of resistant varieties/cultivars: Use of disease resistant lines/hybrids is the basic tenet of any IPM 
programme. Accordingly, lots of disease resistant materials have been developed and released for commercial 
cultivation. The following are the resistant variety/hybrid to the respective diseases. 

4. Cultural practices: There are number ways to incorporate cultural practices in the integrated Disease control 
system. As a general approach the farmers should take steps to sow only high-quality seed materials. Seeds 
having above 80% germination will have vigorous growth and thereby they do not suffer from infection due to 
soil borne organisms. The farmers can have good stand. 
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a. Crop rotation is another important aspect which should be taken into consideration especially for 
diseases like Verticillium wilt. Converting Verticillium infested fields to paddy crop will greatly reduce 
the microsclerotial population in the soil. It is also known that growing Chrysanthemum will be inhibitory 
to Verticillium. 

Elimination of alternate hosts/weed hosts. The pathogens of Verticillium and Fusarium wilts, Alternaria 
leaf spot, bacterial blight and leaf curl virus have many weed/alternate hosts (e.g. Alternate hosts like 
Bhendi for CLCuV and its vector should not be grown between March to June to avoid build-up of virus 
and vector). 

b. Irrigation management is an important factor involved in disease control. Timing and duration of 
irrigations should satisfy crop water requirement without allowing for excess water. Over watering will 
favour soil borne pathogen, whereas use of overhead sprinkler systems will favour diseases affecting 
leaves. Accordingly, the farmers should manage crops. 

c. Excessive application certain organic manures like poultry manure will induce high vegetative growth. 
Dense crop growth is conducive for foliar diseases like Alternaria leaf spot and grey mildew. Provision of 
balanced nutrition (e.g.) potassium deficiency results in increased susceptibility to Alternaria leaf d 
application of potassium increases the natural resistance of the host. 

d. Field sanitation is another essential part of disease management. The main source for the 
development and spread of the foliar diseases is only through previous year’s crop residues and also 
weed hosts near the fields. Hence, destruction of the crop residue as well as weed hosts around the field 
is essential. Crop residue management to eliminate the pathogens being carried over (e.g. The CLCuV 
infected plants should be uprooted immediately and burnt). 

e. Incorporation of composts in to the soil is a fundamental cultural practice in organic cotton 
production. Composts increase the soil fertility and also help in disease management. The disease 
control is possibly affected through. 

i. Successful competition for nutrients by beneficial microorganisms. 
ii. Antibiotic production by beneficial microorganisms. 
iii. Successful predation against pathogens by beneficial microorganisms. 
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Introduction 
Presently, there are about 7 billion inhabitants in the world. It is assumed that by 2050, the number will be 
around 10 billion. Out of these, around 700 million individuals are currently suffering from undernourishment; 
however, this number is rapidly decreasing. It will be difficult to feed this additional 3 billion people, mostly 
belongs to Asia and Africa, due to paucity of arable land (FAOSTAT, 2018). Hence, adoption of vertical farming 
could bring a partial solution to the world’s growing problem of food scarcity.  

The practice of growing crops in vertically stacked layers like skyscraper, used warehouse, or shipping containers 
is called vertical farming. In modern concept, vertical farming use indoor farming techniques and controlled 
environment Technology (CET). These facilities make use of artificial control of light, environment (humidity, 
temperature, gases etc.) and fertigation. Some vertical farms use techniques similar to greenhouses, where 
natural sunlight can be amplified with artificial lighting and metal reflectors. Dickson Despommier of Columbia 
University proposed the modern concept of vertical farming in 1999. He with his fellow students designed a 
skyscraper farm that could feed 50,000 people (Frediani, 2010). However, the design has not yet been built, but 
the concept of vertical farming is successfully popularized. Current applications of vertical farming coupled with 
other state of the art technologies, such as specialized LED lights, have augmented crop yield by 10 times over 
the yield receive through traditional farming (Benke et al., 2017). 

Techniques of Vertical Farming 
1. Aquaponics: This technique combines conventional aquaculture (raising aquatic animals such as snails, fish 
or prawns in tanks) with hydroponics (cultivating plants in water). In this system, water from an aquaculture 
system is fed to a hydroponic system where the by - products are broken down by nitrifying bacteria into nitrites 
and nitrates that are utilized as plants nutrients. Again, the water is recycled back to the aquaculture system.  

2. Hydroponics: In this technique, plants are grown without soil, by using mineral nutrient solutions in water 
solvent. Terrestrial plants may be grown with their roots in the mineral nutrient solution only or in an inert 
medium like perlite, gravel, or mineral wool (Sengupta and Banerjee, 2012). Despite inert media, roots can 
cause changes of the rhizosphere pH and root exudates can impact the rhizosphere biology. Vegetables like 
tomatoes, peppers, cucumbers, lettuces, marijuana and model plants like Arabidopsis thaliana can be grown 
hydroponically.  

3. Aeroponics: This technique involves growing of plants where they are anchored in Styrofoam panels and 
their roots are suspended in air beneath the panel (Sengupta and Banerjee, 2012). This method has been 
adopted by NASA (National Aeronautical and Space Administration) in order to find an efficient way to grow 
plants in space during 1990s. In this technique plants are grown in an air / mist environment with no soil and 
very little water. Compared to conventional hydroponic systems, it utilizes less water (about 90%) and requires 
no replacement of growing medium. Due to absence of growing medium aeroponic systems can be done 
vertically. Gravitational force drains away excess liquid automatically and saves energy. In contrary, 
conventional horizontal hydroponic systems often require water pumps for controlling excess solution. 

Currently, aeroponic systems have not been widely adopted, but are attracting significant attention. Among 
limited uses, potato seed production through aeroponic system has already been standardized by ICAR-Central 
Potato Research Institute, India. 
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4. Controlled-environment agriculture (CEA): The aim of CEA is to provide protection and maintain optimal 
growing conditions throughout the crop growth period. In this technique, crop production takes place within 
an enclosed growing structure such as a greenhouse or building where environmental factors (air, temperature, 
light, water, humidity, carbon dioxide, and plant nutrition) can be controlled easily. The CEA is often used in 
conjunction with soilless farming techniques namely as hydroponics, aquaponics, and aeroponics. 

Key Technologies in Vertical Farming (Adapted from Mai Tao, 2019) 
1. Perception technologies: Cameras and other sensors which can monitor for colour and other factors, such 
as fungal, bacterial or viral disease.  
2. Artificial intelligence: It can process the data from the sensors and formulate solution.  
3. Automated mechatronics: Robots and other automated machines which pick the produce when it is ready 
for market, or apply cures to ailments during crop growing period. 

Types of Vertical Farming 
1. Building-based vertical farms: Abandoned buildings are often reused for vertical farming. For example, a 
farm at Chicago (USA) called ‘The Plant’, which was transformed from an old eat packing plant. Sometimes, new 
buildings are also constructed.  

2. Shipping container -based vertical farms: Shipping containers are recycled for housing vertical farming 
systems. The shipping containers serve as standardized, modular chambers for growing a variety of plants, with 
LED lighting, vertically stacked hydroponics, smart climate controls, and monitoring systems. Moreover, vertical 
farming by stacking the shipping containers can save space significantly and achieve higher yield per unit area. 
Currently, many commercial shipping container - based vertical - farming units are available in the market like 
‘Greenery’ from Freight Farms, ‘Terra Farm’ from Local Roots etc.  

3. Deep farms: It is built from refurbished underground tunnels or abandoned mine shafts. Deep farms require 
less energy for heating, as the underground temperature and humidity are generally temperate and constant, 
it can also use nearby groundwater to reduce the cost of water supply. Despite low costs, an underground deep 
farm can produce 7 to 9 times more food than an aboveground conventional farm on the same land area. These 
underground farms, coupled with automated harvesting systems, can be fully self - sufficient. 

Advantages 
1. Crops can be grown all throughout the year, as it is not weather dependent. It can also be grown throughout 
the day as it uses LED lights and photosynthesis can occur all the times.  
2. It reduces transportation costs as vertical farms are built in cities, so no need to import the crops from other 
regions. It is eco-friendly, as decreased transportation causes less pollution.  
3. It gives maximum crop yield.  
4. It uses very minimal water as water is used judiciously. It uses only 10% of the amount of water that are used 
for traditional farming. The water from transpiration is also re-used, so most of it doesn’t get wasted. A major 
part of accessible potable water (about 70%), normally used for agriculture, can be decreased using vertical 
farming.  
5. It also grows food organically since no pesticides will be required due to lack of pest incidence. So, the foods 
produced with this technique are healthier, safer and more eco-friendly.  
6. The area required to grow crops/plants under vertical farming is much less than when using traditional 
farming, as it is expanded upwards.  
7. Finally, the higher price of crop produce is another advantage of vertical farming. In the initial years, vertical 
farming may be very expensive, but subsequently it will become a cheaper form of farming. Consequently, the 
price for produce will go down. 

Disadvantages 
1. Job opportunity will be less, as there is no need of people for transportation.  
2. It faces economic challenges with higher initial investment compared to traditional farming.  
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3. Higher cost of pollination. As there are no insects to pollinate the crops it will have to be done manually. 
Manual pollination requires high labour wages.  
4. The dependence on technology is a big issue. Crops growing under vertical farming are dependent on the 
artificial atmosphere with constant temperature of 40ºC and humidity. If a vertical farm loses power for one 
day then the crop/plants will die, resulting in a big loss in production system. 

Conclusion 
Vertical farming is thought to be the future of sustainable food production, especially in the context of mass 
urbanization and climate change. Today, with the advent of advanced technology, it offers a lot of promising 
advantages over conventional farming in the long run. Researchers and vertical farmers should work on 
optimization of key farming technologies and to explore different business strategies across globe. 
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Introduction 
Indigenous Technical Knowledge (ITK) is the actual knowledge of a given population that reflects the 
experiences based on tradition and includes more recent experiences with modern technologies (Haverkort, 
1995). The Indigenous Technical Knowledge (ITK) is regarded as the information gained over a period of time 
passed on from generation to generation by the word of mouth. Wang (1988) defined ITK as “the sum total 
knowledge and practices which are based on peoples accumulated experiences in dealing with situations and 
problems in various aspects of life and such knowledge and practices are special to a particular culture.” 
Indigenous technical knowledge (ITK) refers to the unique, traditional, local knowledge existing within and 
developed around the specific conditions of women and men indigenous to a particular geographic area 
(Grenier, 1998). ITK is stored in people's memories and activities, and is expressed in the form of stories, songs, 
folklore, proverbs, dances, myths, cultural values, beliefs, rituals, community laws, local language and 
taxonomy, agricultural practices, equipment, materials, plant species and animal breeds. ITK is shared and 
communicated orally, by specific examples and through culture. An African proverb says "When an old 
knowledgeable person dies, a whole library dies” indicating the importance of ITKs. Indigenous agricultural 
practices (IAPs) are an unwritten body of knowledge. There is no systematic record to describe what they are, 
what they do and how they do what they do, how they can be changed, their operations, their boundaries and 
their applications. It is held in different brains, languages and skills in as many groups, cultures and 
environments as are available today (Atte, 1989). Hence, there is immense pressure on the people of India to 
collect, preserve, validate and adopt IAPs so as to reduce dependence on external inputs, to reduce the cost of 
cultivation and to propagate eco-friendly agriculture (Sundramari and Ranganathan, 2003). Indigenous 
Technical Knowledge is the local knowledge – knowledge that is unique to a given culture or society. It is the 
basis for local–level decision making in agriculture, health care, food preparation, education natural resource 
management and a host of other activities in rural communities (Warren 1991). ITK is the information base for 
a society, which facilitates communication and decision making. The advent of the concept of sustainable 
agriculture in late eighties in Indian agricultural scenario has evoked interest on indigenous technical knowledge 
(ITK) that has the element of use of natural products to solve the problems pertaining to agriculture and allied 
activities. Indian farmers, over centuries have learnt to grow food and to survive in difficult environments; 
where rich tradition of ITK has been interwoven with the agricultural practices followed by them. The 
enhancement of the quality of life of the Indians who in great majority live in and depend on agricultural 
production systems would be impossible by keeping this rich tradition of ITK aside. The special features of 
indigenous technical knowledge are (World Bank, 1998). It is ‘local’, as it is rooted in particular community and 
situated within broader cultural traditions; it is a set of experiences generated by people living in those 
communities. Therefore, separating the technical from the non-technical, the rational from the non-rational 
could be problematic. Therefore, when transferred to other places, there is a potential risk of dislocating 
indigenous technical knowledge. 
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The basic characteristics of the ITKs provide for conservation and efficient utilization of resources by being eco-
friendly, less capital intensive, cost effective, and efficient by-product and waste recycling and use. Most of the 
ITKs are location – specific, using locally available materials and are products of informal research. ITKs are 
found to be socially desirable, economically affordable, sustainable, and involves minimum risk to users and 
widely believed to conserve resources. Thus, ITK provides basis for problem solving strategies for local 
communities. In addition, the use of ITK assures that the end user of specific development projects is involved 
in developing technologies appropriate to their needs (Warren, 1991). 

Use of ITK’s (In Crop Husbandry) 
1. Stubbles are burned in the field for controlling pests. 
2. Neem leaves are buried in soil for termite control. 
3. Ash is applied in seedbeds and in the field of Onion before sowing and planting for development and 
improvement of quality of bulbs.   
4. Residues of Tobacco are incorporated into soil to control termites. 
5. Deep ploughing is taken up in summer in drylands for avoiding hard pan in soil, improving water holding 
capacity and pest control. 
6. Seeds of Coriander are mixed with Sorghum seed before sowing to completely control Striga (parasitic weed).  
7. Cotton seeds are dipped in cow dung slurry and shade dried before sowing to facilitate better germination.  
Pulse seeds are treated with red earth slurry and shade dried for prevention of storage pests and better 
germination.  
8. Using Neem and Pungam leaves in storage bins-controlled damage by storage pests in cereals.   
9. Green manuring is practiced by planting trees like Karanj (pongamia glabra) and using their leaf, or by sowing 
sesbania, crotalaria, green gram or Pillipesara in field and ploughing back into field to improve soil fertility.  
10. Dung and crop wastes are used as organic manure and cow's urine spray for the pest control. 

Strategies for Integration of ITKs into Scientific Research Process 
Today it is widely accepted among agricultural scientists throughout the world that the reassessment of 
indigenous technical knowledge is an indispensable part of the introduction of new agricultural technology. It 
is recognized that the knowledge of farmers must be taken into account before any new technology is 
developed and disseminated. This view is based on the assumption that:  
1. Farmers have a wealth of knowledge pertaining to their own environment. 
2. Farmers have developed specific skills designed to make the best use of that environment. 
3. The four important steps in inclusion of the ITKs in technology generation, reassessment and adaptation 
process are, Documentation, Validation, Refinement and Integration. 

Criteria for Validating ITK 
The following criteria are to be considered while validating the ITK:  Efficacy, Cost-effectiveness, Availability, 
Complexity, Cultural appropriateness, Effect on different groups in communities, and Environmental soundness 
& Constraints. 

Once the ITKs were found valid and refined through On Farm Research / Farmer Participatory Research / 
Laboratory Studies the ITKs need to be guarded and legalized to ensure the ownership to local communities 
and flow of benefits to the rightful owners. Therefore, it is essential to understand the relevance of the 
Intellectual Property Rights (IPR), in the context of ITKs. 

Conclusion 
The Indigenous Technical Knowledge (ITK) is socially desirable, economically affordable, sustainable, involves 
minimum risk and focus on efficient utilization of eco-friendly resources. The context of local knowledge 
systems combining traditional skills, culture and artifacts with modern skills, perspectives and tools is not 
something that has happened only in the recent past. From time immemorial, new crops were introduced from 
one part of the world to another and cultural and ecological knowledge systems evolved while adapting these 
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crops, animals, trees, tools, etc., into their new contexts. However, it is possible that through flexibility, 
modification and mutual respect and trust, traditional knowledge experts can and may work with the experts 
from modern scientific institutions to generate more effective solutions for contemporary problems. Therefore, 
the need of the day is to establish a foundation at the national level that helps in building national register of 
innovations, file applications for patents, and provides micro-venture capital support for enterprises based on 
indigenous knowledge and non-material incentives such as recognizing or honouring innovators and community 
holding indigenous knowledge. Policy reforms need to be aimed at building local ecological knowledge in 
educational curriculum, development of markets for the indigenous and organic products and supporting 
collective resource management institutions reinforcing conservation ethics. It is only through multi-pronged 
comprehensive approach that the sustainable agriculture can be accomplished on a long term. 
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Introduction 
It is a simple and easy to use tool for measuring Leaf Nitrogen content and was developed from a Japanese 
prototype and was devised by “Fuji Film Co” specially for rice  (Furuya, 1987). It measures the intensity of green 
colour in rice leaves which is calibrated to asses leaf N content (Tanno, 1988). Although the first leaf colour 
chart was developed in Japan , the Chinese researchers at Zheijang Agricultural University developed a much 
improved LCC and calibrated it for indica, japonica and hybrid rice. This chart later acted as a model for the LCC 
developed by Crop Resources and Management Network (CREMNET) of International Rice Research Institute, 
Philippines. 

Guidelines for Using LCC 
1. The topmost fully expanded leaf is used for measuring as it is highly correlated to the N status of rice plants. 
LCC is held vertically about 1cm above the middle part of the leaf where the colour strip of LCC is compared 
with the leaf colour.  

2. Destroying or detaching leaves should be prohibited. 

3. Reading should be taken between 8-10 am as there is not much sunlight and the reading should not be taken 
during early morning as the dew drops may create problem. During taking reading the leaf should be shielded 
by our body to avoid the reflection effect. 

4. Reading should be taken by a particular persion at a particular time. 

5. Readings are taken for ten leaves at random for each plot and then the average score is compared. 

7. Starting from 14 DAT for transplanted rice or 21 DAS for direct seeded rice LCC readings are taken once in a 
week till first flowering. 

Interpretation of LCC Values 
1. Depending upon the cultivar group  and location the leaf colour reading varies from 3 to 5 for top dressing of 
Nitrogen. The fertilizer has to be applied if reading of more than 5 leaves fall below the critical value. For the 
leaves whose colour falls between two grades, the mean value will be considered as LCC reading.  

2. When the readings fall below critical value, 30-45 kg/ha and 20-30 kg/ha N need to applied during dry season 
and wet season respectively. 

3. If the area is homogeneous then the topmost fully expanded healthy leaves of 10 plants are measured for 
reading purpose. 

4. For heterogeneous areas the land is divided into various plots basing upon similar characteristics and then 
the LCC reading is taken in the same way as homogeneous plots. 
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Merits of LCC 
1. A simple and easy tool to be used by the farmers for determining the time of N topdressing in rice as it only 
needs matching of colour of LCC with the sample leaf. 
2. There is no need of collecting and analysing the samples in laboratories. 

Demerits of LCC 
1. There may be variation in taking reading from person to person. 
2. The relative accuracy of LCC to assess the leaf N status can be determined only when it is compared and 
correlated with chlorophyll meter readings and calibrated properly with the cultivar groups. 
3. P or K deficiencies may cause darker leaf colour which leads to errors in LCC readings.  
4. LCC values get influenced by diurnal variations of the day, varieties and seasons. 
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Introduction 
Specialized vegetative structures such as bulbs, corms, tubers, root tubers, rhizomes etc. are organs which are 
specialized for food storage. These plants live in the ground as a dormant, fleshy organ at the end of a growing 
season. These bear buds to produce new shoots in the next season. These plants withstand the periods of 
adverse growing conditions in the yearly growth cycle. 

The second function of these specialized structures is that of vegetative reproduction or propagation. In these 
there are two propagation procedures viz., (i) separation i.e., the production of naturally detachable structures 
such as bulbs, corm, bulbils etc and (ii) division in which case the plant is cut into sections, e.g. Rhizomes, stem 
tuber etc. 

Bulbs 
Bulbs are produced by monocotyledonous plants in which the usual plant structure is modified for storage and 
reproduction. A bulb is a specialized underground organ consisting of a short, fleshly usually vertical stem axis 
(basal plate) bearing in its apex a growing point or a flower primordium and enclosed by thick, fleshy seals. 

Two types of bulbs: 
a. Tunicate or laminate bulb: These bulbs have outer bulb scales which are dry and membranous. This 
covering or tunic provides protection from drying and mechanical injury to the bulb. The fleshy scales 
are in continuous concentric layers and the structure is more or less solid (e.g. Onion, tulip). 

b. Non-tunicate or scaly bulb: This don not possess the enveloping dry covering. The scales are separate 
and give the bulb a scaly appearance. This should be handled more carefully, because they are more 
easily injured and are subjected to drying (e.g. Lilies). 

Corms 
A corm is the swollen base of a stem axis enclosed by the dry, scale-like leaves. It is a solid stem structure with 
instinct nodes and internodes. Eg. Gladiolus, Amorphophalus, Crocus, Thunderlily. Large corms may be cut into 
sections, retaining a bud with each section. Each section will develop a new corm or new individuals. 

Tuber 
1. Stem tuber: A tuber is the short, terminal portion of an underground stem, which has become thickness 
because of the accumulation of reserved food materials. A tuber consists of all parts of a typical stem. Eyes are 
present.  Each eye consists of one or more small bunds subtended by a leaf sear. New shoots develop from the 
buds on the tuber, but the new roots develop adventitiously from the base of the new shoot. Lateral shoots 
from the underground nodes of the new stem develop for 3-4 inches and enlarge at their tip. These are the new 
tubers that are forming which become evident about 3-4 weeks after plating (e.g. Potato, Artichoke). 

2. Root tubers: These are thickened tuberous roots which contain large amounts of stored food. These lack 
nodes and internodes, buds are present at the crown or stem end (proximal) and fibrous roots are commonly 
produced towards the opposite end (distal end). Tuberous roots are borne in a cluster; each tuberous root is 
attached to the crown of the plant. (E.g. Dahlia, Sweet potato, Tapioca, Dioscorea). 
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Rhizomes 
A rhizome is a horizontal stem growing either underground or along the surface of the ground. It is the main 
axis of the plant and produces roots on its lower surface and extends leaves and flowering shoots above the 
ground. The thick and fleshy slender and elongated rhizome possesses nodes and internodes. Lateral growing 
points arise at the nodes and produce aerial shoots or lateral branches of the rhizomes. Roots are adventitious 
and appear on the lower side of the rhizome, generally in the vicinity of anode. (E.g. Ginger, Turmeric). 

Runners 
A runner is a specialized stem which develops from the axils of a leaf at the crown of a plant, grows horizontally 
along the ground and forms a new plant at one of the nodes (E.g. Strawberry, Marsilia). 

Offsets or Offshoots 
It refers to a special type of lateral shoot or branch which develops from the main stem in certain plants and is 
characterized by shortened thickened stem of rosette like appearance. Offsets which produce sufficient roots 
can be removed by cutting them close to the main stem with a sharp knife and used for propagation (Datepalm 
and Pineapple). 

Stolen 
A stolen is an aerial shoot which comes in contact with the ground and strikes roots.  It may be a prostate or 
sprawling stem which horizontally form the crown.  (E.g. Cyanodon dactylon).  A shoot rooted in this manner is 
merely cut from the parent plants and transplanted or potted. 

Suckers 
A sucker is a shoot which arises on a plant from below the ground. It is a shoot which arises from an adventitious 
bud on a root. Suckers are dug out from the parent plant. (Eg. Banana). 

Slips 
Stem pieces with 3 or 4 nodes are used as planting material. 

Bulbils 
Aerial stem bulbils commonly known as bulbils are formed in the axils of leaves of some lily species such as 
Lilum bulbiferum, L. tignimum. Bulbils develop in the early part of the season and fall to the ground several 
weeks after the plant flowers. They are harvested shortly before they fall naturally and are then planted. 
Increased bulbils production can be induced by disbudding as soon as flower buds have formed. Some lily 
species which do not form bulbils naturally can be induced to do so by pinching out the flower buds. (E.g. L. 
candidum, L. Maculatum). 

Crown 
This is the extension of central axis above the fruit consisting of a short stem bearing closely set, short leaves. 
These can be cut and planted for producing an individual plant. Crowns used in propagation of pineapple are 
taken either or at the time of harvest. Crowns will produce fruit in about 2 months after planting while slips 
produce in 12-18 months (E.g. Pineapple). 

The term crown as used in horticultural terminology is that part of a plant stem at end below the surface of the 
ground from which new shoots are produced. In trees or shrubs with a single trunk, the crown is principally a 
point of location bear the ground surface marking the general transition zone between stem and root. In 
herbaceous perennials, the crown is the part of the plant from which new shoots arise annually. The 
adventitious roots develop along the base of the new shoots. 
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Coffee Berry Borer (Hypothenemus hampei) 
The pest damages young as well as ripe berries. Infested tender berries drop due to injury or secondary infection 
by fungi. Breeding occurs in the matured berries from the time the bean becomes hard and continues in the 
ripe and over-ripe berries either on the plant or on the ground. Generally, only one of the beans in a berry is 
affected. Damage to both the beans could be noticed occasionally, especially during the fag end of the cropping 
season. In case of severe infestation, 30 to 80% of the berries are attacked, resulting in heavy crop loss. 

Management: Dipping infested berries in boiling water for 2-3 minutes kills all the stages inside. Drying coffee 
to the prescribed moisture level (Arabica/Robusta parchment 10% i.e., 16kg/lit and Robusta cherry 11% i.e., 
18kg/lit) prevents breeding of beetles in stored coffee. Spray lamda cyhalothrin 5 EC 120-160 ml/200 l water 
along with 200ml of wetting agent on 120-150 days after flowering (August – September for Arabica and 
September – October for Robusta). Spraying on ripe berries is not useful. 

White Stem Borer (Xylotrechus quadripes) 
Infested plants show externally visible ridges around the stem. Such plants also exhibit yellowing and wilting of 
leaves. Young plants (7 to 8 years old) attacked by the borer may die in a year, while older plants withstand the 
attack for a few seasons. However, such plants are less productive, yielding more of floats.   

Management: Maintain optimum shade on the estates. Spray/swab the main stem and thick primaries once in 
April to May and once or twice in October during flight periods with Lindane 20 EC @ 1300 ml in 200 l of water 
along with 200 ml of wetting agent. Spraying main stem and thick primaries with neem kernel extract afford 
good control. However, repeated applications are necessary as the persistence of neem derivatives is only for 
a short period. 

Mealy Bugs (Planococcus spp) 
It is the most important sucking pest of coffee. P. citri and P. lilacinus are the common species infesting coffee. 
They are highly polyphagous, infesting a wide range of cultivated and uncultivated plants. Citrus, guava and 
mango are alternate host plants.   

Management: Control ants by dusting quinalphos 1.5% or methyl parathion 2% or malathion 5% D around the 
base of coffee and shade trees.  Destroy nests of red ant and cocktailed ant. Spray the affected patches with 
quinalphos 25 EC 750 ml or fenthion 100 EC 375 ml or fenitrothion 50 EC 750 ml using a gator sprayer. If the 
roots are infested, drench the soil near the root zone with any one of the above insecticides at the same dosage. 
Add 300 ml of Plantvax 20 EC or 160 g of Bayleton 25 WP in 200 l water, if fungus association is noticed. 

Shot–Hole Borer (Xylosandrus compactus) 
Pest infests green succulent main branches in young plants. After entering into the twig through the shot-hole 
made on the underside, female makes a longitudinal tunnel between the nodes. The beetle then lines the wall 
of the gallery with ‘ambrosia’ fungus, the spores of which are carried from the tunnel. Two species of ambrosia 
viz., Ambrosiella macrospora and A. xylebori have been recorded in India. After growing the fungus, female lays 
50 eggs, in groups of 5 to 8. Eggs hatch in 2 to 3 days. The milky white larvae feed on the ambrosia and live for 
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13 to 21 days, and the pupal stage for about 11 days. Oviposition to adult emergence takes 4 to 5 weeks. All the 
life stages of the pest are seen in the same tunnel during the peak period of incidence.  

Management: Prune affected twigs 2 to 3 inches beyond the shot-hole and burn from September onwards, as 
soon as the first symptoms of attack like drooping of leaves is noticed, and continue as a routine measure at 
regular intervals. The pest prefers to breed in the suckers during dry period. So, remove and destroy all the 
unwanted/infested suckers during summer. 

Green Scale (Coccus viridis) 
They suck sap from the tender parts, congregating down on the under surface of leaves close to the midrib and 
veins, on the green shoots, spikes and berries. The severe infestation results in death of the plant. The infested 
leaves may curl up and tender twigs droop. Honeydew excreted by the scale forms a layer on the leaves and 
acts as a medium for the growth of the “sooty mould”. This hinders photosynthesis, thereby weakening the 
plant. Green scale is attended by various species of honeydew seeking ants. Certain ants especially the red ant 
and the cocktailed ant drive away the natural enemies. Removal of honeydew by ants further enhances survival 
of nymphs. 

Brown Scale (Saissetia coffeae) 
Brown scale has a wide range of host plants including tea, citrus, guava, etc. Female is hemispherical and 
covered by a brown hard shield. Female lays 1800 eggs under the body. When eggs are all extruded, abdomen 
of the scale shrinks, leaving only the shell to protect eggs. Eggs are pale pink and hatch in 9 to 12 days.  

Management for green and brown scales: Spray the affected patches with quinalphos 25 EC 300 ml or fenthion 
100 EC 300 ml fenitrothion 50 EC 1 ml/l or methyl parathion 50 EC 300 ml or monocrotophos 36 WSC 325 ml or 
dimethoate 30 EC 420 ml/ha in 200 l of water or freshly prepared Bordeaux mixture. Add 200 ml of wetting 
agent in 200 l of the spray solution, if Bordeaux mixture is not used. 

Cockchafers or White Grubs (Holotrichia spp) 
Grown up coffee plants normally withstand the attack. Young plants (1 to 5 years old) attacked by white grubs 
show yellowing of leaves and stunted growth. Such plants wilt and die in summer period. Attacked plants can 
be easily pulled out as they are left with only tap roots.  

Management: Drench the soil around the root zone of affected plants with Lindane 20 EC @ 750 ml in 200 l of 
water. In white grub-infested areas, incorporate phorate 10 G 5g or carbofuran 3 G 10 g into the soil in a pit at 
the time of planting. 

Hairy Caterpillars (Eupterote spp) 
Hairy caterpillars are important pests of Arabica coffee. They feed on leaves and cause severe damage by 
denuding the plants. Severely infested plants take 2 to 3 years to recover. Outbreaks usually occur in cycles, 
once in 3 to 4 years. Cardamom, trees like Bischofia javanica (neeli), Syzygium jambolana (nerale), Eugenia 
jambolana and Erythrina lithosperma (dadap) are hosts of hairy caterpillars. 

Management: Install light traps in June/July for collecting and killing adults. Spray quinalphos 25 EC 800 ml or 
methyl parathion 50 EC 400 ml, fenitrothion 50 EC 600 ml/ha along with 100 ml of wetting agent in 200 I of 
water, or use malathion 5% D or quinalphos 1.5 D at 25 kg/ha from September to December. 

Coffee Bean Beetle (Araecerus fasciculatus) 
It is a pest of coffee berries in the field and of beans in storage. Adult is pale grey with black spots, and entire 
body is clothed in a felt of fine hair. Forewings have a few longitudinal lines. Wings do not cover the tip of the 
abdomen. 

Management: Fumigate stored coffee with a 1:1 mixture of ethylene dibromide and methyl bromide. 
Impregnate the gunny bags with a mixture of malathion 50 EC at 10 ml + pyrethrum colloid at 2 g/l of water. 



 

 
Volume 2 - Issue 12 - December 2020       323 | P a g e  
 

Red Borer (Zeuzera coffeae) 
Red borer is a minor pest of Arabica and Robusta coffee, which bores into the young stem, primaries and 
secondaries. It has a wide range of hosts including tea, cinnamon, sandal, cotton, orange, teak and many forest 
trees.  

Management: Cut and burn red borer infested plant or twigs. Encourage the activity of braconid parasite, 
Amyosoma zeuzerae. Use pathogen B. bassiana as in the case of white borer management. 
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What is Soil Quality? 
Concise definitions for soil quality include “fitness for use” and “the capacity of a soil to function.” Combining 
these, soil quality is the ability of a soil to perform the functions necessary for its intended use. 

Soil Functions Include 
1. Sustaining biological Diversity, activity, and productivity. 
2. Regulating Water and solute flow. 
3. Filtering, buffering, degrading organic and inorganic materials. 
4. Storing and cycling Nutrients and carbon. 
5. Providing physical Stability and support. 

How is Soil Quality Measured? 
The quality of a soil, or its capacity to function, is evaluated using inherent and dynamic soil properties. These 
properties serve as indicators of soil function because it is difficult to measure function directly and observations 
may be subjective. 

Inherent, or use-invariant, soil properties change very little or not at all with management. Inherent soil 
properties form over thousands of years and result primarily from the soil forming factors: climate, topography, 
parent material, biota, and time. Examples of inherent properties are soil texture, type of clay, depth to bedrock, 
and drainage class. 

Dynamic, or management dependent, soil properties are affected by human management and natural 
disturbances over the human time scale, i.e., decades to centuries. Significant changes in dynamic soil 
properties can occur in a single year or growing season. There are many dynamic soil properties, several of 
which are the subjects of this information sheet series. 

Scientists use soil quality indicators to evaluate how well soil functions since soil function often cannot be 
directly measured. Measuring soil quality is an exercise in identifying soil properties that are responsive to 
management, affect or correlate with environmental outcomes, and are capable of being precisely measured 
within certain technical and economic constraints. Soil quality indicators may be qualitative (e.g. drainage is 
fast) or quantitative (infiltration= 2.5 in/hr). 

Why are Indicators Important? 
Soil quality indicators are important to: 
1. Focus conservation efforts on maintaining and improving the condition of the soil. 
2. Evaluate soil management practices and techniques. 
3. Relate soil quality to that of other resources. 
4. Collect the necessary information to determine trends. 
5. Determine trends in the health of the Nation’s soils. 
6. Guide land manager decisions.  

How are Indicators Selected? 
Soil quality is estimated by observing or measuring several different properties or processes. No single property 
can be used as an index of soil quality. 
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The Selection of Indicators should be based on 
1. The land use. 
2. The relationship between an indicator and the soil function being assessed. 
3. The ease and reliability of the measurement. 
4. Variation between sampling times and variation across the sampling area. 
5. The sensitivity of the measurement to changes in soil management. 
6. Compatibility with routine sampling and monitoring. 
7. The skills required for use and interpretation.  

When and Where to Measure? 
The optimum time and location for observing or sampling soil quality indicators depends on the function for 
which the assessment is being made. The frequency of measurement also varies according to climate and land 
use. 

Soil variation across a field, pasture, forest, or rangeland can greatly affect the choice of indicators. Depending 
on the function, such factors as the landscape unit, soil map unit, or crop growth stage may be critical. Wheel 
tracks can dramatically affect many properties measured for plant productivity. Management history and 
current inputs should also be recorded to ensure a valid interpretation of the information. 

Monitoring soil quality should be directed primarily toward the detection of trend changes that are measurable 
over a 1 to 10-year period. The detected changes must be real, but at the same time they must change rapidly 
enough so that land managers can correct problems before undesired and perhaps irreversible loss of soil 
quality occurs. 

Ideal Indicators should 
1. Correlate well with ecosystem processes 
2. Integrate soil physical, chemical, and biological properties & processes 
3. Be accessible to many users 
4. Be sensitive to management & climate 
5. Be components of existing databases 
6. Be interpretable (Doran and Parkin, 1996). 

There are three main categories of soil indicators: chemical, physical and biological. Typical soil tests only look 
at chemical indicators. Soil quality attempts to integrate all three types of indicators. The categories do not 
neatly align with the various soil functions, so integration is necessary. The table below shows the relationship 
between indicator type and soil function. 

Indicator category Related soil functions 

Chemical Nutrient cycling, Water relation, Buffering 

Physical Physical stability and support, Water relation, Habitat 

Biological Biodiversity, Nutrient cycling, Filtering 

Organic matter, or more specifically soil carbon, transcends all three indicator categories and has the most 
widely recognized influence on soil quality. Organic matter is tied to all soil functions. It affects other indicators, 
such as aggregate stability (physical), nutrient retention and availability (chemical), and nutrient cycling 
(biological); and is itself an indicator of soil quality. 

Some indicators are descriptive and can be used in the field as part of a health card. Others must be measured 
using laboratory analyses. Some examples of indicators that fall into the three broad categories of chemical, 
physical and biological, are provided below. 

Indicator Categories 
Chemical indicators can give you information about the equilibrium between soil solution (soil water and 
nutrients) and exchange sites(clay particles, organic matter); plant health; the nutritional requirements of plant 
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and soil animal communities; and levels of soil contaminants and their availability for uptake by animals and 
plants. Indicators include measures of: 

a. Electrical Conductivity. 
b. Soil Nitrate. 
c. Soil Reaction (pH). 

Physical indicators provide information about soil hydrologic characteristics, such as water entry and retention, 
that influences availability to plants. Some indicators are related to nutrient availability by their influence on 
rooting volume and aeration status. Other measures tell us about erosional status. Indicators include measures 
of: 

a. Aggregate Stability. 
b. Available Water Capacity. 
c. Bulk Density. 
d. Infiltration. 
e. Slaking. 
f. Soil Crusts. 
g. Soil Structure and Macrospores. 

Biological indicators can tell us about the organisms that form the soil food web that are responsible for 
decomposition of organic matter and nutrient cycling. Information about the numbers of organisms, both 
individuals and species, that perform similar jobs or niches, can indicate a soil's ability to function or bounce 
back after disturbance (resistance and resilience). Indicators include measures of: 

a. Earthworms. 
b. Particulate Organic Matter. 
c. Potentially Mineralizable Nitrogen. 
d. Respiration. 
e. Soil Enzymes. 
f. Total Organic Carbon. 

Reference 
Doran, J.W. and T.B. Parkin. 1996. Quantitative indicators of soil quality: a minimum data set. In J.W. Doran and A.J. Jones, eds. Methods for Assessing 
Soil Quality. SSSA, Inc., Madison, Wisconsin, USA. 
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Brinjal (Solanum melongena L.) is an important tropical vegetable crop of India and it is adapted to wide range 
of climatic conditions. Brinjal ranks fair in nutritional value in terms of carbohydrates, proteins, fiber and 
vitamins like Thiamin, Niacin, Pantothenic acid and Folacin as well as minerals like Calcium, Iron, Potash, Zinc, 
Copper and Manganese. It is also valued for its medicinal properties and has got de-cholestrolizing property 
primarily due to presence of poly-unsaturated fatty acids present in flesh and seeds of the fruit in higher amount 
(65.1 %). Presence of magnesium and potassium salt in fruit also important in de-cholestrolizing action. A large 
number of cultivars are grown in the country depending on the preferences for the colour, size and shape of 
the fruits. 

The Mattu Gulla is large, round brinjal. Gulla means round in Tulu, the local language of Udupi district of 
Karnataka state. It has light green stripes on green background, thin skin and a good amount of pulp with a few 
seeds. The buttery texture of this pulp with less seeds make difference from the other varieties of brinjal. The 
stalk has a few thorns, and this is an aspect that makes it distinct from other Gullas. These are the specific 
characters of the matti/mattu gulla brinjal. Mattu Gulla obtained the Geographical Indication tag in year 2011 
for its unusual and unique taste and exclusive location of production. Apart from Matti, it is grown in 
surrounding villages like Pangala, Kopla and Kaipunjal in Udupi district. The unique characters of this variety are 
because of the land on which it is grown is enriched with fish meal manure. 

Mattu Gulla is said to have been grown for 400 years in Matti, with a legend linking its origins to Sri Vadiraja 
Tirtha of Sode Vadiraja Matha, Udupi. It is said that the saint Vadiraja of Sode Math of Udupi gave the seeds of 
this variety to the devotees from the village centuries ago. True to their devotion, Mattu villagers offer their 
first harvest to the Udupi Shri Krishna temple every year. This vegetable has a special relationship with the 
biennial Parayaya festival in Udupi, as the farmers offer the crop to the 800-year-old Sri Krishna Mutt/temple 
for the festival. A dish is prepared using it and served to devotees. 

It is a seasonal vegetable which is grown after the monsoon season from the months of September and October. 
It has low moisture content and is known for its unique taste. Mattu Gulla is a widely used vegetable in Udupi 
cuisine especially in the sambar. Other special recepies from Brinjal like Stuffed Brinjal (Gulla Puddi Sagley), 
Gulla Fritters (Gulla Bajey) and  Gulla Sambhar (Gulla Kolmbo). 

Even if the seeds are taken from Mattu and planted elsewhere in other villages in the district, the brinjal will 
not get the same taste and aroma. The peculiar taste, flavor and characters of the variety can be observed when 
it is grown only in Mattu village this is because of special type of microenvironment which includes the organic 
matter/ nutrient richness of soil and also the tropical humid type of climate of the costal belts and this is the 
reason that this variety is recognized for GI tag. The idea of marketing ‘Mattu Gulla’ with stickers was to 
distinguish this unique variety. Trademark of sticker is applied only to the first-grade quality of brinjal, which is 
bigger in size, from the production available.  

To reduce the middleman, interfere in the marketing, the farmers usually directly sales their produce through 
Farmers Produce Organization (Mattu Gulla Growers Association, Udupi). But since this variety is grown on very 
small areas in Udupi district and more emphasis is needed with respect to research on production technology, 
to study the quality aspects, post-harvest and value-added product and recipes of this type of special vegetables 
by the state Horticultural Universities and State Horticulture Department. 
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Summary 

Crop regulation is the basis for the regular and quality crop. A range of methods are used to increase production 
with enhanced fruit quality by crop regulation. It can be achieved through manual thinning, chemical thinning, 
selective harvesting, training, summer and winter pruning, prevention of pre harvest fruit drop etc. Some of the 
fruit crops bloom throughout the year without any resting period and produces two or three crops (bahar) in a 
year but yield and quality is not same and also not good in all crop harvest. Fruit crops like Citrus, Pomegranate, 
and Guava are used to flower and fruit three times in a year. A good harvest is possible only if crop is regulated 
to single season (bahar). 

Introduction 

Bahar regulation or also termed as resting treatment, may be defined as to regulate fruiting, water is 
withholding for about two months in advance of normal flowering season. To obtain higher fruit yield during a 
particular period, plants are given a resting period by which the natural tendency of tree is altered with artificial 
means. In Western India, root pruning of guava to regulate the season of harvesting, as is done in the case of 
mandarins, is recommended in heavy soils only. In lighter soils, withholding of water serves the purpose. This 
practice is known as bahar treatment. 

Objectives of Bahar Regulation 

1. The main objective of crop regulation is to force the tree for rest and produce profuse blossom and fruits 
during any one of the two or three flushes. 
2. To regulate a uniform and good quality of fruits and to maximize the production as well as profit to the 
grower. 
3. To reduce cost of cultivation because uninterrupted continuous blossom would produce light crops over the 
whole year and require a high cost for the monitoring and marketing. 

Bahar Time of flowering Time of fruiting/ harvesting 

Ambe Bahar January-February June-August 

Mrig Bahar June-July November-January 

Hast Bahar September-October February-April 

Advantages of Bahar Regulation 

1. Produce better quality fruits. 
2. Better market with higher demand. 
3. Avoid much of the biotic stress. 
4. To provide employment throughout the year. 
5. More profitability to growers. 
6. Increase the economical production.  
7. To reduce imports and balance the trade. 

The Selection of Bahar at a Location is Mainly Determined by 

Availability of the irrigation water, quality of products, occurrence and extend of the damage by the disease and 
pests, market demands, climate of the area and availability of fruit in the market with comparable yield. 
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Methods of Crop Regulation 

Methods of crop regulation in order to get only appropriate season crop it is necessary to manipulate the 
flowering. The following practices can be adopted: 
1. Deblossoming or Thinning. 
2. Withholding of irrigation.  
3. Root exposure and root pruning. 
4. Shoot Pruning.  
5. Chemical/ PGRs application. 
6. Nutrients application. 
7. Shoot bending. 

   

Conclusion 

Crop regulation may be adopted successfully in various fruit crops like pomegranate, guava, aid lime and 
mandarin by various cultural and chemical methods using several techniques like withholding of irrigation, 
flower and fruit thinning, shoot pruning and application of different chemicals like Gibbrelic Acid, NAA, Ethrel, 
Urea, Thiourea, Cycocel, Paclobutrazol, etc. Success of off-season fruit production depends upon experience of 
growers, orchard management practices and climatic conditions. 
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Introduction 

Phytochemicals are bioactive non-nutrient plant compounds in vegetables and other plant foods that have been 
hypothesized to reduce the risk of major chronic diseases. More than 5000 individual dietary phytochemicals 
have been identified in fruits, vegetables, whole grains, legumes, and nuts, but a large percentage of them still 
remain unknown. These phytochemicals need to be isolated and identified before we can fully understand the 
health benefits of bioactive compounds in whole foods (Liu R.H. 2003). A healthy eating strategy with increased 
consumption of plant-based foods plays important role in the prevention of chronic diseases, such as heart 
disease, cancer, stroke, diabetes, Alzheimer’s disease, cataracts, and age-related function decline (Liu R.H. 
2004). Supplementation of antioxidants may reduce harmful effects of the oxidative processes in organisms 
(Logani and Davis, 1980).       

Table 1: Phytochemical content in vegetable crops 

Sl. No. Crops Phytochemical content and 
its role 

References 

1. Solanaceous Species Tomato- Lycopene, 
antioxidant that neutralizes 
the reactive oxygen species 
derived from free radicals. 
Brinjal- Total phenol, 
flavonoid content, soluble 
protein and total 
carbohydrate content 
considered as an important, 
cheap, easily available source 
of natural bioactive 
components with antioxidant 
property. 
Chilli- Oil, capsaicin and 
peroxidase activity 
 

Salari and Prasad, 2010 
 
 
 
 
Datta and Kulkarni, 2010 
 
 
 
 
 
 
 
 
 
Singh et al., 2009 

2. Brassica Species Cabbage- Vitamin C, β-
carotene, lutein content, α-
tocopherol and total phenol 
Broccoli- glucosinolate and 
myrosinase activity; a 
relatively good source of 
abundant antioxidants. 

Singh et al., 2006 
 
 
 
Upadhya et al., 2007 



 

 
Volume 2 - Issue 12 - December 2020       332 | P a g e  
 

Conclusion 

High intake of fresh vegetables is associated with reduced risk of free radical-mediated diseases. Antioxidants 
have been shown to reduce the rate of heart disease mortality as well as the incidence of cancers and other 
degenerative diseases and aging. Changes in dietary patterns and lifestyle, such as increasing the consumption 
of vegetables and more balanced intake of meat and plant foods, are a practical and effective strategy for 
reducing the incidence of chronic diseases. 

References 
1. Boschin , G. and Arnoldi, A., (2011).  Legumes are valuable sources of tocopherols. Food Chemistry. 127 (3): 1199-1203. 
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5. Liu, R.H., (2003). Health benefits of fruits and vegetables are from additive and synergistic combination of phytochemicals. Amer. J. Clin. 

Nutr,78:517–20. 

3. Leafy Vegetables Amaranthus- The crops have 
appreciable amount of 
nutrients, minerals and 
vitamins important to meet 
daily requirements of rural 
and urban communities. 
Spinach- Total phenol and 
antioxidants; Leaf and plant 
part are important sources of 
variability in the antioxidant 
capacity. 

Nathan et al., 2015 
 
 
 
 
 
 
 
Yofesi et al., 2010 

4. Allium Species Phytochemical content in 
onion are ascorbic acid, 
quercetin, sulfides, kaemferol 
and fistetin. 

Denre et al., 2011 

5. Cucurbits Phytochemical content in 
cucurbits are ascorbic acid 
and carotenoids 

Fergany et al., 2011 

6. Leguminous Crops Grain legumes contain 
numerous phytochemicals 
such as tocopherol useful for 
their nutritional or 
nutraceutical properties, such 
as tocopherols, involved in 
the prevention of 
cardiovascular disease and 
eye pathologies. 

 
Boschin and Arnoldi, 
2011 

7. Drumstick Phytochemical contents are 
β-carotenes, ascorbate, 
tocopherols, iron and 
calcium; consumption of 
moringa enhances the 
immune response of nutrient. 

Yang et al., 2006 
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Introduction 

Nutritional therapy and phyto-therapy have emerged as new concepts of health aid in recent years. Strong 
recommendations for consumption of nutraceuticals from plant origin have become progressively popular to 
improve health, and to prevent and treat diseases. Nutraceuticals are "naturally derived bioactive compounds 
that are found in foods, dietary supplements and herbal products, and have health promoting, disease 
preventing and medicinal properties." Plant derived Nutraceuticals/functional foods have received considerable 
attention because of their presumed safety and potential nutritional and therapeutic effects. Dr Stephen 
DeFelice coined the term "Nutraceutical" from "Nutrition" and "Pharmaceutical" in 1989. 

Nutraceuticals or functional foods can be classified on the basis of their natural sources, pharmacological 
parameters or according to their chemical constitution. The most usual nutraceuticals are Nutrients, herbals, 
dietary supplements, functional food and natural chemicals derived from different medicinal plants. 

Nutrients 

Substances with established nutritional functions, such as carbohydrate, proteins, vitamins, minerals, amino 
acids and fatty acids come under this category. The most commonly known nutrients are antioxidants, vitamins 
and essential minerals. Antioxidants are substances, which retard or prevent deterioration, damage or 
destruction caused by oxidation. The Phyto-nutrients are unique substances occur naturally in plants, have been 
found to hold specific and powerful disease preventing possibilities. Both essential and nonessential phyto-
nutrients should be considered as bioactive food components based on the specific physiological function they 
impart, including characterization of their metabolic and physiological functions and associated targets, and 
biomarkers . Fruits and vegetables give us many of the nutrients that we need: vitamins, minerals, dietary fiber, 
water, and healthful phytochemicals. 

Natural Products as Nutraceuticals 
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Almost all fruits and vegetables naturally have essential minerals and that are low in fat and calories with no 
cholesterol. 

Herbals 

Large number of herbs, which had been in use since ancient time, has been shown to play a crucial role in the 
prevention of disease. In addition to the macro and micro nutrients such as proteins, fats, carbohydrates, 
vitamins or minerals necessary for normal metabolism, a plant-based diet contains numerous non-nutritive 
phyto-constituents which may also play an important role in health enhancement. The Nutraceuticals market 
comprises two principal segments: Functional Foods and Dietary Supplements. Given in the table is a list of 
Neutraceutical herbal plants, and the information on specified organs of these plants that serve as source of 
material that can be used directly or in the form of processed products. 
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The table also mentions the conditions for which the plant materials have proved useful. There is need for 
domestication and cultivar development for cultivated production of these plants. The post-harvest processing 
technologies that will allow material to remain active and hygienic also need to be worked out for a large 
majority of these plants. 

 

Functional Food 

They are consumed as a part of normal diet and are intended to supplement the normal diet. Functional foods 
are similar to conventional food or beverage and are consumed as part of a normal diet having physiological 
benefits. They can also promote growth and developmental processes. They may be used as conventional or 
fortified foods with bioactive components to reduce disease risk. 
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Dietary Supplements 

They are concentrated sources of nutrients or other substances with a nutritional or physiological effect, alone 
or in combination. Dietary supplements contain all products that can be purchased by the consumer without a 
prescription. Many potential benefits have been attributed to antioxidant use in the form of dietary intake or 
supplementation. Antioxidants, in general, may be useful in the prevention of cancer and cerebro-vascular 
disease. Dietary supplements are not classified as drugs. The main difference is that they do not have approved 
therapeutic claims unlike in the case of drugs. Moreover, dietary supplements could either contain vitamins, 
minerals, herbals, or amino acids, all aimed to add to or supplement the diet of an individual. They are not 
intended to be taken alone as a substitute to any food or medicine. 

Phytochemicals 

Phytochemicals are naturally occurring biochemicals that give plants their colour, flavour, smell, and texture, 
which may help prevent diseases. They are biologically active natural products such as glucosinolates in 
cruciferous vegetables, limonoids in citrus fruits, lignans in flaxseed, lycopene in tomatoes, and catechins in tea. 
They all have specific actions and can be used variously for e.g. as antioxidants and have a positive effect on 
health. 

Prebiotics 

Prebiotics are the substances, which reach to colon in intact form i.e. without getting depleted by the gastric 
pH and digestive acids. These prebiotics also selectively promote the growth of colonel probiotic bacteria; hence 
they act as fertilizers for these bacteria. These are collective term for non-digestive but a fermentable dietary 
carbohydrate that may selectively stimulates growth of certain bacterial group’s resident in the colon, such as 
Bifidobacteria, Lactobacilli considered to be beneficial for the human host. The prebiotic inulin, which is soluble 
dietary fibers and resistant to digestive enzyme therefore reaches to large intestine or colon essentially intact, 
where it is fermented by resistant bacteria, Lactobacilli. 

Probiotics 

It is a substance that contains microorganisms or bacteria that are beneficial to the host organism it can be 
plant or animal. It is a term commonly used for “Friendly bacteria”. Digestive microbes come from uncooked 
fruits, vegetables, and fermented products that we eat. There are about 400 different bacteria living in the 
human GI tract, among them Lactobaccilus acidophilus is one of the major components of the probiotic fighter. 
It enhances the immune system. 

Conclusion 

Plant derived nutraceuticals are of great importance in present system of Medicine and Healthcare. The lack of 
quality control is a major area of concern for nutraceuticals. The quality of plant material and manufacturing 
processes used for nutraceuticals are regulated by food laws, which lack the specificity required for botanical 
drugs. This can have serious consequences. Nutraceutical professionals and regulatory bodies need to play a 
major role for safety maintenance and advances of nutraceuticals. Future demand of nutraceutical depends 
upon consumer perception of mankind and the relationship between diet and disease. Although nutraceuticals 
and functional food have significant role in the promotion and care of human health to prevent diseases, the 
health professionals, nutritionists, biotechnologists, regulatory toxicologist and nutraceutical industrialist 
should strategically work together to plan appropriate regulation to provide the ultimate health and therapeutic 
benefits to mankind with purity, efficacy, and safety. 
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Introduction 

Women were the first to domesticate crop plants and commence the art and science of farming as said by 
famous agricultural scientist M. S. Swaminathan. Women play a central role in agriculture and associated fields 
which include crop production, livestock production, horticulture, post-harvest operations, agro/ social forestry, 
fisheries, etc. Economic Survey 2017-18, delineated that with mounting rural to urban migration by men, there 
is ‘feminization’ of agriculture sector, where women take up multiple roles as cultivators, entrepreneurs, and 
labourers. Though data discloses decrease of participation of both men and women in agriculture but the rate 
of downturn of men has been faster than women. The Agriculture Census (2015-16) discloses that, there is 
ascendency in percentage of female operational holdings in the country from 13% percent during 2010-11 to 
14% during 2015-16. Agriculture, contributing around 16% of the GDP, is increasingly becoming a female 
activity. Agriculture sector employs 80% of all economically active women; they comprise 33% of the agricultural 
labour force and 48% of self-employed farmers (www.agricoop.nic.in). About 18% of the farm families in India, 
according to NSSO Reports are headed by women. In view of identification of women in agriculture Indian 
government started to celebrate October 15 as Rashtriya Mahila Kisan Diwas. A bird’s eye look into the role of 
women in agriculture disclosed that 78% of India’s employed women work in agriculture, 70% of farm work is 
led by women, 50% of rural women are agriculture labourers and 60 percent of the world food volume is grown 
by women. The data itself reveals that there is an increased role in female participation in agriculture which is 
clearly depicting the feminization in agriculture. 

Multi-Faceted Role of Women in Agriculture and its Allied Fields 

Women play a pluridimensional role in agricultural and allied fields. As reported by Baig (2010) women 
enthusiastically and expansively participate in the production of major crops and other farming operations. 
Women add on to family income through both farm and nonfarm activities. The nature and degree of women's 
participation in agriculture varies greatly from block level to overall country level. Despite of these variations, 
women participation and involvement in various agricultural activities is high. Rural women perform numerous 
labour-intensive jobs such as weeding, hoeing, grass cutting, picking, cotton stick collection, separation of seeds 
from fibre, keeping of livestock and its other associated activities like milking, milk processing, preparation of 
ghee, etc.  

Agriculture: Cultivators, Paid Labourers, doing labour on their own land and  act as managers of certain 
operations of agricultural production by way of labour supervision and the participation in post-harvest 
operations, sowing, nursery management, transplanting, weeding, irrigation, Plant protection, fertilizer 
application,  Harvesting, storing, winnowing, etc. 

Livestock: Livestock is the primary sources of livelihoods which assists in fulfilling the household food needs as 
well as add on to farm incomes. There exists one common practice in the rural areas to give an animal as part 
of a women's dowry. Generally, women are busy in cattle management activities such as cleaning of animal and 
sheds, watering of cattle, milking the animals, fodder collection, preparing dung cakes, and collection farm yard 
manure.  

Domestic Activities: Cooking, child rearing, water collection, fuel wood gathering, household maintenance, etc. 
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Multi-Dimensional Roles 

Feminization of Agriculture? 

The term ‘Feminization of agriculture’ connotes the escalating participation of women in agricultural activities. 
It can be elucidated in different ways such as an increase in the percentage of women who are economically 
active in agricultural sector either as self-employed or as agriculture wage workers or unremunerated family 
workers. In other way it is an increase in the percentage of women in agricultural labour force relative to men, 
either because of more women are working or because of fewer men are working in agriculture. 

Causes of Feminization of Indian Agriculture 

Poverty is a major factor due to which women are women are forced to work as agricultural labourers to 
supplement the family’s income. An agrarian distress is another one which led to migration of males from 
agriculture towards casual work by which women have got absorbed in agricultural and allied activities. 
According to a 2013 report a total of 7.7 million farmers left agriculture. With increased mechanization of 
agriculture, men have moved to other non-farm activities while women have been confined to traditional roles 
such as winnowing, harvesting, sowing seeds and rearing livestock. As per Census, about 33.7% of rural males 
migrate for reasons of employment and better economic opportunities. However, in the case of females, it is 
as low as 3.6% for rural females. The upward mobility of women for employment is restricted and is further 
constrained by gender wage differentials. 

Challenges in Front 

1. Land ownership: The major challenge which women are facing is the powerlessness of women in terms of 
claiming ownership of the land they have been cultivating. Census 2015 disclosed that almost 86% of women 
farmers are devoid of this property right in land.  

2. Access to credit: women have less access to credit because land is taken as collateral where women lack 
ownership of land which in turn does not allow women farmers to approach banks for institutional loans  

3. Access to agricultural inputs: When compared to men, women in general have less access to resources and 
modern inputs (seeds, fertilizers, pesticides) to make farming more productive. 

4. Access to technology: Mechanization of agriculture has resulted in confinement of women in low paying 
traditional works. Further, most farm machinery is difficult for women to operate. 
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5. Access to education, training and extension services: Access to education, agricultural guidance and 
extension services for women has been predominantly low as compared to men. f) Managing different roles: In 
addition to intensive work on the farm all day, women are also expected to fulfil domestic obligations like 
cooking, child rearing, water collection, fuel wood gathering, household maintenance etc. 

6. Wage: Despite more work for longer hours when compared to male farmers, women farmers 

7. Marketing: Small and marginal farmers in India lack adequate access to marketing facilities due to lack of 
basic infrastructure like market yards, roads and transportation, and storage including freezers and presence of 
middlemen. Additional constraints for women include seclusion, lack of literacy, knowledge and information. 
Further, women have no representation in agricultural marketing committees and other similar bodies. 

8. Health and Occupational Hazards: Women face health hazards in the cultivation of many crops and 
plantations due to lack of training, lack of protective gears and long working hours. Lack of nutritional security 
further perpetuates health issues. 

Suggestions to Overcome Challenges 

1. Gender policies: A gender analysis is important for development policies and programs directed at 
agriculture. The Economic Survey (2017-18) recommended that there is an urgent need for ‘inclusive 
transformative agricultural policy’ aimed at gender-specific interventions. 

2. Ensure property rights: The government should ensure access to secure land and property rights. A formal 
access to land will help increase productivity by facilitating investments and would ensure household food 
security and nutrition 

3. Credit without collateral: Provision of credit without collateral under the micro-finance initiative of the 
National Bank for Agriculture and Rural Development should be encouraged 

4. Equal access to resources: Equalizing access to productive resources could increase agricultural output in 
developing countries by as much as 2.5% to 4%.Women farmers should be listed as primary earners and owners 
of land assets to elevating their place as real and visible farmers. 

5. Training: The training of rural women to help them adopt modern agricultural techniques that are tailored 
to local conditions and that use natural resources in a sustainable manner. Krishi Vigyan Kendras in every district 
can be assigned an additional task to educate and train women farmers about innovative technology along with 
extension services. 

6. Gender friendly tools: It is thus important to have gender-friendly tools and machinery for various farm 
operations. Manufacturers should be incentivized to come up with better solutions. Farm machinery banks and 
custom hiring centres promoted by many State governments can be roped in to provide subsidized rental 
services to women farmers. 

7. Equal pay for work: Legal measures should be taken to ensure equal pay for work of equal value. Women 
should be made aware to help them negotiate equal wages and women organizations and unions can play an 
important role in this. The ILO has developed a program named Women’s Education for Integrating Women 
Members in Rural Workers’ Organizations with the objective of increasing empowerment of rural women in 
Tamil Nadu and Madhya Pradesh. 

Conclusion 

In Indian society, women have a multi dimensional role. The largest number of women in India is engaged in 
farming operations either as cultivators or as supervisors or as agriculture laborers. With women playing major 
role at all levels-production, pre-harvest, post-harvest processing, packaging, marketing – of the agricultural 
value chain, to increase productivity in agriculture, it is vital to adopt gender specific interventions. An ‘inclusive 
transformative agricultural policy’ ought to aim at gender-specific intervention to raise productivity of small 
farm holdings, amalgamate women as dynamic agents in rural transformation, and engage men and women in 
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extension services with gender expertise. In order to accomplish the full economic benefit from employment, 
rural women should be provided a better choice over their occupations so that they are not enforced to do the 
work left behind by men. It is thus important to have overall women empowerment through education, 
awareness and doing away with gender biases. 

References 
1. Baig, R. Role of women in agriculture and rural development in Pakistan. Lucrari Stiintifice, Universitatea de Stiinte Agricole Si Medicina 

Veterinara a Banatului, Timisoara, Seria I, Management Agricol. 12(2): 15 (2010). 
2. www.agricoop.nic.in. (1/11/2020). 
  



 

 
Volume 2 - Issue 12 - December 2020       342 | P a g e  
 

Pusa Bio-Decomposer Technique Solution for Stubble Burning 
Pollution 

Article ID: 33112 
Akash Bhargaw1, Priyamvada Chauhan Joshi2 

1Research Associate Agriculture V.V Bio-Tech Bodh Gaya Pin 824231 
2Assistant Professor,  Seed Science and Technology, Teerthankar Mahaveer University, Moradabad, Uttar 

Pradesh, India. 

 

The national capital’s air quality was recorded in the poor category on Sunday morning and the share of stubble 
burning in Delhi’s PM2.5 pollution is likely to increase significantly, according to a central government agency. 
An AQI between 0 and 50 is considered ‘good’, 51 and 100 ‘satisfactory’, 101 and 200 ‘moderate’, 201 and 300 
‘poor’, 301 and 400 ‘very poor’, and 401 and 500 ‘severe’. During daytime, winds are blowing from northwest, 
bringing pollutants from farm fires. At night, calm winds and low temperatures are allowing accumulation of 
pollutants, according to an India Meteorological Department official. Punjab and Haryana have recorded more 
incidents of stubble burning this season so far compared to last year and it is largely due to early harvesting of 
paddy and unavailability of farm labour due to the coronavirus pandemic, according to officials. For India’s 
landlocked national capital stubble burning in the adjoining states of Punjab and Haryana has proven to be a 
huge menace. Come winters and reports of residents of Delhi and NCR choking on the rising pollution levels 
aided by stubble burning become an everyday affair. The farmers in Punjab and Haryana prefer to burn the 
stubbles of harvested crops as it is believed to be a cost-effective method (The Print 18 October 2020) 

However, the Indian Agricultural Research Institute (IARI) in Pusa has now developed a low-cost technology as 
a possible solution to managing crop residue. Scientists at the institute have come up with ‘decomposer 
capsules. These capsules, also called Pusa Decomposer, a composition of eight microbes, will help ready the 
land for the sowing of the next crop without the farmers burning the crop residue. Four capsules, which will 
cost just Rs 20, can be used to make 25 litre of solution effective for one hectare of land. 

Pusa’s procedure of converting crop residue to manure is likely to get the green signal in Delhi on Wednesday 
(September 30). 

These green and red-coloured capsules can go a long way in preventing Delhi-NCR from turning into a gas 
chamber. Farmers in Punjab, Haryana, and Uttar Pradesh burn crop residue after harvesting paddy a summer 
crop. The fields have to be cleared of the paddy straws to make way for the sowing of wheat. The smoke from 
burning these crop fields travels causes air quality to plummet. 

State environment minister Gopal Rai told India Today, "The Centre should act as the nodal agency and speak 
to the states of Delhi, Punjab, Haryana and Uttar Pradesh to initiate Pusa's bio-decompose procedure. There 
should be a central policy too. If states implement the procedure together, we can fight stubble burning without 
imposing a financial burden on farmers." 

We will be implementing Pusa's procedure in Delhi. The chief minister has written to the Union environment 
minister so that the procedure is implemented in other states too. This will end stubble burning and pollution 
to a huge extent. We are planning to provide all sorts of help to farmers so that Delhi is safe from stubble 
burning," (India Today 29 September 2020). 

Technology to Manage Crop Residue 

The Pusa Decomposer capsules will reduce the time it takes to decompose paddy straw. Additionally, unlike 
burning which erodes the soil quality, this option also makes the land fertile. 
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Scientists at IARI, Pusa Campus, claim that if this capsule is used by farmers, it will also help reduce their 
dependence on fertilisers in the long run. 

Dr YV Singh, principal scientist, division of microbiology, told India Today, "The four capsules in a pouch can be 
used to make 25 litre of solution which can then be used on one hectare or 2.5 acres of field. This capsule will 
help in curbing the practice of crop burning. This can be used in all forms and on any farm." 

The product has been in the works for the past 5 years. Dr Ashok Kumar Singh, Director, IARI said, "We were 
working on this product for the past 5 years, we believe mass distribution is the key here. This product will fulfil 
two objectives - make soil fertile and fight the pollution menace." 

Delhi Chief Minister Arvind Kejriwal said he will urge Union Environment Minister Prakash Javadekar to ask 
neighbouring states to make use of the Pusa Decomposer. 

"Every year in the months of October and November, crop residues are burnt and the smoke covers Delhi and 
parts of north India. Pusa Institute has developed these new capsules which are very easy to use as the crop 
residues melt after application of a solution made by the capsules," Delhi Chief Minister Kejriwal told India 
Today. 

"After residue burning, productivity of the land is reduced, but this capsule converts them into manure and is 
cost-effective. The proposal will be prepared by the institute and this research was completed in one-and-a-half 
years. We will start with Delhi, and if possible, will tell the Centre to implement it in other states as well," 
Kejriwal added (The Hindu 24 September 2020) 

"Use of Pusa stubble composting capsules is under consideration, and they will be recommended to the farmers 
if found suitable," said Dr Sutantar Kumar Airi, director of agriculture, Punjab. 

Last year's stubble burning in Punjab and Haryana contributed to 44 per cent of the pollution in NCR Delhi, 
according to System of Air Quality and Weather Forecasting and Research (SAFAR). 
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Introduction 

Organic farming is a production system which avoids or largely excludes the use of synthetically compounded 
fertilizers, pesticides, growth regulators, and livestock feed additives. To the maximum extent feasible, organic 
farming systems rely upon crop rotations, crop residues, animal manures, legumes, green manures, off-farm 
organic wastes, mechanical cultivation, mineral-bearing rocks, and aspects of biological pest control to maintain 
soil productivity and tilth, to supply plant nutrients, and to control insects, weeds, and other pests (USDA, 1980). 

Organic agriculture is a unique production management system which promotes and enhances agro-ecosystem 
health, including biodiversity, biological cycles and soil biological activity, and this is accomplished by using on-
farm agronomic, biological and mechanical methods in exclusion of all synthetic off-farm inputs (FAO). 

Organic Farming Principles 

The four principles of organic agriculture are as follows: 
1. Organic agriculture should sustain and enhance the health of soil, plant, animal and human as one and 
indivisible.  
2. Organic agriculture should be based on living ecological systems and cycles, work with them, emulate them 
and help to sustain them.  
3. Organic agriculture should build on relationships that ensure fairness with regard to the common 
environment and life opportunities.  
4. Organic agriculture should be managed in a precautionary and responsible manner to protect the health and 
wellbeing of current and future generations and the environment. 

Scope / Possibility of Organic Farming in India 

The nutrient requirement for producing the expected food and other raw materials in 2021 AD is projected to 
be around 45 million tonnes. If 100 per cent of all the available organic materials are recycled, then the demand 
for nutrient will be ten million tonnes only. Difficulties will be there to achieve 100% recycling due to collection, 
shortage and processing for crop production alone. But there is greater scope for bio fertilizers to reduce the 
gap between nutrient demand and supply. Indian agriculture has a huge crop residue potential of 336 mt equal 
to 10.6 mt N, 2.02 mt P2O5 and 5.04 mt K2O. Besides, India can further generate 1.082 mt N, 0.333 mt P2O5 and 
0.416 mt K2O or from city refuses (14 mt), sewage sludge (0.5 mt), press mud (5.0 mt) waste water (domestic 
6351 mm3) and industrial waste (66 mm3). 

Benefits of Organic Farming 

1. It helps in maintaining environment health by reducing the level of pollution. 
2. It reduces human and animal health hazards by reducing the level of residue in  the product. 
3. It helps in keeping agricultural production at a higher level and makes it sustainable. 
4. It reduces the cost of agricultural production and also improves the soil health 
5. It ensures optimum utilization of natural resources for short-term benefit and helps in conserving them for 
future generation. 
6. It not only saves energy for both animal and machine, but also reduces risk of  crop failure. 
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7. It improves the soil physical properties such as granulation, and good tilth, giving good aeration, easy root 
penetration and improves water-holding capacity. 
8. It improves the soil’s chemical properties such as supply and retention of soil nutrients, and promotes 
favourable chemical reactions. 

Basic Steps of Organic Farming 

Organic farming approach involves following five steps: 
1. Conversion of land from conventional management to organic management. 
2. Management of the entire surrounding system to ensure biodiversity and sustainability of the system. 
3. Crop production with the use of alternative sources of nutrients such as crop  rotation, residue management, 
organic manures and biological inputs. 
4. Management of weeds and pests by better management practices, physical and cultural means and by 
biological control system. 
5. Maintenance of livestock in tandem with organic concept and make them an integral part of the entire 
system. 

Components of Organic Farming 

Manures: In India the use of organic manures in subsistence forming is an age-old practice. For substituting the 
chemical fertilizers various forms of organic manures and bio-fertilizers are explained below: 
1. Farm Yare Manure (FYM) is an important source of plant nutrients. FYM is composed of dung, urine, bedding 
and straw. FYM contains approximately 5-6 kg N, 1. 5-2 kg phosphorus and 5-6 kg potash ton-1. It builds up soil 
health considerably. 

2. Green manures: It is considered a good source of ‘N’ and it increases the availability of P, K and secondary 
and trace elements in the soil. 

3. Composted Coir Pith: The annual production of coir pith in India is about 7.5million tonnes. Preferably bio-
degraded and amended coir pith can serve as a substitute for FYM or similar organic manures. Pleurotus 
sajorcaju, Aspergillus and Trichoderma are found to be potential degraders of coir pith. 

4. Vermicompost: The compost prepared by using earthworms is called vermicompost. It is 5 times richer in N, 
7 times in P, 11 times in  K, 2 times in Mg, 2 times in Ca and 7 times in actinomycets than ordinary soil. It is a 
rich source of vitamins and growth hormones like gibberlins which regulate the growth of plant and microbes. 

5. Biofertilizers: These are living cells of different types of microorganisms which have the ability to mobilize 
nutritionally important elements from non-usable to usable form. They influence the availability of major 
nutrients like nitrogen, phosphorus, potassium and sulphur to the plants. Rhizobium, Azotobacter, Azospirillum, 
Blue green algae, Azolla, Mycorrhizae and Phosphate solublisers like phosphobacteria can be used as 
biofertilizers to increase the crop production. 

6. Biological pesticides: Many of the pesticide applications are unnecessary and economically unsound. A range 
of alternative methods of pest control to be used in organic farming are detailed below: 

a. Deep ploughing the fields during summer season help in killing pests, larval and eggs  
b. Clean cultivation by destruction of weeds and other alternate hosts 
c. Adopting crop rotation 
d. Draining of water out of fields at times of pests growing in number  
e. Use of resistant varieties 
f. Growing of trap crops 
g. Release of parasites and predators 
h. Use of pheromone traps and light traps 
i. Use of biological insecticides and mechanical weed control 
j. Cover cropping to control weed seed germination. 
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Conclusion 

Organic manures improve soils physico-chemical and biological properties and produces optimal condition in 
the soil for high yields and good quality crops. Reduces cost of purchased inputs. Farm wastes and residues are 
effectively recycled thus reducing environmental pollution and can be used to regenerate degraded areas. 
Organic farming allows bio diversity which is vital for ecological balance and helps to prevent environmental 
degradation. 
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Introduction 

Nigella sativa, known as kalonji, black cumin is used as a spice in Indian and Middle Eastern cuisine. The dry 
roasted seeds flavor curries, vegetables and pulses. The black seeds taste like oregano and have bitterness to 
them like mustard-seeds. It can be used as a "pepper" in recipes with pod fruit, vegetables, salads and poultry. 
Nigella is a genus of about 14 species of annual plants in the family Ranunculaceae, native to southern Europe, 
North Africa and Southwest Asia. Common names applied to members of this genus are Devil-in-a-bush or Love 
in a mist. The plant grows to 20-90 cm tall, with finely divided leaves, the leaf segments narrowly linear to 
threadlike. The flowers are white, yellow, pink, pale blue or pale purple, with 5-10 petals. The fruit is a capsule 
composed of several united follicles, each containing numerous seeds. Nigella sativa commonly known as 
karayal (English: Small Fennel, Black Cumin; Sanskrit: Kalonji, Kalajira, Kalajaji, Mugrela, Upakuncika) is an 
annual flowering plant, native to southwest Asia. The plant is indigenous to the Mediterranean region but now 
found widely in India (Jammu, Kashmir, Himachal Pradesh, Bihar, Assam and Punjab). The herb is also cultivated 
in Bengal and north-east India. Several species are grown as ornamental plants in gardens, popular for their 
seed capsules, which are used in dried flower arrangements. Karayal are used exclusively for dried 
arrangements. The flowers are the best to add texture to any dried flower arrangement. The delicate purple 
striped pods are used in several arrangements for an airy effect. 

Scientific Classification 

Kingdom: Plantae. 
Division: Magnoliophyta. 
Order: Ranunculales. 
Family: Ranunculaceae. 
Genus: Nigella. 
Species: sativa. 

Traditional Uses 

Karayal seeds are used as a carminative, aromatic, stimulant, diuretic, anthelmintic, galactagogue and 
diaphoretic. They are used as a condiment in curries. A tincture prepared from the seeds is useful in indigestion, 
loss of appetite, diarrhoea, dropsy, amenorrhoea and dysmenorrhoea and in the treatment of worms and skin 
eruptions. Externally the oil is used as an antiseptic. To arrest vomiting, seeds are roasted and given internally. 

Chemical Composition 

Seeds contain numerous esters of structurally unusual unsaturated fatty acids with terpene alcohols (7%); 
furthermore, traces of alkaloids are found which belong to two different types: isochinoline alkaloids are 
represented by nigellimin and nigellimin-N-oxide, and pyrazol alkaloids include nigellidin and nigellicin. In the 
essential oil (avr. 0.5%, max. 1.5%), thymoquinone was identified as the main component (up to 50%) besides 
p-cymene (40%), pinene (up to 15%), dithymoquinone and thymohydroquinone. Other terpene derivatives 
were found only in trace amounts: Carvacrol, carvone, limonene, 4-terpineol, citronellol. The seeds give on 
steam-distillation a yellowish brown volatile oil with an unpleasant odor. The oil contains carvone, d -limonene, 
and a carbonyl compound, nigellone. 
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Pharmacology 

1. Antimicrobial activity: Nigella sativa exhibited strong antimicrobial activity against Salmonella typhi, 
Pseudomonas aeruginosa and others. The essential oil has been shown to have activity against Gram-positive 
and Gram-negative bacteria. However, sensitivity against Grampositive bacteria such as Staphylococcus aureus 
and Vibrio cholerae was found to be stronger. Bacteria like Staphylococcus aureus, S. pyogenes and S. viridans 
are more susceptible to Nigella sativa. In an in-vitro study, volatile oil showed activity comparable to ampicillin. 
The activity of the volatile oil also extended to drug-resistant strains of Shigella spp, Vibrio cholerae and 
Escherichia coli and was found to have a synergistic action with streptomycin and gentamycin.  

2. Hepatoprotective activity: Thymoquinone, one of the active constituents of Nigella sativa, is reported to 
have hepatoprotective activity." An in-vitro study showed the protective effect against tert-butyl hydroperoxide 
(TBHP)-induced oxidative damage to hepatocytes. The activity was demonstrated by a decreased leakage of 
alanine transaminase (ALT), aspartic transaminase (AST) and decreased trypan blue uptake. 

3. Antidiabetic activity: Significant hypoglycaemic activity has been reported and is thought to be due to the 
essential oil present. Clinical studies have confirmed these results and suggest that the antidiabetic action of 
the plant extract.  

4. Antiinflammatory activity: Asthma and arthritis are chronic inflammatory disorders involving a variety of 
inflammatory mediators and different pathways. The fixed oil and thymoquinone from the seeds were found 
to inhibit eicosanoid generation in leucocytes and membrane lipid peroxidation and a significant reduction in 
rat paw oedema and a reduction in granuloma pouch weight were also observed. Nigellone in low concentration 
is effective in inhibiting the histamine release from the mast cells, which supports an antiasthmatic role for the 
plant.  

5. Antifertility activity: The antifertility activity of Nigella sativa in male rats has been established, shown by an 
inhibition of spermatogenesis and a significant reduction in sialic acid content of the testis, epididymis, seminal 
vesicles and prostate. 

6. Antioxytocic activity: Preliminary reports suggest antioxytocic properties, in that a reversible inhibition of 
spontaneous smooth muscle contraction and inhibition of uterine smooth muscle contraction induced by 
oxytocin stimulation have been observed.  

7. Cytotoxic activity: Cytotoxic and immunopotentiating effects of Nigella sativa have been established. The 
long chain fatty acids are thought to contribute to the antitumour activity. The extract shows a modulatory 
effect in cisplatin-induced toxicity in mice and a protective effect against cisplatin-induced falls in haemoglobin 
levels and leucocyte counts.  

8. Anthelmintic activity: Nigella sativa was found to have an anthelmintic activity against tapeworm 
comparable to that of piperazine.  

9. Analgesic activity: The essential oil produced significant analgesic activity using chemical and thermal noxious 
stimuli methods such as acetic acid-induced writhing, hot plate and tail flick tests.  

10. Other activites: Other reports include hypocholesterolaemic, antihypertensive and galactagogue effects. 
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Summary 

Electronic waste or e-waste describes discarded electrical or electronic devices. Used electronics which are 
destined for refurbishment, reuse, resale, salvage recycling through material recovery, or disposal are also 
considered e-waste. Informal processing of e-waste in developing countries can lead to adverse human health 
effects and environmental pollution. 

Electronic scrap components, such as CPUs, contain potentially harmful materials such as lead, cadmium, 
beryllium, or brominated flame retardants. Recycling and disposal of e-waste may involve significant risk to 
health of workers and their communities. E-waste PCB circuit board recycling machine is used to recycle all 
kinds of Printed Circuit boards, such as the computer boards, cell phone boards, TV boards, copper-clad 
laminate, and other household appliances, and the separation of leftover material of the mixed metal and non-
metal materials. Because of the high value of the metals, fibre and resin, there is no doubt that this plant not 
only help to change waste into treasure, but also bring great economic benefits. Through years of practice and 
theoretical analysis, we obtain the best separation result, the separating purity can be reached to 99. 

Introduction 

E-waste is any refuse created by discarded electronic devices and components as well as substances involved 
in their manufacture or use. The disposal of electronics is a growing problem because electronic equipment 
frequently contains hazardous substances. 
(OR) 

Meaning of e-waste in English. e-waste. › computers, phones, and other electronic products that are thrown 
away because they are old, broken, etc.: Environmentalists are urging companies to create more recycling 
programs to prevent the surplus of e-waste in our landfills. 

E-Waste is Global 
Some e-waste is shipped overseas, where it is burned for scrap by kids in junkyards. We visited a scrapyard in 
Accra, Ghana and met some really good kids in a bad situation. They didn’t know how toxic their job really is. 
Even so, encouraging a global market for used electronics does better than harm: 
1. Repaired electronics give people access to low-cost electronics and help them access the awesome benefits 
of technology 
2. Used electronics create repair jobs in developing countries that often have few opportunities for skilled 
labour. 
3. Reuse in developing countries is usually more effective than domestic recycling—there’s not much of a 
market for old cathode ray tube monitors in the US, for example, but they are reused in other countries. 
Global consumption of electronics is increasing. Every year we create more e-waste than before. At least 50% 
of Africa’s e-waste comes from within the continent. China discards 750 million electronic devices a year. 

India 

Electronic waste is emerging as a serious public health and environmental issue in India. India is the "fifth largest 
electronic waste producer in the world"; approximately 2 million tons of e-waste are generated annually and 
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an undisclosed amount of e-waste is imported from other countries around the world. Annually, computer 
devices account for nearly 70% of e-waste, 12% comes from the telecom sector, 8% from medical equipment 
and 7% from electric equipment. The government, public sector companies, and private sector companies 
generate nearly 75% of electronic waste, with the contribution of individual household being only 16%. 

E-waste is a popular, informal name for electronic products nearing the end of their "useful life." Computers, 
televisions, VCRs, stereos, copiers, and fax machines are common electronic products. Many of these products 
can be reused, refurbished, or recycled. There is an upgradation done to this E-waste garbage list which includes 
gadgets like smartphone, tablets, laptops, video game consoles, cameras and many more. India had 1.012 billion 
active mobile connections in January 2018. Every year the number is growing exponentially.  

According to ASSOCHAM, an industrial body in India the, Compound Annual Growth Rate (CAGR) of electronic 
waste is 30%. With changing consumer behaviour and rapid economic growth, ASSOCHAM estimates that India 
will generate 5.2 million tonnes of e-waste by 2020.  

While e-waste recycling is a source of income for many people in India, it also poses numerous health and 
environmental risks. More than 95% of India's e-waste is illegally recycled by informal waste pickers called 
kabadiwalas or raddiwalas. These workers operate independently, outside of any formal organization which 
makes enforcing e-waste regulations difficult-to-impossible. Recyclers often rely on rudimentary recycling 
techniques that can release toxic pollutants into the surrounding area. The release of toxic pollutants associated 
with crude e-waste recycling can have far reaching, irreversible consequences. 

 

In India, the amount of e-waste generated differs by state. The three states that produce the most e-waste 
are as follows: Maharashtra, Tamil Nadu and Andhra Pradesh. Other states that produce significant e-waste 
are Uttar Pradesh, West Bengal, Delhi, Karnataka, Gujarat, Madhya Pradesh and Punjab.  

Additionally, e-waste is disproportionately generated in urban areas—65 Indian cities generate more than 
60% of India's total e-waste. Mumbai is the top e-waste producer followed by Delhi, Bengaluru, Chennai, and 
Kolkata. 

Health and Safety 

Women and children are particularly vulnerable to the health effects of toxic e-waste exposure. E-waste 
contains many hazardous substances which have been found to be extremely dangerous to human health and 
the environment; e-waste is often disposed of under less than ideal safety conditions. Since most e-waste is 
illegally processed by workers operating outside of formally-organized systems, these informal workers 
commonly practice unregulated and often dangerous recycling techniques that can have serious health 
consequences. Unfortunately, the recycling labour force has a low literacy rate and very little awareness of the 
hazards of e-waste which means that many of these workers are unknowingly engaging in activities that are 
harmful to their health. In Delhi alone, an estimated 25,000 workers including children are involved in crude e-
waste dismantling units—annually these units dismantle 10,000–20,000 tons of e-waste with bare hands. They 
lack proper personal protective equipment and are exposed to toxins though the e-waste. The materials that 
are not recycled by waste pickers are often left in landfills or burned. Both methods can lead to toxic chemicals 
leaking into the air, water and soil. Workers in these facilities often do not have adequate safety gear and 
exposure to e-waste can lead to many health issues. Exposure can happen directly or indirectly through skin 
contact, inhalation of fine particles and ingestion of contaminated dust. Potential health outcomes from e-
waste exposure include changes in thyroid functions, poor neonatal outcomes, including spontaneous 
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abortions, stillbirths and premature births. Side effects also included changes in behaviours and decreased lung 
function. There is also evidence of significant DNA damage. 

Vulnerable Populations 

Vulnerable populations such as pregnant women, children and the elderly are particularly susceptible to the 
health risks of e-waste. It is estimated that throughout India, 400,000-500,000 child workers between the ages 
of 10-15 are involved in e-waste recycling activities. Hazardous chemical absorption can have a negative effect 
on a child's growth and can cause permanent damages. Children are particularly sensitive to lead poisoning, it 
is found that the e-waste recycling activities had contributed to the elevated blood lead levels in children. 
Pregnant women have risks of spontaneous abortions, stillbirths, premature births, and reduced birth weights 
associated with exposure to e-waste. 

Environmental Impacts 

The processes used to recycle and dispose of e-waste in India have led to a number of detrimental 
environmental impacts. As a result, improper recycling and disposal techniques, air, water and soil throughout 
much of India is now contaminated with toxic e-waste by-products. 

Air 

Air pollution is a widespread problem in India—nine out of the ten most polluted cities on earth are in India. An 
important contributor to India's air pollution problem is widespread, improper recycling and disposal of e-
waste. 

For example, dismantling and shredding of e-waste releases dust and particulates into the surrounding air. Low 
value e-waste products like plastics are often burned—this release fine particles into the air that can travel 
hundreds-to-thousands of miles. Desoldering is a technique used to extract higher-value materials like gold and 
silver which can release chemicals and damaging fumes when done improperly.  

In addition to contributing to air pollution, these toxic e-waste particulates can contaminate water and soil. 
When it rains, particulates in the air are deposited back into the water and soil. Toxic e-waste air particulates 
easily spread throughout the environment by contaminating water and soil which can have damaging effects 
on the ecosystem. 

Water 

 

India's sacred Yamuna river and Ganges river are considered to be among the most polluted rivers in the world. 
It is estimated that nearly 80% of India's surface water is polluted. Sewage, pesticide runoff and industrial waste, 
including e-waste, all contribute to India's water pollution problem.  

E-waste contaminates water in two major ways: 
1. Landfills: Dumping e-waste into landfills that are not designed to contain e-waste can lead to contamination 
of surface and groundwater because the toxic chemicals can leach from landfills into the water supply. 
2. Improper recycling: Improper recycling produces toxic by-products that may be disposed of using existing 
drainage such as city sewers and street drains. Once these products have been introduced into the local water 
supply, they can cause further pollution by entering surface water such as streams, ponds, and rivers.   

https://en.wikipedia.org/wiki/File:Slum_and_dirty_river.jpg
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Researchers at Jamia Millia Islamia University collected samples of soil and groundwater from five locations 
with high e-waste activity and found dangerous levels of contamination near unregulated e-waste sites.[16] 
According to this study the average concentration of all heavy metals (except zinc) in water near e-waste sites 
in New Delhi was significantly higher than reference samples. 

In addition to being measurable, the effects of industrial waste pollution in India are easily observable. 
Approximately 500 litres of industrial waste, which includes e-waste, are dumped into the Ganges and Yamuna 
river daily which has led to the formation of toxic foam. which covers large regions of the rivers. 

Soil 
According to research by Jamia Millia Islamia University, the average concentration of heavy metals in topsoil 
near e-waste sites in India is significantly higher than in standard agriculture soil samples. Another study tested 
soil samples from 28 e-waste recycling sites in India and found that the soil contained high levels of toxic 
Polychlorinated biphenyls (PCBs), Polychlorinated dibenzodioxins (PCDDs) and Polychlorinated dibenzofurans 
(PCDFs).  

Further soil sample analysis conducted by the SRM Institute of Science and Technology found the average 
concentration PCBs in Indian soil to be two times higher than the average amount globally.  In India, PCB 
compounds are most prevalent in urban areas with the highest rate of soil-contamination found in Chennai (a 
city that imports e-waste), followed by Bengaluru, Delhi and Mumbai. 

Disposal Techniques 

 

Workers dismanteling e-waste in Dehli. The current e-waste disposal techniques in India have operated mostly 
in an informal manner due to the lack of enforcement laws and regulations. This has created a new area of 
economic gain for the country, especially among the urban and rural poor. Though it helps many make a living, 
those that are disposing of e-waste are usually not aware of the risks and health hazards that result from certain 
disposal techniques. There are two sectors that handle e-waste disposal and they can be divided into Informal 
or Formal Sectors. 

Amendment to the E-Waste Management Rules, 2018 

This amendment relaxes certain aspects of the strict E-Waste (Management Rules of 2016). Specifically, the 
amendment focusses on the e-waste collection targets by 10% during 2017–2018, 20% during 2018–2019, 30% 
during 2019–2020, and so on. 

This amendment also gives the Central Pollution Control Board power to randomly select electronic equipment 
on the market to test for compliance of rules. The financial cost associated with this testing shall be the 
responsibility of the government, whereas previously, this responsibility was of the producer. 

E-waste PCB circuit board recycling machine is used to recycle all kinds of Printed Circuit boards, such as the 
computer boards, cell phone boards, TV boards, copper-clad laminate, and other household appliances, and the 
separation of leftover material of the mixed metal and nonmetal materials. 

Because of the high value of the metals, fibre and resin, there is no doubt that this plant not only help to change 
waste into treasure, but also bring great economic benefits. Through years of practice and theoretical analysis, 
we obtain the best separation result, the separating purity can be reached to 99%. 

https://en.wikipedia.org/wiki/File:Ewaste-delhi.jpg


 

 
Volume 2 - Issue 12 - December 2020       353 | P a g e  
 

 

 

Conclusion 

1. Everyone people should be responsible for purchasing electronic goods. We are need use limitation, do not 
purchases additional. 
2. Government should be implemented recycling use factories. 
3. E-waste PCB circuit board recycling machine is used to recycle all kinds of Printed Circuit boards, such as the 
computer boards, cell phone boards, TV boards, copper-clad laminate, and other household appliances, and the 
separation of leftover material of the mixed metal and nonmetal materials. 
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Summary of Article 

Farmers are the real champ of the society. Their contribution to the society is immense. From the very beginning 
of the agriculture to till today farmers are doing their duty sincerely but it is very matter of sorrow that their 
social status has not improved till today which leads to lose of life of these real heroes. 

Introduction 

Agriculture is the backbone of any country and India is by and largely an agriculture-based country which 
produces more than 50% employment and 17–18% GDP of our country. Since from the evolution of man till 
today and also in future agriculture provides all the basic need to the human civilization. The great honour goes 
to the farmers whose blood becomes sweat resulting into the food, clothes and shelter to the entire human 
population. Although farmers are the real hero for survival of human beings whose profession gives life to the 
society but they are the most neglected among the society. The reason for the negligence of the society is due 
that farmers are illiterate, simple  and poor living style for which they are treated in different manner in the 
society. From the very beginning, many families in India depend on the agriculture for their livelihood becomes 
their regular profession. Agricultural profession does not provide them enough profit to live a luxury life like a 
public or private employee or like a business person which is the major reason for the poor living style of the 
Indian farmer. The income generates from the agriculture only provide them their basic need and also 
sometimes it is not possible to fulfil the basic needs also.  

Money is the major problem of the farmers and for growing of crop they borrow money from the money lenders 
or from the banks. Natural calamities and environmental issues sometimes cause crop failure.  Crop failure 
breaks the backbone of the farmers as they are not able to return the money borrowed from the bank and the 
money lenders. It is very common in India that high debts resulting into the loss of life of the farmers which 
forced them to commit suicide. It is about 11.2% farmer’s suicide out of all the suicide cases in India 
(Parvathamma, 2016). According to a survey in 2012 by the National Crime Records Bureau of India it was found 
that 13,754 farmers committed suicides and the peak number of farmers suicides recorded in 2014 which was 
about 18,241. Farmers’ suicides are not a good symbol for any country. 

 

So, it is the duty of every Indian to save and secure the life of the real Indian heroes. Government should take 
necessary action to eradicate the farmers’ suicides and to make different policies to increase the financial 
conditions of the farmers so that they live a happy, peaceful and respected life in the society. 
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Problems Faced by the Farmers 

Low income is the major issues for the agriculture sector of any country apart from this Small and fragmented 
land-holdings, poor quality Seeds, unavailability of manures, fertilizers and biocides or the farmers unable 
purchase these chemicals due to financial issues, lack of irrigation facilities (Khairnar et. al., 2015) and 
mechanization, loss of soil fertility, poor agricultural marketing and transport facilities (Veena and Murthy, 
2014), lack of storage facilities, environmental issues, land ownerships are the main issues which are lethal to 
the agriculture and to the farmers. 

 

Ill Effect without Farmers 

Food is the most basic need of any living organism for its survival. So, without farmer, there will be no food, 
resulting into health loss and no modern technology or science can be effective to mitigate the food scarcity. 
Any trade and economy of any country depends on the agriculture, so without the farmer the world trade will 
be severely affected which will cause a tremendous hazard on World and National economy of any country, it 
is also causes huge unemployment leading to the very sensitive condition on National politics and Government. 

 
 

Food scarcity Health loss 

  
Destruction in World Economy Lethal to World Trade 
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Conclusion 

It is candor that Farmers are the real hero of the society. They are the warriors who are fighting everyday with 
the tremendous sunlight, cold and rain to feed the society. Their hard work makes their blood into sweat which 
satisfied the stomach of every individual in the form of food. Their sacrifice is immense to the society. But the 
society we are belongs makes fun with the real hero by neglecting them. The society divests them from their 
basic needs, so now they are losing their life due to high debts and poor social status. So, a World without a 
farmer can’t sustain. Now the farmers are at hazard, so it is the primary fealty of every individual to protect the 
farmers’ right. 
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Introduction 

The geomagnetic field is an abiotic component, which interacts permanently with living beings and has been 
present since the emergence of life on Earth. Many animals are sensitive to magnetic fields. In the case of 
marine environments, animals can use electroreceptor organs to detect orientation cues from the geomagnetic 
field. Animals can use the direction of the geomagnetic field vector as a compass during homing or migratory 
activities. Magnetoreception has been observed in several animals, from insects to mammals. In the case of 
insects, the studies have been concentrated on some bees, especially honeybees, one wasp species, migratory 
butterflies and ants. The efficient orientation mechanisms of eusocial insects make them a particularly 
interesting group for studies on magnetic orientation, due to the large number of individuals in their colonies, 
which allows many experimental observations in short periods of time. The few studies regarding 
magnetoreception in ants have focused on the relation between the magnetic field direction and spatial 
orientation. Some studies have shown that ants are sensitive to magnetic fields: Acromyrmex octospinosus 
avoid areas with high magnetic field intensity, Solenopsis invicta change the time for trail formation and Formica 
pratensis relates areas in a specific geomagnetic field direction to food sources. On the other hand, other studies 
have shown that several species of ants are able to use the geomagnetic field as an orientation cue: Oecophylla 
smaragdina, Neoponera marginata, Atta colombica, Solenopsis sp. and Cataglyphis nodus. The widespread 
occurrence of magnetosensitivity among magnetotactic bacteria and animals indicates ancient origins of 
magnetoreception. Complex social organizations, including castes and differentiated tasks, of termites, ants and 
some of the bees and wasps originated during the Cretaceous times (Holldobler and Wilson, 1990), which 
suggests that magnetoreception in these insects may have had an adaptive significance. 

Types of Magnetoreception Mechanisms 

It is known that animals use two different types of magnetoreception mechanisms. The first type is radical pair 
hypothesis/light sensitive magnetoreception wherein the detection of the geomagnetic field can be based on 
sensitive light-dependent chemical reactions, occurring in chromophores as the cryptochrome, it assumes that 
the magnetic field sensitive intermediaries which can sense the magnetic field (Ritz et al., 2009). The second 
type is ferromagnetic hypothesis which assumes that magnetic field sensing is due to the presence of magnetic 
particles in the intracellular spaces which use to convert the magnetic field signals into biological responses at 
cellular mechanoreceptor level (Walker, 2008). 

Magnetoreception in Ants and Bees 

The subterranean and nocturnal habits of many ants and their movement through cluttered environments 
obstructing celestial cues make them excellent subjects for orientation by a magnetic compass. Ants are also 
suitable because they can be trained to forage at a dependable food site from which they return to the nest. 
Goal-oriented behaviours facilitate predictions of orientation during experimental treatments. However, 
depending on their habitat, ants may use landmarks, pheromones, vibrations, gravity, sun compass and 
polarized light to orient. These cues must be carefully masked in order to investigate the exclusive use of a 
magnetic compass. 

Probably the first behavioural experiment testing magnetic orientation was carried out with iron filings attached 
to the body parts of the ant Myrmica ruginodis. Effects of magnetic fields on ant orientation were observed only 
when iron was attached to the antennae, with the pedicel being the most sensitive (Vowles, 1954).  
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Honeybees (Apis mellifera) are by far the most studied eusocial insect. There is evidence for magnetoreception 
from several activities including the waggle dance, foraging and flight. Foragers perform the waggle dance on 
the honeycomb to inform other bees of the direction of a food source. Their orientations are affected by 
changes in magnetic field intensity and polarity and are also sensitive to changes in light wavelengths (Leucht 
and Martin, 1990). Conditionally trained bees discriminated local magnetic anomalies and alternating magnetic 
fields cycling at different frequencies (Walker and Bitterman, 1985). Magnetic cues can also contribute to a 
coordinate frame for visual landmark learning or to discriminate between panoramic patterns in the absence 
of celestial information (Collett and Baron, 1994). 

The ability of bumblebees to follow the trained direction to a food source was observed in the absence of light 
and chemical cues (Chittka et al., 1999). Although magnetoreception was suggested as a possible light-
independent compass, there was neither a direct test, i.e. changing the magnetic field, nor control or 
obstruction of other cues, such as sound, vibration and temperature. 

Magnetoreception in Different Animals 

1. Microorganisms:  By far the best evidence for direction sensitivity (if the passive rotation of a microorganism, 
dead or alive in a magnetic field, merits the term "sensitivity") comes from bacteria and algae. A variety of mud-
dwelling bacteria are able to follow the earth's field lines (down and north) to their preferred habitat, and 
predictably alter their direction the instant an artificial field is applied. The accuracy and sensitivity are fairly 
low, but clearly sufficient for the task.   

2. Birds: The first serious evidence for a compass sense in vertebrates came from studies of caged migratory 
birds. These animals will orient to celestial cues and spend more time in the part of the cage facing the 
appropriate migratory direction. To do this, the animals must know how to compensate for the westward 
movement of the sun from dawn to dusk. Indeed, if a bird's internal clock is reset-"clock-shifted"-by subjecting 
the animal to artificial dawns, the bird misinterprets the sun's direction and orients incorrectly. In the absence 
of visual cues, the orientation is much weaker but still significant, providing the data are subjected to second 
order analysis. Rotating the field or cancelling it has the expected effects. The direction of orientation is 
correspondingly rotated or disappears altogether. More satisfying evidence comes from data on pigeon homing 
in a classic set of experiments, Keeton showed that although pigeons are able to home normally while wearing 
magnets on sunny days, they are disoriented under overcast skies. This means that the earth's magnetic field 
provides a backup orientation system. Because the same pigeons are reoriented by clock-shifts but only on 
sunny days-the sun or some sun-linked celestial feature must act as the normal compass. Walcott and others 
have repeated this experiment using small head mounted, battery-operated coils. Their results suggest that 
pigeons, like robins (and, for all we know, bees) ignore polarity and use the dip lines as the major directional 
cue. Recently has shown that the magnetic compass is first used to calibrate the sun compass. 

3. Fish: Sharks and rays are able to detect an earth-strength magnetic field and can be trained to choose a 
particular direction in an artificial field. Along the same lines, tuna have been conditioned to respond to the 
presence or absence of the earth's magnetic field and there is evidence that salmon are also able to orient 
magnetically. 

4. Mammals: Wood mice are reported to be able to keep track of the direction of short displacements 
performed in the absence of celestial cues. Displacements in altered magnetic fields apparently cause the mice 
to attempt to escape from a 4-arm test chamber in the magnetically appropriate direction. There is also a report 
that humans can sense magnetic direction, but extensive attempts to repeat this work have been uniformly 
negative. As mentioned earlier, there is (often good) evidence that a variety of other species can use the earth's 
field to determine direction, but this discussion will be limited to only the ones that are helpful in answering 
questions about the degree of sensitivity, processing, or the means of detection. In dogs it was known that, they 
usually align along the north south direction while resting when the earth’s magnetic field is stable, and 
disorient when the earth’s magnetic field is unstable.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2843992/#RSIF20090526C102
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5. Turtles: Reptiles possess many senses beyond human capabilities. One thing that has fascinated specifically 
about turtles and tortoises, and their capability to create a perfect nest without once looking behind them to 
see what they are doing. Along with creating the most perfect chamber, they are able to choose the most 
perfect spot of soft soil, sand, and earth to start creating this masterpiece that will hold and incubate their eggs. 
This is due to a remarkable ability the turtles possess called magnetoreception. Magnetoreception has been 
documented in multiple animals including turtles, where they are able to detect frequencies in the earth to help 
guide them. Magnetoreception helps chelonians create maps based on the frequency of the earth in the ground, 
which is almost like a natural built in compass. 

Conclusion 

Each and every organism on the earth is surrounded by earth’s magnetic field and it has specific influence on 
organisms. But the emerging technology and urbanisation leading to evolution of new devices, which are made 
up of strong magnets for example a refrigerator magnet is nine times stronger than the strength of earth’s 
magnetic field, which leads to more strong magnetic fields. In case of ants where we came to know about their 
magnetic sensitivity, which can sense only small strength magnetic field and utilise for their foraging a quick 
and efficient exploration of resources is essential for the maintenance of an ant colony in environments under 
modification and with high prey variety but the altered magnetic field led to increasing the time to search the 
resource, time taken to reach the resource and also there will be increase in return timings and decrease in 
speed of return and also the departure speed also which directly effect on the colony maintenance. In case of 
Honey bees which are exposed to extremely low frequency electromagnetic radiation have reduced aversive 
learning which means the response to the negative stimuli is decreased which is of greater importance in 
defending the colony and maintenance. These magnetic fields of very low intensity affect the aggressive 
behaviour of honey bees by increasing the intensity of aggression which in turn leads to untimely fighting’s and 
stinging with a very small disturbance which leads to loss of the colony. There are cases of complete absconding 
of the colony if the colonies are exposed to these low frequency fields for longer time. So, the insects can sense 
only small strength of magnetic field if at all any changes that leads to their behavioural changes. 
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Introduction 

Silkworm is a lepidopteran insect. The rearing of silkworm for production of silk is called as sericulture. Silk is 
secreted by silk gland of the silk worm and it is a fibrous protein of insect origin. Silk is known as the queen of 
textiles and BIOSTEEL because of its strength. Silk fiber consists of two types protein namely fibroin (75%) and 
sericin (25%). China ranks first in the production of silk. India is the second largest producer of silk after china. 
It is also the largest consumer of silk in the world. In india Karnataka is the largest producer of silk. India produces 
all varieties of silk namely tasar, muga, mulberry and eri silk. 

The recent advances in Biotechnology viz. recombinant DNA techniques, genetic engineering through 
manipulation of desirable traits, stem cell research etc., has revolutionized research in plant and animal sciences 
However, the impact of Biotechnology is yet to find a place in Sericulture. Due to the fact that many industrially 
developed countries where Biotechnology is reaping its fruits unfortunately do not practice sericulture, this has 
resulted in non-attempting of biotechnological approaches in sericulture. Japan, China and India, the largest 
producers of natural silk in the world, have invariable made few but sincere attempts to introduce 
biotechnology in sericulture. 

Seri Biotechnology 

SERICULTURE+BIOTECHNOLOGY=SERIBIOTECHNOLOGY 

The well-developed genetics of this species includes more than 400 mapped mutations, hundreds of 
geographical races and genetically improved strains that represent an array of differences for various qualitative 
and quantitative traits, and a number of well-studied cloned genes encoding proteins with diverse functions. 
The recent progress in the construction of molecular genetic maps, BAC libraries and a variety of molecular 
marker assays will further widen the scope of genetic analysis of this organism. 

Genetic engineering may lead to better varieties of silkworm that produce more silk and are more resistant to 
disease and environmental fluctuations. 

The traditional breeding appears to be reaching the natural biological limits of silkworm with regard to its 
growth rate, silk yield and fecundity. 

Why Need to Seri Biotechnology 

1. The high yielding races with high cocoon and shell weight, tolerance to high temperature, humidity, virus 
tolerance, longer silk filament length, thin denier etc are immediate requirements of the silk industry. The 
conventional breeding approach did not support the desired improvement. 

2. The quality and yield of silk depends upon better races. 

3. Traditional land races have got genetic plasticity to adjust to adverse climatic conditions, but their silk yield 
is poor, whereas bivoltine silkworms produce good quality silk, but vulnerable to diseases.  

4. The production of quality silk is possible only with high quality mulberry leaf, which is an essential prerequisite 
for giving sturdiness to the silkworm. 
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5. The methods of plant tissue culture and clonal propagation of high-quality mulberry plants and host plant 
improvement are the areas where biotechnology can play a vital role. 

Gene Transfer Methods 

1. Microinjections: Cloned genes (fibroin) are directly introduced into eggs or early embryos. If embryo accepts 
and integrates the by employing microinjected DNA into their genome results in development of transgenic. 

2. Electroporation: Mass mobilization of foreign DNA into silkworm eggs. Electroporation results in successful 
transfer of foreign DNA which can be confirmed by Southern blot. 

3. Virus mediated gene transfer: Expression of marker proteins (luciferase and green fluorescent protein) is 
successfully achieved Bm-NPV vector. 

Protein Production Using Transgenic Silkworms 

1. Human type III procollagen and feline interferon were produced in cocoons using transgenic silkworms.  
2. Human μ-opioid receptor was expressed in the silk glands and fat bodies of transgenic silkworms.  

This special issue aims at contributing in the field of life science, for example gene expression system, silkworm 
research directionality, and commercialized proteins from silkworm expression system, and focusing on 
genetics of the silkworm, developing new specialized silkworm for protein expression, application of proteins 
to medicine, transgenic silkworm, and the commercialized proteins in Japan. 

Silkworm Genetic Stock 

The genetic stocks of the silkworm comprise more than 500 mutants for a wide variety of characters (serosa 
colours; larval and adult integument colours, skin markings and body shapes; cocoon colours and shapes; 
physiological traits such as diapause, number of larval moults and timing of larval maturity; food habits and 
biochemical features such as digestive amylase, blood amylase, blood and egg esterases, larval integument 
esterase, alkaline and acid phosphatases, haemolymph proteins; silk production and fibroin secretion; 
homeoproteins and body plan determination, etc.). B. mori, the only lepidopteran with well-developed 
genetics, proves itself an ideal organism to apply the emerging molecular technologies to construct high density 
map. Such a map has manifold applications: positional or map-based cloning, localization of complex traits, 
comparative studies on genome evolution, marker-assisted breeding and selection and development of tools 
for fingerprinting. Further, information generated from B. mori can significantly benefit many economically and 
ecologically important lepidopteran species which include many wild silk moths and the most destructive 
agriculture pests. 

Recombinant Protein Production 

Transgenic silkworms can be used as bioreactors to produce recombinant proteins. They can be easily generated 
using the DNA transposon piggyBac as a vector by injecting helper and vector plasmid DNA into eggs just after 
oviposition. The recombinant protein production systems were constructed using silk genes expressed in the 
silk gland. The expression system in the Posterior Silk Gland is suitable for the production of genetically modified 
silk, and the silk made by transgenic silkworms can be used to produce fabrics and biomaterials for medical 
purposes. The system in the Middle Silk Gland is suitable for the production of recombinant proteins that can 
be used for pharmaceutical purposes. The latter system can yield up to 4 mg of recombinant protein per 
silkworm. This yield is quite high compared to other systems and producing the transgenic silkworms is much 
cheaper and faster than producing transgenic livestock. 

Conclusion 

The benefits of Seribiotechnology to bring out products in the form of technology as the same is still in infant 
stage in spite of making sincere but compartmentalized attempts. Our focus on developing technologies 
targeted at improvement of silkworm and host plants. With respect to improvement of silkworm we need to 
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emphasize on the major diseases, their epidemiology for early detection of pathogens, pathogenicity and 
pattern of host resistance as well as identification of markers for post cocoon traits such as denier, filament 
length, uniformity, tensile strength etc. The improvement of silkworm should be based on short listing of 
available silkworm germplasm races for various improved economic traits through detection of respective DNA 
markers. Similarly, in case of improvement of host plants the focus should include tolerance to biotic and abiotic 
stresses as well as developing transgenic mulberry through introgression of genes for stress tolerance and 
silkworm disease resistance. It is hoped that recent developments in silkworm genome research provides ample 
opportunities to silkworm geneticists and breeders to perform such an important task. 
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Summary 

The bio-fertilizers were initially identified by a Dutch scientist in 1888 and thereafter ‘Nobbe & Hiltner’ produced 
for the first time under the trade name “Nitragin” in 1895 in USA. There has been a continuous effort made by 
various scientists, Govt. agencies & extension agencies after the first study on legume-Rhizobium symbiosis. 
Globally, the use of bio-pesticides is increasing steadily by 10% every year. About 90% of the microbial bio-
pesticides are derived from just one entomo-pathogenic bacterium, Bacillus thuringiensis. 

Introduction 

Biologically active products or microbial inoculants of bacteria, fungi, algae that may help either directly or 
indirectly in the enrichment of soil fertility. Several microorganisms influence nutrient uptake in the plants, that 
directly benefits the plants metabolism and have considerable potential.  In general, “any living organism 
supplying plant nutrients directly or indirectly is regarded as biofertilizer. They are not synthetically 
manufactured in factory.” 

Types of Bio-Fertilizers 

1. Symbiotic Nitrogen Fixers (Rhizobium spp.). 
2. Asymbiotic Free Nitrogen Fixers (Azotobacter). 
3. Azospirillum. 
4. Algae Biofertilizers (Blue Green Algae or BGA in association with Azolla). 
5. Phosphate Solubilising Bacteria (PSB). 
6. Mycorrhiza. 

Advantages 
1. Bio-fertilizers fixed atmospheric nitrogen in the soil and root nodules of legume crops and make it available 
to the plant. 
2. They solubilize the insoluble forms of phosphates into available forms. 
3. They produce hormones and anti-metabolites which promote root growth. 
4. They decompose organic matter and help in mineralization in soil. 

Bio-pesticides are certain types of pesticides derived from such natural materials as animals (eg. Nematodes), 
plants (e.g. Chrysanthemum, Neem), microorganisms (Bacillus thuringiensis, Neuclear Polyhedrosis Viruses, 
Tricoderma) and certain minerals. Bio-pesticide is a formulation made from naturally occurring substances that 
controls pests by non-toxic mechanisms and in eco-friendly  manner. However, bio-pesticides are generally less 
toxic to the user and are non-target organisms, making them desirable and sustainable tools for disease 
management. 

Types of Bio-Pesticides 

1. Microbial pesticides. 
2. Plant incorporated protectants (PIPs). 
3. Bio-chemical pesticides. 
4. Botanical pesticides. 
5. Biotic agents (parasitoids and predators). 
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Advantages 

1. Inherently less harmful and less environmental load. 
2. Designed to affect only one specific pest or in some cases, a few target organisms. 
3. Often effective in very small quantities and often decompose quickly, thereby resulting in lower exposure 
and largely avoiding the pollution problems. 
4. When use as a component of integrated pest management programmes, bio-pesticides  can contribute 
greatly. 
5. Safety to plants as well as animal life. 
6. It helps to produce high quality products. 

Application of Bio-Fertilizers in Fruit Crops 

1. Generally, fruit crops have now received more attention than vegetables and ornamental crops. Azospirillum, 
Azotobacter and PSB are found useful for different horticultural crops.  
2. Use of bio-fertilizers, particularly inoculation with Azotobacter, could substitute 50% of the nitrogen 
requirement of banana and could produce higher yields over full doses of nitrogen application. The absorption 
of mobile nutrients like nitrogen also increases in association with VAM fungi. 
3. The high efficiency of AzospiriIlum for fixing nitrogen and better mobilization of fixed phosphorus by VAM 
even at high temperature can make these highly suited for mosambi. 

Conclusion 

The use of biopesticides and biofertilizers as supplement has emerged as promising alternative to chemical 
pesticides, synthetic fertilizers and their demand is rising steadily in all parts of the world. If fully exploited, 
could serve as a very effective alternative method for pest control as well as good component of integrated 
nutrient management. 
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The pomegranate Punica granatum L. belongs to the family Punicaceae. Pomegranate is cultivated in home 
gardens especially as a medicinal plant and as a fruit tree. There is no other fruit crop that has high medicinal 
value compared to that in pomegranate. One of the oldest known fruits found in writings and artefacts of many 
cultures and religions. Pomegranate is an original native of Persia. This nutrient dense, antioxidant rich fruit has 
been revered as a symbol of health, fertility and eternal life. 

Alternaria Fruit Spot: Alternaria alternata 

 

Symptoms: 
a. Small reddish-brown circular spots appear on the fruits. 
b. As the disease advances these spots, coalesce to form larger patches and the fruits start rotting. 
c. The fruits get affected which become pale and become unfit for consumption.  

Management: 
a. Cultural: All the affected fruits should be collected and destroyed. 
b. Chemical: Spraying Mancozeb (0.25%) or Captaf (0.25%) effectively controls the disease. 

Anthracnose: Colletotrichum gloeosporioides 

 

Symptoms: 
a. Appears as small regular or irregular dull violet or black leaf spots with yellowish halos. 
b. Leaves turn yellow and fall out. Symptoms appear on flowers also. 
c. Both tender and mature fruits develop spots which are initially circular later becoming irregular, 
brown to dark brown covering the fruit partly or wholly with sunken centres. 
d. Diseased portions appear with minute, black dots representing acervuli. 
e. The disease is severe during August-September when there is high humidity and the temperature 
between 20-27ºC. 
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f. Primary source of inoculums is infected leaves. Secondary source of inoculums is wind born conidia. It 
also infects Mango, Guava, and Papaya etc. 

Management: 
Chemical: 

i. Carbendazim/ Difenconazole or Thiophanate methyl at 0.25ml/lit sprays at fort-nightly 
intervals have been found effective. 
ii. Spraying of Difenconazole 25 EC at 1.0 ml/lit or Prochloraz 45 EC at 0.75ml/lit were effective 
against anthracnose disease. 
iii. Spraying of systemic fungicides namely Hexaconazole @1ml/lit / Thiophanate methyl @ 
1g/lit/ Carbendazim @ 1g/lit at 20 days interval is quite effective. Among the contact fungicides 
Chlorothalonil (2g/l) followed by Mancozeb (2g/l) were more efficacious. 

Bacterial Blight: Xanthomonas axonopodis pv. punicae 

 
Symptoms: 

a. Appearance of one to several small water soaked, dark coloured irregular spots on leaves resulting in 
premature defoliation under severe cases. 
b. The pathogen also infects stem and branches causing girdling and cracking symptoms. 
c. Spots on fruits were dark brown irregular slightly raised with oily appearance, which split open with 
L-shaped cracks under severe cases. 
d. Primary source of inoculum is infected cuttings. Secondary source of inoculum is Wind splashed rains. 
e. Continuous/ intermittent rainfall for a longer period, congenial maximum (29.4 to 35.60C) and 
minimum temperature (19.5 to 27.30C) and relative humidity (63 to 87 %) were found favourable for 
the development and spread of the disease. 

Management: 
Cultural: 

i. Wide row spacing. 
ii. Selection of disease-free seedlings for fresh planting. 
iii. Pruning affected branches, fruits regularly and burning. 
iv. Bahar should be done in Hasta or Ambe bahar. 
v. Give minimum four-month rest after harvesting the fruits. 

Chemical: 
i. Before pruning it should be sprayed with 1%  Bordeaux mixture 
ii. After Ethrel  spraying or defoliation, Paste or smear with 0.5g Streptomycin Sulphate + 2.5g 
Copper oxy chloride  + 200g red oxide  per lit of water. 
iii. Spray 0.5 g Streptomycin Sulphate or Bacterinashak +2.5 g Copper oxy chloride per litre of 
water. 
iv. Next day or another day spray with 1 g ZnSo4 +1 g MgSo4 +1 g Boron +1g CaSo4 per lit of 
water. 

Cercospora Fruit Spot: Cercospora punicae 

Symptoms: 
a. Light zonate brown spots appear on the leaves and fruits. Black and elliptic spots appear on the twigs.  
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b. The affected areas in the twigs become flattened and depressed with raised edge. 
c. Such infected twigs dry up. In severe cases the whole plant dies. 
d. Primary source of inoculums is infected leaves, diseased plant debris. 
e. Secondary source of inoculums is wind born conidia. The disease is serious during September to 
November. 

 

Management: 
Cultural: 

i. The diseased fruits should be collected and destroyed. 
ii. Pruning and destruction of diseased twigs. 

Chemical: 
i. Spray the crop with Hexaconazole 5 EC or Propiconazole 25 EC or Difenconazole 25 EC  @ 1 ml 
/ lit. 
ii. Kitazin 48 EC 2 ml / lit or Carbendazim (1g) or Chlorothalonil 75 WP (2.5 g) or Copper 
oxychloride 50 WP (3 g) per lit. 
iii. Thiophanate methyl / Carbendazim @ 1g / lit  were most effective. 
iv. Among the contact fungicides Chlorothalonil @ 2 ml followed by Mancozeb @ 2 g were more 
efficacious. 

Cercospora Leaf Spot: Cercospora punicae 

 

Symptoms: 
a. Leaf spots are minute, brown with yellow halo. 
b. Spots are scattered, circular or irregular and become dark brown with age. 
c. Spots on lower side are sunken with clusters of spores bearing structures hence greyish in colour. 
d. Minute, circular, black spots appear on sepals of the flower. 
e. Fruit spots are black, minute and circular on rind. 
f. When grow old, become large, irregularly circular and depressed presenting an ugly look to the fruits.     

Management: 
Chemical: Spray Thiophanate - methyl @ 1 g/l, Carbendazim 1g/l, Hexaconazole 1 ml/l or Propiconazole 
1 ml/l for effective control. 

Wilt of Pomegranate: Ceratocystis fimbriata, Fusarium oxysporum 

Symptoms: 
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a. Affected plants show yellowing of leaves in some twigs or branches, followed by drooping and drying 
of leaves. The entire tree dies in few months or a year. 
b. When affected tree is cut open lengthwise or cross-section, dark greyish-brown coloration of wood is 
seen. 
c. Primary source of inoculums is soil and secondary source of inoculums are Conidia, water. Disease is 
more in heavy soil and increases with soil moisture. 

 

Management: 
Cultural: 

i. Do not allow water to stagnate, try to create drainage facility. 
ii. Do not irrigate for 2-3 days after drenching. 

Chemical: 
i. At initial stage drench 2ml Propiconazole + 4ml Chloropyriphos per litre water solution, drench 
8-10 lit of solution per tree. 
ii. If any plant already wilted, drench chemical as per above mentioned, then remove entire plant 
along with roots and burn it. 
iii. Drench with Formaldehyde @ 25 ml/l. 
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Summary 

Currently Covid-19 pandemic is a leading challenge across the globe. It is mandatory to attain and maintain 
good nutritional status to fight against virus. Good nutrition supports the body throughout the life course, from 
birth to old age. A balanced diet, including all food groups, supports an effective immune system and may 
provide protection against infections, cancers and other diseases. 

Introduction 

The sudden outbreak of COVID19 pandemic has changed our lifestyles. From personal to professional life, every 
part of it has to be revitalized and re-establish in the new normal. In the last six months there are times of stress 
and storm, ups and downs, mental chaos etc. There are miscellaneous views about virus for example, what is 
the structural foundations, how it functions in the body, which kinds of food we intake as precautionary 
measure etc. In relation to these views, we are well-aware about health and safety measures to avoid the 
infection. While no foods or dietary supplements can prevent or cure COVID-19 infection, healthy diets are 
important for supporting immune systems. According to the U.S. Food and Drug Administration, the Centers for 
Disease Control and Prevention and the U.S. Department of Agriculture, there is currently no evidence to 
suggest that COVID-19 can be transmitted through food or food packaging, but sharing food and beverages is 
discouraged. Researchers have found that there is no source of virus contamination via food packaging or food 
(Haug et al 2007). As highlighted recently by the World Health Organization, a healthy lifestyle makes all bodily 
functions work better, including immunity. Having a healthy diet, including lots of fruits and vegetables, is a key 
component of a healthy lifestyle and plays a vital role in supporting a well-functioning and effective immune 
system to help protect against infection and other diseases. Good nutrition is crucial for health, particularly in 
times when the immune system might need to fight back. Limited access to fresh foods may compromise 
opportunities to continue eating a healthy and varied diet. It can also potentially lead to an increased 
consumption of highly processed foods, which tend to be high in fats, sugars and salt. Nonetheless, even with 
few and limited ingredients, one can continue eating a diet that supports good health. Food plays a pivotal role 
in controlling the infection and empowering us to fight back the loss done by the disease. Especially, the 
eatables enriched with multivitamins and antioxidants which help our body to boost up our immunity and make 
us strong from inside. Good nutrition is crucial for health, particularly in times when the immune system might 
need to fight back. It is highly recommended to intake such food which boosts the immunity in our body. Indian 
spices and ingredients used in the cuisine are helpful and boost our natural tendency to fight with the disease. 
The common ingredients with medicinal properties are ginger, clove, black pepper, fennel seeds, cinnamon, 
licorice, basil leaves etc. The most basic form of medicinal mix which is famous in mostly households is 
“Kadhha”. It is simply the liquid mixture of ingredients with medicinal properties thoroughly boiled in water. 

Prefer foods that contain healthy sources of unsaturated fats, such as fish and nuts. Consume a diet rich in 
whole grains, nuts and healthy fats such as in olive, sesame, peanut or other oils rich in unsaturated fatty acids. 
These foods help to support your immune system. To limit saturated fats, trim excess fat from meat and poultry 
and choose skinless options. Reduce foods such as red and fatty meats, butter and full-fat dairy products, palm 
oil, coconut oil, solid shortening and lard. Also, fresh fruits and vegetables are advised to take as they are rich 
in antioxidants. Antioxidants are said to help neutralize free radicals in our bodies, and this is thought to boost 
overall health. Frozen or canned fruits and vegetables also contain vitamins and minerals, although the 
processing of these products sometimes adds ingredients such as sugar, salt or preservatives. Be sure to read 
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the labels so you can choose what’s best for you and your family. Foods that are particularly high in antioxidants 
are often referred to as a “super food” or “functional food.” Foods rich in vitamin A, C, E, beta carotene, 
lycopene, selenium etc. are best sources of antioxidants. These ingredients help our body to fight with infections 
and additionally assist in boosting up our immune system. Fiber contributes to a healthy digestive system and 
offers a prolonged feeling of fullness, which helps prevent overeating. Whole grains foods include oats, brown 
pasta and rice, quinoa and whole-wheat bread and wraps, rather than refined grain foods such as white pasta 
and rice, and white bread. Good hydration is crucial for optimal health. Water is very important to keep up the 
smooth functioning of the digestion in the body. Drinking water instead of sugar-sweetened beverages is a 
simple way to limit your intake of sugar and excess calories. To enhance its taste, fresh or frozen fruits like 
berries or slices of citrus fruits may be added, as well as cucumber or herbs such as mint, lavender or rosemary. 
Avoid drinking large amounts of strong coffee, strong tea, and especially caffeinated soft drinks and energy 
drinks. These may lead to dehydration and can negatively impact your sleeping patterns.  

Alcohol is not only a mind-altering and dependence-producing substance, harmful at any level consumed, but 
it also weakens the immune system. Thus, alcohol use and especially heavy use undermines your body’s ability 
to cope with infectious disease, including COVID-19. In the current scenario, COVID-19 has imposed a new set 
of challenges for the individual to maintain a healthy diet. Practicing mindful eating can be a useful strategy to 
maintain a healthy relationship with food and to help us balance our energy intake. It’s tempting to reach for 
comfort food when we’re stressed, and that’s okay once in a while. But don’t make it a habit because many of 
these foods, such as cheese, pizza and burgers and fries, are high in fat, sugar and salt. Read food labels so you 
can be informed about the nutritional value of the foods you’re buying, serving to your family and eating.  
Certain factors such as lifestyle, age, health status, sex, and medications affect the nutritional status of an 
individual. During the COVID-19 pandemic, the nutritional status of individuals has been used as a measure of 
resilience toward destabilization. Being at home for extended periods, especially without company or with 
limited activities can also lead to overeating. For optimal health, it is also important to remain physically active. 
Physical activity benefits both the body and mind. Healthy adults should aim for at least 30 minutes of daily 
physical activity and at least 1 hour for healthy kids (5-17 years). 

Conclusion 

The COVID-19 pandemic is causing a lot of changes in our daily lives. We are social distancing, staying home, 
and unable to dine out at restaurants. It can be easy to slip into unhealthy eating habits during this stay-at-
home period, but with a little thought and preparation, maintaining a healthy diet doesn’t have to be a chore. 
Good nutrition is always important, but during this pandemic, it’s even more important because a well-balanced 
diet of nutritious foods helps support a strong immune system. 
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Algae that are parasitic on plants are known only among the phylum Chlorophyta. Among those, only the genus 
Cephaleuros (family Trentepohliaceae order Trentepohliales) is known to cause diseases in economically 
important crops which contains the photosynthetic organisms known as green algae. The disease is called algal 
leaf spot, algal fruit spot, and green scurf; Cephaleuros infections on tea and coffee plants have been called “red 
rust.” 

Economic Importance 

Cephaleuros virescens (= C. mycoidea) is known to cause diseases in Citrus spp., mango, papaya, pecan, avocado, 
cacao, tea, coffee, pepper, oil palms, vanilla, litchi, sapota, and guava. Cephaleuros virescens is prevalent in 
India, Indonesia, China, Japan, Malaysia, Australia, the United States, Brazil, West Indies, and Africa. In general, 
the algae affect perennial trees, not annual crops. It does not cause economical losses in many crops. However, 
considerable losses in tea, pepper, and Citrus spp. due to the alga have been reported. 

The Pathogen 

Cephaleuros species consist of branched filaments that comprise a thallus in the form of irregular discs. The 
thallus grows below the cuticle or sometimes below the epidermis of the host plant. This pigmented thallus 
(orange to red-brown) consists of a prostrate portion that is branched irregularly with irregular cells and an 
erect portion of unbranched hairs, with cylindrical cells, sterile or fertile, protruding through the cuticle. 
Haustorial cells are sometimes present inside the plant host’s tissue. Sporangiophores bear one or more head 
cells subtending sporangiate-laterals. Gametangia are terminal or intercalary on the prostrate cell filaments.  

Cephaleuros species are found in tropical and subtropical climates, on all continents provided the temperature 
and humidity are suitable for their growth and reproduction. These pathogens are dispersed by wind and 
splashing water. Through sexual reproduction, the resulting zygote produces a dwarf sporophyte. The life 
history consists of alternation of heteromorphic generations, with the sporophyte reduced to a dwarf plant. 
The asexual stage is probably much more important to the typical infection and disease processes. 

Disease Symptoms 

Cephaleuros virescens infects the leaves, stems, and fruit of the trees. Leaf infection can be seen on the lamina, 
veins, and petiole. Yellow-green pinpoint specks appear on the upper leaf surface. Occasionally the specks occur 
on the lower leaf surface. The algal thallus grows mostly subcuticular and the cuticle imparts a glistening 
appearance to the early developmental stage. 
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Raised orange velvety algal growth in tea Coffee rust 

  
Algal leaf and fruit spot of guava Mango red rust 

Plant Parasitic algae in various crops 

The algal colony becomes velvety in texture and its colour changes from green to orange brown. The thallus 
often becomes slightly raised. Green islands around the infection foci are common. The cell layers nearest to 
the alga die and assume a corklike appearance. They may serve as a barrier to further algal penetration. The 
alga takes up water and minerals from the host by osmosis. 

1. In tea leaves, an intercellular type of Cephaleuros infection is often seen. A small purple translucent spot 
gradually extends from the upper to the lower surface. On such lesions, fructifications of the alga can be seen 
on both surfaces. Ultimately, the affected region dries and drops out leaving holes in the affected leaves (shot 
hole pattern).  

2. In coffee leaves, the spongy mesophyll cells enlarge, divide, and undergo considerable cell wall thickening. 
The alga appears to be completely isolated from the healthy tissue by a continuous barrier of thick-walled cells. 

Life Cycle 

 
Thallus and sporangiophores 

Hosts are inoculated when sporangia or thallus fragments with sporangia are deposited on susceptible host 
tissues. Infection occurs and symptoms develop under moist conditions when motile zoospoores are released 
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from the sporangia, penetrate the host cuticle, and generate disc-like algal thalli with threadlike algal filaments. 
The effects of the spots on plants are reduced photosynthetic area of leaves, defoliation, loss of fruit 
marketability, twig dieback, and tissue necrosis. The pathogens reproduce and survive in spots on leaves or 
stems and in fallen plant host debris. 

Disease Management 

1. Leaf debris is usually accompanied by an increased incidence and severity of the disease, which can be 
significantly reduced by the application of nitrogen and potassium.  
2. Disease incidence also can be reduced by providing proper soil drainage.  
3. Remove all infected or dead wood, leaf should be removed.  
4. Pruning is recommended for citrus, tea, and cacao trees. Shade trees and shelterbelts may serve as the 
primary sources of inoculum. Hence, shade trees selected should not be alternate hosts for the algal pathogen.  
5. Irrigation may reduce the disease incidence by improving the vigour of the trees.  
6. Bordeaux mixture is used extensively in the control of algae. Copper oxychloride can be sprayed to control 
the disease. 
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Sea buckthorn (genus Hippophae) is a berry-bearing, hardy bush of the family Elaeagnaceae, naturally 
distributed in Asia and Europe and also introduced in North and South America. It includes 6 species and 12 
subspecies, of which Hippophaė rhamnoides, commonly known as sea buckthorn (sandthorn or seaberry) is a 
unique plant, currently being domesticated in several parts of the world (Li, 2003, Li and Schroeder, 1996, Rousi, 
1971). It is a hardy plant, drought and cold resistant, useful for land reclamation and farmstead protection 
through its vigorous vegetative reproduction and strong, complex root system with nitrogen-fixing nodules 
(Rongsen, 1992). 

History 

The berries and their usage were mentioned in China, 1,200 years ago and in Tibetan medical texts around 1,000 
years ago. From there, Sea Buckthorn spread over Russia and the Ukraine into Europe, finally reaching the 
British Isles.  Sea buckthorn has a rich history of use in treating numerous medical conditions. It has been called 
a wonder plant in many Asian countries, including China, India and Pakistan. The berries have been used for 
more than 1,000 years in Tibetan and Indian systems of medicine. In traditional Chinese medicine, it has been 
used to aid digestion and treat cough, circulatory disorders, and pain. Due to its higher nutritional value it is 
found uses throughout the world. 

Nutritional Attributes 

Sea buckthorn berries are among the most nutritious of all fruits. Fruit juice is rich in sugar, organic acids, amino 
acids, essential fatty acids, phytosterol, flavonoids, vitamins and mineral elements. Vitamin C represents a 
nutrient of major importance in Sea buckthorn because of its presence in large quantities ranging from 53-3,909 
mg/100g. Considering that fresh orange juice contains 35-56 mg/100ml and Aonla contains 478.5 mg/100 ml, 
the value of Sea buckthorn as a source of vitamin C is apparent. It is estimated that there is enough vitamin C 
in the berries of Sea buckthorn plants across the world to meet the dietary requirements of the entire human 
population. Besides vitamin C, the juice also contains vitamin A, vitamin E, Riboflavin, Niacin, Pantothenic acid, 
vitamin B. Concentration of vitamins B, C and E is much higher than other fruits such as apricot, banana, mango, 
orange and peach. Presence of these vitamins in high quantity indicates its strong antioxidant property. Sea 
buckthorn juice is rich in various free amino acids, 18 kinds of free amino acids have been detected in juice of 

https://www.sciencedirect.com/science/article/pii/S0963996911001591#bb0205
https://www.sciencedirect.com/science/article/pii/S0963996911001591#bb0220
https://www.sciencedirect.com/science/article/pii/S0963996911001591#bb0330
https://www.sciencedirect.com/science/article/pii/S0963996911001591#bb0330
https://www.sciencedirect.com/science/article/pii/S0963996911001591#bb0320
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which eight are essential for human body. Sea buckthorn seed is a source of valuable oil characterized by high 
oleic acid content and one to one ratio of omega-3 and omega-6 fatty acids. Besides, it also contains omega-7 
and omega-9 fatty acids. Sea buckthorn leaves contain many nutrients and bioactive substances such as 
carotenoids, free and esterified sterols, triterpenols and isoprenols. It contains approximately 15-20% proteins. 
Flavonoids content in leaves ranges from 312-2100 mg/100 g of air-dried leaves. It serves as a valuable 
ingredient in animal feed, therapeutic agent having antiviral activity against a wide spectrum of viruses and can 
be used as a source of unconventional protein for human food. 

Health Benefits 

Sea buckthorn is mentioned in the writings of ancient Greek scholars such as Theophrastus and Dioscorides. 
The plant is known as a remedy for horses. Leaves and branches were added to fodder to induce rapid weight 
gain and shiny coat, and in fact, the generic name Hippophae is classical Latin for 'shinning horse'. The medicinal 
value of Sea buckthorn was recorded as early as the 8th century in the Tibetan medicinal classic. Even today, 
local traditional doctors of North Eastern India often prescribed preparations from Sea buckthorn for treatment 
of common problems like indigestion, throat infection, gynecological problem, ulcer, gastritis, bronchitis, 
acidity, diarrhea, hypertension, blood disorder, fever, tumor, gallstone, cough, cold, food poisoning etc. There 
are more than a hundred popular Sea buckthorn-based formulations in various pharmacopoeias of Sowa Rigpa 
(Tibetan medicine). Modern day laboratory and clinical studies confirm the efficacy of Sea buckthorn for its 
medicinal properties for treatment of oral mucositis, vaginal mucositis, cervical erosion, duodenal ulcers, skin 
ulcers, cancer, sluggish digestion, stomach malfunctioning, neoplasia, thrombosis, hepatic injury, tendon and 
ligament injuries etc. Clinical trials on patients with ischemic heart disease have shown that total flavonoids of 
Sea buckthorn reduce cholesterol level and improve cardiac function. The oil absorbs ultraviolet light and 
promotes healthy skin and this unique property of Sea buckthorn oil is being recognized and sought by the 
cosmetic industry. 

Side Effects 

The pregnant and breast-feeding women are not recommended to use the Sea Buckthorn. Sea buckthorn can 
slow the clotting of blood. The antiplatelet and anticoagulant drugs could interact with the Sea Buckthorn. The 
use of sea buckthorn with these medications may raise the excess bleeding and bruising. It may interact with 
clopidogrel, ibuprofen, naproxen, enoxaparin, warfarin, aspirin, diclofenac, dalteparin and heparin. One should 
consult the doctor before using Buckthorn products along with Non-steroidal anti-inflammatory drugs or blood 
thinners. 

Value Added Products 

In view of increased production of free radical in human exposed to high altitude, Defence Institute of High-
Altitude Research developed several antioxidant rich products from fruit and leaf of Sea buckthorn to combat 
high altitude related oxidative damage. Some of the products were developed and commercialized by the 
Defence Food Research Laboratory, Mysore. 

Bakery products: Biscuits containing certain amount of Sea buckthorn pulp and leaves. The biscuit is rich in 
dietary fibre, flavonoides and other phyto chemicals. Other bakery products like buns, bread, rusks and cakes 
have also been developed.  

Jelly: Sea buckthorn mixed fruit jelly by blending Sea buckthorn with papaya, watermelon and grapes. The 
product has an attractive glossy colour with pleasant flavour. Particularly the Sea buckthorn-grape jelly exhibits 
good organoleptic characteristics with high sensory score.  

Health drinks: Health drink such as spiced squash and squash blended with other fruit such as mango, 
pineapple, apple, guava, grapes etc.  

Wine: Wine from Sea buckthorn pulp along with grapes.  
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Food colourant: Yellow colour of sea buckthorn pulp were isolated from the residues after extraction. 

Animal feed: Animal feed from left over after extraction of colourant.  

Yogurt: Yogurt containing Sea buckthorn as major constituent along with milk and bifido bacteria. 

Conclusion 

For multiple purposes such as fuelwood, food and drink products, vegetative control of soil erosion, increasing 
soil fertility and as a raw material to encourage agro-industrial activities sea buckthorn were successfully utilised 
in many countries. Sea buckthorn berries were shown to contain more than 100 types of nutrients and bioactive 
substances useful for human health. Promotion of sea buckthorn provided multiple options for using fragile and 
marginal mountain land areas to supply low-cost vitamins, a rich source of cash income, off-farm employment 
and an effective means of slope stabilisation and soil moisture conservation. 
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Introduction 

Challenges to increase food grain production to meet the food demand with increasing world population is a 
major concern in agriculture. In the current scenario of modern agriculture, an increase in food grain production 
is achieved by excessive use of inorganic fertilizers and chemical pesticides, which leads to degrade the soil 
health and fertility. Hence, further efforts must be emphasized in developing an alternative method for 
sustainable and eco-friendly agricultural production. In this context, bio-stimulants are an entirely natural and 
sustainable approach that enhances plant growth and development. 

Bio-stimulants are defined as any substance or microorganisms applied to plants to improve nutrition uptake, 
stimulate plant growth, and enhance stress tolerance or crop quality (Du Jardin, 2015). The major group of bio-
stimulants used in agricultural production like humic substances (humic acids, fulvic acids, and humins), 
seaweed extracts (macroscopic and multicellular marine algae like brown, red, and green algae), hydrolysed 
proteins, and amino acids containing products (from both plant and animal sources), silicon, chitosan, plant 
growth hormones, and microorganisms (plant growth-promoting bacteria, yeast, filamentous fungi, and micro-
algae) (Rouphael and Colla, 2020). Among different bio-stimulants, plant growth-promoting microorganisms 
(PGPM) are commonly used bio-stimulant for plant growth and health improvement, which minimizes the 
application of chemical fertilizers and pesticides during crop cultivation. Some of the microbial plant bio-
stimulants viz., Rhizobium, Azospirillum, Azotobacter, Arthrobacter, Bacillus spp., Pseudomonas spp., 
Enterobacter, Serratia, Trichoderma, Aspergillus, Penicillium, Metarhizium, Beauveria and arbuscular 
mycorrhizal fungi (AMF). These microbes are applied through seed treatment, soil application, and foliar spray 
(Rajput et al., 2019). 

Microbial Plant Bio-Stimulants on Plant Growth Improvement 

 
Fig. 1 Effect of microbial plant bio-stimulants on improving plant growth promotion and development 
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Microbial bio-stimulant (MBs) improves plant growth and development by imparting different mechanisms viz., 
nitrogen fixation, solubilization of inorganic compounds, mineralization of organic compounds, and production 
of plant growth hormones, siderophore, ACC deaminase, antimicrobial and volatile organic compounds, HCN, 
and hydrolytic enzymes (Woo and Pepe, 2018). Besides improving plant growth, MBs also primes plant 
tolerance and resistance to both biotic and abiotic stress by eliciting induced systemic resistance (ISR) (Fig. 1). 

MBs on Soil Nutrients Improvement 

MBs improve plant growth through facilitating nutrient uptake by supplying nitrogen to the soil via biological 
nitrogen fixation; enhancing the bioavailability of soil nutrients by secreting enzymes (phosphatases), the 
presence of siderophore or organic acids for mineral phosphates solubilization and other nutrients; increasing 
roots surface area of the plant’s to access nutrients. Apart from that, MBs also induce natural processes in the 
soil like organic matter degradation, soil carbon, microbial biomass, nutrient cycle, and soil structure and 
texture that ultimately enhances plant capacity for nutrient and water absorption and increase photosynthetic 
activity and tolerance level to environmental stresses. Application of different types of PGPMs like N2 fixer, 
phosphate-solubilizing microorganisms (PSM), phosphate mobilizing mycorrhizal fungi, and zinc-and potassium-
solubilizing bacteria (ZSB & PSB) are reported to increase crop production, productivity, and soil fertility (Ruzzi 
and Aroca, 2015; Rajput et al., 2019). 

MBs on Plant Physiology Modification by Phytohormones Production 

Plant hormones have an important role in growth and development. Several MBs can synthesize 
phytohormones like auxin, gibberellins, cytokinins, abscisic acid, and ethylene, which helps the plant to enhance 
growth and stresses tolerance. Inoculation of MB improves plant growth by facilitating the formation of lateral 
roots and root hairs through producing plant growth-promoting substances and thus aid in more water and 
nutrient uptake by plants. Besides, MBs directly regulate the level of endogenous hormone production in plants, 
which influences plant physiology by modifying the phytohormones biosynthesis pathway (Ruzzi and Aroca, 
2015). 

MBs on Priming of Plant Defence to Environmental Stress 

Plants are continuously exposed to numerous stress, from seed germination through to the whole life cycle. 
These stresses are commonly divided into biotic and abiotic stresses. First, biotic stress caused by living 
organisms, including pathogenic bacteria and fungi, insects, and weeds that affect plant development and 
productivity. Second, most important is abiotic stresses include drought, salinity, non-optimal temperatures, 
and low soil fertility, which limits agricultural productivity. Hence, plant-microbe interaction is a vital 
component of the ecosystem, the microbes are regarded as natural partners that induce systemic responses in 
plants which render them to survive under adverse environmental conditions (Rouphael and Colla, 2018). 

MBs are reported to efficiently involved in the mitigation of various abiotic stresses including salinity, drought, 
and nutrient deficiency by supplying minerals and plant growth hormones, enhancing antioxidants (catalase 
and superoxide dismutase) and secondary metabolites to affect physiological and biochemical processes, 
induce stress tolerance, enhance plant growth and optimize productivity. MBs also increase photosynthetic 
rate, root development in terms of biomass and architecture (length and density). The stimulation of seed 
germination, seedlings, and plant growth as well as crop productivity in response to the bio-stimulant 
application associated with the action of signalling bioactive molecules in the primary and secondary 
metabolisms (Ruzzi and Aroca, 2015; Van Oosten et al 2017). 

MBs helps the plant to protect against phytopathogens by displaying biocontrol activity in addition to enhance 
nutrient uptake efficiency of plants. MBs synthesize a variety of bioactive molecules such as siderophores, 
rhamnolipids, gluconic acid, hydrogen cyanide (HCN), quinolones, lipopeptides, and antibiotics, which inhibit 
the growth of plant pathogens. These compounds are an important attribute of PGPRs for plant growth 
promotion and phytopathogen protection. MBs suppress pathogens by competing with them for nutrients and 
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infection sites for colonization. They also enhance tolerance to biotic stresses by producing volatile organic 
compounds (VOCs). Besides, plants induced ‘memory’ defences against the non-pathogenic determinants that 
lead to faster and stronger induction of basal tolerance mechanisms upon exposure to a pathogen (Pylak et al., 
2019). 

Benefits of Microbial Plant Bio-Stimulants to Sustainable Crop Production 

1. Eco-friendly technique. 
2. Enhances nutrient and water use efficiency of crops. 
3. Increases the vigour and yield of crops. 
4. Enhances crop quality. 
5. Enhances crop tolerance or resistance to biotic and abiotic stress. 

Conclusion 

Microbial bio-stimulants have been considered a valuable farming technique and an efficient agronomic tool to 
improve crop growth and tolerance/resistance. They enhance crop growth, health, and quality, which can 
effectively contribute to overcome the challenges posed by food increasing demand with the increasing world's 
population. 
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Introduction 

Hybrid: Hybrid varieties are the first generations (F1) from crosses between two pure lines, inbred, open 
pollinated varieties, clones or other population that are genetically dissimilar. 

Features of Hybrid 

1. Productivity. 
2. Genetic Constitution.  
3. Adaptability. 
4. Resistance. 
5. Application. 
6. Heterosis. 

Types of Hybrid 

Single cross hybrid: The hybrid progeny from a cross between two inbreeds or varieties is referred as single 
cross hybrid. 

Double cross hybrid: The hybrid progeny from a cross between two single crosses is known as double cross 
hybrid. Such hybrids are commonly used in Maize & Sugar beet. 

Three-way cross hybrid: A three-way cross is a cross between a single cross & an inbred line is referred to as a 
three-way cross. The female of a three-way hybrid is a single cross hybrid(A×B),while the male is an inbred 
line(C). Three-way crosses are more variable than single crosses & less variable than double crosses. 

Male Sterility 

1. Male sterility is characterised by non-functional pollen grains, while female gamete function normally. 
2. Male sterility was firstly observed by J.K. Koelreuter in the year 1763. 
3. Inability to produce or to release viable or functional pollen as a result of failure of formation or development 
of functional stamens, microspore or gametes. 

Types of Male Sterility 

1. Genetic male sterility:  
a. TGMS (Temperature Sensitive Genetic Male Sterility). 
b. PGMS (Photoperiod Sensitive Genetic Male Sterility). 

2. Cytoplasmic Male Sterility(CMS). 
3. Cytoplasmic Genetic Male Sterility(CGMS). 
4. Transgenic Male Sterility. 
5. Chemically Induced Male Sterility. 

Genetic Male Sterility 

1. Also called as Nuclear male sterility. 
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2. The pollen sterility which is caused by nuclear gene is called as genetic male sterility. 
3. Genetic or nuclear male sterility is ordinarily governed by a single recessive gene, msms. 
4. Examples- Castor, Barley, Wheat, Maize, Cotton, Sorghum, Lucerne, Cucurbits, Rice, Pigeon pea  etc. 

Hybrid Seed Production by Using Genetic Male Sterility 

1. Male sterility genes are usually recessive & rarely dominant (Sunflower). 
2. This system consist of two types of lines viz. A line & R line. 
3. A line – It is male sterile line which is used as female parent in hybrid seed production. 
4. R line -Which is used to restore male sterility in male sterile plant used as male parent in hybrid seed 
production. 

a. Temperature Sensitive Genetic Male Sterility (TGMS): 
i. In this type of GMS, complete male sterility is produced by the ms gene at higher temperature 
(23.3˚C or higher for Rice). 
ii. But at temperature below this critical point there is normal fertility. 

b. Photoperiod Sensitive Genetic Male Sterility (PGMS): 
i. Governed by two recessive gene. 
ii. Sterility is obtained in long day conditions while in short days normal fertile plant. 
iii. Rice: Sterile under long day conditions (13-hour 45 min +Temp. 23-29˚C) but fertile under 
short day conditions. 

Cytoplasmic Male Sterility 

1. The pollen sterility which is controlled by a cytoplasmic gene or plasma genes  is known as Cytoplasmic male 
sterility. 
2. Result of mutation in mitochondrial genome. 
3. Progenies would always be male sterile since the cytoplasm comes primarily from female gamete only. 
4. Nuclear genotype of male sterile line is almost identical to that of the recurrent pollinator strain. 
5. CMS is not influenced by environmental factors (temperature)so is stable. 

Hybrid Seed Production by Using CMS 

1. This system consist of two types of line viz.- A line & B line. 
2. A line – It is male sterile line which is used as female parent in hybrid seed production. 
3. B line – It is male fertile line which is used to maintain male sterility in A  line. Also called maintainer line. 
4. CMS can be used for development of hybrid in vegetatively propagated crops & ornamental crops where 
grain is not the economic part. 
5. CMS cannot be utilized for hybrid seed production without the use of restorer line because F1 seed produce 
only male sterile F1 plants. 

Cytoplasmic Genetic Male Sterility 

1. When pollen sterility is controlled by both cytoplasmic & nuclear gene, it is known as Cytoplasmic genetic 
male sterility. 
2. This is case of CGMS for which a nuclear gene for restoring fertility in the male sterile line is known. 
3. This type of male sterility was first discovered by Jones & Davis in 1944 in Onion. 
4. Reported in both sexually & asexually propagated species. 
5. Examples- Maize, Sorghum, Pearl millet, Onion, Sugar beets, Sunflower, Rice ,Wheat, etc. 

Hybrid Seed Production Using CGMS 

1. This system includes A, B & R lines. 
2. A line: It is male sterile line which is used as female parent in hybrid seed production. 
3. B line: It is a male fertile in which is used to maintain male sterility in A line called maintainer line. 
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4. R line: Which is used to restore male sterility in male sterile plant used as male parent in hybrid seed 
production. 
Table: 1 CMS & CGMS in some important crop plants: 

Crop species (Nucleus) Cytoplasm Restorer genes 

Maize CMS-C (Charrua)* 
CMS-S (USDA)* 
CMS-T(Texas)* 

One(Rf4)** 
One(Rf3)** 
Two omplementary genes(Rf1,Rf2)** 

Rice CMS-CW 
CMS-WA 
CMS-BT 

Rf17 
Rf3, Rf4 
Rf 1a 

Sorghum A2 
A4 
GE 
A5 

Guinea 
Guinea 
Guinea 
bicolor 

Onion CMS-T* 
 

Two independent system (1) Gene A,(2) 
Gene B&C 
(Complementary gene action) 

Wheat Triticum  timopheevii  
Aegilops crassa 

(Rf1, Rf2) 
Rfd 1 

*Mutant cytoplasm 
**Restoration of fertility by Rf1, Rf2 &Rf4 shows sporophytic control & Rf3 shows gametophytic control. 

Transgenic Male Sterility 

1. Recombinant DNA techniques for disturbing any or number of developmental steps required for the 
production of functional pollen within the microspore or for the development of any somatic tissues supporting 
the microspores. 
2. Transgenes for male sterility are dominant to fertility. 
3. Also to develop effective fertility restoration system for hybrid seed production. 
4. Example- Barnase/Barastar system. 

Barnase/Barastar system 

1. Barnase is extracellular RNAse; Basrtar is inhibitor of barnase (Bacillus amyloliquefaciens). 
2. Plants with TA29 promoter –Barnase construct male sterile. 
3. Those with TA29 –Barstar are not affected by the transgene barnase. 
4. Barstar is dominant over the Barnase. 
5. Fuse the barnase & barstar genes to TA29 promoter TA-29 is a plant gene that has tapetum  specific 
expression. 
6. Cross male sterile (barnase) with male fertile (barstar) expressed in tapetum & hence is fully fertile. 

Chemically Induced Male Sterility 

1. CHA (Chemical Hybridising Agent) is a chemical that induces artificial, non –genetic male sterility in plants so 
that they can be effectively used as female parent in hybrid seed production. 
2. Also called as male gametocides, male sterilants, selective male sterilants, pollen suppressants , pollenocides, 
androcide. 
3. The first report was given by Moore & Naylor (1950), they induced male sterility in Maize using malic 
hydrazide (MH).   
4. CHA based F2 hybrids are fully fertile. 
5. Any line can be used as the male parent of hybrid & restorers are not required. 



 

 
Volume 2 - Issue 12 - December 2020       383 | P a g e  
 

6. The hybrid seed production is based on only two lines.  

Some important CHAs are: 
1. Arsenicals – zinc methyl arsenate, sodium methyl arsenate. 
2. Ethephon or ethrel. 
3. Mendok. 
4. Gibberellic acid. 
5. MH etc. 

Achievement of Hybrid Variety by Using Male Sterility 

1. Hybrid Rice Varieties: 
a. APRH -1 (1994). 
b. APRH-2 (1994). 
c. Pant Shankar Dhan1 (1997). 
d. CORH2 (1998). 
e. Indira Sona. 

2. Hybrid Cotton  Varieties: 
a. SUGUNA (1978). 
b. ANKUR 09 (1983). 
c. MECH4 (1990). 
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Introduction 

when we deal with time series data, often we come across a particular situation that the errors exhibit serial 
correlation, such that E(ui,ui+j) ≠0. Such error terms are known as autocorrelation. Therefore, it is better to 
mention a few basic assumptions involved in classical linear regression model (CLRM).  

Let’s say, yi= β1+β2xi+ui, is a linear regression equation of yi on xi, where β1, β2 are the intercept and slope or 
coefficient respectively, ui are the disturbance or error terms, i= 1,2,3…n. A few fundamental assumptions of 
this regression model for the error terms are: 
1. E(ui)= 0 
2. E(ui2) = V(ui)=σi2= constant 
3. E (ui, uj) = Cov (ui, uj) = 0, i≠j 
4. E(ui,X)= 0 

In case of the testing hypothesis and constructing confidence intervals, it is often added the assumption of 
normality, so that ui follows normal distribution with mean zero and variance σi2 (I and II). The assumption of 
uncorrelated or independent (III) error some time not appropriate in time series cases. There the errors in time 
series data exhibit serial correlation; That means when E (ui, uj) = Cov (ui, ui+j) ≠0. Therefore, such error terms 
are known as autocorrelation. 

Cause of Autocorrelation 

Though there can be several sources of autocorrelation but the main cause of autocorrelation is failure to 
include one or more regressors in the model. Again, autocorrelation could occur if the population size is not 
included in the model, which could be the errors in the model to be positively autocorrelated, since population 
size is positively correlated with the other factor. 

Effects of Autocorrelation 

There are several effects of the presence of autocorrelation in the errors. Which are discussed as follows: 

1. OLS (ordinary least square) estimation in the presence of autocorrelation: OLS regression coefficient are 
still linear unbiased as well as consistent and asymptotically normally distributed but they are no more minimum 
variance estimate. So, these estimates are inefficient. 

And therefore, it is suggested that for establishing confidence intervals and to test hypothesis we should use 
GLS (general least square estimators instead of OLS even though the estimators derived from the OLS are 
unbiased and consistent. 

2. When autocorrelation occurred, the residual mean square MSE may be underestimate σ2. Hence, the 
standard error of the regression coefficients may be too small. Consequently, confidence intervals (CI) are 
shorter than they really should be and test of hypothesis on individual regression coefficients may indicate that 
one or more regressors contributed significantly to the model when they really do not. So, this may be 
misleading the analysis in terms of accuracy. 

3. The CI and test of hypothesis based on the t and F distribution are no longer appropriate. 
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Detection the Presence of Autocorrelation 

1. Auto correlation can be detected using residual plot technique where plotting is done between residual 
versus time. When there is positive autocorrelation, residuals of identical sign occur in clusters, which means 
there are not enough changes of sign in the pattern of residuals. Analogously, if there is negative 
autocorrelation, the residuals will alternate sign too rapidly.  

2. Durbin-Watson d test: Durbin-Watson d test is the popular test for detecting auto correlation which was 
developed by Durbin and Watson, hence the name as the Durbin-Watson d statistic. This test is based on the 
assumption that the errors in the regression model are generated by a first order autoregressive process 
observed at equally spaced time periods.  
The hypothesis for the test is: 

H0: ρ = 0 and  
H1: ρ > 0  

The test statistics is     𝑑 =
∑ (�̂�𝑡−�̂�𝑡−1  )

𝑛
𝑡=2

∑ 𝑢𝑡
2̂𝑛

𝑡=1

      (1)                 

Where, �̂�𝑡 , 𝑡 are the error terms in the model at a time period t from an ordinary least square analysis 
applied to the (yt, xt) data. 

Assumptions of D Statistic 

1. The error terms are generated by the first order auto regressive scheme: ut = ρut-1 + Єt. Therefore, it cannot 
be used to detect higher- order autoregressive schemes. 
2. The regression model must include the intercept term to obtain the RSS.  
3. The explanatory variables the X’s are non-stochastics. 
4. The error terms ut assumed to be normally distributed. 

𝑑 =
∑ �̂�𝑡

2 +  ∑ �̂�𝑡−1
2 −2 ∑ �̂�𝑡  �̂�𝑡−1  

∑ �̂�𝑡
2       (2) 

Since, ∑ �̂�𝑡
2, ∑ �̂�𝑡−1

2   differs in only one observation, they are approximately equal. Hence  

∑ �̂�𝑡−1
2 ≈ ∑ �̂�𝑡

2  

               𝑑 ≈ 2 (1 −
∑ �̂�𝑡  �̂�𝑡−1

∑ �̂�𝑡
2 ),             (3) 

where ≈ means approximately. Now, 

                                                   �̂� =
∑ �̂�𝑡  �̂�𝑡−1

∑ �̂�𝑡
2         (4) 

An estimator of ρ, as the sample first order coefficient of auto correlation. Therefore, d can be express as  
 𝑑 ≈ 2(1 − �̂�)                (5) 

But since, -1≤ρ≤1, 
Eq. 5 implies that  

  0≤d≤4  
Any estimate of d value must lie within these limits.  
If �̂� = 0, d=2 which says that  
if d is found to be 2, then one may assume that there is no first order auto correlation both positive and 
negative. 
If �̂� = +1, d≈0, hence closer the value of d to zero, greater the positive autocorrelation. 
If �̂� = −1, d≈4, hence closer the value of d to 4, the greater the negative autocorrelation. 
The major drawback of this d Test is that if it falls in the indecisive zone, it cannot be concluded that whether 
autocorrelation (first order) does exist or not. Durbin Watson d statistic not necessarily detect 
autocorrelative structure in the errors is other than the first order autoregressive. 
Decision rule for Durbin-Watson d Test: 

Null hypothesis Decision If 

No positive autocorrelation  Rejected 0<d<dL 
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No positive autocorrelation No decision dL≤d≤dU 

No negative correlation Rejected 4-dL<d<4 

No negative correlation No decision 4-dU≤d≤4-dL 

No autocorrelation, positive or negative Do not rejected dU<d<4-dU 

*Basic econometrics 5ht edition- D. N Gujrati, D.C. Porter, S. Gunasekar. 

Other Test for Detecting Auto Correlation 

1. Runs test. 
2. The asymptotic normality test. 
3. The Berren blutt – webb test. 
4. Breusch – Godfrey test. 

Possible Remedial Measures 

1. If autocorrelation present then it is to be confirmed that whether the autocorrelation is pure autocorrelation 
and it is not the result of misspecification of the model, as sometime it observes that patterns in residual 
because the model is mis specified, that means it has excluded some important variables or because its 
functional form is mis specified. 
2. For pure autocorrelation, appropriate transformation method of the original model can be useful. 
3. In case of large samples, Newey-West method to obtain standard errors of OLS estimators that are corrected 
for autocorrelation.  
4. In some cases, it may continue to use the OLS method. 

Conclusion 

The autocorrelation problem is very common existing problem which is necessary to researchers particularly 
for those, who are working with various time series forecasting model viz., crop models, weather models etc. 
since autocorrelation helps to add or remove a caused variable into/ from the model which leads the model to 
be fitted precisely. 
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Cole crops are cultivated extensively in tropical and temperate regions of the world including India. The chief 
constraint in the production of cole crops is the damage caused by pest complex right from germination till 
harvest.  In India, a total of 37 insect pests have been recorded on cole crops (Lal, 1975). The extent of damage 
due to these pests in India is known from 7 to 90 per cent with consequent reduction in yield from 20 to 80 per 
cent (Prasad, 1963). 

Since cole crops are highly remunerative, intensive plant protection measures involving a number of insecticides 
are common. In spite of large scale and indiscriminate applications of insecticides, the pests have been found 
to occur in severe form in all cole crop growing areas. 

This has resulted in several problems viz., pesticide resistance, resurgence, residue problems, death of natural 
enemies, environmental pollution etc (Vastrad et al., 2004). These undesirable effects of synthetic chemicals 
have encouraged the development of non-chemical package or a programme with least pesticide usage to 
manage the pests. 

In recent years, there is a lot of awareness and preference for organically produced foodstuff in the country. 
Therefore, eco-friendly pest management has gained worldwide attention. This technology is not only effective 
against crop pests but also safer to beneficial insects and environment (Patel et al., 2003). 

Pests of Cole Crops and their Damage Symptoms 

Aphids: Aphids, also known as plant lice, which are small insects, suck the sap from leaves, stems and apical 
portion by inserting their stylets into the host plants. Feeding by aphids cause discoloration, distortion and 
mosaic that result in stunted plant growth. They also secrete honeydew on which black sooty mould develop 
under high atmospheric relative humidity, which interferes with photosynthetic activity. Due to their quick 
multiplication rate they could complete one generation in 7-10 days and by giving birth to six to ten young ones 
per day with 50-100 in total life span. Enormous populations can thus build up in a relatively short period. 

 

Diamond Backmoth: Plutella xylostella (L.) 

DBM is a cosmopolitan major defoliating caterpillar that hampers the successful cultivation of cole crops. The 
young caterpillars look green-creamish in colour and scrape the green tissues that turn to white patches in later 
stage. Whereas, grown up caterpillar makes holes in the leaves and cause defoliation resulting in huge crop loss. 
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Cabbage Butterfly Pieris brassicae L. 
It is the most serious defoliator of cole crops in nursery as well as in main crop. Adult lays yellowish eggs on the 
leaves in clusters. The young neonates are greenish to velvety, with yellowish lateral stripes and black spots and 
white hairs. Grown up larvae appear in gregarious form on plants and defoliates it. 

 

Cabbage Semilooper Trichoplusia ni Hubner 

Young caterpillars feed primarily on leaves and cause irregular holes. Whereas, older one feed on the tissue 
between the veins thereby skeletonising the leaves (leaving only the midribs and veins) or giving them a ragged 
appearance. Plants thus appeared severely defoliated and stunted, producing no heads/curds. 

 

Tobacco Caterpillar, Spodoptera litura (Fabricius) 

Larvae, slender green with light wavy lines, appear in cluster at early stage and individually on later stage on 
plants. Defoliation is the major damage caused by Spodoptera that resulted in considerable loss to the crops. 
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Leaf Webber: Crocidolomia binotalis 

Very serious pest at early stages of the plants as the gregarious larvae attack the tender plants and at later stage 
webs the leaf and feed by remaining inside. The apical portion will become stunted and no formation of 
head/curd. 

 

Head Borer: Hellula undalis Fabricius 

The borers attack the young developing heads of cabbage and curd of cauliflower. It bores deep inside the 
growing point/head and feed by remaining within. Faecal pellets of the pest give an indication of its presence. 
Under severe incidence of the pest, huge crop loss can be expected. 

 

Eco-Friendly Management of Insects and Pests of Cole Crop 

Before Planting: 
a. Deep ploughing in the month of summer to expose immature stages of insect pest like tobacco 
caterpillar. 
b. Hand picking and destruction of P. brassicae eggs and larvae in nursery as well as main crop to reduce 
the pest multiplication. 
c. Grow African bold seeded mustard as trap crop at 22:2 ratio (Cabbage: Mustard) to attract DBM for 
oviposition at least 10 days ahead of  planting of main crop. 

After Planting: 
a. Regular Monitoring of the plants randomly for the presence of pests on both the leaf surface as well 
as between the leaves 
b. Hand picking and destruction of leaf webber and S. litura egg masses and early instar larvae to reduce 
further multiplication of pests in the field. 
c. Hook out the head borer and destroy mechanically. 
d. Spray neem seed powder extract 4% @ every 10 days interval starting from 30 days after planting 
(DAT) and alternate spray with Neem cake (5%) – petrol extract (0.1%) to keep the pest in check. 
e. Spray neem soap 1% to manage the sucking pests at 10 days interval from 30 to 90 DAT. 
f. Spray Lipel 8 SP (Bt var. kurstaki) @ 0.2% at 15 days interval after 22-25 DAT to manage DBM. 
g. Spray Cartap hydrochloride 0.5% at 10, 20 and 30 DAS (nursery) and primordial stage against DBM. 

Encourage bio-control agents: Cotesia plutellae (Plains), Diadegma semiclausm (hills), Trichogrammatoidea 
bactrae, Diaeretiella rapae (M'intosh), Cotesia glomeratus and cocinellids, syrphid flies’ larvae and spiders by 
following above management tactics. 
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Abstract 

Green macroalgae Ulva lactuca is often known to exhibit rapid growth, higher amino acids, vitamins, proteins, 
and minerals thus, a high potential for commercial uses. In fishmeal derived protein is the most expensive 
ingredient in the feeds. Any reduction and replacement of this ingredient by an economic protein source 
capable to produce the same growth performances will significantly contribute in the lowering fish production 
cost. Since in fish feeds covers over 60% of the operating costs in an intensive aquaculture system, saving nearly 
10% on the cost of the feed is economically admissible. Additionally, the sea weed can grow in a wide range of 
temperature and salinity along with the property to change its characteristics in accordance with alterations in 
the surrounding environment, possessing such qualities it has proven its significance over recent years. 

Introduction 

Seaweeds are an excellent dietary sources of vitamins, proteins, carbohydrates, trace minerals and other 
bioactive compounds (Kumar et al., 2008). In an effort to explore the nutritional importance of seaweeds to the 
fullest, several studies have been performed to find out the biochemical and nutritional composition of different 
seaweeds collected from different parts of the world (Rupérez, 2002, McDermid and Stuercke, 2003, Ortiz et 
al., 2006, Marsham et al., 2007, Chakraborty and Santra, 2008, Matanjun et al., 2009). 

Recent decades have shown aquaculture as one of the fastest growing industries of food production., however 
it is also facing some challenges including reduction of coastal water pollution impact (Herbeck et al., 2013) and 
the pursuit for non-conventional ingredients to produce enhanced quality feeds (Little, Newton & Beveridge, 
2016). For Ulva lactuca seaweed, research interest has raised due to its rapid vegetative growth along with of 
high nutrient levels and has been adapted to culture in tanks (DeBusk, Blakeslee & Ryther, 1986), with multiple 
industrial applications especially human and animal nutrition (Ortiz et al., 2006; Yaich et al., 2011). The adoption 
of seaweeds in integrated multi-trophic aquaculture (IMTA) has been proposed as an alternative for 
environmental-sustainable expansion of aquaculture, being the primary food source as well as for water 
bioremediation since it has high potential to remove inorganic nutrients from wastewater (Neori et al., 2004; 
Neori, 2008; Fleurence et al., 2012). Benefits of integrated aquaculture of shrimp and green seaweeds has been 
documented for Ulva clathrata that exhibited high efficiency in eliminating the inorganic nutrients from water 
effluents (Copertino, Tormena & Seeliger, 2009), further as advancement of feed employment in white shrimp 
Litopenaeus vannamei (Cruz-Suárez et al., 2010) and in brown shrimp Farfantepenaeus californiensis (Peña 
Rodríguez et al., 2016; Peña Rodríguez et al., 2017). U. lactuca uppgraded water quality when cultured with 
western king prawn Penaeus latisulcatus (Van Khoi & Fotedar, 2011) along with L. vannamei (Brito et al., 2014); 
Caulerpa sertularioides presence ensured F. californiensis growth enhancement (Portillo-Clark et al., 2012). 

Characteristics and Properties 

Ulva lactuca is a thin flat bright green macroalgae, widely distributed world-wide in  Europe, North America 
(west and east coasts), Central America, Caribbean Islands, South America, Africa, Indian Ocean Islands, South-
west Asia, China, Pacific Islands, Australia and New Zealand. The seaweed is known to have nutritional value in 
terms of feed supplement in aquaculture in terms of growth and survival. The range of crude protein in Ulva 
species is 10-26% of dry weight while it can be found up to 47% in red seaweeds, this protein content is 
considered to be high quality protein, since the green algae (such as Ulva lactuca) contain all the essential amino 
acids (EAA) and accounted for 42.1-48.4% of the total amino acid content. (Wong and Cheung, 2000). Besides 
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being a good source of protein, pigments, minerals and vitamins, it is also especially rich in Vitamin C (Oritz et 
al., 2006 and Garcia-Casal et al., 2007). 

Table1. Scientific classification of green algae Ulva lactuca: 

Fig.1 Ulva lactuca 

Ulva lactuca and other species of Ulva like Ulva rigida, few seaweeds are potential alternative source of 
nutrients for aqua feeds (Valente et al., 2006). Even if they are containing low protein content 5-30% of the dry 
weight (Anh et al., 2013) their advantages include high nutritional values. 

Ulva-Aquaculture: Recent Decades 

The effect of this green algae on fish growth, feed efficiency and nutrient utilization have been examined for 
several species over years, which are shown in the below Table 2. including different fish species and the after-
math of studies conducted. The overall result based on recent studies suggested that Ulva can be incorporated 
in fish feed at specific and optimum levels to obtain improved growth performance without any adverse effect 
on feed efficiency or survival rate. 

Table 2. Effect of Ulva species on different fish species: 

Phylum: Chlorophyta 

Class: Ulvophyceae  

Order: Ulvales 

Family: Ulvaceae 

Genus: Ulva 

Species: U. lactuca 

Sr. no. Species Conclusions  Reference 

1 Labeo rohita Higher growth and weight increment Bindu and Shobha, 2004 

2 Dicentrarchus labrax Increased FCR Valene et al.,2006 

3 Cyprinus carpio Improved growth performance Diler et al.,2007 

4 Oreochromis niloticus Improved growth upto 5% Ulva diet Guroy et al.,2007 

5 Oreochromis niloticus Enhanced growth, feed efficiency, 
nutrient utilization and body 
composition 

Ergun et al., 2008 

6 Oreochromis sp. Improved growth performance Tawil, 2010 

7 Macrobrachium 
rosenbergii 

Enhanced digestibility and flesh quality Felix and Brindo, 2011 

8 Sparus aurata Higher mean weight and specific growth 
rate 

Emre et al.,2013 

9 Carassius auratus Improved hematology, coloration and 
growth performance  

Rama et al.,2014 

https://en.wikipedia.org/wiki/Chlorophyta
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Conclusion 

In the past decades based on the studies conducted it can be concluded that, role of Ulva lactuca and other 
Ulva species have significantly modified in aquaculture practices from being a potent feed supplement for 
growth improvement and enhanced digestibility to an immunity booster, anxiolytic agent along with water 
bioremediation. However, the supplemented levels of the seaweed in fish meals depends completely on the 
fish species, size, age and sex. In some studies, it has been observed that supplementing Ulva in diets more than 
recommended ratio may lead to poor growth and feed utilization. Overall, it can be widely used as an economic 
and efficient feed ingredient in aquaculture. 
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The world population is projected to increase beyond 9.8 billion by the mid of 21st century. This will lead to 
increased demand for feed, food, fuel, and fibre, resulting in increased pressure on natural resources. 
Moreover, the changing climatic conditions and intensive and cereal-centric monoculture have raised several 
issues such as land degradation, soil erosion, water contamination, weed flora shift, loss of biodiversity, and the 
outbreak of insect-pest and diseases. Hence, sustaining soil health and agronomic productivity is of serious 
concern while achieving food and nutritional security, and conserving available resources (Layak et al., 2018). 
Intercropping is a sound approach for sustainable intensification of agriculture, mitigating the risk of crop 
failure, providing diverse food sources, and enhancing household income. Inclusion of legume crops in cereal-
based cropping systems can result in increased yields, nutrient use efficiency, N accumulation, mobilization of 
P and other essential nutrients, and reduced pest and disease occurrence (Mthembu et al., 2019). Further, 
legumes as intercrop can lead to higher C sequestration and enrich soil fertility and biodiversity. Hence, 
intercropping has great potential to address the key issues related to modern agriculture and helps to develop 
a sustainable and productive system. 

Definition of Intercropping 

Intercropping is the practice of growing two or more crops simultaneously on the same piece of land at the 
same time with a definite row arrangement. For example, raising maize + black gram in 4:2 row ratio i.e. after 
every 4 rows of maize, 2 rows of black gram are sown. The basic principles of intercropping are to maximize the 
use of complementary resources (i.e. canopy and root architecture), N fixation, acquisition of P and 
micronutrients, and sharing of mycorrhizal association with other crops (Mthembu et al., 2019). 

Types of Intercropping 

Based on the percentage of plant population of base crop and component crops in intercropping systems, it is 
divided into two series (Das et al., 2019); and based on the spatial arrangement it is categorized into four types 
(Mthembu et al., 2019). 

 
Fig.1 Maize + Pigeon pea (1:1) intercropping system 
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1. Additive Series: In this system, the main crop (base crop) is sown with its 100% recommended population as 
in pure stand, while the associated intercrop, known as component crop is introduced by altering the geometry 
of the base crop, e.g. maize + black gram/ soybean in 1:1 ratio (Fig. 1).  The land equivalent ratio (LER) of this 
series always remains greater than unity. This type of series is commonly adopted in India and other developing 
countries. 

2. Replacement Series: In this series, both the crops are called component crops and none of the crops are 
sown with their 100% recommended population in pure stand. By sacrificing some proportion of the population 
of one component crop, another component crop is introduced.  For example, sowing of maize + black 
gram/soybean in 2:2 row ratios (Fig. 2). LER is not beneficial in this series. It is commonly practiced to get 
diversified products and to improve forage quality. 

 
Fig. 2 Maize + soybean (2:2) intercropping system (Das et al., 2019) 

Types of Intercropping Based on Spatial Arrangement 

1. Row intercropping: Cultivating two or more crops simultaneously in the same field where at least one crop 
is planted in regular rows. This is the commonly followed agricultural practice for optimization of productivity 
and resource use efficiency. 

2. Strip intercropping: Growing two or more crops simultaneously in different adjacent strips wide enough to 
permit independent cultivation but narrow enough to allow interaction between different species and 
management with modern equipment.  

3. Mixed intercropping: Cultivating two or more crops simultaneously with no distinct row arrangement is 
known as mixed cropping. In this practice, the seeds of different crops are mixed before planting and then sown 
through the broadcasting of seeds in the field. This is mainly practiced by small and resource-poor farmers to 
meet the diverse demand for food of their families.  

4. Relay intercropping: Growing two or more crops simultaneously during part of the life cycle of each is termed 
as relay intercropping. The succeeding crop is sown into standing preceding crop when it reaches at maturity 
stage or before the harvesting. Relay cropping is the most suitable practice for the areas where the window 
period between the harvesting of the first crop and sowing of the next crop is very short. This facilitates timely 
sowing of the second crop as well as efficient utilization of soil moisture. 

Principles of Intercropping 

For successful cereal + legume intercropping, the following principles should be followed: 
1. There should be minimum competition between base crop and component crop for resources viz solar 
radiation, water, nutrients, etc.  
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2. The peak period of growth of the two crops should not be overlap and the time of peak nutrient demands of 
component crops should not coincide. For example, maize [50 days after sowing (DAS)] + green gram/black 
gram (35 DAS) intercropping.  
3. There should be complementary interaction between the main crop and component crop for resource 
utilization in both time and space. For example, legume intercrop in cereal provides N to the associated crop 
through biological N fixation. 
4. A difference of at least 30 days should exist between the harvesting of base and component crops to limit 
the competition. 

Benefits of Intercropping 

Intercropping has the potential to improve agricultural productivity and sustaining soil health. It is one of the 
best practices for enhancing resource use efficiency and production under rainfed conditions also. The limiting 
resources viz land, water, sunlight, and nutrients are more efficiently utilized in intercropping systems over the 
respective sole cropping. Chen et al. (2017) observed 103.7% higher nitrogen use efficiency in maize–soybean 
intercropping study under reduced nitrogen compared with sole crop under synthetic nitrogen use. The water 
use efficiency was increased by 54.7% and 46.9% in sorghum + cowpea and sorghum + bottle gourd 
intercropping, respectively over sole cropping (Chimonyo et al., 2016).  The land-use efficiency was enhanced 
by 17–53% in the intercropping system compared with sole crops. Further, maize + peanut intercropping has 
been reported to increase the nutrient (N and P) supply and soil microbial diversity which plays a crucial role in 
plant health and soil fertility (Li et al., 2018). Cong et al. (2015) reported that increased root biomass under the 
intercropping system enhanced the soil organic carbon by up to 4% and soil organic N by 11 % in the upper 20 
cm soil strata. 

Intercropping also helps to control the incidence of insect-pest and diseases. It facilitates habitat for various 
insects and soil flora and fauna that may not present in sole crop environment. Thus, biodiversity can be 
increased which in turn helps to bound outbreaks of pests through enhancing diversity and population of 
natural enemies. It has been reported that wheat + faba bean intercropping reduced wheat powdery mildew 
by 26-49% compared with sole wheat (Boudreau, 2013). Maize intercropping in beans decreased the infestation 
of black aphid (Aphis fabae) on beans. Also, the population of whiteflies and thrips was suppressed when 
cowpea intercropped with cotton and produced a higher yield (Dwivedi et al., 2015). Moreover, intercropping 
helps in reducing runoff and soil erosion by providing greater vegetative cover on the soil surface.  

Intercropping is also effective in reducing the negative impact of weeds on crop production by suppressing weed 
growth and density. It has been reported that maize + cowpea intercropping reduced the weed biomass by up 
to 49.5% compared with sole maize. Thus, the efficient utilization of resources, improved soil fertility, and 
reduced weed biomass leads to higher system productivity and profitability under the intercropping system. 
Das et al. (2019) reported 47.4% and 43.8% higher maize equivalent yield in maize + groundnut (2:2) and maize 
+ soybean (2:2) intercropping system, respectively over sole maize. It has been reported that legume-based 
intercropping enhanced resource productivity and farm income by 10-14% and 52-75%, respectively over the 
traditional mixed farming system. Further, about 57% higher monetary benefits have been reported in sorghum 
+ soybean intercropping system grown in replacement series (Duvaada and Maitra, 2020). Thus, intercropping 
can contribute to multiple ecosystem services through efficient utilization of available resources and increased 
agricultural production. 

Conclusion 

Intercropping is a potential strategy for the ecological intensification of agriculture as it can strengthen multiple 
agro-ecosystem services. Besides increasing system productivity and sustainability, intercropping also enhance 
farmers’ income, generates employment, and reduces the risks of aberrant weather and climate change. 
Intercropping of legumes with cereals enriches soil fertility, conserve natural resources, reduce the incidence 



 

 
Volume 2 - Issue 12 - December 2020       398 | P a g e  
 

of insect-pests and diseases, and suppress weed growth and density. Thus, intercropping can facilitates various 
ecosystem services by increasing yields, soil quality, and C sequestration. 
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Introduction 

Maintaining the quality of seed is dependent on many environmental factors, some of which are moisture, 
temperature, humidity, and storage conditions. Even though these factors are properly accounted for, seed 
quality may still be reduced by certain seed borne diseases or destroyed by insects and other pests. The most 
economical and efficient way to protect seed from these pests and improve seed quality is seed treated with 
one or more pesticides. Since pesticides/ fungicides are poisonous, extra care and safety precautions must be 
taken when applying them and in handling seed after it has been treated. Seed treatment refers to the 
application of fungicide, insecticide or both to the seeds to disinfect (deep seeded) and disinfest (over seed 
coat) them from seed borne or soil borne pathogenic organisms. 

Benefits of Seed Treatment 

1. Seed treatment prevent the spreading of plant diseases both systemic and non-systemic.  
2. Seed protected to seed rot and seedling blights by seed treatment.  
3. Improves germination. 
4. Provides protection from storage insects and pests. 

In this practical we will learn about methods of vegetable seed treatment with fungicides to manage fungal 
diseases of vegetable crops. The most common fungal diseases of vegetables are:  
1. Rot: Different parts of the plant decay and rot. Soft plant tissue and bad smell characterize the process. eg. 
Black rot, Black leg in cole crop, Collecotrichum fruit rot in eggplant.  
2. Leaf spot: Spots of different colors and increasing size appear on the leaf surrounded by a yellow border.  
3. Rust: Rust or metal like spots on the underside of the leaves.  
4. Blight: Blight effect symptom appear on leave makes brown to black coloured circular spots and also appear 
on the fruit. eg. Phomopsis blight in brinjal.  
5. Powdery mildew: Its symptom showed on the upper surface of the leaves appear light coloured powder. eg. 
in cucurbits, peas. 
6. Downy mildew: Soft, grey growth on the lower surface of the leaves cause dead spots on the upper surface. 
eg. In cucurbits.  
7. Damping-off: Seedling’s disease in most of vegetable crops finally seedlings bottom side of stem dries out 
and ultimately the seedlings fall over.  
8. Anthracnose: On the leaves and fruits appears brown to black colour spots. eg. Anthracnose in chilli and 
beans. 

Fungicide 

A chemical or physical agent that play role as kills or inhibits the growth of fungi known as a fungicide. Fungicides 
are applied to seed prior to planting and also sprayed to provide effective protection against many seed and 
soil-borne plant pathogens. For the control of various seed rots and seedling blights fungicides apply during 
storage or after planting.  
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The information on the label read and analyse before using any fungicide and it about the product, including 
ingredients (active and inert), a warning statement (such as: Danger-Keep Out of Reach of Children or Poison 
and Handle with Care), antidotes, the kind of seed to treat, the kind of pests controlled, the necessary care in 
handling and use of the treated seed, and a disclaimer or warranty clause. 

Fungicides have at Least Three Names, all of which can be Found on the Label 
1. Active ingredient (a.i.): It is the active component of a fungicide. A single active ingredient may be marketed 
with numerous different trade names.  
2. Chemical name: It is the name of the active ingredient in a fungicide, e.g., Methyl 1H-benzimidazol-2-
ylcarbamate. 
3. Common name: It is not as much of technical term for the active ingredient (e.g., Carbendazim).  
4. Trade name: It is patented name of product i.e. have commercial availability (e.g., Bavistin). 

Procedure / Methodology 

Fungus control done by the seeds are treated with thiram, chloropyriphos, carbandazim, mancozeb and captan. 

Vegetable seed treatment with fungicides protects the seeds/ seedlings from the common soil inhibiting fungi 
that may cause various diseases. Seeds should be treated according to label directions. Be sure to check seed 
package labels for seed treatment to avoid double treatments (in case the purchased seed is already treated). 

There are Two Methods of Using Chemicals 

1. Dry/ Dust method: Place the seed and chemical in a closed container and agitate vigorously for several 24 
minutes until the seed is uniformly coated with dust. Best results are obtained when the container is twice the 
volume of the seed to be treated.  

2. Wet/ Slurry method: When the pathogen living inside the seed this method recommended for the killing the 
pathogen. Add sufficient water to a wettable powdery formulation of the selected fungicide to make a sloppy 
paste and seed placed in the slurry and stir or swirl until the seeds are systematically coated. Dry the seed before 
planting. Do not over dose.  

Mostly 2-2.5g/ kg of seeds are used in dry method and 2-2.5g/ litre of solution is required in wet method to 
treat the seeds.  

Table 1: Recommendations of seed treatment for different crops. 

S. N. Name of Crop Disease Seed Treatment 

1. Tomato Soil borne infection of 
fungal diseases. i.e. 
Early blight & Damping 
off  

Trichoderma viride @ 2 g/100g seed. Captan 
75 WS @ 1.5 to 2.0 g a.i./litre for soil 
drenching. 

2. Chillies Anthracnose Damping 
off  

Seed treatment with Trichoderma viride 
4g/kg, Carbandazim @ 1g/100 g seed. 

3. Cruciferous vegetables 
(Cabbage, Cauliflower, 
Broccoli, Knol-khol, Radish) 

Soil/ Seed borne 
diseases (Damping off)  

Seed treatment with Trichoderma viridi @ 
2g/ 100g seeds Captan 75% WS @ 1.5 to 
2.5g a.i./ litre for soil drenching. 

4. Pea  Root rot  
White rot 

Seed treatment with Carbendazim or 
Captan @ 2g/ kg seed Thiram + 
Carbendazim @ 2g/ kg seed. Carbendazim 
or Captan @ 2g/ kg seed 

5. Leguminous vegetables  Soil borne infection Trichoderma viride @ 2g/ 100g seed 
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6. Potato Soil and Tuber borne 
diseases 

Seed treatment with MEMC 3% WS@ 0.25% 
or boric acid 3% for 20 minutes before 
storage.  

Precautions 

Precautions to be taken while treating the seeds with chemicals are as follows: 
1. All chemicals used for seed treatment are poisonous to man and animals when taken internally. Some may 
cause mild to severe skin irritation if come in contact with skin.  
2. Avoid inhaling the dusts or fumes.  
3. Treat seed outdoors or in a well-ventilated room.  
4. Wear protective clothing, eye wear and rubber gloves to reduce the risk of exposure with body parts of the 
user.  
5. After treatment or at frequent intervals, wash exposed skin with soap and water.  
6. Carefully mark treated seed and do not use it for feed, food, or oil purposes.  
7. Keep seed-treatment chemicals in a locked cabinet in their original containers.  
8. Make sure that containers used for treated seed are thoroughly cleaned before they are reused as seed bags. 
Never use such bags for feed or food.  
9. Follow the manufacturer’s directions given on the container regarding concentration, dosage, mixing and 
other handling precautions. 
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Abstract 

Moringa oleifera, native to India, grows in the tropical and subtropical regions of the world. It is commonly 
known as ‘drumstick tree’ or ‘horseradish tree’. Moringa can withstand both severe drought and mild frost 
conditions and hence widely cultivated across the world. With its high nutritive values, every part of the tree is 
suitable for either nutritional or commercial purposes. The leaves are rich in minerals, vitamins and other 
essential phytochemicals. Extracts from the leaves are used to treat malnutrition, augment breast milk in 
lactating mothers. It is used as potential antioxidant, anticancer, anti-inflammatory, ant diabetic and 
antimicrobial agent. Moringa oleifera seed, a natural coagulant is extensively used in water treatment. The 
scientific effort of this research provides insights on the use of Moringa as a cure for diabetes and cancer and 
fortification of Moringa in commercial products. This review explores the use of Moringa across disciplines for 
its medicinal value and deals with cultivation, nutrition, commercial and prominent pharmacological properties 
of this “Miracle Tree”. 

Keywords: Moringa Oleifera, Miracle Tree, Antidiabetic, Anticancer. 

 
Figure 1: Leaves of Drumstick 

Introduction 

Moringa obtains its name from the Tamil word, murungai, denotes twisted pod. This humble vegetable is used 
extensively in Indian culinary dishes for more than a hundred years. Be it delectable sambhar or avail, or any 
meat curry, soups, pickles etc., drumstick renders its unique flavor to the dishes. 

Moringa Oleifera or drumstick, a drought-resistant tree belongs to the family Moringaceae. It is native to 
tropical regions of South Asia and India is the largest producer of the drumstick. It is also grown in other Asian 
countries like Philippines, Sri Lanka, Malaysia Indonesia and Taiwan, the World Centre of Vegetable Research. 

Moringa, a slender, deciduous tree grows to a height to 10-12 m and a trunk diameter of 45cm. Young shoots 
have purplish hairy bark and drooping branches that are fragile, and leaves look like feathery foliage of trip 
innate. The aromatic flowers are surrounded by five unevenly, thinly veined yellowish-white petals. Generally, 



 

 
Volume 2 - Issue 12 - December 2020       403 | P a g e  
 

the tree begins to flower after six months of the plantation. In a seasonal climate with good rainfall, flowering 
can happen twice or all-round the year. 

The fruit looks like a three-sided brown capsule with a dark brown globular seed with three whitish papery 
wings which gets diapered by wind and water. Moringa is a sun-loving plant that can withstand the dry climate 
and can be grown using very minimal irrigation. 

Drumstick is also known by several vernacular names such as shevaga in Marathi, shajan in Hindi, murungai in 
Tamil, muringnga in Malayalam and munagakaya in Telugu. Drumstick is highly prized as every single part of the 
tree is valued and used as a superfood that beat chronic diseases or as a vital component in traditional medicine. 
The drumstick tree is imbedded with profuse nutrients and antioxidants that offer you with a plethora of 
wellness incentives. 

 
Figure 2: Drumstick with properties 

Nutrition Benefits 

Drumstick pods and leaves are a storehouse of essential nutrients, whereas the leaves are the most nutrient 
part of the plant and one of the finest sources of calcium, iron, zinc, selenium and magnesium.  Fresh pods and 
seeds are a great source of oleic acid, a healthy fatty acid which is known to promote heart health. Moringa 
leaves are unique among all the greens as it is heaped with a good amount of protein about 9.8 gram of protein 
per 100 grams. Dry powdered leaves are an amazing source of good quality essential amino acids. 

Nutritional Value of Drumstick Per 100 grams 

Energy - 64 kcal, Carbohydrates - 8.28 g, Dietary Fibre - 2.0 g. 
Protein - 9.40 g, Fat - 1.40 g. 

Vitamins 

Vitamin A - 378 μg, Thiamine (B1)  -  0.257 mg, Riboflavin (B2) - 0.660 mg. 
Niacin (B3) 2.220 mg, Pantothenic acid (B5) - 0.125 mg, Vitamin B6 - 1.2 mg. 
Folate (B9) 40 μg, Vitamin C 51.7 mg. 

Minerals 

Calcium - 185 mg, Iron - 4.00 mg, Magnesium - 147 mg 
Magnesium 147 mg, Manganese - 0.36 mg, Phosphorus - 112 mg 
Potassium - 337 mg, Sodium - 9 mg, Zinc - 0.6 mg. 

*Source as Per the USDA. 

Leaves Nutrition 

Moringa leaves are an incredible source of essential vitamins such as vitamin B complex, C, K and beta carotene. 
The leaves are imbued with a rich array of minerals like calcium, iron, zinc, manganese and magnesium and a 
good amount of protein and dietary fibre. Moringa leaves are a powerhouse of antioxidants quercetin and 
chlorogenic acid. Moreover, moringa leaves supplement are well-known to enhance blood antioxidant levels. 
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Seeds Nutrition 

Seeds are mostly used to extract oil and the mature pods are roasted and enjoyed as a snack like peas or nuts 
which comes with a high amount of vitamin C, B and minerals. 

Uses of Drumstick 

Drumstick is praised as a tree of life as almost all the parts of the tree are beneficial and used for various 
purposes. The edible parts of the tree include leaves, stalks, stems, immature green fruit or seed pods, aromatic 
flower and young seeds and roots are made into nutritious and delicious dishes. 

The mature seeds yield edible oil called ben oil, which is odourless, clear with high strength of benefic acid and 
resists rancidity. Seed cake after oil extraction is used as manure or as a flock to purify water. The shredded root 
with a distinct flavour is used as a condiment. Furthermore, the bark, sap, roots, leaves, seeds and flower find 
a prominent place in traditional medicine. 

For Pregnancy and Lactation 

Drumstick comes with a nutrient punch such as vitamins A, C, K, B and minerals -iron, calcium and magnesium 
and a good source of fiber and protein all of which are beneficial in promoting the overall health of pregnant 
women. Adding drumstick in the diet can help pregnant women to combat symptoms of morning sickness and 
make them feel energetic. Furthermore, the richness of folate in drumstick can avert the risk of spina bifida a 
neural tubal defect which may lead to serious birth defects in the new-born. Moringa leaves juice blended with 
ghee is given to women post-delivery which improves the secretion of breast milk. 

Nutritional Facts 

Drumstick loaded with iron, calcium and essential vitamins, fiber and antioxidants fight infections, bolster 
immunity and keep diseases at bay. Peanuts loaded with protein and healthy fats boost heart health and 
promote weight loss. Onions are a storehouse of antioxidants controls blood sugar levels and promote digestive 
health. Turmeric is a potent anti-inflammatory and antibacterial agent that fights inflammation. Tamarind 
renders a tangy flavour to the dish. 

 
Figure 3: Bundle of Drumsticks 

Health Benefits 

1. Strengthens Bone: Drumstick being an incredible source of essential mineral’s calcium, iron and phosphorus, 
strengthens the bones in growing children. Regular addition of drumstick in the diet also reinstates bone density 
in older people and easing the symptoms of osteoporosis. Potent anti-inflammatory properties of drumstick are 
beneficial in treating conditions like arthritis and also heal minor bone fractures. 

2. Augments Immune System: High on vitamin C and antioxidants, drumstick helps to combat against common 
cold, flu and stave off several common infections. The anti-inflammatory and anti-bacterial properties of 
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drumstick assist in lessening the symptoms of asthma, cough, wheezing and other respiratory problems. For 
quick relief from common cough and other illnesses relish drumstick soup to bolster the immune system and 
keep diseases at bay. 

3. Promotes Gut Health: Drumstick blessed with a richness of essential B vitamins like thiamine, riboflavin, 
niacin and vitamin B12 plays a crucial role in stimulating the secretion of digestive juices and helps in the smooth 
functioning of the digestive system. It also aids the digestion process by helping in the breakdown of carbs, 
protein and fat into simpler forms. Moreover, the umpteen amount of fibre in drumsticks regularize the bowel 
movement and maintains the gut health. 

4. Regulates Hypertension: The goodness of bioactive compounds niaziminin and isothiocyanate in drumstick 
assists to circumvent the thickening of the arteries and lessens the chance of developing high blood pressure. 
The rich antioxidant profile in drumstick improves the circulation of blood and nutrients to the heart thus 
regulating hypertension. 

5. Kidney Health: Regular addition of drumstick in the diet may help in reducing the development of stones in 
the kidney and bladder. The presence of a good number of antioxidants might help in clearing the toxins from 
the kidneys. 

6. Lowers the Risk of Cancer: Regular addition of drumstick to your meal plan is a great way to boosts up the 
antioxidant profile. The abundance of vitamins A, C, beta-carotene and niazimicin help in suppressing the 
formation of cancer cells. In addition, the rich antioxidant profile scavenges the free radicals and averts 
oxidative damage to cells. 

7. Improves Liver Health: The liver is the vital organ that is responsible for flushing out the toxins from the 
system and supports the gall bladder in bile secretion. The hepatoprotective function of the drumstick shield 
the liver from harmful toxins. Drumstick stimulates the production of glutathione – the detox antioxidants 
known to counter free radicals that increase the stress to the liver. Furthermore, the drumstick is valuable in 
shielding the liver against the damage caused by ant-tubercular drugs and speeds up the healing process. 

8. Cures Edema: Edema is a condition where fluid builds up in specific tissues in the body and it is painful. The 
natural analgesic and anti-inflammatory properties of drumstick can lessen the swelling and also modulate the 
immune response, thus averting further aggravation of the condition. 

9. Fights Infection: The potent anti-fungal, anti-bacterial and anti-inflammatory properties of drumstick are 
efficient in battling infections caused by E. coli, salmonella and Rhizopus. The superior anti-bacterial profile of 
drumstick is beneficial in preventing infections of the throat, chest and skin. Drumstick contains quercetin the 
potent antioxidant which is efficient in treating tuberculosis. Moreover, it is also valuable in treating fungal skin 
ailment. 

10. Regulates Diabetes: Drumsticks being naturally low in calories and heaped with essential minerals, vitamins 
and fibre help to significantly bring down blood sugar spikes. Several studies reveal that the plant compound 
isothiocyanates in moringa are effective in reducing weight, improving glucose tolerance and regulating blood 
sugar levels. 

11. Promotes Good Vision: The richness of antioxidants in drumstick is beneficial in treating cataracts and dry 
eyes. The eye-friendly nutrients in drumstick avert the thickening of the capillary membrane and impede retinal 
dysfunction. 

Benefits of Drumstick for Pregnancy and Lactation 

Drumstick comes with a nutrient punch such as vitamins A, C, K, B and minerals -iron, calcium and magnesium 
and a good source of fibre and protein all of which are beneficial in promoting the overall health of pregnant 
women. Adding drumstick in the diet can help pregnant women to combat symptoms of morning sickness and 
make them feel energetic. Furthermore, the richness of folate in drumstick can avert the risk of spina bifida a 
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neural tubal defect which may lead to serious birth defects in the new-born. Moringa leaves juice blended with 
ghee is given to women post-delivery which improves the secretion of breast milk. 

Enhances Skin Health 

Moringa is now a popular ingredient in most of the beauty products which promote skin glow and health owing 
to its incredible nutritional profile. Drumstick extracts have hydrating and cleansing properties that counteract 
the skin against the harmful effects of pollutants. 

 
Figure 4: Drumstick for skin care 

Delays Sign of Ageing 

Moringa oil and leaf powder work as an amazing natural remedy to lessen wrinkles, blemishes and firm up the 
skin tone. Apply moringa leaf paste on the skin and allow it to stay for 15 minutes and rinse, this enhances the 
skin complexion and makes you look younger. 

Remedies Acne 

The potent antibacterial properties of moringa are effective in preventing acne break out. The goodness of 
collagen protein in drumstick also acts on large pores of the skin and tightens the skin. Taking moringa leaf or 
pod powder is helpful in purifying the blood which ultimately makes the skin clearer and healthier. 

Drumstick for Improving Sperm Count and Vitality 

Drumstick is a highly prized vegetable for its immense nutrient makes up. It is a time-tested remedy for 
improving vitality and sexual vigour. Drumstick possesses aphrodisiac properties that help in improving libido 
and treating erectile dysfunction. A study published in the American Journal of Neuroscience reveals that 
drumstick exhibited amazing aphrodisiac property and improves the testosterone levels, increasing sexual 
virality and libido. Furthermore, Ayurveda recommends including drumstick flowers to improve the sperm 
count and treat ED. 

An easy way to improve vitality , fertility and sperm count is to add this humble vegetable in your diet, be it 
sambhar, subzi, soup, curry or salad to harness the wellness perks. 

Nutritional Facts 

Drumstick loaded with iron, calcium and essential vitamins, fibre and antioxidants fight infections, bolsters 
immunity and keep diseases at bay. Peanuts loaded with protein and healthy fats boost heart health and 
promote weight loss. Onions are a storehouse of antioxidants controls blood sugar levels and promote digestive 
health. Turmeric is a potent anti-inflammatory and antibacterial agent that fights inflammation. Tamarind 
renders a tangy flavour to the dish. 
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Figure 5:  Drumstick with seeds 

Conclusion 

Drumstick is highly valued for its indispensable therapeutic properties and nutritional benefits. This versatile 
vegetable is imbued with immense amounts of essentials vitamins A, C, K, B complex and minerals iron, calcium, 
magnesium to name a few. Regular addition of drumstick in the diet is well-known to control diabetes and high 
blood pressure fortifies the bone, improves skin health, treats erectile dysfunction and enhances libido. Right 
from the root, bark, leaves, pod, flowers, fruits and seeds are used extensively in traditional medicine. 
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Introduction 

Diapause is a delay in development evolved in response to regularly recurring periods of adverse environmental 
conditions. It is not referable to immediately prevailing adverse environmental conditions, and thus differs from 
delay produced by currently adverse conditions such as low temperature.  Diapause also contributes to the 
synchronization of adult emergence so that the chances of finding a mate are considerably improved. 

Types of Diapause 

Diapause can be categorized according to seasonal variations as aestivation (summer diapause) or hibernation 
(winter diapause); or according to life stages as an egg (embryonic), larval, nymphal or adult (imaginal, 
reproductive) diapause; or according to the influence of environmental factors as obligatory and facultative 
diapause. Depending on the species, diapause can occur at different stages, such as embryonic, larval, pupal or 
adult stages. For example, silkworm moth (Bombyx mori) overwinters in embryo stage, just before 
segmentation. The gypsy moth (Lymantia dispar) enters diapause as a fully formed larva with hatching occurring 
immediately after diapause ends. Obligate diapause is often universal, resulting in strictly univoltine life cycle 
with every individual in every generation experiencing diapause, irrespective of any possible environmental 
variations. On the other hand, facultative diapause occurs due to environmental variations and results in a 
multivoltine life cycle. In this life cycle, one or more generations in which few individuals enter diapause 
alternate with a generation in which all or nearly all the individuals enter diapause. But in a particular 
environment (usually near the limit of geographic distribution of a species), facultative diapause may result in 
a virtual univoltine life cycle in which most individuals in every generation enter diapause. According to 
physiological and ecological mechanisms of its incidence and termination, diapause can be classified into three 
types: parapause (an obligatory hereditary arrest of development or activity arising in every generation at a 
species specific instar), oligopause (an arrest of development or activity with control of its induction, 
maintenance and termination, similar for all these periods) and eudiapause (a facultative arrest of development 
or activity with different controlling mechanisms of induction and termination, e.g., through photoperiod and 
chilling, respectively. 

Intensity of Diapause 

Diapause is also immensely variable in its intensity; duration of diapause can be taken as a measure of intensity. 
Diapause lasts for 9-10 months in the temperate zones, and may persist for a year or more in less common 
cases. During diapause, most insects do not feed at all or, in the case of some larvae and adults, feed very little. 
This indicates that the insect must sequester sufficient food reserves in the pre-diapause phase to meet its 
metabolic needs during diapause and still have sufficient reserves remaining at the end of diapause to complete 
development and resume activity. Diapause lasting more than a year is known as prolonged or extended 
diapause, and has been documented in 64 insect species. For example, yucca moth (Prodoxus y inversus) adults 
emerge after 19 years of diapause as prepupae. In some sawflies, diapause stage lasts for 3-4 years. Extra-long 
diapause may be achieved either by entering diapause exceptionally early (premature diapause) or by 
completing diapause exceptionally late (prolonged diapause). In both the cases, induction of diapause may be 
density-dependent or density independent. 
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Phases of Diapause 

Insect diapause is a dynamic process consisting of several successive phases (Koštál,2006): 
1. Pre diapause phase: 

a. Induction Phase: Occurs during genotype specific ontogenetic stage when cues from the environment 
are perceived and transduced into switching the ontogenetic pathway from direct development to 
diapause when the token stimuli reach some critical level. 
b. Preparation Phase: Occurs where the phases of diapause induction and initiation are separated by a 
period of direct development, during which the individual is covertly programmed for later expression 
of diapause. Behavioural and physiological preparations for diapause may take place. 

2. Diapause Phase: 
a. Initiation Phase: Morphogenesis ceases, which is usually followed by regulated metabolic 
suppression. Mobile diapause stages may continue accepting food, building of energy reserves and 
seeking suitable microhabitat. 
b. Maintenance Phase: Endogenous developmental arrest persists while the environmental conditions 
are favourable for direct development. Specific token stimuli may help to prevent its termination. 
Metabolic rate is relatively low and constant. 
c. Termination Phase: Specific changes in environmental conditions accelerate or resume the decrease 
of diapause intensity to its minimum level and thus synchronize individuals within a population. By the 
end of the termination phase, a physiological state is reached, in which direct development may overtly 
resume or covert potentiality for direct development is restored but not realized. 

Post-Diapause Phase 

During Post-diapause quiescence, inhibition of development and metabolism was exogenously imposed, which 
follows the termination of diapause when conditions are not favourable  for resumption of direct 
development 

Factors Affecting Diapause 

There are number of environmental factors that can play a crucial role in completion of diapauses, such as 
temperature, photoperiod, light and water or moisture. Most studies on seasonal ecology of insects are mainly 
focused on temperature and photoperiod as major regulatory cues.  

1. Photoperiod: Diapause induction is dependent on the actual number of hours of photoperiod phases and 
duration of scotophase (a dark phase in a cycle of light and darkness). During diapause, insects rely on 
photoperiod for a period of time, but varying temperature and other environmental factors modify 
photoperiodic effects on diapause. For example, European corn borer (Ostrinia nubilalis) is a long day insect 
and larval diapause is induced by naturally occurring photoperiods with scotophases of 10-14.  

Based on photoperiodic changes, insect responses can be categorized into four classes: 
a. Species where day length is not important. These species consider only the duration of day length in 
relation to critical photoperiod. For example, the mite, Panonynchus ulmi enters diapause under 
constant short-day conditions. An increase or decrease in day length above critical photoperiods has no 
significant effect on diapause induction. (Tauber et.al, 1984). 
b. Species that respond to day length across a critical photoperiod for induction or maintenance of 
diapause. In these species, stationary photoperiods reduction in incidence of diapause. However, if 
sensitive stage experiences decrease in day length from long to short days below critical period, 
diapause is induced. This type of response is called long day-short day response and is demonstrated in 
Heliothis zea (Roach et.al, 1970) and red locust Nomadacris septemfasciata (Norri, 1965). 
c. Species that respond to day length across a critical photoperiod by averting or terminating diapause. 
In these species, stationary photoperiods (constant long or short days) response curve consists of an 
approximately straight line (100% diapause). However, if sensitive stage experiences increase in day 
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length from short days (below the critical photoperiod) to long days below critical period, diapause is 
averted or terminated. This type of response is called short day-long day response. This kind of response 
is reported in several univoltine insect species, including carabids, leafhopper, water strider and cricket 
(Tauber et.al, 1984). 
d. Species with response to changes in day length without a critical photoperiod. In above three 
categories, at least one critical photoperiod is involved for species to respond. Common green lacewing 
(Chrysoperla carnea) enters diapause, only if day length decreases abruptly (Tauber et.al, 1984).  

2. Temperature: After photoperiod, temperature is considered as an important factor which influences 
dormancy in a number of ways: (1) temperature is a major diapause inducing factor in some species; (2) it can 
modify insects response to diapause inducing photoperiods to varying degrees; (3) in some species, it is 
important for diapause maintenance; (4) it can be an active stimulus in termination of diapause. It plays a major 
role in regulating the rate of post-diapause growth. Hibernating insects have evolved a number of physiological 
and behavioral adaptations that help them tolerate extremely low temperatures. These adaptations are 
associated with diapause that helps them protect from subzero temperatures. After termination of diapause, 
insects enter a phase of normal growth and development. At this point, when insect is given optimum nutrition, 
temperature is usually the primary environmental factor, which manages the rate at which the diapause 
characteristics (e.g., fat bodies) are lost and rate at which post-diapause growth and development occur. As a 
result, temperature dependent thresholds and growth rates are often useful in predicting the timing of post-
diapause events in field, especially in computer simulations of population trends in insect pest management 
programs. 

3. Moisture: Insects undergo periods of water stress during both hibernation and aestivation, as both high and 
subzero temperatures cause available water scarcity to the insects. Two main physiological mechanisms come 
into play during drought: resistance to desiccation and tolerance to water loss. For example, during aestivation, 
eggs of grasshopper (Austroicetes cruciate) showed both mechanisms. Desert species are mostly drought hardy, 
but species inhabiting areas with seasonal droughts show adaptations to drought conditions mostly associated 
with diapauses. 

4. Food: Availability of food in nature can be an important seasonal cue for insects. Insects have evolved 
different ways to utilize alterations in food quality and quantity as factors governing dormancy. Food has been 
observed as primary diapause regulating factor for insects, mostly in aestivating insects. It can be a primary 
diapause regulating factor or can play role in interaction with temperature and photoperiod. In addition to 
aestivation, hibernating insects may also be influenced by food. Hibernal diapause is terminated in glassworm 
(Chaoborus americanus) (Bradshaw, 1970) in response to prey and long day length, and in Indian meal moth 
(Plodia interpunctella) (Tsuji, 1966) in response to rice bran extract. Food can modify photoperiodic response 
in insects by changing duration and incidence of diapauses. Senescing potato leaves caused diapause in 
Colorado potato beetle (L. decemlineata) under normal long day conditions. 

5. Insect Density: Density may have significant effect on the diapause regulation in gregarious insects. Indian 
meal moth (P. interpunctella) has dual diapause systems: density dependent to avoid mortality under crowded 
conditions and density independent to avoid mortality due to seasonal variations (Stross, 1969). 

Conclusion 

Diapause is defined as a stage in the development of certain animals during which morphological growth and 
development is suspended or greatly retarded. This phenomenon is defined by many scientists in their own 
different ways; however, the main idea remains the same. Diapause occurs at different life stages of insects, 
such as embryo, egg, larvae, pupae and adults. It is quite distinct from “quiescence”, but sometimes it may be 
difficult to discriminate between the two phenomena. Various factors, including temperature, photoperiod, 
moisture, food and geographic location control the process of diapause. Different processes, such as dormancy, 
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migration and polyphenism can be modified by diapause. Diapause termination can happen by means of 
chemicals, hormones, oxygen level, chromosome numbers, wounding and genetics. 
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The Blue Bull/Nilgai (Boselaphus tragocamelus Pallas, 1766) is a largest antelope in India; in fact, it is the largest 
antelope in Asia. Indigenous to India, it’s distributed from the foothills of Himalayas and most parts of India viz., 
Andhra Pradesh, Bihar, Chattisgarh, Gujarat, Haryana, Himachal Pradesh, Jammu and Kashmir, Madhya 
Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Uttar Pradesh, Uttaranchal, Jharkhand and West Bengal. It is 
reported in some parts as north-east India and the southernmost parts of India as well. Globally, the Nilgai are 
also reported from Nepal, Pakistan and Bangladesh. The Nilgai was introduced in to the Mexico and United 
states where they are vectors of cattle fever ticks (CFT). Nilgai (approx. a lakh) occur in human dominated 
landscapes and crop fields outside protected areas in most part of Indian subcontinents and with a steady 
population number. This stability is believed to be their adaptability to the agricultural areas, causing crop 
depredation (Chauhan, 2011; Meena, 2017). 

Systematic Position 

Phylum: Chordata. 

Class: Mammalia. 

Order: Artiodactyla. 

Family: Bovidae. 

Genus: Boselaphus. 

Species: B. tragocamelus. 

Common name: Nilgai, Blue bull. 

Study Area 

The present observations are from Cheethwari village (Figs.1-3) in Jaipur district of the state of Rajasthan. Nilgai 
were found in agricultural fields foraging, trampling, and resting in field.  The study area has cultivated fields 
with patches of scrub vegetation including the Khejri trees. 

Crop Damage 

This highly adaptive antelope intrude cropland ecosystems causing damage to the tune of 10-20%. The major 
Rabi crops cultivated in the area include wheat, barley, rapeseed, mustard, carrot, radish, fenugreek chickpea, 
pea, sesame etc. and Kharif crops are bajra, pulses, jowar, maize and groundnut. Off late, major vegetables 
crops viz. Tomato, Pea, Chilli, Brinjal, Cabbage, Cauliflower are cultivated. They nibble flowers, fruits/pods and 
in some case the entire crop is depredated. They enter in to field in herds ranging up to 10 or even 20 trampling 
the crop due to the herd movement. 

Mitigatory Measures 

The farmers are using passive deterrents such as scare crow, fencing of wooden twig surrounding the field, wire 
fencing and now most commonly mesh nets are used. The common active deterrent methods recorded were 
guarding by farmer, drum sound and pelting of stones to chase the bovid. Among all the strategies, the fear-
provoking shouts of the guarding farmers keeping vigil to chase these crop depredators is widely practiced. To 
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escape the blue bulls, take to their cursorial mode of locomotion that can reach up to 29 mph. Other 
recommendations include use of chemical repellents, capture and translocation, sustained harvesting, and 
reproductive management of nilgai populations (Chauhan, 2011). Since 2015, the Union Environment Ministry 
has acceded to requests from Uttarakhand, Himachal Pradesh, and Bihar to declare wild boar, rhesus macaque, 
and nilgai as vermin within specified territories of these States, and outside forests and protected areas. Thus, 
allowing their killing for five years, the center later sanctioned the proposal but allowed killing of the nilgai for 
only one year. (https://www.thehindu.com/opinion/op-ed/What-is-and-isn%E2%80%99t-
vermin/article14433879.ece.). 

Cultural Values 

In texas, the nilgai is a menace and popular game animal, hunted as part of game hunting events like the ‘Big 
Time Texas Hunts entries. On the contrary in India, communities like the Bishnoi and conservationist are strongly 
against any proposal for culling of nilgai or capturing them with physical force. This sacred reverence has also 
been a factor that protected it against hunting.  

Conservation Status: IUCN/WPA/Indian Status 

Nilgai, in India, comes under Schedule III of the Wildlife Protection Act, 1972. And as per Section 62 of the Wild 
Life Protection Act, the Central Government may, by notification, declare any wild animal other than those 
specified in Schedule I and Part II of Schedule II to be vermin for any area and for such period as may be specified 
therein and so long as such notification is in force, such wild animal shall be deemed to have been included in 
Schedule V.  

In the list of International Union for the Conservation of Nature and Natural Resources (IUCN), nilgai is 
categorized as an animal of ‘Least Concern’ (https://indianexpress.com/article/india/india-news-india/bihar-
intended-to-cull-nilgai-and-wild-boar-as-vermin-for-five-years-rti-3027752/.). Nilgai are often victim to 
vehicular accidents. Measures to sustain the forest habitats would minimize the herd getting into agricultural 
fields and traversing highways. 

  
Fig.1. Nilgai herd crop depredation in a horticulture 

field in Cheethwari 
Fig.2. The herd exiting the field after being chased 

by the guarding farmers 

 
Fig.3. The nibbling of crops by the herd 
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Summary 

Potato is one among the most important horticultural crops in India. Considering its nutritional value and 
potential of production, FAO has rightly identified it as a food of future. Some farmers are growing an early crop 
of potato (Kharif season) and sell it before normal harvested potato crop which fetches them premium prices. 
The agro-climatic condition of Koraput is suitable for kharif potato cultivation. Rise in prices of potato has 
propelled farmers to increase its area under cultivation during kharif season. In southern Odisha kharif potato 
cultivation is an important off-season enterprise managed by farm women. 

Introduction 

Sustainable Development Goal 5 calls for addressing gender equality and women empowerment by eliminating 
all forms of discrimination against women. By strengthening the use of gender approaches in agricultural 
technologies, this can be a step forward for farm women empowerment. It has already been established that 
gender differences exist in agricultural production in various farming systems all over the world. The ownership 
and management of farms and natural resources by men and women are often defined by culturally specific 
gender roles. Women play different roles within agricultural systems occupying different socio-economic 
positions linked to these roles, and may suffer from different vulnerabilities. These differences and 
vulnerabilities should be considered when new technologies are being developed. Evidence indicates that if 
hunger and poverty are to be alleviated, agriculture and development projects should be gender responsive 
and should take into consideration the needs, aspirations, knowledge, opportunities, constrains, and challenges 
faced by women farmers.  

Potato is one among the most important horticultural crops in India. Considering its nutritional value and 
potential of production, FAO has rightly identified it as a food of future. Potato is an Andean tuber crop that 
was originally domesticated in South America and started its worldwide dissemination after Columbus’s 
voyages brought it to Europe in 16th century. Potato was introduced to India during 17th century and gradually 
became the most important as well as widely cultivated vegetable crop of Eastern Gangetic plains of India. Being 
a crop of exotic origin, it has now become an integral part of the country. This crop is one of the most important 
tuber crops grown in India for its high production, high nutritional values, easy digestibility and many other 
industrial uses. The history of the potato is the testimony of the fact that whenever there has been scarcity of 
food grains, potato has provided the food security to the people. Potato because of its great utility occupies 
pre-eminent position among the crops and acknowledged as the ‘King of vegetables’. 

Importance and Scope 

Potato belongs to the family Solanaceae, which is also known as night shade family have chromosome no. 2n = 
4x = 48. It is grown for its immature tubers which are cooked as vegetable and consumed in variety of ways as 
chips, French fries etc. Potato tuber contains 70-82% water, 17-29% dry matter, 11-23% carbohydrate, 0.8-3% 
protein, 0.1% fat and 1.1% minerals. Potato contains high protein calorie ratio (17 g protein: 1000 kcal) and 
yield more edible energy (3 g/ha/day) and dry matter per unit area and time (470.6 kg/ha/day) compared to 
cereals. One medium sized boiled potato contains about half the daily requirement of vitamin C by adult and 
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significant amount of iron, potassium and zinc. It contains vitamins such as thiamine, riboflavin, niacin and 
vitamin C in higher proportions as compared to other important crops like rice, maize and wheat. World 
production of potato has crossed 370 Mt. China leads the world in potato production and nearly a third of 
world’s potato is harvested from China (95 Mt) and India holds the second rank with a world production share 
of 11.3% (46 Mt). In India, it constitutes 22% of total vegetable area and 28.9% of vegetable production, grown 
in an area of 2.06 Mha with a production of 52.3 mt (Fig. 1). The productivity of potato is 22.1 tha-1 in India 
which is quite low in comparison to leading potato growing countries like Netherlands, France, Germany, 
Belgium and United Kingdom. In India, the leading states in potato production are Uttar Pradesh, West Bengal, 
Bihar, Madhya Pradesh and Odisha. 

New strategies are helping to empower small-scale farmers and ensure that gender issues are incorporated in 
potato development policies and programmes. Potato is an essential crop and has received great attention in 
the recent past, as it fits well in the multiple and inter cropping systems. Women across the world are actively 
involved in potato cultivation. Their participation varies in different degrees in operations like sowing, soil 
raising, harvesting, shorting, grading, processing etc. In the plains of India potato is mainly grown during autumn 
from October to January under short day conditions. 

Kharif Potato Cultivation 

In Odisha, potato is cultivated in an area of 15,810 ha area with a production of 3 lakh tonnes (Fig. 2 and 3) 
accordingly average productivity is only 12.02 t/ha which is far below the national average. This is despite the 
fact that the state is blessed with good edaphic and climatic conditions for potato cultivation, whereas the 
average productivity of its neighbouring states like West Bengal and Bihar is much higher.  

Due to heavy demand of potato in Odisha against a meagre production there is much dependence on West 
Bengal for potato as an essential merchandise. The Agriculture Department has laid stress on potato production 
and productivity under National Potato Mission to bridge the gap. Moreover, the commodity has been put 
under public distribution system (PDS) and being regulated by essential commodity act.  

Koraput district in Odisha lies in 82o56’ E longitude and 19o 45’ N latitude with an elevation range of 900 m to 
1258 m above msl. The topography of the region is undulating to steeply sloping (up to 100%).  The climate of 
the region is warm and humid with an annual mean maximum and minimum temperature of 35.8oC and 7.6oC, 
respectively. 

The normal annual rainfall is 1550 mm which is received in 77 rainy days. About 81% of the total rainfall is 
received from June to September (South-West monsoon). Agriculture is primarily of subsistence nature and 
largely rainfed. Intensive agriculture is limited to Jhola lands, which are bestowed with perennial streams. 
Sloping uplands (beda) lands are used for cultivation of potato and other vegetables. Koraput district possess 
potato crop area of 402 ha with a production of 577 tonnes. The productivity of potato in the district is far below 
(8.5 t/ha) the national average.  

Under irrigated conditions, potato raised in Koraput region is normally planted in second week of November 
and harvested from mid-February to March. Potato growers often face the problem of glut and lower market 
price mainly due to bulk arrival of potatoes from other states during this peak period. 

During south-west monsoon a larger chunk of medium sloping lands remains fallow despite of having good 
potential to support vegetable production even under heavy rainfall; otherwise leading to water erosion-based 
soil-nutrient losses. To avoid this situation, some farmers are growing an early crop of potato (Kharif season) 
and sell it before normal harvested potato crop which fetches them premium prices.  

The agro-climatic condition of Koraput is suitable for kharif potato cultivation. Rise in prices of potato has 
propelled farmers to increase its area under cultivation during kharif season. In southern Odisha kharif potato 
cultivation is an important off-season enterprise managed by farm women.  
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Kharif Potato is mainly grown in the hills and plateau region of India. In the hills it is grown in J&K, Uttarakhand, 
HP and NE and Southern hills and accounts for about 5% of the total area under the crop (1.9 mha). In the 
plateau it is grown in Madhya Pradesh, Jharkhand, Chattisgarh, Odisha, Maharashtra and Karnataka and 
accounts for about 8% of the total area under the crop. The spread of the crop in Sikkim, Arunachal Pradesh, 
Meghalaya, Bihar, Nagaland, HP and Manipur is very high but except for Tripura, the productivity is quite low. 
The spread as well as productivity is quite low in Karnataka, Maharashtra, Orissa, J&K and Mizoram. The package 
of practices of raising kharif potato is same as of main season with use of recommended varieties suitable for 
southern hills (Kufri Himalini, Kufri Surya and Kufri Pushkar) along with the disease control needs specific care. 

Future Thrusts 

1. Technical feasibility of several new cropping systems with kharif potato has to be evaluated. 
2. Intensification and adaptation of these systems in different agro-ecosystems are needed for the growth of 
potato. 
3. For wider adaptability, fine-tuning of the package of practices of potato-based cropping system in different 
regions is required to ensure long term sustainability. 
4. The impact of global climate change on potato production and cropping systems in India needs to be assessed 
urgently for timely action. 
5. Inclusion of potato in agro-forestry, horticulture, medicinal and aromatic plants based inter and sequential 
cropping systems need to be explored to further increase the potato acreage. 
6. Identification of best kharif season potato varieties for cultivation in southern Odisha. 

Conservation Status: IUCN/WPA/Indian Status 

Nilgai, in India, comes under Schedule III of the Wildlife Protection Act, 1972. And as per Section 62 of the Wild 
Life Protection Act, the Central Government may, by notification, declare any wild animal other than those 
specified in Schedule I and Part II of Schedule II to be vermin for any area and for such period as may be specified 
therein and so long as such notification is in force, such wild animal shall be deemed to have been included in 
Schedule V.  

In the list of International Union for the Conservation of Nature and Natural Resources (IUCN), nilgai is 
categorized as an animal of ‘Least Concern’ (https://indianexpress.com/article/india/india-news-india/bihar-
intended-to-cull-nilgai-and-wild-boar-as-vermin-for-five-years-rti-3027752/.). Nilgai are often victim to 
vehicular accidents. Measures to sustain the forest habitats would minimize the herd getting into agricultural 
fields and traversing highways. 

Suitable varieties for kharif season cultivation 

• For Bihar, WB, Jharkhand and Odisha: Kufri Jyoti, Kufri Pukhraj, Kufri Pushkar, Kufri Surya, Kufri 
Chandramukhi, Kufri Ashok and Kufri Chipsona 3. 

• For Southern hills: Kufri Jyoti, Kufri Swarna, Kufri Pukhraj, Kufri Himalini and Kufri Himsona. 

 

Item  Details  

Name of variety Kufri Surya.  

Characteristics and special features. Suitable for early planting in plains. Suitable for making French 
fries. Easy to cook, texture waxy, flavour mild, free from after-
cooking discoloration. Immune to wart and tolerant to hopper 
burn and heat. 

 Suitable growing reason and season. Early maturity variety and suitable for cultivation in North Indian 
plains and plateau. 



 

 
Volume 2 - Issue 12 - December 2020       418 | P a g e  
 

 

Item  Details  

Name of variety Kufri Himalini  

Characteristics and special features. Easy to cook, texture waxy, flavour mild, free from after-cooking 
discoloration. Moderately resistant to late blight. 

 Suitable growing reason and season. Suitable for cultivation in North Indian hills.  

Image.  

 

Source: Central Potato Research Institutue, Shimla 

Item  Details  

Name of variety Kufri Pushkar.  

Characteristics and special features. Easy to cook, texture waxy, flavour mild, free from after-cooking 
discoloration. Moderately resistant to late blight.  Immune to 
wart. 

 Suitable growing reason and season. Suitable for cultivation in North Indian plains.  

Image.  

 

Source: Central Potato Research Institutue, Shimla 
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Image.  

 

Source: Central Potato Research Institutue, Shimla 
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Summary 

Potato is one among the most important horticultural crops in India. Considering its nutritional value and 
potential of production, FAO has rightly identified it as a food of future. Some farmers are growing an early crop 
of potato (Kharif season) and sell it before normal harvested potato crop which fetches them premium prices. 
The agro-climatic condition of Koraput is suitable for kharif potato cultivation. Rise in prices of potato has 
propelled farmers to increase its area under cultivation during kharif season. In southern Odisha kharif potato 
cultivation is an important off-season enterprise managed by farm women. 

Introduction 

Sustainable Development Goal 5 calls for addressing gender equality and women empowerment by eliminating 
all forms of discrimination against women. By strengthening the use of gender approaches in agricultural 
technologies, this can be a step forward for farm women empowerment. It has already been established that 
gender differences exist in agricultural production in various farming systems all over the world. The ownership 
and management of farms and natural resources by men and women are often defined by culturally specific 
gender roles. Women play different roles within agricultural systems occupying different socio-economic 
positions linked to these roles, and may suffer from different vulnerabilities. These differences and 
vulnerabilities should be considered when new technologies are being developed. Evidence indicates that if 
hunger and poverty are to be alleviated, agriculture and development projects should be gender responsive 
and should take into consideration the needs, aspirations, knowledge, opportunities, constrains, and challenges 
faced by women farmers.  

Potato is one among the most important horticultural crops in India. Considering its nutritional value and 
potential of production, FAO has rightly identified it as a food of future. Potato is an Andean tuber crop that 
was originally domesticated in South America and started its worldwide dissemination after Columbus’s 
voyages brought it to Europe in 16th century. Potato was introduced to India during 17th century and gradually 
became the most important as well as widely cultivated vegetable crop of Eastern Gangetic plains of India. Being 
a crop of exotic origin, it has now become an integral part of the country. This crop is one of the most important 
tuber crops grown in India for its high production, high nutritional values, easy digestibility and many other 
industrial uses. The history of the potato is the testimony of the fact that whenever there has been scarcity of 
food grains, potato has provided the food security to the people. Potato because of its great utility occupies 
pre-eminent position among the crops and acknowledged as the ‘King of vegetables’. 

Importance and Scope 

Potato belongs to the family Solanaceae, which is also known as night shade family have chromosome no. 2n = 
4x = 48. It is grown for its immature tubers which are cooked as vegetable and consumed in variety of ways as 
chips, French fries etc. Potato tuber contains 70-82% water, 17-29% dry matter, 11-23% carbohydrate, 0.8-3% 
protein, 0.1% fat and 1.1% minerals. Potato contains high protein calorie ratio (17 g protein: 1000 kcal) and 
yield more edible energy (3 g/ha/day) and dry matter per unit area and time (470.6 kg/ha/day) compared to 
cereals. One medium sized boiled potato contains about half the daily requirement of vitamin C by adult and 
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significant amount of iron, potassium and zinc. It contains vitamins such as thiamine, riboflavin, niacin and 
vitamin C in higher proportions as compared to other important crops like rice, maize and wheat. World 
production of potato has crossed 370 Mt. China leads the world in potato production and nearly a third of 
world’s potato is harvested from China (95 Mt) and India holds the second rank with a world production share 
of 11.3% (46 Mt). In India, it constitutes 22% of total vegetable area and 28.9% of vegetable production, grown 
in an area of 2.06 Mha with a production of 52.3 mt (Fig. 1). The productivity of potato is 22.1 tha-1 in India 
which is quite low in comparison to leading potato growing countries like Netherlands, France, Germany, 
Belgium and United Kingdom. In India, the leading states in potato production are Uttar Pradesh, West Bengal, 
Bihar, Madhya Pradesh and Odisha. 

New strategies are helping to empower small-scale farmers and ensure that gender issues are incorporated in 
potato development policies and programmes. Potato is an essential crop and has received great attention in 
the recent past, as it fits well in the multiple and inter cropping systems. Women across the world are actively 
involved in potato cultivation. Their participation varies in different degrees in operations like sowing, soil 
raising, harvesting, shorting, grading, processing etc. In the plains of India potato is mainly grown during autumn 
from October to January under short day conditions. 

Kharif Potato Cultivation 

In Odisha, potato is cultivated in an area of 15,810 ha area with a production of 3 lakh tonnes (Fig. 2 and 3) 
accordingly average productivity is only 12.02 t/ha which is far below the national average. This is despite the 
fact that the state is blessed with good edaphic and climatic conditions for potato cultivation, whereas the 
average productivity of its neighbouring states like West Bengal and Bihar is much higher.  

Due to heavy demand of potato in Odisha against a meagre production there is much dependence on West 
Bengal for potato as an essential merchandise. The Agriculture Department has laid stress on potato production 
and productivity under National Potato Mission to bridge the gap. Moreover, the commodity has been put 
under public distribution system (PDS) and being regulated by essential commodity act.  

Koraput district in Odisha lies in 82o56’ E longitude and 19o 45’ N latitude with an elevation range of 900 m to 
1258 m above msl. The topography of the region is undulating to steeply sloping (up to 100%).  The climate of 
the region is warm and humid with an annual mean maximum and minimum temperature of 35.8oC and 7.6oC, 
respectively. 

The normal annual rainfall is 1550 mm which is received in 77 rainy days. About 81% of the total rainfall is 
received from June to September (South-West monsoon). Agriculture is primarily of subsistence nature and 
largely rainfed. Intensive agriculture is limited to Jhola lands, which are bestowed with perennial streams. 
Sloping uplands (beda) lands are used for cultivation of potato and other vegetables. Koraput district possess 
potato crop area of 402 ha with a production of 577 tonnes. The productivity of potato in the district is far below 
(8.5 t/ha) the national average.  

Under irrigated conditions, potato raised in Koraput region is normally planted in second week of November 
and harvested from mid-February to March. Potato growers often face the problem of glut and lower market 
price mainly due to bulk arrival of potatoes from other states during this peak period. 

During south-west monsoon a larger chunk of medium sloping lands remains fallow despite of having good 
potential to support vegetable production even under heavy rainfall; otherwise leading to water erosion-based 
soil-nutrient losses. To avoid this situation, some farmers are growing an early crop of potato (Kharif season) 
and sell it before normal harvested potato crop which fetches them premium prices.  

The agro-climatic condition of Koraput is suitable for kharif potato cultivation. Rise in prices of potato has 
propelled farmers to increase its area under cultivation during kharif season. In southern Odisha kharif potato 
cultivation is an important off-season enterprise managed by farm women.  
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Kharif Potato is mainly grown in the hills and plateau region of India. In the hills it is grown in J&K, Uttarakhand, 
HP and NE and Southern hills and accounts for about 5% of the total area under the crop (1.9 mha). In the 
plateau it is grown in Madhya Pradesh, Jharkhand, Chattisgarh, Odisha, Maharashtra and Karnataka and 
accounts for about 8% of the total area under the crop. The spread of the crop in Sikkim, Arunachal Pradesh, 
Meghalaya, Bihar, Nagaland, HP and Manipur is very high but except for Tripura, the productivity is quite low. 
The spread as well as productivity is quite low in Karnataka, Maharashtra, Orissa, J&K and Mizoram. The package 
of practices of raising kharif potato is same as of main season with use of recommended varieties suitable for 
southern hills (Kufri Himalini, Kufri Surya and Kufri Pushkar) along with the disease control needs specific care. 

Future Thrusts 

1. Technical feasibility of several new cropping systems with kharif potato has to be evaluated. 
2. Intensification and adaptation of these systems in different agro-ecosystems are needed for the growth of 
potato. 
3. For wider adaptability, fine-tuning of the package of practices of potato-based cropping system in different 
regions is required to ensure long term sustainability. 
4. The impact of global climate change on potato production and cropping systems in India needs to be assessed 
urgently for timely action. 
5. Inclusion of potato in agro-forestry, horticulture, medicinal and aromatic plants based inter and sequential 
cropping systems need to be explored to further increase the potato acreage. 
6. Identification of best kharif season potato varieties for cultivation in southern Odisha. 

Conservation Status: IUCN/WPA/Indian Status 

Nilgai, in India, comes under Schedule III of the Wildlife Protection Act, 1972. And as per Section 62 of the Wild 
Life Protection Act, the Central Government may, by notification, declare any wild animal other than those 
specified in Schedule I and Part II of Schedule II to be vermin for any area and for such period as may be specified 
therein and so long as such notification is in force, such wild animal shall be deemed to have been included in 
Schedule V.  

In the list of International Union for the Conservation of Nature and Natural Resources (IUCN), nilgai is 
categorized as an animal of ‘Least Concern’ (https://indianexpress.com/article/india/india-news-india/bihar-
intended-to-cull-nilgai-and-wild-boar-as-vermin-for-five-years-rti-3027752/.). Nilgai are often victim to 
vehicular accidents. Measures to sustain the forest habitats would minimize the herd getting into agricultural 
fields and traversing highways. 

Suitable varieties for kharif season cultivation 

• For Bihar, WB, Jharkhand and Odisha: Kufri Jyoti, Kufri Pukhraj, Kufri Pushkar, Kufri Surya, Kufri 
Chandramukhi, Kufri Ashok and Kufri Chipsona 3. 

• For Southern hills: Kufri Jyoti, Kufri Swarna, Kufri Pukhraj, Kufri Himalini and Kufri Himsona. 

 

Item  Details  

Name of variety Kufri Surya.  

Characteristics and special features. Suitable for early planting in plains. Suitable for making French 
fries. Easy to cook, texture waxy, flavour mild, free from after-
cooking discoloration. Immune to wart and tolerant to hopper 
burn and heat. 

 Suitable growing reason and season. Early maturity variety and suitable for cultivation in North Indian 
plains and plateau. 
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Item  Details  

Name of variety Kufri Himalini  

Characteristics and special features. Easy to cook, texture waxy, flavour mild, free from after-cooking 
discoloration. Moderately resistant to late blight. 

 Suitable growing reason and season. Suitable for cultivation in North Indian hills.  

Image.  

 

Source: Central Potato Research Institutue, Shimla 

Item  Details  

Name of variety Kufri Pushkar.  

Characteristics and special features. Easy to cook, texture waxy, flavour mild, free from after-cooking 
discoloration. Moderately resistant to late blight.  Immune to 
wart. 

 Suitable growing reason and season. Suitable for cultivation in North Indian plains.  

Image.  

 

Source: Central Potato Research Institutue, Shimla 
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Image.  

 

Source: Central Potato Research Institutue, Shimla 
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Introduction 

A defect in a chromosome or in the arrangement of the genetic material on the chromosome results in the 
chromosomal abnormalities. Chromosome abnormalities generally give rise to specific physical symptoms that 
vary from one individual to another. These defects may be natural or induced via artificial mutations.  

There are two types of chromosomal aberrations namely: 
1. Structural chromosomal aberrations: These aberrations alter the chromosome structure, i.e., the number, 
sequence or the kind of genes present in the chromosome(s). 
2. Numerical chromosomal aberrations: These are caused by a failure of chromosome division, which results in 
cells with an extra chromosome or a deficiency in chromosomes. 

Types of Structural Chromosomal Aberrations 

These aberrations may either take place in a single chromosome or more than one chromosome. On this basis, 
it is mainly of two types: 
1. Intra-chromosomal aberrations: When the aberrations are within a single chromosome of a homologous 
pair, they are called as  intra-chromosomal aberrations. Examples of such aberrations include deletion, 
duplication and inversion. 
2. Inter-chromosomal aberrations: When the breaks occur in non- homologous chromosomes and the resulting 
fragments are inter-changed by both the non- homologous chromosomes, they are called inter- chromosomal 
aberrations. Translocation is an example of inter-chromosomal aberrations. 

Intra-Chromosomal Aberrations 

1. Deletions: Deletion (also called deficiency, gene deletion, or deletion mutation) is a genetic aberration in 
which a part of a chromosome or a sequence of DNA is left out or gets deleted during DNA replication. From a 
single base to an entire piece of chromosome, any number of nucleotides can be deleted. 

A deficiency originates from random breakage in both chromatids of a chromosome termed as a chromosome 
break, or only in one chromatid called a chromatid break. The breakage may be caused by various agents such 
as drugs, chemicals, radiation, or viruses at any time during the cell cycle, either in somatic or in germ cells. 
Depending upon its location, a deletion may be: 

a. Terminal: when there is a single break at the end of the chromosome it is termed as terminal deletion. 
b. Interstitial: when there are two breaks in the middle portion of a chromosome it is referred as 
interstitial deletion. 

A deletion in one allele of a homozygous wild- type organism may give a normal phenotype, whereas the same 
deletion in the wild-type allele of a heterozygote produces a mutant phenotype. Deletion of the centromere 
results in an acentric chromosome which is eventually lost. This is seen in cri-du-chat syndrome, results from 
deletion of part of the short arm of chromosome 5. The deletion leads to severe mental retardation and physical 
abnormalities. 

2. Duplication: Duplication involves attachment of a chromosomal fragment which results in addition of one or 
more genes to a chromosome. Whenever there is duplication in a chromosome, there is a corresponding 
deletion in another chromosome.  
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The origin of duplications can be traced to unequal crossing over during meiosis. Normally homologous 
chromosomes are paired in a so that identical loci lie exactly opposite each other. The mechanism ensures that 
after crossing over between non-sister chromatids, equal exchange products are formed. If paired 
chromosomes are misaligned, it is not possible for the exchange to take place between exactly opposite 
locations on two chromatids. Duplications will not produce any drastic consequences as in deletion in terms of 
phenotype and survival. For example, in Drosophila eye shape allele, Bar, that reduces the number of eye facets, 
giving the eye a slit like rather than the oval appearance. 

3. Inversion: An inversion is a chromosome rearrangement in which a segment of a chromosome is reversed 
end to end. An inversion occurs when a single chromosome undergoes breakage and rearrangement within 
itself. Inversions are of two types:  

a. Paracentric inversion: Paracentric inversions do not include the centromere and both the breaks 
occur in one arm of the chromosome. 
b. Pericentric inversion: Pericentric inversions include the centromere and there occurs a break point in 
each arm. 

Inversions are inferred from genetic analysis. In most species small inversions generally go undetected. In 
insects with polytene chromosome, as in drosophila, preparations of larval salivary gland chromosomes allow 
inversions to be seen when they are heterozygous. This useful characteristic of polytene chromosome was first 
advertised by Theophilus Shickel Painter in 1933. 

Inter-Chromosomal Aberration 

Translocation: Translocation is defined as the integration of chromosome segment into a non-homologous 
chromosome. It involves the transfer of a segment of chromosome to a different part of the same chromosome 
or a different chromosome. It is of three types: 

a. Simple translocation: an attachment of a small terminal segment of a chromosome to the end of a 
homologous chromosome or to a non-homologous chromosome. 
b. Reciprocal translocation: the breakage takes place in two non-homologous chromosomes followed 
by reunion of broken segment to the wrong partners. 
c. Shift translocation: It requires at least three breaks in the chromosome.  

Among these types, reciprocal and shift are the most common types. 

Reference 
1. https://www2.le.ac.uk/projects/vgec/healthprof/topics/patterns-of-inheritance/chromosomal-abnormalities. 
2. Lewis, R. (2004). Human Genetics: Concepts and Applications (6th ed.). McGraw Hill. ISBN 978-0072951745.  
3. Painter TS (1933). "A new method for the study of chromosome rearrangements and the plotting of chromosome maps". Science. 78 (2034): 

585–6. doi:10.1126/science.78.2034.585. PMID 17801695. 
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Introduction 

Site-specific nutrient management (SSNM) is the dynamic, field-specific management of nutrients in a particular 
cropping season to optimize the supply and demand of nutrients according to their differences in cycling 
through soil-plant systems (Dobermann and White, 1999). It is a set of nutrient management principles 
combined with good crop management practices that will help farmers, to attain higher yield and achieve high 
profitability both in the short and medium-term. The principles of SSNM are generic and are also applicable to 
other crops including rice. SSNM provides an approach for the timely application of fertilizers at optimal rates 
to fill the deficit between the nutrient needs of high yielding crops and the nutrient supply from naturally 
occurring indigenous sources, including soil, crop residues, manure and irrigation water. Applying the right 
nutrient source, at right rate, at the right time, in the right place is essential to nutrient stewardship and is the 
core of the 4 R’s. Such 4 R nutrient stewardship for fertilizer best management practices is an approach that 
considers economic, social and environmental dimensions of nutrient management. Addressing nutrient 
deficiencies  which  exist within field and making adjustment in nutrient application to match these locations or 
soil differences (Jones, 1993). 

Aims of SSNM 

1. Provide a locally-adapted nutrient best management practice tailored to the field- and season-specific needs 
for a crop. 
2. Increase  in yield. 
3. High efficiency of fertilizer use. 
4. Improve profitability. 
5. Improve marketable crop quality. 
6. Improve environmental stewardship. 

The Principles of SSNM 

1. Optimal use of existing indigenous nutrient sources, including crop residues and manures. 
2. Timely application of fertilizers at optimal rates to meet the deficit between the nutrient needs of a high-
yielding crop and the indigenous nutrient supply. 

Steps in Site-Specific Nutrient Management (SSNM) 

Step 1: Establishing an attainable yield target: 
a. Yields are location and season specific- depending upon the climate, cultivar and crop management 
b. The attainable yield for a location and season is estimated from farmers field where  good crop 
management was practiced  and nutrients were not limiting yield. 
c. The amount of nutrient taken up by crop is directly related to yield. 
d. Attained yield indicates the total amount of nutrient that must be taken up by plant. 
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Step 2: Effective use of existing nutrients: 
a. SSNM approach promotes the optimal use of existing (indigenous) nutrients coming from the soil, 
organic amendments, crop residue, manure, and irrigation water.  
b. The uptake of a nutrient from indigenous sources can be estimated from the nutrient-limited yield. 
c. Nutrient-limited yield which is the grain yield for a crop not fertilized with the nutrient of interest but 
fertilized with other nutrients to ensure they do not limit yield.  

Step 3: Apply fertilizer to fill the deficit between crop needs and indigenous supply: 
a. Fertilizer applied to supplement the nutrients from indigenous sources and achieve the yield target. 
b. The quantity of required fertilizer is determined by the deficit between the crop’s total needs for 
nutrients and the supply of these nutrients from indigenous sources.  
c. The required fertilizer N is distributed in several applications during the crop growing season. 
d. Fertilizer P and K are applied in sufficient amounts to overcome deficiencies and maintain soil fertility. 

 

Approaches for Site-Specific Nutrient Management 

Soil test based SSNM approach: 
a. The fertiliser rates established based on the concept of crop removal adjusting the soil residual 
nutrients.  
b. In this approach, both the primary  and secondary nutrients were applied at rates that are required 
to meet the crop yield removal. 
c. It allows complete yield expression of crop in the absence of any nutrient deficiency. 
d. Once the yield potential of a site was determined, the next step is to refine nutrient application rates 
with further field trials. 

Soil test and GIS Based SSNM: 
a. Soil sample collected at regular interval with  geo-referencing of sampling point using GPS. 
b. Spatial variability maps created  by combining the location information of the sampling points. 
c. The interpolation technique  in GIS  platform creates a smooth  surface map. 
d. The analysed soil parameter is capable of predicting soil parameter values of un-sampled points. 

Plant Based SSNM 

1. Initiated by IRRI with Rice. 
2. It supports poor farmers without asses to soil testing. 
3. Focused on  managing field specific variation in soil N, P and K supply. 
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4. Uses QUEFTS model to estimate crop nutrient  to increase requirement yield. 
5. A  decision support tool to make site specific recommendations. 

Decision Support Tool 
Nutrient  Manager: 

a. Computer based decision support tool developed by IPNI. 
b. It consist of 10-15 multiple choice question which can be easily answered by farmer or extension 
worker. 
c. Based on responses to the question fertilizer guidance with amounts of fertilizer required the by crop 
with growth stage given. 
d. It help to farmer to apply right amount of fertilizer at right time. 
e. Software can be access through internet or mobile phone. 

Nutrient expert for hybrid maize: 
a. Develop an optimal planting density for a location. 
b. Evaluate current nutrient management practices. 
c. Determine a meaningful yield goal based on attainable yield  
d. Estimate fertilizer NPK rates required for the selected yield goal. 
e. Translate fertilizer NPK rates into fertilizer sources. 
f. Develop an application strategy for fertilizers (right rate, right source, right location, right time). 

Conclusion 

Site specific nutrient management provides an approach for feeding crops with nutrients as and when needed 
and guide  to farmer  to apply nutrient  at optimal  rates and in at time to get high yield and high efficiency of 
nutrients. Geo-statistical analysis and GIS-based mapping help to increase awareness at the village scale, helping 
farmers for appropriate management of nutrients and decision support system help farmer and extension 
agronomist for nutrient management decision at field levels in villages. 
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Introduction 

Bio-fertilizers are essential components of organic farming and play a vital role in maintaining long term soil 
fertility and sustainability. Bio-fertilizers are the preparations containing live or dormant cells of one or more 
efficient strains of nitrogen fixing, phosphate solubilizing, and celluloytic microorganisms. They differ from 
chemical and organic fertilizers as they do not directly supply any nutrient to crop but make them available to 
host plant, they have the ability to mobilize nutritionally important elements from non-usable to usable form 
through biological processes such as nitrogen fixation, phosphate solubilization, excretion of plant growth 
promoting substances or cellulose and biodegradation in soil, compost and other environments. Bio-fertilizers 
are not harmful to the environment and play particular role in crop production. Though they do not show 
immediate results, the results shown over time are spectacular. The role of bio-fertilizers assumes special 
significance in agriculture, particularly due to increased cost of chemical fertilizer and their hazardous effects 
on soil health. In context of both the cost and environmental impact of chemical fertilizers, excessive reliance 
on chemical fertilizers is not practicable in the long run. At present times, there is a growing concern about 
environmental hazards and threats to sustainable agriculture. So, bio-fertilizers would be the viable option for 
farmers to increase productivity per unit area. 

Biological fertilizers which can be used in obtaining sustainable crop production are: 
1. Nitrogen fixing bio-fertilizer: 

a. Azospirillum ( Associative symbiotic)  
b. Rhizobium, Anabaena azollae, Frankia (Symbiotic) 
c. Azotobacter, Nostoc, Klebsiella, Clostridium, Anabaena, Beijerinkia (Free-living)  

2. Phosphorus mobilizing bio-fertilizer (PMB): 
a. Rhizoctonia solani (Orchid mycorrhiza). 
b. Amanita sp., Boletus sp., Pisolithus sp., Laccaria sp. (Ectomycorrhiza). 
c. Scutellospora sp., Gigaspora sp., Glomus sp., Acaulospora sp. (Arbuscular mycorrhiza). 
d. Pezizellaericae. (Ericoid mycorrhizae). 

3. Phosphorus solubilizing bio-fertilizer (PSB): 
a. Psuedomonas striata, Bacillus megaterium var. phosphaticum, B. circulans, B. subtilis (Bacteria). 
b. Aspergillus awamori, Penicillium sp. (Fungi). 

4. Plant growth promoting bio-fertilizer (PGPB): Psuedomonas fluorescens (Psuedomonas). 

5. Bio-fertilizers for Micronutrients: Silicate and Zinc solubilizers (Bacillus sp.). 

Advantages of Using Bio-fertilizers 

The advantages associated with bio-fertilizers include: 
1. They are eco-friendly as well as cost effective. 
2. Bio-fertilizers are required in smaller doses. A dose of 350-500g of material per ha is often sufficient to give 
desired effect. 
3. These fertilizers harness atmospheric nitrogen and make it directly available to the plants and also increase 
phosphorous content of the soil by solubilizing and releasing unavailable phosphorous.  
4. They contribute to soil enrichment and improve soil health with time.  
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5. They improve root proliferation due to the release of growth promoting hormones eg. Azospirillum and 
Phosphobacterin.  
6. Microorganisms convert complex nutrients into simple nutrients and promote adequate supply of nutrients 
to the host plants which results in proper growth and development of plants. 
7. Use of bio-fertilizers may hasten flowering and crop maturity to certain extent and help in increasing the crop 
yield by 10-25%.  
8. Besides their direct effect on current crop, use of a bio-fertilizer also leaves considerable beneficial residual 
effect on sod fertility. 
9. It promotes seed germination. 
10. Sometimes bio-fertilizers can work as bio-pesticide eg. Azotobacter strain has potential to inhibit seed borne 
pathogens. 
11. Rhizobium culture possesses better tolerance to salt and pH under various ecological conditions; therefore, 
possess better adaptability to different agro-climatic situations. 

Constraints in Bio-Fertilizers Technology 

Bio-fertilizers are low cost, eco-friendly; several constraints limit the application or implementation of the 
technology. These constraints may be:  
1. Technological constraints like unavailability of good quality carrier material and lack of qualified technical 
personnel in production units. Sometimes mutation arises during fermentation, resulting reduction in 
effectiveness of bio-inoculants. 
2. Infrastructural constraints like lack of essential equipment’s, power supply, etc.  
3. Financial constraints like non-availability of sufficient funds and problems in getting bank loans. 
4. Unawareness on the benefits of the technology due to problem in adoption of the technology by the farmers 
due to different methods of inoculation, no visual difference in the crop growth immediately as that of inorganic 
fertilizers.  
5.  Marketing constraints like non availability of right inoculants at the right place at the right time, lack of retail 
outlets or the market network for the producers. 

Conclusion 

Chemical fertilizers have degraded the fertility of soil making it unsuitable for raising crop plants. Beside the 
intensive use of these inputs has also led to severe health and environmental hazards. The long-term use of bio-
fertilizers proves to be economical, eco-friendly, more efficient, productive and accessible to marginal and small 
farmers over chemical fertilizers. The need for the use of bio-fertilizer thus arises because increase in the use 
of bio-fertilizers leads to increased crop productivity and sustainability. Since these bio sources represent a 
great diversity in chemical, physical and biological characteristics, their efficient use depends upon the 
particular agro-ecological environment and local availability. 
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Introduction 

Soils with sufficient sulphides (FeS2) will become strongly acidic when drained and aerated enough for 
cultivation are termed as acid sulphate soils or as in the Dutch refer to these soils as Cat Clays. Thiobacillus 
ferroxidans is responsible for oxidation of sulphide to sulphate. When allowed to develop acidity, these soils are 
usually more acidic pH than 4.0 Before drainage, these soils may have normal pH and if soils undergo aeration 
the pH will be reduced and hence, they are called “potential acid sulphate soils.” 

Generally acid sulphate soils are found in coastal areas where the land is inundated by salt water. In India acid 
sulphate soil is mostly found in Kutanad (Kerala) (Soils having low pH i.e. < 3.5 and high amount of sulphates), 
Orissa, A.P and west Bengal. 

Types of Acid Sulphate Soils 

Potential acid sulphate soils: Acid sulphate soils which have not been oxidised by exposure to air are known as 
potential acid sulphate soils. They are neutral in pH (6.5–7.5) , contain unoxidized iron sulphides, are usually 
soft, sticky and saturated with water and are usually gel-like muds but can include wet sands and gravels have 
the potential to produce acid if exposed to oxygen. 

Actual acid sulphate soils: When potential acid sulphate soils are exposed to oxygen, the iron sulphides are 
oxidised to produce sulphuric acid and the soil becomes strongly acidic (usually below pH 4). These soils are 
then called actual acid sulphate soils. They have a pH of less than 4, contain oxidised iron sulphides, vary in 
texture and often contain jarosite (a yellow mottle produced as a by-product of the oxidation process). 

Formation 

Lands inundated with water that condition sulphates particularly salt water, accumulates sulphur compounds, 
which in poorly aerated soils are bacterially reduced to sulphides. Such soils are not usually acidic when first 
drained in water. When the soil is drained and then aerated, the sulphide (S2-) is oxidized to sulphate (SO4

-) by 
a combination of chemical and bacterial actions, forming sulphuric acid (H2SO4). The magnitude of acid 
development depends on the amount of sulphide present in soil, conditions and time of oxidation. 

Reactions Involving the Formation of Acid Sulphate Soils 

Acid sulphate soils are formed due to oxidation of sulphides in soils. The slow oxidation of mineral sulphides in 
soils is non- biological until soil pH reaches to 4.0, but the process is not well understood. Below pH 4.0, the 
bacteria, Thiobacillus ferroxidans, are most active oxidizers and activity builds rapidly. 

2S      +   3O2      +    H2O        on microbial oxidation  H2SO4 

H2S    +    2O2       on microbial oxidation  H2SO4 

Non-Biological 
2FeS2 (Iron pyrite)   +     2H2O     + 7O2         2FeSO4    +  H2SO4 

Accelerated by bacteria (Thiobacillus ferroxidans) 

4FeSO4    +    O2   +     2 H2SO4         2 Fe2(SO4)3    +   2H2O 
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(Ferric sulphate) 

Characteristics 

1. It contains a sulphuric horizon which has a pH of < 3.5 plus some other evidences of sulphate content (yellow 
colour). 
2. Strong acidity in acid sulphate soils results in toxicities of aluminium, iron, manganese and hydrogen sulphide 
(H2S) gas. H2S often formed in low land rice soils causing “akiochi” disease. 

Management 

1. Keeping the area flooded: Maintaining the reduced condition of flooded (anaerobic) soils inhibits acid 
development. 

2. Controlling water table: If a non – acidifying layer covers the sulphuric horizons, drainage to keep only the 
sulphuric layer under water (anaerobic) is possible. 

3. Liming and leaching: Liming is the primary way to reclaim any type of acid soil. Acid soil may require 11-
45MT/ha of lime in a 20-year period whereas, acid sulphate soil may require from several metric tonnes per 
hectare per year up to even 224 MT/ ha (100 t/ac) within a 10-year period. 

If these soils are leached during early years of acidification, lime requirements are lowered.  Leaching however 
is difficult because of the high-water table commonly found in this type of soil and low permeability of the clay. 
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Introduction 

Agriculture is the chief occupation of the people all over the world and in India, of the total population; more 
than 70% depends on agriculture for their livelihood. India’s grain production has steadily increased due to 
advances in technology, but post-harvest loss is constant at 10%. Losses during storage, accounts for around 
6% of the total losses as proper storage facilities are not available. Grain storage plays an important role in 
preventing losses which are caused mainly by insect pests, pathogens and rodents. Even though chemical 
control of stored product pest is predominant, traditional pest control practices are still continued especially in 
rural areas. It is estimated that 60-70% of food grain produced in the country is stored at home level in 
indigenous storage structures.  

During the last few decades, various synthetic pesticides have been applied to protect stored grains and other 
agricultural products from insect infestation, but their massive use has imposed so many detrimental effects on 
the environment and cause intoxication of non-targeting organisms. 

However, these chemicals are declared ecologically unsafe because these persist for longer period in the 
environment and enter in to the food chain. It has been reported  that certain insect pests have acquired 
resistance against most of the insecticides. 

To overcome the ill effects of synthetic pesticides, the best alternative is to going back for adopting Indigenous 
Traditional Knowledge for protecting the food grains and seeds from insect pest attack, Hence the Indigenous 
Traditional Knowledge should be documented at each and every instance which can be used by the present and 
next generation. 

In this circumstance there is a need to meet average demand by storing excess supply during the harvesting 
season for gradual release to the market during the off-season period. For regular availability of agricultural 
outputs or stabilizing the economy of any country, it is required that quality food grains must be supplied to the 
consumers for making different products and marketing, as well as to the farmers for sowing and growing 
healthy grains (Wright and Cafiero, 2011). In order to satisfy the demand for a plentiful supply of cereals and 
legumes, grains must be stored throughout the year. 

Important Insect Pest of Stored Product 

1. Primary grain pests:  
a. Lesser grain borer (Rhyzopertha dominica) 
b. Rice weevil (Sitophilus oryzae) 
c. Angoumois grain moth (Sitotroga cerealella) 
d. Khapra beetle (Trogoderma granarium) 
e. Pulse beetle (Callosobruchus chinensis, C. maculates) 
f. Tamarind/Peanut bruchid (Caryedon serratus) 
g. Cigarette beetle (Lasioderma sericorne) 
h. Sweet Potato weevil (Cylas formicarius) 
i. Potato tuber moth (Pthorimaea operculella) 
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2. Secondary grain  pests: 
a. Red rust flour beetle (Tribolium castaneum). 
b. Long headed flour beetle (Latheticus oryzae). 
c. Saw toothed grain beetle (Oryzaephilus surinamensis). 
d. Rice moth (Corcyra cephalonica). 
e. Indian meal moth (Plodia interpunctella). 

Traditional Storage Practices   
1. Sun drying of grains: Sun drying is the common traditional practice followed by the farmers before grains 
and pulses storage. If moisture content is high, they are dried for longer duration in sun before storing it. Sun 
drying destroys existing insect pests and their different stages. Sun drying helps to reduce spoilage and also 
enhance the dormancy period of grains. Optimum grain moisture (10-12%) is necessary for proper storage of 
food grains/seeds.  

Target crop: Almost all crops which are stored for longer periods. 

2. Plastering of storage bins with clay and cow dung:  Storage bins made of bamboo will be plastered with clay 
and cow dung which prevents insect attack from outside. To reduce moisture content, oil absorbs left out 
moisture in the seeds and grains and avoids spoilage. Soil and cow dung paste acts as a barrier between seeds, 
grains and insects. Cow dung acts as a repellent for storage insect pests.  

Target crops: Pulses. 

3. Storage of pulses with common salt: Common salt about 200 grams mixed manually in one kg of pulse was 
followed to store pulses for a period of 6-8 months. Salt has an abrasive action on the skin of insects thereby 
preventing their movement inside the storage containers and as a result their growth in the storage 
containers/bins/boxes is inhibited. Salt has a hygroscopic and insecticidal property. Salt helps in keeping the 
grain dry by absorbing the moisture thus avoiding spoilage and hence aid in safe storage. 

Target crops: Red gram, Bengal gram, Black gram, Green gram and other pulses and legumes. 

4. Use of Neem/Margosa leaves: Neem/Margosa leaves are collected from the trees, dried in shade and then 
mixed with seeds/grains before storing in gunny bags or bins.  

Target crops: Paddy, pulses, Ragi 

5. Use of neem oil: Neem oil is manually applied on pulses to coat every grain uniformly. The bitter taste of 
Neem gives protection to their seeds and grains against pests and pathogens. 

6. Use of Lime powder: Lime (Calcium carbonate)  powder mixed uniformly with grains and stored in gunny 
bags at dry place. Generally, 10-15 gms of lime is used for 1 kg of grains. The lime has a repellent and antifeedant 
property and lime also prevents insects to get multiplied. 

Target crops: Cereals 

7. Fumigation of the godown (warehouse): Before storing the seeds/grains the godowns (warehouses) are 
fumigated with leaves of  Vitex, Neem ,Pongamia, etc. preventing the pest attack upon seeds/grains. Fumigation 
helps in killing the hibernating stages of stored insect pests present in cracks and crevices and creates an 
inoculums free storage facility. 

Conclusion 

Food grains are the main source of human calorific requirements and animal feed worldwide and more so in 
developing countries. The spoilage of grains at the time of storage has resulted in the starvation of million 
people, including people who suffer from undernourishment.  
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All the storage practices and methods review in this study are comparatively cheap and constructed with readily 
available local materials, eco-friendly, impart considerable high shelf life to stored food grains by effectively 
reduced or suppressed insect infestation. 
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Botanical name: Brassica oleracea var. caulorapa. 
Family: Cruciferae. 
Origin: Northern Europe. 

 

Health Benefits 

1. Rich source of minerals like Ca, Mg, P, K, Na, and S. 
2. Lowers risk of stroke or heart attack. 
3. Helps to improve digestive health. 
4. Improves body metabolism. 
5. Rich in antioxidants, so helps to fight cancer. 
6. Contains high amount of vitamin C, E and carotene. 
7. Contains good amount of dietary fibre. 
8. Have antidiabetic activity. 
9. Aids in weight loss. 
10. Reduces strain on cardiovascular system. 
11. Helps to improve nerve and muscle function. 

 

Soil   
Grown in all types of soil  

Climate 

Though in temperate countries, early bolting is a problem, especially for the early cultivars but this does not 
seem to be much of significance under Indian conditions with the two cultivars that are generally grown. It is 
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generally observed that the crop grows well for the tuber production at 10-20o C, though the quality is better 
under lower temperature. 

Cultivars 

White Vienna, Purple Vienna, Weismoor, Weisser Treib, Forcing White, Gaugels Forcing White, Rogglis, Goliath, 
Express Forcer, Proloog, Rowel, Soroksari, Polni Ranar. 

Cultivation 

1. Knol- Khol is usually sown in a seed bed and the seedlings are transplanted.  
2. 5-6 weeks old seedlings are transplanted. 
3. For the plains in India, sowing may be started in September in North India while for the milder winter regions, 
October is a better month. 

Season 

March- April 

Spacing 

1. 25 x 25 cm, 25 x 30 cm, 25 x 40 cm or 30 x 45 cm 
2. Closer spacing will decrease size of the tuber but increase yield per hectare. 

Manuring and Fertilization 

1. FYM@ 12.5 t/ha 
2. 150 kg of N, 100 kg of P and 125 kg of K/ha 
3. Half the dose of N and the entire amount of FYM, P and K fertilizers are applied during land preparation 
before transplanting. Remaining half dose of N is applied 4 weeks after transplanting. 

Harvesting and Yield 

1. Tubers are harvested before they are fully grown, because old tubers eventually become fibrous. 
2. Generally tubers of 5-8 cm diameter are favoured in the market with the foliage. 
3. Individual tuber weight 200-250 g. 

Yield 

12 – 25 t/ha. 
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Health Benefits 

Underutilized vegetables are becoming more widely and effectively deployed to address malnutrition, poverty 
and economic prosperity. They constitute essential biological assets of the rural poor and can contribute to 
improving the well-being of millions of tribal populations. Underutilized vegetables are rich in vitamins, minerals 
and other health promoting factors including high antioxidant activity. They play a major role in the 
diversification of diet leading to more balanced source of micronutrients. Furthermore, underutilized 
vegetables possess resistance to several biotic and abiotic stress the underutilized vegetable crops can also 
provide nutrition to the poor by meeting the nutrient requirements of vulnerable groups too. A number of 
vegetables and particularly underutilized vegetables are natural and rich source of vitamins, minerals and 
antioxidants. Underutilised vegetables play an important role in the life of rural people; they form an important 
part of food and nutrition of local population as many of them are traditionally been esteemed for their 
utilization in terms of medicinal, therapeutic and nutritional values since time immemorial and are consumed 
either as raw or as cooked vegetables as traditional delicacies and the sales from the surplus of these vegetables 
add to the income of many rural families. They provide a broad spectrum of crops to improve productivity and 
global food security and to meet new market demands. 

List of Underutilized Vegetables    
1. Alternanthera sessilis (Ponnanganni Greens, Gudrisag): The leaves are eaten as potherb and used for cool 
down the body useful in diarrhoea, fever, anaemia etc. In Karnataka and Tamil Nadu, the leaves, flowers and 
tender stems are consumed as vegetables. Ponnanganni greens are rich in protein, carbohydrate, fat, fibre, 
carotene, vitamin C, riboflavin, niacin and various minerals. Leaves and tender shoots are used as vegetables. It 
is mainly propagated by seed. 

 
2. Sesbania grandiflora (Agathi): Leaves, flower and tender fruits are valued as vegetables or mixed into curries 
or salads in many countries due to their high nutritious value particularly vitamin A and minerals. Leaves and 
flowers have nutritional and medicinal properties. However, it is not grown large scale for vegetable purpose. 
It is mainly propagated by seed.  
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In T.N grown around banana as a wind break, around coconut seedlings as a shade plant. It has also ornamental, 
food and fodder values. Agathi is a folk remedy for bruises, catarrh, dysentery, eyes, fevers, headaches, 
smallpox, sores, sore throat, and stomatitis. 

3. Portulaca oleracea (Common Purslane): A succulent prostrate or erect annual (Portulaca oleracea) belonging 
to Portulacaceae with green or purple stem. It is found throughout India as a weed, ascending up to an altitude 
of 1500 m in the Himalayas, also cultivated as vegetable. It is rich in β carotene, folic acid, Vitamin C and essential 
fatty acids. One hundred grams of fresh purslane leaves (one serving) contain about 300-400 mg of omega-3 
fatty acids, 12.2 mg of alpha-tocopherol, 26.6 mg of ascorbic acid, 1.9 mg of beta-carotene, and 14.8 mg of 
glutathione. It is mainly propagated by seed. 

 
4. Talinum triangulare (Water leaf): Water leaf belonging to Portulacaceae, is a soft mucilaginous leafy 
vegetable grown in the tropics. Like other vegetables, it contains carotenoids such as Lutein and Zeaxanthin 
which act as a stimulant and in a way influencing the immune cells of the eyes. Consumption of this vegetables 
helps toward off heart diseases, control blood pressure and cholesterol level, prevent some types of cancer, 
avoid a painful intestinal ailment called diverticulosis, and guard against cataract and muscular degeneration 
two common causes of vision loss. Waterleaf is eaten cooked as a pot-herb and in soups, as a condiment in 
sauces or raw in salad, besides, very rich in mineral salts and amino acids as well as having antiscorbutic 
properties i.e. prevention against scurvy. 

 
5. Ipomoea aquatica (Water spinach): Water convolvulus or kangkong is an herbaceous aquatic or semi-aquatic 
trailing type whose tender twigs with leaves are used as vegetable or added to sauces and soups. It is used as 
vegetable in kerala and Tamilnadu. It is mainly propagated by seed and herbaceous cutting. Treatment of 
diabetes. Scorpion venom antidote as emetic, diuretic, purgative, to treating debility, liver complaints. In 
Indonesia, people believe it has calming effect used as a sleeping tablet. Doctors recommend it to anemia 
patients due to high Fe content. 

 
6. Sauropus androgynus (Chekurmanis): The plant is reputed for its high nutritive value and therefore it is 
popularly known as "multivitamin green" and "multi mineral packed leafy vegetable". Chekkurmanis is a rich 
source of carbohydrate, vitamins and minerals. In Malayalam, this plant is known as 'Madhurakeera" and in 
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Tamil it is "Thavarai Muringai”. It is mainly propagated by Semi hard wood stem cuttings. Juice of leaves of 
chekkurmanis is pounded with roots of pomegranate and leaves of jasmine are used against eye troubles. The 
tender shoots and leaves are used for vegetable in Tamilnadu and kerala. Leaves are very rich in protein, 
minerals and vitamin A, B, C. 

 
7. M. tuberosa (kasarkaya): is an underutilized vegetable grown wild in southern Tamil Nadu, Rayala seema 
region of Andhra Pradesh and parts of Karnataka. It is naturally grown in rain fed black soils of dry tracts of 
Rayalaseema districts of A.P. The crop is valued for its edible fruits, and leaves as vegetable and its tubers are 
mainly preferred for medicinal purpose. Kasarkaya contained higher amounts of carbohydrate (3.72%), protein 
(3.26%) fat (1.61%), Fiber (5.63%) and ash (1.25%). tender green fruits of kasarkaya are used to prepare various 
recipes and pickles. It has been used extensively in folk medicine as a remedy for diabetes and the fruits are 
considered as emetic, laxative, antibilous, tonic, stomachic, stimulant and alternative medicine. It is mainly 
propagated by tuberous root. 

 
8. Nymphaea spp: Water lily stems, young leaves, lower buds, flower stalks and rhizomes are used as 
vegetables. The rhizomes are cooling, sweet, bitter and tonic, and useful in treating diarrhoea, dysentery, and 
general debility. The flowers are astringent and cardiotonic. The seeds are sweet, cooling, constipating, 
aphrodisiac, stomachic and restorative, and are also used as treatment for gastrointestinal disorders and 
jaundice. 

 
9. Nelumbo nucifera: Nutritionally, Lotus seeds are rich in proteins (10.6-14.8%)], essential minerals. In South 
Indian states, the lotus stem is sliced, marinated with salt to dry, and the dried slices are fried and used as a side 
dish. In Kerala and Tamil Nadu, this end product is called "Thamara Vathal". Tender rhizomes, stems and leaves 
of lotus are edible and can be cooked along with other vegetables, soaked in syrup or pickled in vinegar. Lotus 
seeds are in high demand in Ayurvedic medicinal preparations and widely used in folk medicines to treat tissue 
inflammation, cancer, diuretics, skin diseases and as poison antidote. Different parts of the lotus plant are useful 
in treatment of diarrhea, tissue inflammation and haemostasis. 
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10. Sechium edule (Chow-Chow):  A native of tropical America, Chow-Chow is a very popular vegetable in the 
region commonly called Chayote or choko fruits are rich in amino acids and are used as vegetable and snack. 
Infusions of the leaves are used to dissolve kidney stones and to treat arteriosclerosis and hypertension, 
infusions of the fruit are used to alleviate urine retention. It possesses hypercholesterolemia and hypoglycaemic 
properties. It is a vigorous, scrambling, tuberous-rooted perennial plant, grown for its starchy, edible fruit and 
seeds. Fruits, stems, tender leaves & tuberous parts of adventitious roots are eaten. They are much appreciated 
as a vegetable and are either just boiled or used in stews & desserts. This climber can spread to fifty feet, 
producing huge tubers. 

 
11. Dendrocalamus strictus: Young shoots cooked for vegetables. Bamboo shoots have high nutritive value 
containing low fats and cholesterol and high amount of carbohydrate, proteins, minerals and dietary fibres. At 
present, over two million tonnes of edible bamboo shoots are consumed in the world each year. Amino acid 
content in bamboo shoot is found to be much higher than in other vegetables such as cabbage, carrot, onion 
and pumpkin. It is used as vegetable in mostly eastern and north east part of india. It is mainly propagated by 
seeds, rhizome and culm cuttings. 

 
12. Solanum torvum (Turkey berry, Wild eggplant):  In Tamil Nadu, India, the fruit is consumed directly. Fruits 
of S. torvum are edible and utilized as a vegetable, regarded as an essential ingredient in the South Indian 
population’s diet. It is mainly propagated by seeds.It is intensively used worldwide in the traditional medicine 
as poison anti-dote and for the treatment of fever, wounds, tooth decay, reproductive problems and arterial 
hypertension. 

 
13. Ipomoea muricata (Clove bean): Tender fruits are used for cooking. It is used as vegetable in mostly in kerla. 
The fruits contain fibre, vitamin C, potassium and calcium. Powdered clove bean is known remedy to fever. 
Plants juice is sprayed to kill bugs. 

 
14. Canavalia gladiata (Sword Bean): Young pods and seeds of Sword bean are used as a green vegetable 
Sword bean (SB) (Canavalia gladiata Jacq.) is a tropical under-utilized food legume, wildly distributed in the 
Eastern and Western Ghats of South India. 
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15. C. ensiformis (Jack bean): Jack bean is a good source of protein, 23% to 34%, and carbohydrate 55%. The 
mature jack bean seeds are consumed by the Indian tribal sects, kurumba, malyali, irula and other Dravidian 
groups, after cooking. Both are propagated by seeds. 

 
16. Psophocarpus tetragonolobus (Winged bean): A robust, climbing herbaceous perennial tree, it can attain 5 
metres in height. The flowers are of different colour; it may be blue, white or purple. The pods are four sided 
with characteristic wings. All parts of the plant, i.e., seeds, flowers, leaves, pods and tuber-like-roots are edible. 
The seeds contain 40% proteins and the roots contain about 20% proteins, which are supposed to be 10 times 
more than in potatoes or yams. It is mainly propagated by seeds. Winged beans are also rich in carbohydrates 
and vitamin A (300 to 900 IU). Flowers have a sweet taste because of the nectar they contain. The winged bean 
has great potential for easing the problem of protein malnutrition throughout the humid tropics. The 
possibilities of the plant for improving the human diet have not yet been recognized. 

 
17. Dioscorea bulbifera (Aerial yam, Air potato): The bulb is eaten on peeling off the hard back after cooking 
Aerial yam has been used as a folk remedy to treat conjunctivitis, diarrhea, and dysentery, among other 
ailments. Useful in syphilis, gonorrhoea, hydrocele. Goiter, piles, dysentery. It is used as vegetable in South 
Indian states. It is propagated by bulbil. 

 

Conclusion 

Underutilized vegetables embedded with rich nutrient potentials along with ability to stand against adverse 
climatic conditions may prove boon to all concerns - growers, consumers and environmentalists, provided that 
they are tamed properly.  

The possible reasons for the low utilization of underutilized vegetables, in spite of their recognized importance 
are due to lack of availability of planting material, lack of awareness on nutritional and medicinal importance 
and lack of information on production technique of these crops. 

In this context, there is an urgent need to take up programme on genetic resources exploration, management, 
utilization and improvement of underutilized vegetable crops to ensure food and nutritional security for future. 
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Underutilized vegetables play an important role in the national economy of India. The climate and soil of India 
are favourable for the production of different underutilized vegetables.  

Thus, the government of India has been taking some steps towards highlighting the underutilized vegetables. 
Some GOs and NGOs have been implementing some development projects to increase the underutilized 
vegetables production. Finally, it can be concluded that, underutilized vegetables production will meet the 
shortage of per capita consumption availability there by solve the nutritional problems and at the same time it 
generates the employment and also increase the income of rural people and finally it could contribute the 
national economy. 
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Introduction 

Grafting is a new technology by using resistant rootstock to improve yield and quality of produce. Now a day’s 
Grafting is regarded as a rapid alternative tool to the relatively slow breeding methodology. The purpose of 
grafting also has been greatly expanded to various type of stress tolerance, increasing plant vigour, yield and 
duration of crop. Vegetable grafting has potential to promote cultivation of the vegetables under non-traditional 
conditions and fragile agro eco-systems. Grafting is a technology which involves joining together two living plant 
parts to produce a single, living plant. The upper plant parts which produces fruits is called scion and the lower 
root parts is known as root stock. The rootstock contributes vigour and disease resistance while the scion is 
chosen for fruit and its quality. In vegetable crops, it has become popular in past few decades for commercial 
vegetable industry. Grafting as a technology for the commercial vegetable production was later on adopted by 
countries such as Europe, Middle East, Northern Africa, Central America and other parts of Asia. The first 
interspecific, herbaceous grafting was performed in 1920 for watermelon in Japan and in other solanaceous 
vegetables it took more than 30 years i.e. around 1960s to commercialize grafting technology. The first record 
of eggplant (Solanum melongena) grafted on scarlet eggplant (Solanum integrifolium) was reported in the 1950. 
Further, another example is of muskmelon grafted to interspecific hybrid squash (Cucurita moschata) had 
resistance against vine decline caused by Monosporascus spp. and it is tolerant to Charcoal rot too. 

 
 

 

The objective of grafting is to eliminate soil born pests that infects vegetables. Grafting can be applied on a 
number of vegetable crops, but due to intensive labour requirement, it is mostly practiced on cucurbits, and 
members of the solanaceous vegetables such as brinjal and tomato. Grafting has several advantages like 
increased yield, disease tolerance, nematode resistance, low temperature tolerance, high temperature 
tolerance, enhanced nutrient uptake, enhanced water uptake, high salt tolerance, wet soil tolerance, quality 
changes, heavy metal and organic pollutant tolerance. Beside several beneficial manifestations, there are 
certain limitations associated with grafting technology such as additional seeds for rootstocks, experienced 
labour, high price of grafted seedlings, excessive vegetative growth and fruit harvesting may be delayed. 

Influence of Vegetable Grafting    
1. Resistance to biotic and abiotic factors 
2. Tolerance to soil-borne diseases 
3. Effect on fruit quality 
4. Greater adaptability to environmental stresses 
5. Higher yield 
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Basic Pre-Requisites for Vegetable Grafting 

1. Selecting the right rootstock/scion: Select the desirable rootstock and scion having the same stem size 
(diameter). Grafting should be done at 2-3 true leaf stage.  

2. Graft compatibility: Compatible rootstock and scion minimizes the mortality rate even in later stage of 
growth. Rapid Callus formation takes place between scion and rootstock and leads the formation of vascular 
bundles.   

3. Grafting aids: Commonly used aids to perform grafting i.e., Grafting clips, Tubes, Pins, and Grafting Blade.  

4. Screening house: Used for growing seedlings prior to grafting. It should be constructed with 60-mesh nylon 
net. Arrange double door, the upper half of the structure should be covered with a separate UV resistant 
polyethylene to prevent UV light penetration.   

5. Healing of grafts: Healing is most critical to provide favourable conditions to promote callus formation of 
grafted seedlings. In healing chamber, temperature should be 28-29 0C with 95% relative humidity for 5-7days 
in partially shaded place (darkness for 1-2 days) to promotes callus formation at union. It helps in formation of 
better graft union by reducing transpiration, maintains high humidity, maintains optimum temperature and 
reduces light intensity. The main aim is to initiate environment by controlling temperature and humidity.   

6. Acclimatization of the grafted plants: After the callus has formed and the wounded surfaces are healed, 
plants may be put under a mist system, greenhouse or placed under a clear plastic cover for acclimatization to 
prevent leaf burning and wilting. In general, 5 to 6-week time is sufficient for successful graft union. 

Methods of Grafting    
1. Cleft grafting: This method is widely used for grafting of tomato. The seeds of rootstock are sown 5-7 days 
earlier than those of scion. The stem of the scion (at four-leaf stage) and rootstock seedlings ( at 4-5 leaf stage) 
are decapitated and a longitudinal cut is made in a downward direction, 1-1.5 cm long and ¾ depth of stem 
diameter. The scion is pruned to 2-3 true leaves and the lower stem is cut to slant angle to make tapered wedge. 
After placing the scion into the split made on the rootstock, a clip is placed to hold both in position until the 
union is completed.  

2. Tongue approach grafting: Commonly used in Cucurbitaceous crops viz., melons and cucumbers because of 
its high survival rates. For TAG, both scion and rootstock should be of same height. Cucurbits seeds of scion are 
sown 5-7 days earlier than the rootstock seeds. The growing point of rootstock removed carefully before 
grafting to reduce unnecessary loss of nutrients.  

The grafting cut for rootstock is made in a downward direction and the scion cut in an upward direction at an 
angle of 30-40 degrees to the perpendicular axis to allow fusion of vascular bundles. After grafting operation, 
specially designed clips are placed to fix the graft position and later planted in 9-12 cm diameter pot. Most 
widely used by farmers and small nurseries.  

3. Hole insertion grafting: Commonly used for watermelon because of smaller seedling size as compared to 
rootstock (squash/ bottle gourd). Watermelon seeds sown 7-8 days after sowing of bottle gourd seeds 
(rootstock) or 3-4 days after sowing of squash rootstock seeds. Grafting is made 7-8 DAS of watermelon seeds. 
The true leaf including growing point should be carefully removed and a hole is made with bamboo or plastic 
gimlet or drill at a slant angle in longitudinal section. The hypocotyl portion of the watermelon is prepared by 
slant cutting to have tapered end for easy insertion. HIG requires more technical skill and suitable conditioning 
facility. It does not require additional labour for clipping, transplanting, cutting and clip removal. Healthy and 
stronger seedlings are obtained because more of the vascular bundles can be connected.  

4. One cotyledon / Slant / Splice grafting: It has recently been adopted by commercial seedling nurseries and 
applicable to most vegetables. In SG, one cotyledon and the growing point are removed for grafting. After 
placing the scion on the rootstock, grafting clips are used to fix the grafted position tightly together. This method 
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has been developed for robotic grafting of cucurbits. The major advantage of this method is production of 
strong and healthy grafted seedlings. 

5. Tube grafting: It is similar to slant grafting except that in this method root stock & scion joined are held with 
an elastic tube instead of clips. It is more popular in tomato, brinjal.   

6. Pin grafting: Pin grafting is basically the same as the splice grafting. Instead of placing grafting clips, especially 
designed pins are used to hold the grafted position. The pins are made of natural ceramic so it can be left on 
the plant without any problem. 

 
Table: Commonly Used Grafting Methods and Rootstocks in Different Vegetables 

Scion Rootstock Method 

Brinjal Solanum torvum, S. sissymbrifolium, S. khasianum Tongue and Cleft grafting 

Tomato L. pimpinellifolium, S. nigrum Cleft grafting 

Cucumber C. moschata, Cucurbita maxima Hole insertion and Tongue grafting 

Watermelon Benincasa hispida, C. moschata, C. melo  
C. moschata × C. maxima, Lagenaria siceraria 

Hole insertion, Cleft method and  
Splice Grafting 

Bitter Gourd C. moschata, Lagenaria siceraria Hole insertion and Tongue grafting 

Tips for A Successful Graft Union    
1. Scions and rootstocks should be exposed to full sun for 2 to 3 days and some water stress (2-3 days) should 
be imposed before grafting to keep the plants short and to increase tolerance to water stress.  
2. Before starting the process of grafting, make sure that plants have been watered and are turgid.  
3. Grafting in the greenhouse is to be carried out early or late in the day to avoid undue water stress and drying 
of the cut plants.  
4. Ideally, grafting should be done in a shady place, which is sheltered from the wind and bright sun.  
5. While grafting, cut both the scion and the rootstock plants at the same angle with a razor.  
6. Do not cut more plants for grafting at a time, because the process must be completed in a few minutes.  
7. Both scion and rootstock should be of similar thickness and be placed the cut surfaces together in tight 
contact before clipping in place.  
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8. The objective is to maximize the chances for the vascular bundles of the scion to some contact with the 
respective vascular tissues of the rootstock. 

Conclusion    
Grafting is a method of plant propagation, done by utilizing selective rootstock and scion combinations for 
tolerance against soil borne diseases that directly influences the production of vegetable crops. It is a rapid 
alternative means to the moderately slow breeding methodology. In recent days, grafting application leads the 
limit use of harmful soil disinfectants which minimizes the toxic residues in vegetables and environmental 
pollution. Hence, it is suggested that, by adopting modern innovations and indigenous wild relatives, we can 
realize commercial use of grafting to attain the low input sustainable horticulture in future. 
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Introduction 

The rice eater is weightless like a bird; the one who eats Jowar is strong like a wolf: one who eats Raagi remains 
‘nirogi’ [illness free] throughout his life - An old Kannada saying. This crop is generally grown on the moderate 
hill slop where rice cultivation is not possible. It requires minimum rainfall of around 350-400 mm for successful 
cultivation but can be grown successfully in the areas receiving rainfall up to 1000 mm.  

The experiment was conducted in kharif season during 2019-20, at certified organic farm, SHIATS Model Organic 
Farm (SMOF). SMOF was developed under the National Project on Organic Farming (NPOF) by the department 
of Agronomy, with Dr. Thomas Abraham, Professor (Agronomy) as its Principal Investigator. Sam Higginbottom 
University of Agricultural Technology and Sciences, Allahabad. 
1. Kharif season: sowing of finger millet (Eleusine coracana) done on September 02, 2019 
2. GPU 28 variety is chosen for cultivation; seed treatment is done with beejamrutha. 
3. On 3rd DAS 25-30% germination is observed, by 5th DAS 85-90% germination is observed. 
4. Before sowing basal application of Farm yard manure, green manure like dhainch is incorporated into soil. 
5. Under direct sowing method, crop was well established, it may be due to proper utilization of organic manures 
+ dhainch, moisture, temperature. 

Problems    
1. Unseasonal rainfall: From 8th to 28 september in alternative days continues rainfall is received, due to water 
holding capacity of organic field moisture evaporating rate is very slow, it leads young seedlings start showing 
abnormal symptoms. 
2. Excess water cause water logging conditions, soil reaches its saturation mode and additional water 
accumulates and chokes the air spaces.  
3. Many toxic salts affecting water absorption by roots and causes damage to crops. 
4. Heavy weed infestation e.g. Cyperaceae family. 

 
Fig.1 this symptom is due to waterlogged condition over a period of time 

5. High moisture increases the risk of disease spread. 



 

 
Volume 2 - Issue 12 - December 2020       450 | P a g e  
 

6. Root aphids: 54 DAS, ragi root aphids (Tetraneura nigriabdominalis) observed in field. 

NOTE: this pest common in south india (not in north) and it infests root systems and infestation prevails up to 
flowering stage. They suck sap from roots causing gradual wilting and drying of plants in patches. 

 

7. Neck blast: At flowering stage, the neck just below the ear head is affected and turns sooty black in colour 
and usually breaks at this point. In early neck infections, the entire ear head becomes chaffy and there is no rain 
set at all. If grain setting occurs, they are shrivelled and reduced in size. 

8.  Stem borer: larvae migrate to the base of the plant and bore inside leading to the production of central shoot 
starts drying i.e. typical stem borer ‘dead heart’. In mature plants, the larvae bore the stems and make tunnels 
while feeding on the internal tissues. 

Reason for these Serious Cause 

1. For both neck blast and stem bore, collateral hosts like wheat, rice (common cultivation in north India). 
2. Application of high doses of nitrogen (organic manures), with high relative humidity (92-95%) and rain or 
continuous drizzles favour the disease development. 

Conclusion    
Farmers, they are planning what to do! when to do! How to overcome problems. But Indian climate not allowing 
them to execute as theirs plan, in these situations they are forced to go for late sowing and losing their capital, 
energy. North east monsoon is coinciding with critical stage of crop causing huge damage. Basically, late sowing 
reduce yield up to (10-15%), erratic rainfall, all these factors directly affect the crop growth and yield (loss 
drastically 60-75%). 

Reference    
1. Hand book of agriculture by Directorate of Knowledge Management in agriculture, ICAR 
2. THE ECONOMICS TIMES news article on October 24 2019. 
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Introduction 

In humans and animals, defences against pathogens are often activated by natural or artificial immunization, 
i.e., by a subminimal natural infection with the pathogen or by an artificial injection of pathogen proteins and 
other antigenic substances. Both events result in the production of antibodies against the pathogen and, 
thereby, subsequent prolonged protection of the human or animal from infection by any later attacks of the 
pathogen. 

Plants do not have an immune system like that of humans and animals i.e., they do not produce antibodies. In 
early 1990s, however, transgenic plants were produced that were genetically engineered to incorporate in their 
genome, and to express, foreign genes, such as mouse genes that produce antibodies against certain plant 
pathogens. Such antibodies, encoded by animal genes but produced in and by the plant are called plantibodies. 
Functional plantibodies produced by plants against specific plant pathogens that have been shown to increase 
the resistance of the host plant. 

Eg: Tobacco mosaic virus, Beet necrotic yellow vein virus. 

Plantibodies    
A plantibody is an antibody produced by genetically modified crops. Antibodies are part of animal immune 
systems, and are produced in plants by transforming them with antibody genes from animals. Although plants 
do not naturally make antibodies, plantibodies have been shown to function in the same way as normal 
antibodies. Plants are being used in this technology as antibody factories, using their endomembrane and 
secretory systems to produce large amounts of clinically viable proteins, which can later be purified from the 
plant tissue. Different crops used for production of plantibodies include tobacco (Nicotiana tobaccum and N. 
benthamiana), cereals (rice, wheat, maize), legumes (pea, soybean, alfalfa) and fruit and root crops (tomato, 
potato). Six plant-derived antibodies have been developed as human therapeutics, two of which have reached 
phase II clinical trials. One of these is a full-length IgG specific for EpCAM (a marker of colorectal cancer) 
developed as the drug Avicidin by NeoRx and Monsanto. The five remaining antibodies are CaroRx, scFvT84.66, 
Anti-HSV, 38C13 and PIPP (antihCG). 

Purification and Techniques of Production of Plantibodies 

Purification: Primary advantage of raising antibodies in plants is easy purification and low downstream 
processing thereby its production is more economical. Transgenic seeds assure excellent storage properties and 
separation of plantibody in seeds is easy as it contains low amount of endogenous proteins. Efficient purification 
procedures for plantibodies are necessary for high level of expression. In plants, tissue and cells are disrupted 
to release antibodies for purification since the antibody is expressed and localized within the cells. In addition, 
antibodies should be recovered with the removal of cell debris, noxious chemicals, and contaminants. Although 
several affinity tagging systems such as the histine tag and intein fusion expression have been applied for 
purification of recombinant proteins, these systems do not resolve the problems caused by plant cell debris. 
Therefore, oleaginous plants such as rapeseed oil are useful hosts for monoclonal antibody (mAb) production 
and purification since the oil bodies can be applied to simplify the first steps of antibody isolation. Elimination 
of human pathogens and minimization of mycotoxin contamination is necessary to purify antibodies. 
Alternative methods including the use of oleosin- or polymer-fusions to facilitate purification of recombinant 
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proteins have been discussed and may also be applicable to antibody molecules. The main techniques used for 
the purification of plantibodies are filtration, immunofluorescence, chromatography, defiltration, polymer 
fusion and protein Asepharose chromatography. Some other techniques such as RIA (Radioimmunoassay), 
northern blot technique, ELISA (Enzymelinked immune sorbent assay), western blot analysis and 
immunofluorescence southern blot analysis have been used of evaluation of plantibody. 

Methods for Plantibody Production    
Various techniques have been developed to exploit plants as bioreactors for the production of pharmaceutical 
antibodies (Prasad et al, 2017).  
1. Conventional method: Desired DNA is isolated and purified from host cell and then inject into the embryo of 
mature plant used for plantibody production. Then these plants propagate in fields for large scale production 
of plantibodies. Here, purification is somewhat complex process because several proteins, glycans and 
herbicides need to be isolated (Kusnadi et al, 1997).  

2. In vitro cell and tissue cultures: In this method, plant cells having desired genes are grown under controlled 
conditions and harvested in the form of biomass or culture liquid or combination of both. It is economically 
most viable method as it produces large amount of recombinant proteins within short time but this method is 
not used for edible vaccine production. As sexual reproduction is not involved, transgenic stability is increased 
because of absence of crossing over, segregation and recombination. (Ferrante & David, 2001).  

3. Breeding and sexual crossing: Here kappa chains of either light or heavy chain introduced into one plant and 
gamma chains of either light or heavy chains introduced into another host plant. Upon crossing of these two 
plants an antibody is produced which expresses both chains (Jain et al, 2011). This method is advantageous as 
it avoids the need of double fertilization.  

4. Transgenic seeds: In this method, transgenic seeds are used in place of normal green tissue for the production 
of plantibodies because seeds store plantibodies for longer time compared to green tissues. This is because 
proteases are present in green tissues which degrades recombinant protein (Oluwayelu & Adebiyi, 2016).  

5. Targeting and compartmentalization: Targeting signals can be used to retain recombinant proteins within 
different compartments of the cells such as endoplasmic reticulum, chloroplasts, intracellular space, etc. This is 
done to preserve the integrity, protect them from proteolytic degradation and to increase accumulation levels 
of the recombinant protein. This is achieved by tagging the antibodies with a small peptide sequence which can 
be targeted to a specific compartment of the cell (Jain et al, 2011). 

Limitations of Plantibodies    
Several studies have shown that people may have negative reactions to plant-derived allergens, fungal 
contaminations and pesticides used during farming, inability to perform post-translational modification of 
produced proteins, insufficient expression in some plants, environmental restrictions, allergies or allergic 
reactions to plants glycoprotein and other plant antigens, mycotoxins produced by impurities, herbicides and 
plant endogenous metabolites, gene silencing in some cases and different patterns of glycosylation and 
regulatory issues, particularly for therapeutic proteins requiring approval for human use. Plantibodies are not 
suitable for infants. 

Reference    
1. Ferrante, E. and David, S. (2001). A review of the progression of transgenic plants used to produce plantibodies for human usage. Biological and 

Biomedical Sciences. 1: 1-6. 
2. Jain, P., Pandey, P., Jain, D., and Dwivedi, P. (2011). Plantibody, An Overview. Asian Journal of Pharmacy and Life Science. 1: 87-94 
3. Kusnadi, A., Nikolov, Z., and Howard, J. (1997). Production of recombinant proteins in transgenic plants, practical considerations. Biotechnology 

and Bioengineering. 56, 473-484. 
4. Oluwayelu, D. and Adebiyi, A. (2016). Plantibodies in human and animal health a review. African health Sciences. 16, 640-645. 
5. Prasad, M., Basanti, B., Manimegalai, J., Ikbal, K., Ranjan, U., Pradeep, L., & Gaya, P. (2017). Plantibodies for Global Health, Challenges and 

Perspectives. Biotechnology Sustainability. 7, 305-321. 
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Introduction 

The method by which new living organisms (progeny) are developed from their parents is named as 
reproduction. Mode of reproduction  determines the way within which new individuals originates from the pre-
existing ones. Mode of reproduction determines the genotype of crop plants i.e. whether plants are homozygous 
or heterozygous. Mode of reproduction also helps to decide the breeding procedure to be used for the genetic 
improvement of crop species. Knowledge of the mode of reproduction of crop plants is additionally important 
for hybridization which is the basis for almost all modern breeding programmes. 

Modes of reproduction are broadly classified into two categories: 
1. Asexual reproduction. 
2. Sexual reproduction. 

Asexual Reproduction    
Asexual reproduction does not involve fusion of male and female gametes. In asexual reproduction new plants 
may arise either from vegetative parts of the plants (vegetative reproduction) or from the embryos that develop 
without fertilization (Apomixis). 
1.  Vegetative reproduction:  In vegetative reproduction, a new plant develops from the portion of the plant 
body of parent through natural vegetative propagation or through artificial vegetative propagation. 

a. Natural vegetative reproduction: It occurs when plants grow and develop naturally without any 
human interference. It occurs when an axillary bud grows into a lateral shoot and develops its own roots 
(also referred to as adventitious roots). Thus, new plants may emerge from the underground stems, sub 
aerial stems, roots and bulbils of the parent plant. 

i. Underground stems: The underground modifications of stem generally serve as storage organs 
and contain many buds.  These buds develop into shoots and produce plants after rooting.  
Examples of such modifications are given tubers (potato), Bulb (onion and garlic), Rhizome 
(zinger and turmeric) and Corm (Colocasia). 
ii. Sub aerial stems: These modifications include runner, stolon, sucker etc.,. Sub-aerial stems 
are used for the propagation of mint, date plam etc. 
iii. Bulbils: modified flowers that develop into plants directly without the formation of seeds are 
vegetative bodies and their development does not involve fertilization, Ex. Agave, Lower flowers 
in the inflorescence of garlic generally develop into bulbils. Scientists are conducting research to 
induce bulbil development in plantation crops by culturing young inflorescence on tissue culture 
media and it has been successful in case of cardamom. 
iv. Normal roots in citrus and tuberous roots in sweet potato are also used as a propagating 
material.  

b. Artificial vegetative reproduction: Multiplication of plants by vegetative parts through artificial 
method is known as artificial vegetative reproduction. It is commonly used for the propagation of many 
crop species, although it may not occur naturally in those crops.  Stem cuttings are commercially used 
for the propagation of sugarcane, grapes, roses, etc. Layering, budding, grafting and gootee are in 
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common use for the propagation of fruit trees and ornamental shrubs. Techniques are available for 
vegetative multiplication through tissue culture ( Meristem culture, Anther culture, ovary culture and 
embryo culture) in case of many species and attempts are being made to develop new protocols for 
other crops.  Most of these species undergo sexual reproduction naturally, but for certain reasons 
vegetative reproduction is more desirable. 

2. Apomixis: In apomixis seeds are formed but embryo develops without fertilization. As a result, the plants 
developing from seeds are identical in genotype with each other and with the parent plant. In apomictic species, 
sexual reproduction is either completely absent (obligate apomixis) or sexual reproduction also occurs 
(facultative apomixis). 

Sexual Reproduction 

In crop plants, male and female gametes are produced in specialised structures known as flowers. Sexual 
reproduction involves the fusion of male and female gametes to form a zygote, which further develops into an 
embryo (Figure 1). It helps in combining the desirable genes from two genotypes into a single hybrid plant. 
Sexual reproduction helps in creating variation and evolution of crop plants. Sexual reproduction helps in 
isolation of good genotypes in plant breeding. 

 
Figure 1. Sexual reproduction in plants 

Conclusion    
Knowledge of mode of reproduction is essential for the artificial manipulation of crop plants through 
hybridization and also helps in deciding the breeding procedure for the improvement of crops. 
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Abstract 

Pesticides are widely used throughout the world in agriculture to protect crops but they pose significant health 
problems besides commonly contaminating soil, air and water. The high-risk groups exposed to pesticides 
include the production workers, formulators, sprayers, mixers, loaders and agricultural farm workers. The United 
Nations Environment Program estimates accidental pesticide poisoning causing 20,000 deaths and 1 million 
cases of illness per year worldwide. Pesticides have been implicated in human studies with leukemia, lymphoma, 
aplastic anemia, soft tissue sarcoma and cancers of the breast, brain, prostate, testis and ovaries. Organic 
agriculture is a unique production management system which promotes and enhances agro-ecosystem health, 
including biodiversity, biological cycles and soil biological activity. Organic agriculture excludes the use of 
synthetic pesticides, conventional fertilizers, pharmaceuticals and by definition excludes genetically modified 
plants and animals. Organically produced foods have been reported to be better as compared to their 
conventional counterparts in terms of wholesomeness, appearance, taste, nutrients and health. Fresh fruits and 
vegetables labeled organic had either no pesticide residue or lower level of pesticide residues as compared to 
those produced conventionally. Organic farming considered as a reliable way to increase nutrients i.e. 
micronutrients, decrease nitrate levels and also reduce exposure to pesticides through foods. Numerous studies 
confirm that many people believe that organic foods are healthier and safer than inorganically produced foods 
and are produced in a more environmentally compatible manner. 

Keywords:  Pesticide, Organic Farming, Conventional, Nutrients, Vitamin, Minerals. 

Introduction    
Pesticides are toxic, designed to kill, reduce or repel insects, weeds, rodents, fungi or other organisms that can 
threaten public health and the economy. Their mode of action is by targeting systems or enzymes in the pests 
which may be identical or very similar to systems or enzymes in human beings and therefore, they pose risks to 
human health and the environment. Pesticides are ubiquitous in the environment and most are synthetic. The 
most commonly used pesticides are insecticides (to control insects), fungicides (to control fungi) and herbicides 
(to control weeds). The world has seen enormous rise of pesticides uses for agricultural purposes to enhance 
the food production and feed the population of the world. 

Pesticides are widely used throughout the world in agriculture to protect crops but they pose significant health 
problems besides commonly contaminating soil, air and water. The high-risk groups exposed to pesticides 
include the production workers, formulators, sprayers, mixers, loaders and agricultural farm workers. The 
United Nations Environment Program estimates accidental pesticide poisoning causing 20,000 deaths and 1 
million cases of illness per year worldwide. Pesticides have been implicated in human studies with leukemia, 
lymphoma, aplastic anemia, soft tissue sarcoma and cancers of the breast, brain, prostate, testis and ovaries. 
The International Agency for Research on Cancer has found "sufficient" evidence of carcinogenic potentiality in 
most of the pesticides beyond the threshold limit. India uses about 30,000 tons of pesticides a year, more than 
60 per cent of it on food crops. Use of excessive pesticides contaminates soil, water and finally enters the food 
chain and contaminates the food produced. About 20 per cent of Indian food products contains pesticide 
residues above the tolerance level compared to only 2 per cent globally. No detectable residues are found in 
only 49 per cent Indian food products compared to 80 per cent globally. Today, our farming and food is full of 
toxins and synthetic substances in the name of ‘modern agriculture’ and a thrust to increase yields at any cost. 
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The cumulative and synergistic effects of all these products cannot even be estimated by the producers and 
users. While the government has banned or restricted the use of several identified  pesticides  , several of these 
pesticides routinely show up as residues in agriculture or in products where their use has been restricted. There 
can only be two reasons for the above: regulatory incapabilities/failures in terms of implementing such bans or 
restrictions or the half-life period of a chemical being so long that it shows up as residues even after the banning 
happens.  

Considering an old proverb that “We are what we eat” it becomes very important to reduce exposure of our 
foods against pesticidal toxins from our farm to fork. Our nutritional status, health, physical and mental faculties 
depend on the food, what and how we eat it. To overcome  this burning problem of this era we can rather take 
an option of Organic agriculture. 

Organic and Conventional Agriculture 

Organic agriculture is a unique production management system which promotes and enhances agro-ecosystem 
health, including biodiversity, biological cycles and soil biological activity. Organic agriculture excludes the use 
of synthetic pesticides, conventional fertilizers, pharmaceuticals and by definition excludes genetically modified 
plants and animals (Roitner-Schobesberger et al., 2008). Organic farming is one of the fastest growing niche 
markets for food. The rapid growth of organic farming is evident in that it is now practiced in approximately 120 
countries of the world and its share of agricultural land and farms continues to grow (Wheeler, 2008). More 
than 31 million hectares are currently managed organically in at least 623,174 farms worldwide (Yussefi, 2006). 
The interest in organic agriculture in developing countries is growing because it requires less financial input and 
places more reliance on the natural and human resources available. Government of India also observed that in 
vast areas of the country, where limited amount of chemicals is used and have low productivity, could be 
exploited as potential areas for organic agriculture. Arresting the decline of soil organic matter is the most 
potent weapon in fighting against unabated soil degradation and imperiled sustainability of agriculture in 
tropical regions of India, particularly those under the influence of arid, semiarid and sub humid climate. 
Application of organic manure is the only option to improve the soil organic carbon for sustenance of soil quality 
and future agricultural productivity (Katyal, 2000). Conventional agriculture is characterized by using a great 
amount of chemical fertilizers, synthetic pesticides, and growth regulators etc., resulting in heavy reliance on 
non-renewable resources, reduced biodiversity, polluted water resources, chemical residues in food, soil 
degradation and health risks to farm workers handling pesticides all of which bring into question the 
sustainability of the conventional farming system (Zhu et al., 2000; Reganold et al., 2006). There is more and 
more evidence that chemical-based fertilizers, herbicides and pesticides are extremely harmful to our health. 
Conventional agriculture relies heavily on chemical fertilizers and toxic pesticides, which are harmful to human 
health, and which enter the food supply, penetrate water sources, harm the livestock, deplete the soil, 
devastate natural eco-systems and contaminate the foods grown for the general public (Ramesh et al., 2010). 
Organic system consistently differs from conventional system primarily in the prohibition of manufactured 
soluble fertilizers and pesticides. The extent to which these inputs are replaced by alternative management 
practices for inputs such as green manure crops, compost, fertilizers or integrated pest management varies 
between commodities, location and individual farmers (Rigby and Cacres, 2001) The primary goal of organic 
farming is to optimize the health productivity of inter dependent communities of soil life, plant, animal and 
people. The modern organic agriculture movement has arisen in response to concern over two aspects of 
modern industrialized agriculture: nutritional value of food and environmental impact. Organic agriculture 
system is based on principle intended to guarantee the production of nutritious food with minimal 
environmental impact (Stockdale et al., 2001). 

Organic Farming: Better Provision of Nutrients by Nature    
Organic farming considered as a reliable way to increase nutrients i.e. micronutrients, decrease nitrate levels 
and also reduce exposure to pesticides through foods. Numerous studies confirm that many people believe that 
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organic foods are healthier and safer than inorganically produced foods and are produced in a more 
environmentally compatible manner. Organically produced foods have been reported to be better as compared 
to their conventional counterparts in terms of wholesomeness, appearance, taste, nutrients and health. Fresh 
fruits and vegetables labelled organic had either no pesticide residue or lower level of pesticide residues as 
compared to those produced conventionally. Baker et al. (2002) found that organic vegetables have higher 
levels (between 10 and 50 per cent) of secondary nutrients. These include antioxidants which help to mop up 
harmful free radicals implicated in cancer. It was observed that occurrence of pesticide residue on organic 
produce was considerably lower than the occurrence on conventional produce. Asami et al. (2003) measured 
the total phenolic (TP) content of marionberries, strawberries  and corn grown by sustainable, organic or 
conventional cultural practices. Additionally, the effects of three common post-harvest processing treatments 
(freezing, freeze-drying  and air-drying) on the TP content of these agricultural products were also investigated. 
Statistically higher levels of TPs were consistently found in organically and sustainably grown foods as compared 
to those produced by conventional agricultural practice. In all samples, freeze-drying preserved higher levels of 
TPs in comparison with air-drying. Mitchell (2003) compared the antioxidant levels in corn, strawberries and 
marionberries grown organically, sustainably and conventionally. Antioxidant levels in sustainably grown corn 
were 58.5 higher than conventionally grown corn, while organically and sustainably grown marionberries had 
approximately 50 more antioxidants than conventionally grown berries. Sustainably and organically grown 
strawberries had about 19 more antioxidants than their conventional counterparts. The study also showed that 
sustainably grown and organic produce had more ascorbic acid. On an average, organic vegetables and fruits 
contain more of minerals, vitamins, proteins and carbohydrates compounds than conventional ones, allowing 
for the possibility that organic plant foods may in fact benefit human health more than corresponding 
conventional ones  (Brandt and Molgaard, 2001). 

Magkos et al. (2003) identified some differences including slightly higher levels of ascorbic acid in organically 
grown leafy vegetables and potatoes. They also noted a trend toward lower protein concentrations, but higher 
protein quality in some organic vegetables and cereal crops. They also concluded that there is evidence of a 
slight improvement in animal health and reproductive performance when fed organic animal feeds. To ascertain 
the effects of different bio-fertilizers and bio-pesticides used in combination with organic nutrient on different 
vegetable crops viz. cabbage, radish and brinjal, an experiment was planned to find ideal microbial strains for 
specific crop and suitable bio-pesticides against major vegetable pests so as to develop a complete package of 
organic farming. Though the yield in organic produce was at par with produce obtained under conventional 
method but the produce was superior in protein and vitamin C contents with better shelf life under ambient 
storage conditions. The nitrate content, which has an ill effect on health, was also quite low in these treatments 
(Singh, 2006). Benbrook et al. (2008) studied 236 valid matched pairs across the 11 nutrients and reported that 
the organic foods within these matched pairs were nutritionally superior in 61 of the cases, while the 
conventional foods were more nutrient dense in 37 and no differences in 2 of the matched pairs. The organic 
samples contained higher concentrations of the polyphenols and antioxidants in about three-quarters of the 59 
matched pairs representing those four phytonutrients. Comparisons of potassium, phosphorus and total 
protein levels accounted for over three-quarters of the 87 cases in which the conventional samples were 
nutritionally superior. The magnitude of the differences in nutrient levels strongly favoured the organic samples. 
One quarter of the matched pairs in which the organic food contained higher levels of nutrients exceeded the 
level in the conventional sample by 31 or more. 

Better Mineral & Vitamin Composition in Organically Grown Counterparts    
Four hundred published papers were reviewed comparing organic and non-organic foods concerning food 
safety, nutritional content and health effects and reported that organic crops appear to be higher in various 
nutrients including vitamin C essential minerals and phytonutrients (Heaton, 2001). Woese et al. (1997) 
reviewed 27 studies that compared the contents of vitamin A and C in vegetables which were grown organically 
and inorganically. No differences were determined overall in respect of these substances mentioned in organic 
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and conventional cultivation nor were any differences observed when considering individual types or groups of 
vegetables. As far of the corresponding studies no major differences were observed but the other half did reveal 
a trend towards a slightly higher content in organically cultivated vegetable. It is noticeable that differences 
were observed in the vitamin C content of leafy vegetables such as lettuce, cabbage, spinach and chard (leaf 
beet). Warman et al. (1997) showed that organic value for vitamin C in a matched pair of cabbage samples was 
29-times higher than the conventional value. A second matched pair of carrots in the same study, contained 29-
times more Vitamin C in the conventional sample compared to the organic carrot sample. Clarke and Merrow 
(2002) found that organically grown oranges contained up to 30 more vitamin C than those grown 
conventionally while researcher was expecting the conventional oranges, which were much larger than the 
organic oranges, to have twice as much vitamin C as the organic versions. Instead, chemical isolation combined 
with nuclear magnetic resonance spectroscopy revealed the higher level in the organic oranges. Caris et al. 
(2004) found that organic and conventional farm that organic tomatoes had higher level of vitamin C, carotenoid 
and polyphenols than conventional when results were expressed as fresh matter basis. It has been observed 
that organic crops contain fewer nitrates and nitrites and fewer residues of pesticides than conventional ones. 
They contain as a rule drier matter, more vitamin C and B-group vitamins, more phenolic compounds, more 
exogenous indispensable amino acids and more total sugars; however, the level of β carotene is often higher in 
conventional plant products. Organic crops contain statistically more iron, magnesium and phosphorus and they 
have usually better sensory quality. Vegetables, potatoes and fruits from organic production show better 
storage quality during winter However, plants cultivated in organic system have as a rule 20 lower yield than 
conventionally produced crops (Rembialkowska, 2007). 

Pesticides and the Environment    
Despite growing research on safer alternatives, agriculture today involves the use of large amounts of toxic 
chemicals including chemical fertilizers and pesticides. While they are intended to kill one or more pests, or 
fertilize the soil for instance, the effects are often far-reaching. Several of these pesticides are persistent. These 
not only remain in the environment, but seep into our soil and water rendering it poisonous and travel for 
millions of miles finding themselves where they were never even used. Studies shown that less than 0.1 per 
cent of pesticides applied for pest control reach their target pests. This means more than 99.9 per cent end up 
in the environment, affecting not only public health but contaminating our resources and disturbing the eco-
system balance in our farms as well as the general atmosphere. With the use of pesticides, we are contaminating 
and poisoning natural resources on which our very survival depends. Pesticide drift (pesticides carried to other 
areas by wind) poses a threat to human life as well as wildlife. 

Pesticide use often adversely impacts beneficial insects and predators which can control pests. Such use often 
becomes a treadmill for the farmers, when such natural control factors are destroyed. Meanwhile, the target 
pest itself is likely to develop resistance at the genetic level to the pesticide because that is Nature's principle. 

Spraying of toxic chemical on agricultural fields have also been responsible for killing of unintended organisms 
of the higher order too – in India, reports of peacocks getting killed are repeatedly seen due to pesticides used 
in agriculture. Reductions of bird populations have been correlated to pesticide use in various studies. Even in 
India, several species of birds are reported to be on the verge of extinction including due to overuse of 
pesticides. 

Pesticides are also contaminating our water resources, both as surface run off and leaching into the 
groundwater aquifers. Aquatic life has been adversely affected  in many instances with such pesticide 
contamination, including through accidental spills/intentional disposal. Studies also well documented that 
pesticides impacted soil biodiversity. Earthworms, termed as farmers' friends, are adversely affected. It has 
been found that pesticide presence in soil in turn hinders healthy plant processes like nitrogen-fixation. 
Pesticides are also known to have other harmful impacts on plant growth and development. Pesticides have 
been implicated in poisoning and killing of bees which has a complex eco-system effect thereafter. While 
pesticides are known to have cause acute poisoning and deaths of animals that have strayed into pesticide-
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sprayed agricultural fields, an indirect effect can be of eliminating certain food sources on which such wild 
animals depend. 

Conclusion    
Strong evidences exist for other negative outcomes from pesticide exposure including neurological, birth 
defects, fetal death, Cancer and neuro developmental disorder ((Jurewicz J, Hanke W, 2008).) . Acute health 
problems may occur in workers that handle pesticides, such as abdominal pain, dizziness, headaches, nausea, 
vomiting, as well as skin and eye problem. In India where the only establishing regulatory laws are not enough 
for maintaining better environment and better living because of regulatory incapabilities / failures in terms of 
implementation it is very essential to explore an option at gross root level which can be followed and adopted 
by peoples very easily. Going to be organic is like we are coming  back to our nature and saving ourselves and 
environment from pesticidal toxins. Keeping today’s scenario in mind it can be stated that in coming future the 
World  has to explore and adopt being more natural and more eco-friendly for its survival and sustainability and 
going toward organic will be one of those options. 

References    
1. Asami, D. K., Hong, Y. J., Barret, D. M. and Mitchell, A. E. Comparison of the total phenolic and ascorbic acid content of freeze-dried and air dried 

marionberry, strawberry and corn using conventional, organic and sustainable agricultural practices. J. Agri. Food Chem., 2003 5 (1): 1237-1241. 
2. Baker, B. P., Benbrook, C. M., Groth, E. and Benbrook, K. L.. Pesticide residues in conventional, IPM-grown and organic foods: Insights from 

three U.S. data sets. Food Additives and Contaminants, 2002 19: 427-446. 
3. Benbrook, C., Zhao, X. and Yanez.. New Evidence Confirms the Nutritional Superiority of Plant-Based Organic Foods. Boulder. The Organic 

Center. 2008; 81-88. 
4. Brandt, K. and Molgaard, J. P.. Organic Agriculture: Does it enhance or reduce the nutritional value of food plants. J. Sci. Food Agri. 2001; 81: 

924-31. 
5. Brandt, K. and Molgaard, J. P. Organic Agriculture: Does it enhance or reduce the nutritional value of food plants. J. Sci. Food Agri., 2001; 81: 

924-31. 
6. Caris, V. C., Amiot, M. J., Tyssandier, V., Grasselly, D., Buret, M., Micolajozak, M., Guilland, J. C. and Borel, P.. Influence of organic versus 

conventional agriculture practice on the antioxidants, micro constituents content of tomatoes and derived puree; consequences on antioxidant 
plasma status in humans. J. Agri. Food Chem., 2004; 52: 6503-6509. 

7. Clarke, R. P. and Merrow, S. B.. Nutrient composition of tomatoes homegrown under different cultural procedures. Ecology of Food and 
Nutrition. 2002; 8(1): 37-46. 

8. Heaton, S.. Organic farming, food quality and human health. Soil Assn. Report, Bristol, UK. 2001 
9. http://cibrc.nic.in/list_pest_bann.htm 
10. http://www.indiaforsafefood.in/farminginindia.html 
11. Jurewicz J, Hanke W. Prenatal and childhood exposure to pesticides and neurobehavioral development: review of epidemiological studies. Int J 

Occup Med Environ Health. 2008; 21 (2): 121–32. 
12. Katyal, J. C.. Organic matter maintenance: Mainstay of soil quality. J. Indian Soc. Soil Sci. 2000; 48:704–716 
13. Mathur S.C., Tannan S.K. Future of Indian Pesticide Industry in the next millennium; Pesticide Information. 1999; 24(4):9-21. 
14. Mitchell, E. N. A.. Quality and preservation of vegetables. DRC Press Inc, Boca Rato, 2003Florida. 
15. Rakshit Amitava, Sarkar N.C., Sen, D. and Maiti, R. K.. Basics of Conversion to Organic Farming. IJAEB. 2010; 3: 253-256. 
16. Ramesh, P., Panwar, N. R., Singh, A. B., Ramana, S., Yadav, S. K.,  Shrivastava, R. and Rao, A. S.. Status of organic farming in India. Current Science. 

2010; 98(9): 1190-1193. 
17. Reganold, J. P., Glover, J. D., Andrews, P. K. and Hinman, H. R.. Sustainability of three apple production systems. Nature. 2006; 410-413. 
18. Rembialkowska, E. Quality of plant products from organic agriculture. J. Sci .Food Agri. 2007; 87: 2757-2762. 
19. Rigby, D. and Caceres, D.. Organic farming sustainability of agricultural system. Agric. Syst. 2001; 68: 23-25. 
20. Roitner-Schobesberger, B., Darnhofer, I., Somsook, S. and Vogl, C.. Consumer perceptions of organic foods in Bangkok, Thailand.  Food Policy. 

2008; 33:112–121. 
21. Singh, G., Kwatra, A. and Sehgal, S.. Nutrititonal composition of selected green leafy vegetables, herbs and carrot plant. Food human 

nutrition.2007; 56 (21):359-364. 
22. Warman, P. R. and Havard. K. A.. Yield, vitamin and mineral contents of organically and conventionally grown carrots and cabbage. Agr. Ecosys. 

Environ., 1997; 61:155-162. 
23. Woese, K., Lange, D., Boess, C. and Bogel, K. W.. A comparison of organically and conventionally grown foods - results of a review of the relevant 

literature. J. Sci. Food Agri. 1997; 74: 281-93. 
24. Yussefi, M.. Organic farming worldwide: overview and main statistics. The World of Organic Agriculture Statistics and Emerging Trends. 2006; 

56-73. 
25. Zhu, Y., Chen, H., Fan, J., Wang, Y., Li, Y., Chen, J., Fan, J., Yang, S., Hu, L., Leung, H., Mew, T., Teng, P., Wang, Z. and Mundt, C.. Genetic Diversity 

and Disease Control in Rice. Nature.2000; 406:718–722. 

  



 

 
Volume 2 - Issue 12 - December 2020       460 | P a g e  
 

Tree Crop Plantations - Strategies for Carbon Sequestration and 
Climate Change Mitigation 

Article ID: 33148 
Roshan Jadhav1 

1Ph. D. Scholar, Department of plant physiology, PGI, MPKV, Rahuri, Dist- Ahmednagar (413 722). 

 

Abstract 

Climate change refers to a paradigm shift in the climatic pattern of a location, region or planet which is linked 
with average weather components, such as temperature, wind patterns and precipitations. Climate change 
results in erratic events such as rising global temperature, intensified drought, flooding, cyclones, low or poor 
agricultural productivity, loss of biodiversity and shifting of seasons. Natural processes such as variations in the 
intensity of the sun, eruptions from volcanoes, very slow changes in ocean circulations and land surfaces can 
cause this global climate change but human activities are by far the major causes through the continuous release 
of greenhouse gases and aerosols into the atmosphere, by altering land surfaces, and or depleting the ozone 
layer. The most environmentally conservative response to climate change mitigation would be to stop the 
consumption of fossil fuels and production of methane and chlorofluorocarbons; but these options may not be 
feasible until alternative technologies emanate. Considering the large amounts of carbon accumulated as 
biomass in plantations, extensive planting of trees, which possess large canopies that are able to capture carbon 
dioxide (CO2) from the atmosphere, could help mitigate the rising atmospheric CO2 levels. The roles of 
plantations in mitigating global climate change are related, but not limited to the following: the influence of 
trees on the hydrologic cycle, the barrier against destructive windstorm and desertification, conservation of the 
soil surface against erosion and intense heat, binding action of the dense root system, sustainable biodiversity, 
provision of renewable and bioenergy, nutritious food, employment, and rural income, and the reservoir of 
sequestered carbon. There is an urgent need to properly integrate trees and plantations in our agricultural 
systems, homes, institutions, markets, parks and other public places. This would not only help to reduce the 
build-up of carbon dioxide and other atmospheric impurities but also increase the produce from plantation 
crops in a locality thereby mitigating against food insecurity and poverty. 

Introduction    
Carbon sequestration is the process by which carbon dioxide (CO2) from the atmosphere is absorbed by trees, 
plants and crops through photosynthesis and stored as carbon in biomass such as tree trunks, branches, foliage, 
roots and soils (EPA, 2010). A variety of human activities lead to the emission of CO2 which are referred to 
sources of CO2 and the removal of CO2 refers to sinks of CO2. However, forests and soils have a large influence 
on atmospheric levels of CO2 as the forest vegetation serves as a major component of the global carbon cycle 
and it is estimated that the forest vegetation stores at least 350pg of carbon (Dixton et al., 1994). It is also 
estimated that as much as 90% of the world’s terrestrial carbon is stored in the forest (Houghton, 1996). 
Although the forest can store high levels of CO2, the estimated carbon storage by the forest is subject to either 
an increase or decrease due to factors such as conversion of forest lands to other land uses, harvesting of 
timber, mining etc. resulting in changes in carbon fluxes to the atmosphere. Carbon sequestration rates vary by 
tree species, soil type, regional climate, and topography and management practice (EPA, 2010). Pine plantations 
of 90 years in the Southeast of USA can accumulate 2.5Mg ha-1 of carbon per year (Birdsey, 1996). The increasing 
carbon emission is of major concerns for entire world as well addressed in Kyoto protocol (Chavan and Rasal, 
2010; Ravindranath et al., 1997). Biomass production in different forms plays important role in carbon 
sequestration in trees. These carbon pools are composed of live and dead above and below ground biomass, 
and wood products with long and short life and potential uses. Above-ground biomass, below-ground biomass, 
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dead wood, litter, and soil organic matter are the major carbon pools in any ecosystem (FAO, 2005; IPCC, 2003; 
IPCC, 2006). Trees play an important role in the reduction of carbon dioxide from atmosphere by carbon 
sequestration. Active absorption of CO2 from the atmosphere through the process of photosynthesis and its 
subsequent storage in different plant parts in the form of biomass in growing trees is the carbon storage (Baes 
et al., 1977 and Chavan et al., 2010). The amount of carbon sequestered continuously by a tree increases 
substantially over the time and age of tree till it matures. The process of carbon capture in photosynthesis is 
influenced by different factors including the tree age, leaf area and photosynthetic efficiency. The increasing 
carbon emission is of major concerns all over the world; it has been well addressed in Kyoto protocol 
(Ravindranath et al., 1997; Chavan and Rasal, 2010). The rate of carbon storage increases in young tree species, 
while it declines after full growth as the stand ages (Jana et al., 2009). Above Ground Biomass (AGB) of tree 
includes all living biomass of all its parts above the soil, while Below Ground Biomass (BGB) includes all the plant 
biomass of live roots excluding the fine roots of sizes <2mm diameter (Ravindranath and Ostwald, 2008). Carbon 
sequestration through growing fruit trees is known to be a cost-effective option for mitigation of global 
warming, global climatic change and additional income for the formers- Perennial crops - Natural “Sponges” for 
absorbing carbon dioxide from atmosphere. In the environment, carbon exists in many forms – predominately 
as plant biomass, soil organic matter, geologic deposits and as the gas carbon dioxide (CO2) in the atmosphere 
and dissolved in seawater. Carbon sequestration is the long-term storage of carbon in oceans, soils, vegetation 
(especially forests), and geologic formations. Oceans store most of the earth’s carbon, soils contain 
approximately 75% of the carbon pool on land – three times more than the amount stored in living plants and 
animals. Soils therefore play a major role in maintaining a balanced global carbon cycle. 

Carbon Sequestration and Tree Crops 

Carbon sequestration in the agriculture sector refers to the capacity of agriculture, horticulture and forests to 
remove carbon dioxide from the atmosphere. Carbon dioxide is absorbed by trees, plants and crops through 
photosynthesis and stored as carbon in biomass in tree trunks, branches, foliage and roots and soils (EPA, 2008). 
Forests and stable grasslands are referred to as carbon sinks because they can store large amounts of carbon in 
their vegetation and root systems for long periods of time. Soils are the largest terrestrial sink for carbon on the 
planet. The ability of agriculture lands to store or sequester carbon depends on several factors, including 
climate, soil type, type of crop or vegetation cover and management practices. The amount of carbon stored in 
soil organic matter is influenced by the addition of carbon from dead plant material and carbon losses from 
respiration, the decomposition process and both natural and human disturbance of the soil. By employing 
farming practices that involve minimal disturbance of the soil and encourage carbon sequestration, farmers 
may be able to slow or even reverse the loss of carbon from their fields. Carbon in trees can be stored in trunks, 
branches, leaves, flowers, fruits and roots, Schaffer et al. (1999) reported that exposure of tropical and 
subtropical fruit trees (avocado, banana, mangosteen, citrus and mango) to elevated concentration of CO2 

significantly increased the rate of photosynthesis and consequently an increase in tree biomass. 

Fruit Based System a Viable Alternative for Carbon Sequestration    
The fruits-based system is a self-sustainable system where solar energy can be harvested at different heights, 
soil resources can be efficiently used and cropping intensity is increased. The system consists of three main 
components viz., main crop, filler crop and inter crops which occupy three different tiers in space of the 
production system. (Upadhyaya et al., 1999). Carbon in trees can be stored in trunks, branches, leaves, flowers, 
fruits and roots, Schaffer et al. (1999) reported that exposure of tropical and subtropical fruit trees (avocado, 
banana, mangosteen, citrus and mango) to elevated concentration of CO2 significantly increased the rate of 
photosynthesis and consequently an increase in tree biomass. Photosynthesis in mangosteen increased by 40 
to 60% when exposed to 800 ppm for one year compared to when exposed to ambient CO2 concentration 
(Schaffer et al., 1999). Prolific flowering and fruiting abilities of trees increase carbon removal from atmosphere 
and store substantial amount of carbon as cellulose (Bickford, 2007). Fruit orchards can positively contribute to 
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a sustainable development under climate change scenario in the tropics considering the current expansion of 
agriculture and high level of poverty (FAO, 2010) which continue to shrink forest resources. 

How is Carbon Sequestered in Trees and Soils?    
Through the process of photosynthesis, plants assimilate carbon and return some of it to the atmosphere 
through respiration. The carbon that remains as plant tissue is then consumed by animals or added to the soil 
as litter when plants die and decompose. The primary way that carbon is stored in the soil is as soil organic 
matter. Soil organic matter is a complex mixture of carbon compounds, consisting of decomposing plant and 
animal tissue, microbes (protozoa, nematodes, fungi, and bacteria), and humus – carbon associated with soil 
minerals (William, 1999). Carbon can remain stored in soils for millennia, or be quickly released back into the 
atmosphere through respiration by soil microbes. Climatic conditions, natural vegetation, soil texture, drainage, 
and human land use all affect the amount and length of time carbon is stored in soil (ESA, 2006). 

Carbon Storage Potential    
The more the diameter, the more was the value of carbon storage by different parts of plant such as fruits, 
leaves, stem, bark, branches, twigs, and roots. Such findings may be due to differential of production/utilization 
of energy reserve of the plant. As the age of the tree advances, owing to the phasic change of juvenility to 
maturity, diversion of nutrients sets in towards reproductive phase i.e. towards flowers and fruits, leaves, stem, 
bark, branches, twigs etc. Being supportive to fruits they also utilizes considerable amount of nutrients reserve 
of the plant. Nadir (1973) and Dasberg (1987) reported that the largest proportion of total tree biomass was 
constituted by fruits which represented 30% of the total biomass of sweet orange. 

Future Stratigies    
The potential of fruit trees in carbon sequestration and environmental services remain unexploited. Since the 
limited research studies in quantifying carbon sequestration capacities in diverse fruit tree species. The new 
thinking should be to develop and identify suitable propagation protocols, management systems and suitable 
species to maximize carbon storage and to optimize fruit productivity. More research studies are needed to 
quantify CO2 sequestration potential in diverse fruit trees including indigenous fruit tree species to local 
communities. 

Conclusion    
Carbon reservoirs -The use of woody fruit trees on homesteads and cultivated fields can offer a cheaper 
payment for environmental services including carbon credits if piloted. Food and Nutritional security - 
Furthermore, fruit trees can provide this benefit while feeding a growing population and returning a profit to 
farmers. Improvement of soil status. 
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Abstract 

Soil formation is a multifarious interaction process involving many natural forces, including climate, relief, parent 
material, organisms, all acting over time. It takes thousands of years for a soil to form and most soils are still 
developing after following changes in some of these soil forming factors, particularly climate and vegetation, 
over the past few decades. Climate change is expected to have a forceful influence on soils and ecosystems due 
to elevated temperature and changes in precipitation (amount and frequency), thereby altering biogeochemical 
and hydrological cycles which shall affect the formation of soil structure, stability, topsoil, water holding capacity, 
nutrient availability and erosion. Global climate change affects soil temperature by either controlling the amount 
of heat supplied to the soil surface and the amount of heat dissipated from the soil surface down the profile. 
The rehabilitated physicochemical and biological properties of soils require highlighted scientific attention, 
particularly with respect to significant response processes to climate and soil services such as food security. 

Keywords: Climate change, Soil formation, Soil Temperature and soil structure. 

Introduction    
With advancing earth history, the parameters of climate such as temperatures and precipitation have globally, 
regionally and locally changed. In addition to extra-terrestrial and terrestrial reasons like volcanism, forest fires, 
changes in global ice, snow and vegetation cover have caused such changes (Agren and Bosatta, 1996). For the 
last 100 years the global mean temperature has increased to more than 15°C which is widely assumed to have 
reasoned by not only natural causes but anthropogenic reasons also (Bassirirad, 2000). Reduced water 
evaporation from agricultural land in contrast to natural forest, emissions of carbon dioxide especially in urban-
industrial agglomerations and the release of methane and nitrous oxide in agriculture are the most important 
impacts. It is assumed that in the 21st century, global mean temperature will rise by another 2-3°C, mainly 
caused by a higher use of fossil fuels and an intensified conventional agriculture (Bardgett, 2008). 

Defining soil properties in relation to climate change should consider the impacts of global climate change such 
as rising atmospheric Carbon dioxide (CO2) levels, elevated temperature, altered precipitation (rainfall) and 
atmospheric nitrogen (N2) deposition, on soil chemical, physical and biological functions (Athar and Ashraf, 
2008). Many studies have progressed our understanding of relationships between particular soil properties and 
climate change, e.g., responses to temperature, CO2, rain or rainfall (Allen, et al., 1996). However, it is noted 
that a comprehensive explanation of the factors at the heart of the issue is currently lacking. 

The aim of this paper is to describe the brief impact of climate change on different soil properties, their 
mitigation or adaptation strategies and thereby making a solution to the impact of climate change on physical, 
chemical and biological properties of soil. 

Impact of Climate Change on Soil Dynamics 

The impact of climate change on soils is a slow complex process as because soils are not only being strongly 
affected by climate change directly (for example effect of temperature on soil organic matter decomposition 
and indirectly, for example changes in soil moisture via changes in plant related evapotranspiration) but also 
can act as a source of greenhouse gases and thus contribute to the gases responsible for climate change (Bot 
and Benites, 2005). 
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Soil Water Changes    
The hydrological characteristics of soils such as water retention and hydraulic conductivity are determined by 
the soil physical properties, the most important of which are the texture or mechanical composition of the soil. 
Soil water can be fluctuated by climate change impacts such as precipitation which is causing rapid changes in 
soil water since the time scale for response is short usually within a few hours. Evapotranspiration loss of water 
from the soil greatly upsurges due to temperature increase by climate change which alters the type of land use. 
The integral influence of climate-hydrology-vegetation-land use changes are reflected by the field water balance 
and soil moisture regime (Cramer, 2009).  

Soil moisture trends are affected by both climate (e.g., precipitation and temperature) and human activities 
(e.g., groundwater (GW) extraction). Drying of soil moisture could increase the possibility of agricultural drought 
and fire (Dai, 2011). Agricultural drought affects plant transpiration, photosynthesis, microbial activity, and a 
number of biogeochemical processes. Significant decreasing trends in soil moisture can lead to water scarcity, 
threatening the water supply and associated food production (Zhan et al., 2016). 

The research by Green, et al. (2019) shows that, in many parts of the world, soils could become drier as the 
result of warming. Soil moisture changes is indicated on the left-hand chart below, which shows the percentage 
change in average soil moisture between a “baseline period” (1971-2000) and “future period” (2056-2085). The 
left-hand map showed that soils could become drier in some regions, including the southwestern US, 
Mediterranean and southern Africa. This could be influenced by rising temperatures and regional changes to 
rainfall. In the right-hand map showed, across the northern hemisphere, soil moisture variability is likely to 
increase. One reason for increase is that climate change could cause an increase in extreme weather events 
(heatwaves and droughts). These events causing severe soil dryness, which cause carbon losses to increase. 

 

 
(Source: Green, et al. 2019) 

Soil Temperature Changes    
Trends in soil temperature are important but rarely reported, indicators of climate change. There is a close 
relationship between air temperature and soil temperature and a general increase in air temperature will 
inevitably lead to an increase in soil temperature.  

The temperature regime of the soil is governed by gains and losses of radiation at the surface, the process of 
evaporation, heat conduction through the soil profile and convective transfer via the movement of gas and 
water (Davidson and Janssens 2006). 

Recent study by Houle et al., (2012) projected an up to 3.3°C rise in soil temperature in southern Quebec forest 
catchments in Canada, used the process-based NEST model across a climatic gradient in Canada and showed 
that soil temperature (at 20 cm depth) increased by 0.6°C for 1°C rise in air temperature. The study also 
indicated that air temperature could increase more rapidly than soil temperature across globe which is given 
below. 
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(Source: Houle et al., 2012) 

Soil Erosion Changes    
Carbon and nitrogen losses can be reduced by minimizing tillage practices, but we must also consider adaptive 
strategies to climate change as well as those that mitigate. In some areas there could be an increase in flash 
flooding as a result of increased precipitation over cracking soils and thereby changing their structure. Under 
varying topography and tillage scenarios, the study used Water Erosion Prediction Project (WEPP) model to 
compare soil erosion rates and other environmental drivers for assuming a representative warming scenario of 
4°F for the mid-21st century. The result of the study during historical data from 1979-2009 was on a moderately 
flat slope, an increase of 4°F could double annually soil loss from 0.17 to 0.34 tons per acre under conventional 
tillage or triple it from 0.02 to 0.06 tons per acre in a no-till system which is given below figure. 

 
(Source: Kristy Borrelli, 2015) 

Porosity and Bulk Density    
Influence of climate change on soil structure, type, spatial distribution and on the stability of soil aggregates is 
a very complex process. Climate Change alters the amount and temporal distribution of precipitation and 
temperature increases tend to directly affect the soil structure through the processes of slaking, dispersion, 
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mechanical disturbance and compaction of soil particles. The most noted direct impacts of climate change on 
soil structure are destructive potential of raindrops, surface runoff and filtrating water, and extreme rain events 
by which porosity and bulk density is changing rapidly (Varallyay, 2010). 
High rainfall events caused the shifts in the properties of large soil pores, could be identified by changes in 
infiltration under near-saturated conditions. Caplan et al., 2019 found that soil physical and chemical properties 
often influenced by geomorphic processes at both upland and lowland landscape positions. Compared to the 
control, rainfall supplementation reduced mean infiltration rates by 21 to 33% in pores spanning 545 to 2000 
μm. High-precision measurements of the volume and mass of excavated soil blocks indicated that total porosity 
increased with irrigation in the lowland while remaining constant in the upland. 

 
(Source: Caplan et al., 2019) 

Conclusion    
Climate Change poses serious interlinked challenges, which are expected to be relatively well buffered by the 
mineral composition, the organic matter content or the structural stability of many soils. The impact of climate 
change on soil system should be monitored in different agroecological regions on regular basis. Climate change 
and land degradation are closely linked issues and conservation farming has shown promise in minimizing the 
later. Hence, the potential of conservation agriculture in minimizing the impact of climate change needs 
thorough investigation. There is need for harmonization of data base on land degradation keeping in view the 
productivity and economic losses due to climate change effects. 
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Introduction 

The pesticides are chemicals which formulated by scientist or chemists in the research laboratory but, finally 
used by the farmer in/on the crop at field level. Pesticide formulation is becoming an input expertise by which 
agrochemical companies can differentiate their products. It has been estimated that around 250 million dollars 
and 8-10 years are needed for the development and production of a new molecule and to bring it into the 
market. Koirala et al. (2009) reported that higher doses and repeated applications lead to accumulate pesticide 
residues in vegetable commodities along with environmental pollution. According to Sarwar (2013), in order to 
reduce the loss and maintain the quality of vegetables harvest, pesticides are used together with other pest 
management techniques during cropping to destroy pests and prevent diseases. However, according to scientist 
study, the use of pesticides during production often leads to the presence of pesticide residues in vegetables 
after harvest (Chole et al., 2015).  The novel formulations would not only replace toxic, non-degradable 
ingredients/adjuvants of the conventional formulations but also increase the bio-efficacy of the products 
through incorporating latest technologies including size reduction (Wettable Powder to Suspension Concentrate, 
Soluble Concentrate to Microemulsion), increased coverage of applied surface area (EC to ME/Nano-
formulations), reduced wastage (Dust/ WP to Controlled Release Formulations) and dose rates of applied same 
pesticides to improve food quality with minimum pesticide residues (Hazara et al., 2017). 

Novel Trends in Formulations    
It is an extensive work being accepted throughout worldwide for developing novel formulation technologies 
which may serve the objectives of easier application, labour reduction, enhanced safety and take away toxicity, 
minimization of environmental pollution, elevated efficacy and reduced expenditure. The areas of expansion 
include suspension concentrates, micro-emulsions, granules, micro-granules, water dispersible granules, 
concentrated emulsions, controlled release, gels, tablets etc. Now a days the era of mixed formulations like ZC, 
ZE, and ZW which serve as the resistance breaking mechanism to so many pests. This new technology is also 
more successful, safer and easier to switch. 

Water Dispersible Granules (WDG) or Dry Flowables (DF) 

Wettable powders are aggregated into homogeneous granules of 1-2 mm size for easy handling and to get rid 
of reparable particles. These particles are dispersed in the spray tank and applied as dilute suspensions in the 
same way as the wettable powders. WDGs incorporate the same ingredients as wettable powders, including 
dispersants and clay, although generally with a higher level of active and less diluents. Like wettable powders, 
water-dispersible granules are mixed with water and applied as a spray suspension. Once in water, the granules 
break apart into fine powder. The formulation requires constant agitation to keep it suspended in water. 
However, WDGs have one added benefit that it reduced handler exposure risk. e.g. Sulphur 80 WG, 
Sulfosulfuron 75 WG, Thiamethoxam 25 WG, Spinetoram 10% + Sulfoxaflor 40% WG, Imidacloprid 40% + Fipronil 
40% WG, Emamectin benzoate 3 + Thiamethoxam 12 WG, Flubendiamide 5 + Hexaconazole 3.5 WG. 

Suspension Concentrates (SC)    
Suspension Concentrates (SC) or Aqueous flowables (AF) are concentrated 40% to 70% w/w suspensions of 
micronized active pesticide in the water. It is diluted with water in a spray tank to achieve the minimum effective 
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pesticide concentration prior to spraying on objective areas. There are some active ingredients in-soluble solids 
substances which would not dissolve in either water or oil. These may be formulated and converted in to 
flowables. Most flowables are prepared by first impregnating them onto a dry carrier (clay). Then, mixture of 
the active ingredient and carrier are ground into a fine powdered form. The fine powder is suspended in a very 
small amount of liquid which resulted in a thick liquid suspension product. Flowables may combine many of the 
characteristics of liquid emulsifiable concentrates and dry wettable powders. Few Examples of SC formulations 
are Indoxacarb  14.5 SC, Fipronil 5 SC, Chlorantraniliprole 18.5 SC, Chlorfenapyr 10 SC, Deltamethrin 2.5 SC, 
Isoproturon 50 SC, Indoxacarb 14.5% + Acetamiprid 7.7% SC, Fipronil 4 + Thiamethoxam 4 SC, 
Chlorantraniliprole 8.8% + Thiamethoxam 17.5% SC, Flubendiamide 19.92 + Thiacloprid 19.92 SC, Buprofezin 
23.1% + Fipronil 3.85% SC. 

Microencapsulated Suspensions (CS)    
Microencapsulated pesticides are dry particles or liquid droplets surrounded by a coating. Coatings may be 
plastic, starch or some other materials. Microencapsulated pesticides are mixed with water and applied as a 
spray which released in the from the capsule. In some situations, the encapsulation process can provide “timed” 
slow release of the active ingredient. Microencapsulated pesticides are mixed with water and sprayed in the 
same manner as other sprayable formulations. After spraying, the capsule wall of pesticide breaks down and 
slowly releases the active ingredients. These formulations are very useful for highly toxic materials which can 
be safer for applicators to mix and apply. But it may possess long restricted-entry or pre-harvest intervals for 
some highly toxic products. e.g. Lambda cyhalothrin 2.43  CS, 4.9 CS, Pendimethalin 38.7 CS. 

Concentrated Emulsions (EW)    
Concentrated emulsions (EW) contain up to 50% w/w of oil-soluble pesticide. It minimizes the disadvantages of 
emulsifiable concentrates by reducing the level of solvent needed to dissolve the pesticide then emulsifying 
solution in water. Oil-in-water emulsions can have significant advantages over emulsifiable concentrates in 
terms of cost and safety in manufacture, transportation and use (Zhang, 2014). EWs can also be in the form of 
either micro or macro-emulsions. e.g. Butachlor 50 EW; Tetraconazole 3.8 EW, Pretilachlor 37 EW). 

Micro-Emulsions (ME)    
Micro-emulsions are thermodynamically stable water-based system containing water-insoluble pesticides. It is 
composed of extremely tiny particles which similar to micelles that can be as small as 0.01 micron (µm) which 
makes the diluted product transparent because light scattering is reduced. It is commonly believed that micro-
emulsions can provide superior efficacy relative to macro-emulsion. It is believed that the small size of the 
emulsion droplets may allow for better transport of the pesticide through cell membranes thereby resulting in 
enhanced efficacy. 

Oil Dispersion (OD)    
An oil dispersion (OD) formulation is a solid active ingredient dispersed in oil. The oil can vary from paraffinic to 
aromatic solvent types and vegetable oil or methylated seed oils. Ideally the active ingredient is uniformly 
suspended in the oil phase. ODs are an excellent delivery system for water sensitive active ingredients such as 
sulfonylureas. However, ODs have extended to other active ingredients due to their better spray retention, 
spreading and foliar uptake as the carrier oil often acts as an adjuvant. The water free formulation can suffer 
from more sedimentation compared to water-based systems. e.g. Beta cyfluthrin 8.49 + Imidacloprid 19.81 OD; 
Cyantraniliprole 10.26 OD. 

Capsule Suspension (CS)    
A Capsule Suspension (CS) formulation is a combination of an active ingredient encapsulated in polymer shell 
suspended in water with a dispersant and wetting agent. CS formulations remain one of the most advanced 
formulation types for crop protection products worldwide. These are typically next generation formulations. 
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When CS formulations are diluted with water in the spray tank, they form a spontaneous suspension, with 
particles in the size range of 0.1 to 20µm. When sprayed, the dilute emulsion gives a uniform and accurate 
application of active ingredient on to the crop, which is essential for effective pest control. It is possible to use 
CS formulations to give controlled or delayed release of pesticides as well as provide better protection against 
toxic active ingredients or prevent degradation of material. 

Nano Emulsions    
Nair et al. (2010) observed that  particle size of  nano-emulsions is less than 200 nm which makes the systems 
inherently transparent/translucent and kinetically stable. Pesticides formulated with nano-emulsions having a 
lower surfactant concentration than micro-emulsions and surfactants are considerably more environmentally 
friendly and are cost effective and economically (Kuzma, 2010). 

Mixed Formulations    
The mixed formulation is mainly intended for dilution into water prior to spray application and to eliminate the 
need for tank mixing which can lead to incompatibility. It also facilitates control of a wider range of pests with 
fewer applications. One or more of the active ingredients is encapsulated for various purposes, such as to 
increase the residual biological activity or to reduce the acute toxicity or to obtain a physical or chemically stable 
water-based formulation. The purpose determines whether the “free” active ingredient and the “release rate” 
are relevant properties of a specific product. 

ZC Formulation    
ZC is a mixed formulation of Capsule Suspension (CS) and Suspension Concentrate (SC). It is a steady aqueous 
suspension of microcapsules and solid fine particles which contains one or more active ingredients (Hazra, 
2015). e.g. Thiamethoxam 12.60% + Lambda-cyhalothrin 9.48% ZC, Chlorantraniliprole 9.30%+Lambda-
cyhalothrin 4.60% ZC. 

ZE Formulation    
ZE is a mixed formulation of capsule suspension (CS) and suspo emulsion (SE) which is a stable aqueous 
dispersion of microcapsules, solid fine particles and emulsion droplets; each of which contains one or more 
active ingredients (Hazra, 2015). 

ZW Formulation    
ZW is a mixed formulation of Capsule suspension (CS) and concentrated aqueous emulsion (EW) which is a 
stable aqueous dispersion of microcapsules and emulsion droplets, each of which contains one or more active 
ingredients (Hazra, 2015). Like other aqueous liquid formulations, ZW formulations are easy to handle and 
measure, dust free, non-flammable and offer good miscibility with water. 

Conclusion    
It has been increasing pest population including weeds, invasive species, insects and insect vectors and plant 
diseases, which lead to increase pesticides on crop production. During the last three decades, there is a 
chronological increase in the manufacture and utilization of pesticides in India. There are some challenges to 
develop safer molecules which could undergo photo-degradation, microbial degradation as well as chemical 
degradation leaving very a smaller number of residues in the environment.  

However, conservative pesticide formulations like WP, EC etc., are endangering human being, mammal’s health 
and polluting environment also. The modern formulations can avoid such problems up to some extents. The 
principal dictum for these developments is to furnish protection to the crops along with safety to the natural 
enemies of different pests as an entire wellbeing to environment. 
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Abstract 

Air pollution has caused several impacts on climate of any place and the living organisms. Every year the winter 
season is seen to struggle with pollution in cities like Hong Kong and New Delhi. Though Tamilnadu is not severe 
like them, it does face the emerging problem of dropping Air Quality, especially in the state capital and 
Coimbatore district, which are fast growing. The study on Air Quality trend analysis has been taken up for 
Coimbatore district with the data collected from Tamilnadu Pollution Control Board’s portal, to analyse the effect 
of COVID-19 lock down. From the study it could be understood that Air Quality has improved from the state of 
Satisfactory (Jan-Feb) to Good terms (Mar-Aug) at district average level and all locations in the district. Thus, 
proper management attributes on Air Quality and Pollution control shall help in maintaining this status further. 

Keywords: Air Quality, Pollution, Coimbatore. 

Introduction    
World Air Quality Report in 2019 stated that surpassingly India has again topped the list of cities with the worst 
air quality in the world, where twenty such cities have been reported (IQAir AirVisual's, 2019). Air pollution is 
triggered approximately 51% by industrial pollution, 27 % by vehicles, 17% by crop burning and only 5% by 
fireworks which shocks the premature deaths of 2 million Indians every year (Badarinath, et al., 2009). To 
eradicate the amount of suspended pollutants in the atmosphere government of India has launched 'The 
National Clean Air Programme' during 2019 with hesitant national level of 20 %-30 % reduction in PM2.5 and 
PM10 intensities by 2024, as base year for comparison of 2017 (NCAP, 2019). Particular Matter (PM) is highly 
deleterious to human health conditions and climatic implications, currently possessing worldwide attention. 
Particularly PM10 (PM = 10 µm or less in diameter) or respirable suspended particulate matter (RSPM) are 
dominated by particles from industrial and combustion sources, photochemical reactions and wind-blown soil 
and resuspended street dust (Harrison and Yin 2000). 

Coimbatore is notably a rapid urbanizing city (2nd largest) in Tamilnadu after Chennai, domineering in industrial 
sector ranking 15th in terms of textile and cotton industry, manufacturing, poultry farming, education, 
information technology and health care in the state (Mohanraj and Azeez, 2005). A study during 1991-2001 was 
done by Mohanraj and Azeez (2005) and inferred that annual average RSPM in urban-commercial areas of 
Coimbatore exceeded the permissible limit of 60 µg/m3 set by the Central Pollution Control Board (CPCB), India 
and the annual average of RSPM values did not exceed the standard limit of CPCB over urban–residential places. 
Though the air quality is above the critical level, they have mentioned the reason for the satisfactory 
atmosphere prevailing over the Coimbatore that the district is situating very nearer to western ghats which 
diverts good quality winds towards Tamilnadu. 

Numerous project models and prediction models have been evolved using weather data, air pollution data and 
GIS tools for monitoring the air pollutant concentration of Coimbatore region particularly the concentration of 
pollutants (PM2.5) (Yerramilli et al., 2011). According to Eswaran et al. (2019) project the places of 
Koundampalayam and Thudiyalur are highly polluted compared to all other monitoring stations in Coimbatore 
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district. In their study it is mentioned that collection of air sample for analysing air quality index over Coimbatore 
under controlled environment is very difficult and conservative for PM2.5 than for PM10.  

During COVID-19 pollutant emissions seemed to be reduced over India due to restricted movement of human 
beings. Fine tuning of controlled environment for collecting samples is very difficult because temperature must 
be controlled at 20 to 23ºC (±2ºC) and humidity must be controlled at 30 to 40% (±5%) (Sharma et al., 2020). 
Hence, the present study produces an assessment of air quality index (AQI) in the industrial and urbanizing fast 
growing Coimbatore district during the COVID-19 lockdown period (movement of general public was seized). 
The study is felt essential to understand the air quality index (AQI) and its influence on climate change and 
human health. 

Materials and Methods 

The Air Quality Index was obtained from Tamil Nadu Pollution Control Board’s official web portal. Data on 
sampling dates were converted into monthly averages and district average was estimated using the data of all 
sampling stations. Trend analysis of Air Quality Index was done to understand the air quality before (Jan-Mar) 
and after (Apr-Aug) COVID-19 lockdown in Coimbatore district. The Air Quality Index classification is given in 
Table 1, which was used to classify the Air Quality status of Coimbatore district. 

Table 1: Air Quality Index Classification: 

AQI Classification Possible health impacts 

0-50 Good Minimal impact 

51-100 Satisfactory Minor breathing discomfort to sensitive people 

101-200 Moderate Breathing discomfort to the people with lungs, asthma and heart diseases 

201-300 Poor Breathing discomfort to most people on prolonged exposure 

301-400 Very poor Respiratory illness on prolonged exposure 

401-500 Severe Affects healthy people and seriously impacts those with existing diseases 

Source: Central Pollution Control Board 

Results    
The results of Air Quality Index trend throughout different locations in Coimbatore district before and after 
COVID-19 lockdown has been represented in Figures 1-4. It could be evident from the results that among the 
three locations of selected AQI estimations, DCO and SIDCO areas have seen drastic decline, while the 
Kaundampalayam location has seen a comparatively slight decline alone, in AQI values from Satisfactory to the 
state of Good. On the average scale, Coimbatore district which has been in satisfactory levels of Air Quality 
before COVID-19 during Jan-Feb has achieved good Air Quality status after COVID-19 since March to August, 
2020. 

 
Figure 1. AQI of DCO – 238 during COVID – 19 
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Figure 2. AQI of Kavundampalayam during COVID – 19 

 
Figure 3. AQI of SIDCO - 237 during COVID – 19 

 
Figure 4. AQI of Coimbatore district during COVID - 19 

Conclusion    
The above results were evident to declare that this COVID-19 pandemic lockdown has paved was in improving 
the Air Quality of Coimbatore district, which was in conjunction with the results of Susanta Mahato et al. (2020) 
when analysed for New Delhi and Easwaran et al. (2019). 
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Introduction 

During the month of september 2020, central government has passed three bills related to agriculture. These 
three bills have been introduced on “ One Nation, One Agricultural Market” concept. It gives farmers freedom 
to sell their produce anywhere in the country. As per government taking their produce to beyond APMS market 
yards will benefit the farmers. The farm bills passed by centre government are:-  
1. “The Farmer’s Produce Trade and Commerce (Promotion and Facilitation) Bill, 2020.” 
2. “The Farmer’s (Empowerment and Protection) Agreement of Price Assurance and Farm Services Bill, 2020.” 
3. “The Essential Commodities (Amendment) Bill, 2020.” 

To negate the laws of central government, three state government has passed bills in their respective state 
assembly. First of all, Punjab state government has passed bills related to agriculture on 20th october, followed 
by Chattisgarh and Rajasthan. In these three state governments, a number of provisions are included in bills to 
protect the interest of farmers, sale of crop equal to or more than Minimum Support Price have been included 
in these farm bills amendments. 

Punjab Government Farm Bills    
Farmers across the nation are continuously protesting against the farm bills passed by the central government. 
After a continuous protest of a month, the Punjab state assembly passed three new farm amendment bills. 
These three farm bills are: 
1. The Farmer’s Produce Trade and Commerce (Promotion and Facilitation) Special Provisions and Punjab 
Amendment Bill 2020. 
2. The Farmers (Empowerment and Protection) Agreement on Price Assurance and Farm Services (Special 
Provisions and Punjab Amendment) Bill, 2020. 
3. The Essential Commodities (Special Provisions and Punjab Amendment) Bill, 2020. 

Explanation by Punjab Government 

The Punjab farm bills look to negate the Centre's laws and ensure minimum support price (MSP) for farmers. 
They also give powers to the state to impose stock limits. In each of the three Bills, the Punjab government has 
claimed that the application of central laws to the state is being changed to “restore the agricultural safeguards 
for the farmers through the regulatory framework of Punjab Agricultural Produce Markets Act, 1961 to secure 
and protect the interests and livelihoods of farmers and farm labourers as also all others engaged in agriculture 
and related activities”.  

The three Bills mention the agriculture census 2015-16 to underline that 86.2 per cent of farmers in the state 
are small and marginal, with the majority owning less than two acres of land. Consequently, they have limited 
access to multiple markets, and lack the negotiation power needed to operate in a private market. The three 
State Bills provide for imprisonment of not less than three years and fines for sale-purchase of wheat or paddy 
under a farming agreement below the MSP, besides prevention of hoarding and black-marketing of agricultural 
produce, among other things. 
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The Farmer’s Produce Trade and Commerce (Promotion and Facilitation) Special Provisions 
and Punjab Amendment Bill 2020    
Objective of this bill: To declares status quo in the state with regard to the APMC Act 2016. 
1. A certain amount of fees to be paid by traders on trading of agricultural commodities on physical trading  or 
electronic trading and transaction platform for trade and business if done outside the APMC. And the fund 
collected by this way is used for farmers welfare 
2. By bringing the entire state under APMC ambit, the Bill ensures that the private players will also be regulated 
by the rules of government mandis.  
3. This will disable the key provision in central government lawa that seeks to allow farmers to sell the produce 
beyond the APMC market 
4. As per this bill purchase of Wheat and Paddy at price lower than MSP decided by the central government is 
not allowed. 
5. If in case of contract farming, the corporate house or any company puts pressure on farmer to enter into 
contract at price less than MSP, it shall be deemed as punishable offence with a prison of 3 years and fine or 
both. 

The Farmers (Empowerment and Protection) Agreement on Price Assurance and Farm 
Services (Special Provisions and Punjab Amendment) Bill, 2020    
Objective of this bill: To address the fear of state farmers about being forced to sell their produce at price much 
less than MSP: 
1. As per this bill, in contract farming it is mandatory for the company to pay the MSP or a price more than MSP 
to farmers with whom they have entered into contract farming. 
2. In case any company violates the system, they have to face imprisonment for three years. 
3. As per this bill purchase of Wheat and Paddy at price lower than MSP decided by the central government is 
not allowed. 
4. Farmers can approach civil court in case of any indifference with buyer of his purchase. 

The Essential Commodities (Special Provisions and Punjab Amendment) Bill, 2020    
Objective of this bill: To protect consumers from hoarding and black marketing of agri produce: 
1. This bill says that no disciplinary action shall be taken against any person for violating provisions of central 
act.  
2. Underlining that production, supply, and distribution of goods is also a state subject, the Bill claims the central 
Act seeks to give unlimited power of stocking essential commodities to traders. 
3. The state of Punjab will have the power to order, provide for regulating the production, supply, distribution, 
and imposing stock limits under extraordinary circumstances 

Contradictions in the Bills Passed    
There are two major contradictions in these bills which are as follow: 
1. Mainly these bills are focused on two crops i.e. wheat and paddy. And other crops are being ignored. Punjab 
is also having surplus production of cotton, maize and some pulses. On this Punjab Mandi Board said this is 
because Punjab is contributing around 32 % of production of these two crops. 
2. Secondly, these bills discourage the private players completely to enter and trade in Punjab. This is because 
they have to pay the price more than MSP and it will be tough for private players to do. 

Supportive Points    
1. Even when the regulated market is present, only 6 % of farmers are getting MSP (as per Shanta Kumar 
Committee’s report), so in market beyond APMC’s it will be tough for farmers to get MSP for their produce. So, 
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putting some extra fees to restrict the entry of private players in the market is a brilliant move by the 
government. 
2. Making MSP mandatory in case of contract farming gives more relief to the farmers 

Farm Bills by Rajasthan Government    
Farm bills passed by Rajasthan government as same as that of Punjab. The major difference is that Punjab 
government has made mandatory MSP for wheat and paddy crop but Rajasthan government has said nothing 
related to MSP with respect to any particular crop. In Rajasthan MSP is mandatory in case of contract farming. 
The Rajasthan Bills have substantially altered the restrictions imposed under the Central Acts on the application 
of a market fee by the state APMCs, and power to regulate production, supply, distribution and stock of 
agricultural produce under extraordinary circumstances and the dispute resolution process. 

The Farmers’ Produce Trade and Commerce (Promotion and Facilitation) (Rajasthan 
Amendment) Bill, 2020    
The major amendment has been about levying a market fee in a “trade area” provided under the state APMC 
Act. According to this act imposition of a market fee in a “trade area” under the state APMC Act or any other 
law was prohibited. “Trade area” included any place outside the APMCs. A market fee was imposed on produce 
brought or sold in a “market area”, set at a maximum of Rs 2 per Rs 100 worth of agricultural produce. Rajasthan 
Bill amended this to provide dispute resolution under the state APMC Act, which says disputes are to be settled 
by the market committees. 

The Farmers Agreement on Price Assurance and Farm Services Act: Rajasthan    
This bill is exactly similar as of Punjab government. As this bill says that the state provided that sale or purchase 
of a crop under contract farming will be allowed only at minimum support price or above it. The sale and 
purchase of a crop under contract farming is provided at a price determined and mentioned in the farming 
agreement. It must be noted that in the Rajasthan APMC Act and APMC Rules, the farming agreement was also 
provisioned at a price either higher than the MSP or the model price, whichever is higher. 

The Essential Commodities Act: Rajasthan    
The Bill, which mainly deals with Centre’s Farmers (Empowerment and Protection) Agreement on Price 
Assurance and Farm Services Act, 2020, empowers the state “to order for regulating or prohibiting the 
production, supply, distribution, imposing stock limits under extraordinary circumstances, which may include 
famine, price rise, natural calamity or any other situation”. It essentially seeks to protect consumers from 
hoarding and black-marketing of agricultural produce, including vegetables, fruits, etc. 

Contradictions in the Bills Passed    
There are two major contradictions in these bills which are as follow: 
1. Same as Punjab government bills these bills discourage the private players completely to enter and trade in 
Rajasthan. This is because they have to pay the price more than MSP and it will be tough for private players to 
do. 
2. Making MSP mandatory in case of contract farming as of Punjab government gives more some relief to the 
farmers but there is very less area which is equal to negligible where contract farming is being practised. 

Supportive Points    
1. Even when the regulated market is present, only 6 % of farmers are getting MSP (as per Shanta Kumar 
Committee’s report), so in market beyond APMC’s it will be tough for farmers to get MSP for their produce. So 
putting some extra fees to restrict the entry of private players in the market is a brilliant move by the 
government. 
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2. Rajasthan government said not much on farmer should get MSP for their produce or not. 

Conclusion    
In economics, it’s a general saying that if more the competition, buyer will get benefit in case of purchasing any 
commodity. Same is with agriculture, what centre government did is they tried of establish any alternate market 
beyond the boundaries of APMCs so that farmer will get a better price for their produce say MSP. But the 
situation is even after the presence of regulated market of APMCs only 6 % farmers are getting MSP ( as per 
Shanta Kumar Committees report), so according to state governments, it will be tough for private players to pay 
MSP to the farmers for their produce. So, by adding some extra charge and fees state government tries to 
prevent private players enter in Punjab and Rajasthan. For contract farming fixing MSP is a brilliant step as in 
Punjab number of Rice Exporting Companies are already practising this system. 
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Introduction 

Starch is a major storage form of carbohydrates in the cereals such as rice, wheat, etc. Starch is composed of 
glucose polymers such as amylose and amylopectin which accounts for about 90% of the dry weight of rice 
grains. Starch can be classified into three categories based on the nutritional purposes, depending on their 
extent and rate of digestion; these include rapidly digestible starch (RDS), slowly digestible starch (SDS), and 
resistant starch (RS). The main enzymes, which take part in starch hydrolysis, are amylases and amyl glucosidases 
resulting in glucose, maltose, and dextrins liberation during the digestion. 

Rapidly Digestible Starch (RDS)    
RDS is the fraction of starch granules that cause a rapid increase in blood glucose concentration after ingestion 
of carbohydrates. This fraction of starch in vitro is defined as the amount of starch digested in the first 20 min 
of a standard digestion reaction mixture (Englyst et al., 1992). 

Slowly Digestible Starch (SDS) 

SDS is the fraction of starch that is digested slowly but completely in the human small intestine. SDS is defined 
as the starch that is digested after the RDS but in no longer than 120 min under standard conditions of substrate 
and enzyme concentration. The potential health benefits of SDS in vivo include stable glucose metabolism, 
diabetes management, mental performance, and satiety (Lehmann and Robin, 2007). 

Resistant Starch (RS)    
The fraction of starch that escapes digestion in the small intestine, and cannot be digested within 120 min, is 
defined as RS. RS has been defined formally by the European Flair Concerted Action on Resistant Starch 
(EURESTA) as the starch or products of starch degradation that escapes digestion in the human small intestine 
of healthy individuals and may be completely or partially fermented in the large intestine as a substrate for the 
colonic microflora acting as a prebiotic material (Faraj et al., 2004). 

Food Sources of RS    
1. Oats. 
2. Rice. 
3. Sorghum. 
4. Barley. 
5. Beans. 
6. Potato. 

Types of Resistant Starches    
1. Resistant starch 1 (RS1): It has a compact molecular structure which limits the accessibility of digestive 
enzymes. This starch is entrapped within whole or partly milled grains or seeds and tubers. 
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2. Resistant starch 2 (RS2): RS2 are native, uncooked granules of starch, such as raw potato, banana, and high 
amylose maize starches, whose crystallinity makes them poorly susceptible to hydrolysis. They are protected 
from digestion by the conformation or structure of the starch granule. 

This compact structure (tightly packed in a radial pattern and is relatively dehydrated) limits the accessibility of 
digestive enzymes and accounts for the resistant nature of RS2. A particular type of RS2 is unique as it retains 
its structure and resistance even during the processing and preparation of many foods; this RS2 is called high 
amylose maize starch. 

RS2 is measured chemically as the difference between the glucose released by the enzyme digestion of a boiled 
homogenized food sample and that from an unboiled, non-homogenized food sample. 

3. Resistant starch 3 (RS3): RS3 refers to non-granular starch-derived materials that resist digestion. Starch 
granules are disrupted by heating in an excess of water in a process commonly known as gelatinization, which 
renders the molecules fully accessible to digestive enzymes. 

However, if these starch gels are then cooled (retrogradation), they form starch crystals that are resistant to 
enzyme digestion. It may be formed in cooked foods that are kept at low or room temperature. 

Therefore, most moisture heat-treated foods contain some RS3. It is found in small quantities (approximately 
5%) in foods such as corn-flakes or cooked and cooled potatoes.  

4. Resistant starch 4 (RS4): RS4 describes a group of starches that have been chemically modified (conversion, 
substitution, or cross-linking) and include starches that have been etherized, esterified, or cross-banded with 
chemicals in such a manner as to decrease their digestibility. 

RS4 may be further subdivided into four subcategories according to their solubility in water and the 
experimental methods by which they can be analysed. The level of resistance depends on the starch base and 
the modification reaction. 

5. Resistant starch 5 (RS5): RS5 is a complex of amylose and lipids. RS5 rich the foods that are rich in amylose 
content. It is highly resistant to hydrolysis by alpha-amylase and resists digestion in the small intestine. 

Table 1. Health properties of resistant starches 

Conclusions    
The resistant starch is important for starch that is escaped from the digestion in the stomach and eventually 
gets fermented by the microbes present in the colon. The RS behaves like a kind of soluble fermentable food 
and feeds the good bacteria in the gut. The fermented RS in the colon has several health-promoting properties 
such as improved sensitivity to insulin, lowering of blood glucose level, overcomes constipation, and feels 
satiety. 

Potential physiological effects Conditions where there may be a protective effect 

Control of glycemic and insulinemic responses  Diabetes, impaired glucose and insulin responses, the 
metabolic syndrome  

Improved bowel health  
 

Colorectal cancer, ulcerative colitis, inflammatory bowel 
disease, diverticulitis, constipation  

Improved blood lipid profile  
 

Cardiovascular disease, lipid metabolism, metabolic 
syndrome  

Prebiotic and culture protagonist  Colonic health 

Increased satiety and reduced energy intake  Obesity 

Increased micronutrient absorption  Enhanced mineral absorption, osteoporosis  

Adjunct to oral rehydration therapies  Treatment of cholera, chronic diarrhea  

Synergistic interactions with other dietary 
components, e.g. dietary fibers, proteins, lipids  

Improved metabolic control and enhanced bowel health  
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Introduction 

Microbes are the most abundant and oldest living forms that exist on the earth since 3.5 billion years ago. There 
are more microbes on one person’s hand than there are people on the planet. The human body contains 100 
trillion microbes and less than 5% of the microbes cause disease.  

The bacteria in the human hut can weigh over 1.8 kg and every gram of intestinal content contains 100 billion 
bacteria. The analysis of the bacteria in our gut can predict obesity with an accuracy of more than 90% and 
bacterial may influence our behaviour via 100 million neurons in our gut that is why our gut is also known as the 
2nd brain. Over 99% of the bacteria in the gut are anaerobes but, in the cecum, aerobic bacteria reach high 
density (Schluter and Foster, 2012). 

Humans are the Host for a Wide Variety of Microbes    
The human body hosts at least 1014 microbes which are more than the number of body cells of an individual 
organism. The dominant microbial communities that account for about 98% belong to Actinobacteria (1-13%), 
Bacteroidetes (9-42%), and Firmicutes (30-52%) while the other 2% of the microbes belong to Streptococci (2%), 
and Enterobacteria (1%). The 30 or 40 species make up 99% of the bacterial community in the body that makes 
its abundance in the intestine, hence 60% of the dry mass of the feces is bacteria. 

1. Oral cavity: The oral cavity is rich in bacteria group belongs to Firmicutes, Proteobacteria, Actinobacteria and 
Bacteroidetes such as Streptococcus, Haemophilus, and, Prevotella, etc, eukarya group belongs to Ascomycota 
and Basidiomycota such as Candida, Clostridium, and Alternaria, etc, and viruses belong to bacteriophages and 
eukaryotic viruses such as phages of Streptococcus, Veillonellan, and Megasphaera. 

2. Esophagus: the major bacterial genera rich in the esophagus is Streptococcus, Prevotella, and Veillonella. 

3. Stomach: the major bacterial genera rich in the stomach is Lactobacillus, Streptococcus, Prevotella, and 
Helicobacter. The major fungal genera are Candida and Phialemonium. 

4. Small intestine: The major bacterial genera are Bacteroides, Clostridium, and Streptococcus. The major fungal 
genera are Candida and Sachharomycetes. 

5. Large intestine: rich in bacterial genera belongs to Bacteroides, and Prevotella, fungal genera belong to 
Candida, Saccharomyces, and Penicillium, etc, and viruses belong to phages of Bacteroides, Firmicutes, and 
Actinobacteria. 

So far what we know is about 25 phyla, 2000 genera, 5000 species, 80% metagenome map ability, and 316 
million genes. However, still we need to know the undetected unknowns, hidden taxa and strain level diversity 
(20% sequences not matching genomes), functional unknowns (40 % genes without a match in functional 
database (Riaz, et al., 2017). 

Gut Microbiota is Good or Bad 

The gut microbiota contains diverse microorganisms some of them are good for health while some are bad for 
health. 
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Good Bacterial Flora and their Health Impacts    
1. Bifidobacterium: the various strains of Bifidobacterium help to regulate the immune response to invading 
pathogens, prevent tumour formation, and provides vitamins. 
2. Escherichia coli:  the several strains of E. coli involved in the production of vitamin K2 which is essential for 
blood clotting and helps to keep bad bacteria in check. 
3. Lactobacilli: some strains of lactobacilli produce vitamins and nutrients, boost immunity, and protect against 
carcinogens. The goods bacteria provide immunity by providing a physical barrier to invasive microbes. The 
bacterial in the gut plays a direct role in the synthesis of vitamins B and K as well as the absorption of calcium 
and iron. The metabolic activities of the gut flora allow our body to utilize food that would otherwise no be 
digested. 

Bad Bacterial Flora and their Health Impacts    
1. Campylobacter: C. coli and C. jejuni are the strains commonly associated with human diseases. Infection 
usually occurs through the ingestion of contaminated food. 
2. Enterococcus Faecalis: A common cause of post-surgical infection. 
3. Clostridium difficile: Most harmful following a course of antibiotics when it can proliferate. 

It was found that the gut bacteria of obese patients differ significantly from normal individuals. He also 
suggested a link between autism and decreased gut bacterial diversity. The gut flora is also likely to play a major 
role in the development of various inflammatory diseases including IBD and colitis (Zhang et al., 2015). It is 
always important to maintain the balance between the good and bad bacteria, any imbalance in the gut 
microbiota leads to dysbiosis. The dysbiosis of the gut microbiota leads to allergy, respiratory problems, 
neurodegenerative diseases, cardiovascular diseases, metabolic syndrome, liver diseases such as NAFLD, 
Cirrhosis, and gastrointestinal diseases (IBD, IBS, and GERD). 

The Factors that Influence the Gut Microbiota    
1. Exercise. 
2. Diet. 
3. Genetics. 
4. Stress. 
5. Environment. 
6. Pregnancy. 
7. Type of birth. 
8. Age. 
9. Antibiotics. 

Conclusions    
The human body is a host for a wide variety of microorganisms. Over evolution, some bacteria have developed 
a mutualistic relationship where the microbes and host get benefited from each other while others have a 
commensal relationship. The human gut contains both good and bad bacterial and it is important to maintain 
the balance between them. Any imbalance in the microbiota leads to various diseases. The health status of the 
person is greatly influenced by the richness and diversity of the microbiota which in turn depends on the human 
diet, exercise, etc. 
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Introduction 

Freezing is one of the best-known preservation techniques used in the food processing industries. The freezing 
process is a conversion of water into ice with the effects of low temperature. Slow freezing usually produces a 
large ice crystal whereas quick freezing develops a small and even crystal formation. Hence, the slow and quick 
freezing will also lead to the physiochemical alteration in the foods. Ice crystal formation occurs at two steps: 
the nuclei formation and crystal fusion. Conventional freezing method has more advantages over the traditional 
freezing methods e.g. more heat transfer coefficient, better quality maintenance, efficacy, etc.  

Within the last few years, new methods are being developed and analysed, e.g. the high pressure assisted 
freezing, which, based on the lowering of water melting point with pressure, allows a nucleation of ice 
throughout the whole volume of the product, or ultrasound-assisted technologies for product modification or 
process improvement, which has attracted considerable interest due to its promising effects in food processing 
and preservation (Zhang et. al., 2003).  

Power ultrasound in particular, a kind of ultrasound wave with frequencies in the range from 20 to 100 kHz and 
high sound power or sound intensity, has proved to be extremely useful in crystallization processes. It is assumed 
that acoustic cavitation defined as the growth, oscillation and collapse of small micro-bubbles, and the 
behaviour of the bubble of cavitation upon the propagation of the acoustic waves constitute the essential events 
which induce the majority of the acoustic effects by means of several possible mechanisms still under discussion. 

Acoustic Mechanisms on the Freezing Process    
One of the basic components of freezing a food system can always be simply pictured as ice crystals distributed 
across the unfrozen aqueous phase (Acton and Morris, 1992). The transmitting of the sound waves across the 
aqueous phase can cause the occurrence of cavitation if its amplitude exceeds certain level. The negative 
pressure during the rarefaction will cause liquid to fracture, leading to the formation of bubbles or cavities are 
shown in Figure.  

 
Fig: Stable and Transient Cavitation 
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During the negative pressure portion of the sound wave, bubbles will grow rapidly and create a vacuum, causing 
gases dissolved in the liquid to diffuse into them. As the rarefaction portion of the sound wave passes, the 
negative pressure is reduced and when atmospheric pressure is reached, the bubbles will start to shrink under 
surface tension. When the compression cycle starts and while the positive pressure lasts, gas that diffused into 
the bubbles will be expelled into the fluid. The diffusion of gas out of the bubbles will not take place until after 
the bubbles are compressed.  

However, once the bubble is compressed, its boundary surface area available for diffusion is decreased, 
therefore, the amount of gas that is expelled is less than the amount that is taken up during the rarefaction 
cycle. Consequently, these bubbles will grow bigger over each ultrasound cycle. These cavitation bubbles can 
serve as nuclei for ice nucleation once reaching the critical nucleus size. 

Acoustic Effects on the Food Freezing Process 

One of the major characteristics of power ultrasound is its ability to produce different effects when transmitting 
through different media. Because foodstuffs are usually complex materials which contain multiple components 
in different phases, and because freezing is a phase-change process, it is thus important to understand the 
motions that acoustic energy causes when transmitted through solids, liquids and gases, respectively. 
Knowledge of the fundamental aspects of freezing is also essential (Sun and Li, 2003). With this information 
available, it is then possible to see the various effects that power ultrasound generates when applied to the 
food freezing process appropriately. 

Control of Crystal Size Distribution in the Frozen Product    
Control of the crystal size distribution in the final product is usually one of the most important aspects of many 
freezing operations. Whether large or small crystal size is preferable mainly depends on the purpose of freezing.  

For ice cream processing, it is preferred that the ice crystals are as small as possible, in order to achieve a creamy 
and smooth product. Freeze drying is a process in which the product is frozen, and then water is removed from 
the frozen sample by sublimation (Chemat et. al., 2011). Freeze-drying is currently used for the manufacture of 
coffee, milk, etc. It is usually desirable to produce large crystals in small numbers, since this accelerates the 
subsequent sublimation process. Power ultrasound has proved to be an effective means of modifying and 
controlling crystal size distribution in the final frozen product; and it is actuated in different ways. 

Bad Bacterial Flora and their Health Impacts    
1. A variety of factors affect the efficiency of power ultrasound. These can be classified into two groups; sound 
factors and product factors.  
2. The product factors involve parameters such as temperature and viscosity of the fluid food, its initial gas 
content and bubble size, structure of the cellular food, its moisture content, water activity, water distribution, 
etc.  
3. The sound factors include the acoustic power or power intensity, ultrasound frequency, ultrasonic duration, 
mode of ultrasound, etc. Indeed, the desired ultrasonic conditions are in part determined by product factors. 
4. Furthermore, the ultrasonic conditions applied can vary significantly depending on the purpose of the 
acoustic treatment. 

Applications    
1. Power ultrasound is used to enhance improve the freezing process and quality of frozen foods. 
2. Low intensity ultrasound is used to monitor the physicochemical changes of foods during freezing. 
3. The particular form of ultrasonic apparatus used will vary according to the product and the type of process 
vessels.  
4. Acoustic energy can be applied directly to the product, e.g., by direct immersion of ultrasonic probes in the 
process fluid. 
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Conclusions    
The ultrasound generates when it is applied to the specific field of food freezing are seen. As has been shown, 
cavitation in the unfrozen liquid phase is one of the most significant phenomena provoked by the action of the 
acoustic energy. Cavitation results in the occurrence of microstreaming, which is able to enhance the heat and 
mass transfer accompanying the freezing process. Cavitation also helps to initiate nucleation and increase the 
rate of nucleation. Crystal fragmentation is another significant acoustic phenomenon, which can lead to crystal 
size reduction, and indeed is one of the most important aspects that many freezing processes target. 
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Introduction 

Antibiotics are the compounds produced by the microbes which kills or inhibits the growth of other microbes. 
After the discovery of antibiotics like penicillin, streptomycin and sulfonamides they were used as silver bullets 
to control the infectious diseases. However, enthusiasm behind antibiotics has been evaded as pathogens 
develop antibiotic resistance. 

In bacteria, antibiotic resistance is developed either through mutation of target protein or by acquisition of 
antibiotic resistant gene which inactivates antibiotic or synthesizes new proteins which is not affected by the 
antibiotic. 

Mechanisms of Antibiotic Resistance    
Based on the structural, biochemical properties and mode of action bacteria have different resistance 
mechanisms. These resistance mechanisms are categorized into different strategies: 
1. Enzymatic inactivation of antibiotics. 
2. Spontaneous resistance through mutation. 
3. Prevention of antibiotic from reaching its target. 
4. Protection of the cellular target. 
5. Modification of antibiotic molecules. 
6. Alteration of target protein. 

Enzymatic Inactivation of Antibiotics: Eg: Streptomycin 

Streptomycin is isolated from Streptomyces griseus and it produces different phosphotransferase enzymes i.e., 
Aph(6)-Ia and Aph(6)-Ib by S. griseus and S. glaucescens,  respectively. These enzymes provide resistance to 
antibiotic-producing streptomycetes and they are transferred to other organisms through horizontal gene 
transfer which facilitates the evolution  of antibiotic resistance. 

 
Important streptomycin resistance organisms encode enzymes which provide resistance by inactivation of 
antibiotic streptomycin either through phosphorylation or adenylylation process. Most widely studied 
streptomycin- resistance determinants among global scale are strAB gene pair (strA-strB) and the aadA (variant 
alleles) gene (Table 1). Three other streptomycinresistance determinants aph(6)-1c, ant(3rr) and ant(6) are also 
detected but limited in the distribution. 
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Spontaneous Resistance through Streptomycin    
In agricultural situations, mutations in bacteria provide resistance to streptomycin. In case of rrs or rpsL genes, 
mutations alter the binding site of streptomycin in the ribosome which is a common mechanism of streptomycin 
resistance. 

Eg: Mycobacterium tuberculosis, Erwinia amylovora. 

Prevention of Antibiotic from Reaching its Target    
Efflux is one of the important mechanisms which provide resistance against tetracycline by expelling 
tetracycline from cell. In gram positive and gram-negative bacteria, about 28 classes of efflux proteins provide 
resistance to tetracycline. Among 28 classes, tetA is most important and widespread determinant encoding 
tetracycline-resistance efflux in gram-negative bacteria, and this gene has been identified in more than 1,000 
bacterial species. 

Tetracycline antibiotics are hydrophilic in nature which pass through water filled channels called porins to cross 
outer membrane. So, mutations in ompF porins prevents the uptake of tetracycline in E. coli (Thanassi et al., 
1995). 

Protection of Cellular Target of Antibiotics    
In case of gram positive and gram-negative bacteria, protection of ribosomes is major determinant for 
resistance to tetracycline. Around 12 classes of ribosome protection proteins have been reported which provide 
resistance to tetracycline. These ribosomal protection proteins (RPPs) hydrolyze GTPs in a ribosome-dependent 
manner. The most common RPPs are TetO and TetM. 

Eg: These proteins provide resistance against tetracycline by dislocation of tetracycline from ribosome (depens 
on presence of GTP), thereby protects ribosome from tetracycline, such that aa-tRNA can bind to the A site and 
protein synthesis can continue (Connell et al., 2003). 

Modification of Antibiotic Molecules    
In general, Bacteroides encodes Flavin dependent monooxygenase which hydroxylates tetracycline thereby its 
affinity is reduced to ribosome and disintegrates in non-enzymatic manner. Important genes which encodes 
monoxygenases are tetX and tet37. 

Changes to Target Sites of Tetracycline    
Tetracyclines bind to the smaller subunit of ribosome (30 S) and cause translation arrest. Majorly, this antibiotic 
binds to one primary binding site and multiple secondary sites on smaller subunit of ribosome. The primary 
binding pocket might consist of G693, A892, U1052, C1054, G1300, and G1338 of 16S rRNA (Oehler et al., 1997). 
Mutations in these interaction sequences of 16S rRNA prevents the interaction of tetracycline with the rRNA, 
thereby provides resistance to the tetracycline (Nguyen et al., 2014). 
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Egg plant crops are affected by a variety of harmful diseases. If it is not controlled in time, then its market price 
declines and farmer may face excessive monetary loss. Therefore, the major diseases of brinjal should be 
identified and timely treatment is necessary. 

Damping Off (Pythium spp., Phytophthora spp., Rhizoctonia spp.)    
The disease causes severe damage in the nursery. High soil, moisture and moderate temperature along with 
high humidity especially in the rainy season leads to the development of the disease. Two types of symptoms 
are observed: 
Pre-emergence damping-off: The pre-emergence damping off results in seed and seedling rot before these 
emerge out of the soil. 

Post-emergence damping-off: The post-emergence damping off phase is characterized by infection of the 
young, juvenile tissues of the collar at the ground level. The infected tissues become soft and become water 
soaked. The collar portion rots and ultimately the seedlings collapse and die. 

 

Control: 
1. Healthy seed should be selected for sowing. The seed should be treated with Thiram @ 2g/kg of seed before 
sowing. Continuous raising of nursery in the same plot should be avoided. 
2. The top soil of nursery should be treated with Thiram @ 5g/m2 area of the soil and nursery should be 
drenched with the same chemical @ 2g/litre of water at fortnightly interval. 
3. Soil solarization by spreading 250-gauge polythene sheet over the bed for 30 days before sowing and 
application of bio-control agent Trichoderma viride in soil @ 1.2kg/ha is also found effective to control damping-
off to considerable extent. 

Phomopsis Blight (Phomopsis vexans) 

It is a serious disease of brinjal infecting the foliage and the fruits. The fungus infects the seedlings in the nursery 
causing damping off symptoms. In seedling infection, it causes damping off symptoms. When the leaves are 
infected small circular spots appear, which become grey to brown with irregular blackish margins. 
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Lesions may also develop on petiole and stem, causing blighting of affected portion of the plant. Symptoms on 
the infected fruits appear as minute, sunken dull and dusky spots which later merge to form rotten areas. The 
flesh of severely infected fruits rots. 

Control: 
1. Adopting good field sanitation, destruction of infected plant material and crop rotation help to reduce the 
spread of the disease. Seeds obtained from disease plants should be used for planting. 
2. Seed treatment with Thiram (2 g/kg seed) protects the seedling in the nursery stage. Spraying with Dithane 
Z-78 (0.2%) or Bordeaux mixture (1%) effectively controls the disease in the field. 

Leaf Spot (Cercospora melongenae)    
The disease symptoms are characterized by chlorotic lesion, angular to irregular in shape, later turning greyish-
brown. Severely infected leaves drop off prematurely, resulting in reduced fruit yield. 

Control: Removal and destruction of affected plant parts and spraying the affected plants with Bavistin (0.1%) 
or Chlorothalonil (2 g/litre of water) is useful for disease control. 

Alternaria Leaf Spots (Altrenaria melongenae)    
The disease causes characteristic leaf spots with concentric rings. The spots are mostly irregular and coalesce 
to cover large areas of the leaf blade. Severely affected leaves drop off. The symptoms on the affected fruits 
are in the form of large deep-seated spots. The infected fruits turn yellow and drop off prematurely. 

 

Control: Removal and destruction of affected plant parts and spraying the affected plants with Bavistin (0.1%) 
is useful for disease control. 

Fruit Rot (Phytophthora nicotianae)    
High humidity favours the development of the disease. The symptoms first appear as small watersoaked lesions 
on the fruit, which later enlarges in size considerably. Skin of infected fruit turns brown and develops white 
cottony growth. 

 

Control: Removal and destruction of the affected fruits and spraying the crop with Difolatan (0.3%) thrice at an 
interval of 10 days effectively controls the disease. 

Verticillium Wilt (Verticilium dahliae)    
The disease attacks the young plants as well as mature plants. The infected young plants show dwarfing and 
stunting due to the shortening of the internodes. Such plants do not flower and fruit. Infection after the 
flowering stage results in development of distorted floral buds and fruits. 

The affected fruits finally drop off. The infected leaves show the presence of irregularly scattered necrotic pale-
yellow spots over the leaf lamina. Later on, these spots coalesce resulting in complete wilting of the leaves. 
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The roots of the affected plants are split open longitudinally, a characteristic dark brown discoloration if the 
xylem vessels are observed. 

 

Control: Crop rotation with bhendi, tomato, potato should be avoided. Soil application and foliar application 
with Benlate (0.1%) is effective in reducing the wilt disease. 

Bacterial Wilt (Psedomonas solancearum)    
Bacterial wilt disease causes severe problem in brinjal cultivation. The characteristic symptoms of the disease 
are wilting of the foliage followed by collapse of the entire plant. The wilting is characterized by gradual, 
sometimes sudden, yellowing, withering and drying of the entire plant or some of its branches. 

 

Control: Removal and destruction of the affected plant parts and using disease resistant varieties help to reduce 
the disease incidence. Crop rotation with bhendi, tomato, potato should be avoided. Before sowing the seeds 
should be dipped in a solution of Streptocycline (1 g/ 40 litres of water) for 30 minutes. 

Little Leaf of Brinjal    
This is a serious viral disease of brinjal. The disease is transmitted by leaf hopper (Cestius phycitis and Amrasca 
biguttula biguttula). The leaves of the infected plants in the early stages are light yellow in colour. 

The leaves show a reduction in size and are malformed. Disease affected plant are generally shorter in stature 
bearing a large number of branches, roots and leaves than healthy plants. 

The petioles get shorter considerably, many buds appear in the axil of leaves and internodes get shortened thus 
giving the plants a bushy appearance. 

Flower parts are deformed leading the plants to be sterile. Infected plants do not bear any fruit. However, if any 
fruit is formed it becomes hard and tough and fails to mature. 

Control: 
1. Adopting sanitary measures including the eradication of susceptible volunteer crop plants from a previous 
planting can reduce the damage. 
2. Use of barriers of trap crops and early removal and destruction of infected plants is also recommended. 
3. The sowing time can be adjusted to avoid the main flights of the beet leafhopper. Spraying Malathion 
(2ml/litre of water) starting with the appearance of the leaf hoppers controls their population. 

Mosaic of Brinjal    
This is a viral disease caused by Potato Virus Y and transmitted by aphids (Aphis gossypi and Myzus persicae). 
The important symptoms of the disease are mosaic mottling of the leaves and stunting of plants. The leaves of 
infected plants are deformed, small and leathery. Plants show a stunted growth when infected in the early 
stages. 
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Control: 
1. The disease incidence can be minimised by reducing the population of aphids, removal and destruction of 
infected plants and eradication of susceptible weed hosts. 
2. In the nursery, aphids can be controlled by application of Carbofuran (1 kg a.i./ha) in the nursery bed at the 
time of sowing seeds followed by 2-3 foliar sprays of Phosphamidon (0.05%) at an interval of 10 days. 
3. Spraying Phosphamidon (0.05%) at 10 days interval starting from 15-20 days after transplanting effectively 
controls the aphids in the field. 
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Introduction    
Light has a profound influence on plants and it performs many important biological processes like 
photosynthesis, phototropism, photorespiration, photoperiodism, etc.  Influence of light on plants in flowering 
is very fascinating, but not all the plants respond and flower to photoperiodic treatments.  Similar to light, the 
temperature also has significant effects on plant growth, dormancy and flowering.  Most of the metabolic 
processes are regulated by the temperature that is prevailing in the environment.  But the effect of temperature 
in inducing the development of reproductive organs is fascinating. 

As mentioned earlier, different plants have different cycles of vegetative growth, flowering and 
fruiting.  However, some biennials which produce vegetative structures in one season and induce flowering in 
the flowering season only after they are exposed to prolonged winter or cold treatment.  Interestingly, such 
cold requiring plants also need proper photoperiodic treatment for flowering.  Such biennial plants can be made 
to flower in the same season by subjecting them to cold treatment. Hence the process of acquiring the ability 
or capacity to accelerate the process of flowering, in response to cold treatment is referred to as Vernalization.   

In Soviet Union, the same phenomenon is called Yerrovization or Lysenkoism. Ever since Gassner (USA) 
discovered this unique phenomenon, a large number of plants which required vernalization have been 
identified and detailed studies have been made about the behaviour of such plants. After the Second World 
War, under the supervision of Lysenko in USSR extensive work has been done on vernalization and the same 
was exploited in the field of agriculture. 

The winter rye called Secale cereale or Petkus rye is a biennial plant which requires cold treatment for successful 
cultivation as one season crop. In fact, farmers used to cultivate this variety after subjecting the water imbibed 
grains to cold treatment and growing them in the spring and harvesting in the same in summer.  After Klippert, 
who reported this phenomenon, extensive research work has been done in this field.  Among many plants, 
Petkus rye (short day plants) was the first to be used for experimentation.  The other examples are Hyoscyamus 
niger (long day plant) Triticum aestivatum (cv. winter wheat), Lunaria bienensis, Arabidopsis thalliana, Lolium 
perennial, Beta Vulgaris, Brassica oleracea, and others. 

Age and Site of Vernalization 

Vernalization through cold treatment is very effective at the seed stage or seedling stage.  In some cereals, even 
the embryos can be successfully vernalized.  

However, in many cold recurring species, vernalization is not effective until and unless the plant possesses at 
least few leaves. The requirement of few leaves for effective vernalization is called ‘Ripeness to Flowering’.  This 
suggests that plants need certain degree of photosynthetic inputs to obtain and to respond to cold treatment.  

Additional support to this view comes from an experiment on the embryos of petkus rye. The embryos are 
separated from the endosperm and then if the embryo alone is subjected to cold treatment, embryos fail to be 
vernalized.  But if such complete embryos are subjected to cold treatment along with carbohydrates like sucrose 
solution or endosperms tissue, vernalization is very effective. Probably the role of carbohydrates in vernalization 
is to supply some energy. Nevertheless, the most sensitive site which acts as the perceptive organ is the 
meristematic region of the shoot apex. Even leaves which act as the sites should have certain amount of 
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meristematic tissues in them. But how does the cold treatment bring about this effect in such active cells is not 
known. 

Temperature Effect    
For the normal growth and development, every plant requires on optimum temperature.  But for vernalization 
the optimum temperature required is 3 0C to 17 0C, which varies depending upon the species involved.  Even 
the duration of treatment varies from species to species.   
1. In petkus rye the most effective range of temperature is 3 0C to 7 0C.   
2. But for Hyoscyamus niger 3 0C -17 0C degree is optimal. 

However, the efficiency of cold treatment in bringing about vernalization is determined by the number of days 
shortened between germination and flowering stage. 

Effect of Water and Oxygen    
By just treating the seedling with cold temperature, the said structures do not get verbalized. Along with the 
cold treatment plants also require water and oxygen for effective vernalization. The seeds or embryos should 
possess at least 40-50% water in their cells, without which cold treatment has no effect. Similarly, oxygen is 
very essential; probably it is required for biological oxidation. The essentiality of carbohydrates for effective 
vernalization supports the view of requirement of oxygen. Still, it is difficult to explain how cells use 
carbohydrates and oxygen for enzymatic oxidative process at such low temperature. 

Vernalin    
Various experiments in the past have revealed that during cold treatment, the meristematic cells found either 
in stem apex or leaves are stimulated to produce some substance. The presence of such substance has been 
demonstrated by grafting a vernalized plant to another non vernalized plant at normal temperatures.  The plant 
that receives the graft, after sometime, starts producing flowers, which suggests some substance found in the 
vernalized plants is transported to non-vernalized plant and that is responsible for the induction of flowering in 
the latter plant.  In some cases, if the cut shoot tip of the vernalized plant is placed above the decapitated stem 
of the non-vernalized plant, flowering is induced in the receiver plant the above experiments clearly 
demonstrate that some substance (X) is synthesized in vernalized plants now called ‘Vernalin” and it is capable 
of diffusion and induce flowering. Attempts to isolate and identify the components of vernalin have failed.  
Whether the vernalin is the same as florigen or a precursor of florigen is not known. 

Gibberellin as Substitute for Vernalization    
Many plants which require cold treatment also require proper photoperiodic treatment for the induction of 
flowers, without which vernalization does not have any effect.  If such plants are treated with gibberellins (GA), 
they produce flowers without subjecting the plants to cold and photoperiodic treatments. For example, 
Henbane is a rosette leaved long day plant which requires cold treatment for flowering.  If such untreated plants 
are sprayed with GAs, the plants produce flowers. It means gibberellins not only substitute vernalization but 
also photoperiodic treatment. But the same gibberellins have no effect on other long day and cold requiring 
plants species like Petkus rye. In some cases, for the proper response to GA treatment, the plant should possess 
a cluster of leaves in rosette form as a precondition.  The effect of GA on plants like Henbane has been attributed 
to its effect on the elongation of internodes at which time GA also promotes and probably elaborates the factors 
required for the induction flowers. 

Role of GA in Vernalization Pathway    
Cold treatment activates VER203 gene expression. GA also induces VER203 expression thus GA can partially 
substitute cold treatment to initiate flowering in plants that require cold treatment.  
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Whereas, in case of GA application the floral pathway integrators as FT, SOC are directly triggered by GA 
signalling. 

 

Mechanism of Floral Induction in Vernalized Plants    
Plants with their specific genetic makeup respond to different treatments like cold or photoperiods and produce 
flowers.  Most of the cold requiring plants also require proper photoperiodic treatment.  Gibberellins are known 
to overcome both cold treatment and photoperiodic treatment in long day plants, but it has no effect on short 
day plants. Synthesis of some unknown substance called ‘Vernalin’ during the period vernalization has been 
clearly demonstrated by grafting experiments.  Furthermore, for proper vernalization, plants require sufficient 
amount of water, oxygen and some vegetation growth.  Though all the above said factors are provided to the 
plant, flower inducing substance won’t be synthesized until and unless it is treated with proper cold condition 
at the stage of its development.  It is during the cold treatment, the synthesis of the said flowering inducing 
factor is believed to be accelerated. 

In fact, today scientists have shown that cold treatment induces the expression of Constans (CO) which in turn 
induces a substance called flowering locus T (FT), which with FD induce the expression of floral meristem 
identity genes.  These on expression act on floral part inducing genes. 

Flowering Locus C (FLC) Blocks Flowering Prior to Vernalization    
Work has shown that elevated levels of the MADS-domain-containing transcription factor FLC cause the late-
flowering vernalization-responsive phenotype of naturally occurring strains containing FRI or autonomous 
pathway mutants. FLC acts to block flowering and FRI, in turn, acts to up regulate FLC levels. The autonomous-
pathway genes promote flowering by repressing FLC expression; thus, autonomous pathway mutants contain 
elevated levels of FLC and are late flowering. 

Vernalization Promotes Flowering by Causing an Epigenetic Shut off of FLC    
Our work has also demonstrated that the promotion of flowering by vernalization is also regulated by FLC. The 
late flowering phenotype of FRI or autonomous pathway mutants can be effectively suppressed by 
vernalization. This suppression takes place at the level of FLC regulation. Following vernalization FLC expression 
is down regulated; for the rest of the plant's life and FLC levels remain suppressed. Levels are then reset during 
reproduction and are high again in the next generation. 

Actually, plants requiring vernalization contain FLC protein bound to specific location in chromatin that 
represses genes required for flowering, and it keeps in repressed state till cold treatment.  It is during cold 
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treatment the FLC dissociates from the loci and allow other factors to bind and activate gene expression.  It is 
this that makes the plants to flower in response to vernalization. 

Chailkhyan Hypothesis    
Chailkhyan, on the other hand is of the view that floral induction requires two substances.  One is GA or GA like 
compound and the other is flower inducing substance. So, he assumed that cold requiring long day plants 
contain enough flowering substance but lack in GA like compound which will be synthesized under inductive 
conditions.  

Contrary to this, cold requiring short-day plants possess sufficient amount of GA like compounds and lack in 
flowering substances which will be synthesized during inductive conditions. The GA like compound and 
flowering substance combine to produce a flower inducing complex called florigen.  Whether it is a cold 
requiring plant or photoperiod requiring plant or a plant which requires both, the hormone that is required for 
flowering has to be the same. Chailkhyan’s view was supported by G. Melcher, who grafted a short-day 
Maryland mammoth plant (it does not require cold treatment), to another non–vernalized cold requiring long 
day Hyoscyamus plant.  Grafting resulted in the formation of flowers in Hyoscyamus plant even under non 
inductive conditions. 

 

The explanation is that each of these plants possesses one of the two essential substances and lacked the other, 
i.e., short day plant contains GA and the long day plant possesses the flowering substance.  Due to grafting the 
GA from short day plant diffuses into long day plant, where both combine to produce a flower inducing 
substance or florigen, which intern induces.  In spite of numerous efforts to isolate and identify the vernalin or 
the flowering hormone, have remained elusive.  Presence of some such substances has been established by 
experiments but the nature of that material is not known. 
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Summary 

Photosynthesis in green plants and other photosynthetic organisms occurs when primary energy from sunlight 
is captured and converted into biological energy, which is then utilized for the assimilation or fixation of 
atmospheric CO2 into the organic molecules necessary for life. This is in fact a highly complex multi-step process, 
involving the initial photosynthetic electron transport, or PET (sometimes referred to as the light reactions), the 
Calvin–Benson cycle (photosynthetic carbon fixation, sometimes referred to as the C3 cycle, reductive pentose 
phosphate pathway, or the dark reactions), as well as subsequent steps involving the assimilation, transport, 
and utilization of photoassimilate. 

Introduction 
In eukaryotic photosynthetic organisms such as higher plants, these distinct yet overlapping photosynthetic 
processes require the products of hundreds of distinct protein-coding genes, some of which are encoded in the 
nucleus, while others are encoded within the chloroplasts. These two cellular compartments can be observed 
within photosynthetic cells (i.e. mesophyll cells). Each of these many gene products has a distinct function, but 
they also work together within the framework of an extensively coordinated photosynthetic network of genes, 
regulatory components, signalling factors, and metabolic processes. This highly interactive network enables a 
photosynthetic organism, as a primary producer, to utilize the common environmental components of water 
(H2O), atmospheric carbon dioxide (CO2), and sunlight to produce basic and complex sugars, carbohydrates, 
and ultimately more complex plant products that support all forms of terrestrial and aquatic life on earth.  

Types of Photosynthesis Genes    
Genes that encode proteins required for different stages of the photosynthetic process fall into several 
categories: 
1. Chloroplast-encoded genes. 
2. Nuclear-encoded, chloroplast-targeted genes. 
3. Genes-encoding components of PET (light reaction) photosynthetic complexes. 
4. Genes-encoding components of the Calvin–Benson Cycle. 
5. Other photosynthesis-associated genes and regulatory processes. 

Chloroplast-Encoded Genes    
Chloroplasts (photosynthetic plastids in green plant tissues) have their own genomes that consist of a 
prokaryotic-like closed circular DNA molecule usually about 120–160 kilobases (Kb) in size. PET and CO2 fixation 
occur in the chloroplasts, and genes that are located on the chloroplast genome encode many of the proteins 
directly involved in these initial processes. These are designated as ‘‘chloroplast-encoded’’ or ‘‘plastid-encoded’’ 
genes, and they are transcribed, translated, regulated, and expressed entirely within this organelle.  Genes that 
are encoded by organelle genomes (chloroplasts and mitochondria) have names that begin with a lower-case 
letter, such as rbcL, psbA, petD, rpl1, etc. 

Nuclear-Encoded, Chloroplast-Targeted Genes    
Other proteins required for photosynthetic reactions in the chloroplasts are actually encoded by genes located 
on the nuclear genome. These are referred to as Photosynthesis-Associated Nuclear Genes (PhANGs). PhANGs 
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are transcribed in the nucleus, and their mRNAs are translated on ribosomes located in the cell cytoplasm. They 
are initially produced with a chloroplast transit (or plastid-transit) sequence. The plastid-transit sequence 
ensures that these proteins are transported to the chloroplasts, where the transit sequence is removed as the 
proteins are taken up by the chloroplasts. Genes that are encoded in the nucleus have names that begin with 
an upper-case letter, such as RbcS, PsaD, PetF, Lhca1, etc. 

Genes-Encoding Components of PET (Light Reaction) Photosynthetic Complexes    
There are four multi-component complexes that work together to accomplish the light-dependent energy-
producing PET reactions: photosystem II, cytochrome b6f, Photosystem I, and ATP synthase. These complexes 
are associated with the thylakoid membrane within the chloroplast. For each complex, some of the protein 
subunits are encoded on chloroplasts DNA while others are encoded on the nuclear genome. 

The Photosystem II (PSII) complex is responsible for the initial capture of electrons from H2O, leading to the 
release of oxygen and providing electrons for the production of the energy molecules ATP and NADPH. 
Chloroplast genes encoding PSII components are designated as ‘‘psb genes’’ (such as psbA and psbB); most of 
the nuclear genes encoding PSII components are designated ‘‘Psb genes’’ (such as PsbO and PsbT). In addition 
to these are nuclear genes encoding the light harvesting chlorophyll a/b-binding proteins, designated Lhcb 
genes (or sometimes CabII genes), such as Lhcb1–Lhcb6. The products of these genes attach chlorophyll and 
antenna pigments to the thylakoid membrane to form the P680 reaction center of PSII. 

Plastoquinone (PQ) is a critical molecule in PET, accepting electrons from PSII and transferring them to the 
cytochrome b6f complex. The biochemical pathway leading to PQ synthesis occurs within the chloroplasts, 
mediated by several nuclear-encoded genes (some key examples are Pds1, Sps2, and Vte3).The Cytochrome b6f 
photosynthetic electron transfer (PET) complex, located in the chloroplast thylakoids, is responsible for non-
cyclic photophosphorylation and for the transfer of electrons from PSII to PSI. It also drives an ATP-producing 
proton gradient through cyclic photophosphorylation. Most of the genes encoding the components of this 
complex are given the designation of pet, such as the chloroplast-encoded petD, and the nuclear encoded genes 
PetE and PetF. 

Genes-Encoding Components of the Calvin–Benson Cycle    
Reactions of the Calvin–Benson cycle occur in the chloroplast stroma. This set of reactions utilize ATP and 
NADPH, generated from the light dependent PET reactions, for the assimilation of atmospheric carbon dioxide 
into organic compounds that can be utilized by plants, as well as all living organisms (CO2 fixation). The central 
enzyme to this process is the highly abundant ribulose 1,5-bisphosphate carboxylase/oxygenase (Rubisco), 
which combines a molecule of CO2 with the five-carbon substrate ribulose bisphosphate (RuBP) to form two 
three-carbon molecules, for an initial acquisition of one fixed carbon each time this reaction occurs. Other 
enzymes that make up this cycle process the initial molecules from the fixed carbon. This ultimately leads to the 
production of more complex organic molecules such as glucose, sucrose, starch, and other downstream 
photosynthetic products. In addition, some of the fixed carbon is used for the regeneration of RuBP to complete 
the cycle. In contrast to the PET, most of the enzymes utilized for the CO2 fixation, processing, and regeneration 
processes that make up the Calvin–Benson cycle are encoded in the nucleus and transported to the chloroplasts 
via a plastid-transit sequence. Examples are the genes Pgk (encodes phosphoglycerate kinase) and Tpic 
(encodes triose phosphate isomerase). An exception is the large subunit (LSU) of Rubisco, which is encoded by 
the rbcL gene located on the chloroplast genome. The Rubisco small subunit (SSU) is encoded by a small gene 
family on the nuclear genome, and is transported to the chloroplasts, where 8 SSU combine with 8 LSU to form 
the complete and functional 16-subunit (L8S8) enzyme. 

Other Photosynthesis-Associated Genes and Regulatory Processes    
Photosynthesis is ultimately responsible for all aspects of plant growth, development, viability, reproduction, 
and senescence. Thus, it can be argued that all plant genes are either directly or indirectly ‘‘photosynthesis 
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associated’’. However, some genes are more directly involved with photosynthesis than others; some examples 
of these are summarized below. Trans-acting regulatory factors for photosynthesis genes determine when and 
where these genes will be active (expressed). There are many distinct types and classes of trans-acting factors, 
which are responsible for the various types of regulation that determine the activities of hundreds of 
photosynthesis genes.  These factors are often DNA-binding proteins that activate or repress the promoters of 
nuclear-encoded photosynthesis genes, thereby turning on or turning off transcription of mRNA from these 
genes. Cis-acting regulatory sequences on the DNA (such as GT, G-Box, or I-Box elements) interact with specific 
DNA-binding proteins (such as GT-1, GBF2, GA-1, respectively) to activate the gene’s promoter and initiate 
transcription/gene expression. In this way, most nuclear-encoded photosynthesis genes are regulated at the 
level of transcription, although for many genes’ posttranscriptional regulation (control of mRNA 
stability/degradation and translation) also play a role in their expression. Both nuclear- and chloroplast-encoded 
mRNAs possess specific cis-acting sequences that determine their post-transcriptional regulation. Cis-acting 
sequences can occur within the 50-untranslated region (50UTR), the 30-untranslated region (30-UTR), or even 
the coding region of an mRNA. These sequences are recognized by RNA-binding proteins, which may affect 
translation, processing (such as RNA splicing), localization, or stability. For chloroplast encoded photosynthesis 
genes, post-transcriptional regulation is the major regulatory mechanism that determines the timing and 
location of expression. Many of the RNA binding proteins that control the post-transcriptional regulation of 
chloroplast-encoded mRNA are actually encoded in the nucleus, and transported to the chloroplast via a plastid-
transit sequence. There are a very large number of nuclear-encoded RNA-binding proteins in plastids, reflecting 
the many RNA regulatory processes that occur for each of the 100 or so plastid-encoded transcripts. There are 
several types of plastid-targeted RNA-binding proteins, which are divided into distinct classes. The most 
prominent of these is the extensive pentatricopeptide repeat (PPR) class of RNA-binding proteins (such as PPR4, 
PPR5, MRL1), which consists of at least 450 members in higher plants. Other classes include the CRM, PORR, 
APO1, and S1-binding domain proteins. Light-sensing proteins affect many aspects of plant growth and 
development in a process known as photomorphogenesis. It is not surprising that light, in addition to being the 
source of photosynthetic energy, is also a major environmental determinant affecting the expression of 
photosynthesis genes. A major class of photoreceptors are phytochromes (encoded by PhyA, PhyB, etc.), which 
respond to red and far-red light. Other photoreceptors include the blue light/near UV absorbing cryptochromes 
(encoded by Cry1, Cry2, etc.) and phototropins (encoded by Nph1, Nph2, etc.). These proteins influence the 
development, activities, and cellular location of the chloroplasts within the plant cells, as well as the expression 
of many photosynthesis genes. Oxidation–reduction (redox) activity regulates many photosynthetic genes. 
Redox reactions occur throughout the plant cell and are associated with many cellular processes, including 
photosynthetic activity (in chloroplasts) and respiration (in mitochondria). 

Conclusion    
1. The Complex expression and regulatory mechanisms governs the vast array of photosynthetic genes. 
2. Photosynthetic genes respond to an array of signalling mechanisms that originate from light receptors, PET, 
metabolites, cell or tissue type, developmental stage, or stress from the environment 
3. The integrative responsiveness of large sets of genes that determines photosynthetic activity and adaptability 
within any given environment 
4. Photosynthetic genes respond to abiotic and biotic stress can lead to the production of crop plants with 
heightened resistance to disease and increased adaptability to marginal conditions. 
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Summary 

Pesticides  are group of synthetic chemicals used for the extermination of insects, rodents and unwanted plants. 
Most of the pesticides have the ability to disrupt of a wide variety of pests by disturbing the physiological 
activities of the target organism resulting in dysfunction and reduced vitality. The unstrained use of pesticide 
use in agriculture, houses and lawns has affected the environment and biodiversity Agriculture workers are 
exposed to many pesticides and suffer from respiratory and other symptoms. Pesticide residues  have been 
linked with the health of agricultural workers. The Available scientific data indicate that pesticide exposure 
induces lung in-flammation in farmers and workers engaged in agricultural sectors. Hence,  we need the new 
programme to educate farmers against the ill usage and harmful effects  of pesticides. 

Introduction 
In India, the era of pesticide started very soon after the freedom in 1948 with the use of dichlorodiphenyl 
trichloroethane (DDT) and benzene hexachloride (BHC) to control malaria and locust. In no time, the demands 
of pesticide in agriculture rose so much that in 1952, India started pesticide production with manufacturing DDT 
for plant and BHC with  annual production of 5000 metric tonnes that increased to approximately  85,000 metric 
tonnes after 145 pesticides registration during the mid-nineteen (Gupta, 2004). 

In recent years, the pesticide production and consumption have reached a hype. India holds a position among 
top ten pesticide consuming countries worldwide after China. Moreover, Indian pesticide industries have 
become one of the leading pesticides manufacturing countries in Asia with 90,000 tons of annual production. 
These manufactured pesticides include Mancozeb, Cypermethrin, Sulphur, Acephate and Chlorpyrifos which 
get exported to  USA, Brazil and France (Shaikh and Sethi, 2020) 

A wide disparity in the use of pesticides across the states in India has been reported. States such as Uttar 
Pradesh, Maharashtra, Andhra Pradesh, Punjab, and Haryana accounts for 70% (1000 tonnes ) of country’s 
annual pesticide consumption (Devi et, al., 2017). In case of Punjab, the malwa region also known as India’s 
cancer capital, which occupies  15% of the total area of Punjab and  0.5% of the overall geographical area of 
India is responsible for the consumption of  75% of the total pesticide used in Punjab including many banned 
pesticide products. This is the reason that studies have depicted the presence of pesticide residues in the food 
chain which ultimately resulted in 10-fold increase in cancer incidences. Studies have also found a sharp 
increase in pesticide associated disorders in Malwa region including mental retardation and reproductive 
disorders among agricultural workers who are directly exposed to pesticides (Mittal et, al., 2014). 

Pesticide Exposure and Adverse Effects    
The pesticide applied in an unstrained manner remains on the crop surface, becomes an aerosol, settles down 
in soil and finally reaches to various water bodies making severe interference in the food chain. Humans and 
others get exposed to these pesticides through the most common route such as dietary intake, respiratory 
inhalation, and dermal contact. Recent studies have reported the presence of pesticides in water body's nearby 
agriculture area causing health issues.   

Exposure of the general population to pesticides occurs primarily through eating pesticide contaminated food 
and drinking water containing pesticide residues, whereas substantial exposure to pesticides can also occur in 
or around the home when  any pest's exterminators are called to the house. Studies have reported that 50% of 
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the fruits, vegetables and cereals are contaminated with approximate 300 different pesticides(Grewal et, al., 
2017). In case of farmers, exposure mainly occurs during the preparation and application of the pesticide spray 
solutions and thereafter during the cleaning-up of spraying equipment. 

Besides these routes, ingestion is rare but one of the effective routes for systematic inflammation that may lead 
to death. Around 62% of total suicide that occur in South Asia, South-East Asia and China are due to pesticide 
poisoning. History has witnessed several incidences of death due to pesticide that include consumption of 
wheat flour contaminated with parathion that killed hundred people in Kerala (1958) followed by the Union 
Carbide India Ltd (UCIL) gas leak in Bhopal Madhya Pradesh(1984) in which  8000 people and more than 4000 
animals died within minutes of exposure to the gas. Furthermore, 15,000 animals suffered from exposure of 
the toxic gas (Pandey, 1986). 

The effects on the health of domestic animals have also been documented worldwide due to inappropriate or 
careless use of commercial pesticide formulations. Studies have reported that the  adverse effect of herbicide 
has occurred in dogs (71.1%) followed by cat (15.8% ) and cattle (14.2%) (Caloni et, al., 2016). The mortality 
ratio due to agricultural poisoning has reached 250-370 thousand per annum. Due to pesticide poisoning, there 
is more than 1 million deaths and chronic diseases worldwide.  A study on association between lawn chemical's 
exposure and its adverse impacts in dogs (Scottish Terriers) that were exposed to gardens or lawns treated with 
phenoxy herbicides has been shown to have more  risk of transitional cell carcinoma of the urinary bladder as 
compared with exposure to untreated lawns or gardens (Glickman et, al., 2004). 

Pesticide exposure has also been associated with immunomodulation that makes  organism more susceptible 
to bacterial, viral and parasitic infections and to tumours We have earlier reported that oral dietary exposure 
to various pesticides ethion (Verma and Sethi, 2020), chlorpyrifos and cypermethrin alone and combination 
(Sethi et al 2020), 2,4-d (Geetika et, al., 2019), glyphosate (Pandher et, al., 2019), fipronil (Pandit et, al., 2019) 
and Imidacloprid (Pandit et, al., 2016) alters the histomorphology and transcription in lung of mice. A review 
showed that  in vivo studies on Mice, Guinea pigs, and rats exposed to different doses of pesticides administered 
in animal models elicited lung toxicity, pulmonary dysfunction, airway hyperactivity, abnormal lung 
development, congestion of lungs, pulmonary hemorrhage, irritant  effect  on lung tissue and hyper 
responsiveness (Shaikh and Sethi, 2020). Moreover, the studies showed that these pesticide results in lung 
injury characterized by infiltration of mononuclear cells around perivascular and peribronchiolar regions, 
sloughing of epithelium and thickening of the alveolar septa in mice (Nazki and Sethi, 2019). This may be the 
reason that farmers and pesticide applicators  have more cases of respiratory diseases, non- hodgkin‘s 
lymphoma, Parkinson‘s disease and various neurological diseases. 

Conclusion    
This evidence supports the point that pesticide is a major risk  for health apart from air pollution. Thus, 
awareness programs on handling of pesticides are required to set up in rural areas and in society to educate 
agricultural community against the harmful effects of pesticides. Moreover, pesticide use in biodiversity hotspot 
should be limited in order to save wildlife. 
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Summary 

Plants always playing a key role in fulfilling human needs. However, as like animals, they're also at risk of various 
infectious agents including fungal pathogens. Phytofungal pathogens pose serious problems worldwide in 
agriculture and food industry, especially within the subtropical and tropical regions. additionally, many also 
produce mycotoxins, which are harmful to humans and livestock and cause variety of diseases like rusts, smuts, 
rots, false mildew and will cause severe damage to crops. Detection of microbial pathogens refers to the method 
of creating the consistent presence of a specific target organism(s) within the plant or in its environments, no 
matter the event of visible symptoms within the plant suspected to be infected by the pathogen. Diagnosis, on 
the opposite hand, relates to the identification of the character and reason for the disease problem under 
investigation. 

Fusarium oxysporum is that the most significant soilborne fungal pathogens, which develop in both cultured 
and non-cultured soils, causing the symptoms of plant disease and plant disease diseases to a good range of 
vegetable and crop plants. 

Materials and Methods 
The following Material and method will be used in the investigation entitled. “Isolation, Purification and 
identification of Fusarium oxysporum Fungi from infected plant parts causing wilt in Crop"  

The experiments were carried out in the under-laboratory conditions.  
1. Cleaning and sterilization of glass wares: Glassware of Corning and Borosil make were used throughout the 
investigation. These were first cleaned by detergent, washed with tap water and then dipping overnight in 
cleaning solution (sulfuric acid 300 ml, potassium dichromate 80 g and distilled water 400ml) followed by rinsing 
in distilled water four times and dried in air. The glassware was sterilized in hot air oven at 180 ˚C for three 
hours. The inoculation needle, scissors, corn borer, and forceps used were sterilized by dipping in alcohol and 
heating over flame. The plastic wares viz., beakers and measuring cylinders were cleaned and sterilized by a 
cotton swab with 95 per cent alcohol. 

2. Medium used: Potato dextrose Agar (PDA) medium was used during the course of study for isolation and 
maintenance of culture. 

The ingredients of the medium were as follow: 
Potato (peeled and sliced) 200g 
Dextrose 20g 
Agar- agar 20g 
Distilled water 1000ml 

3. Collection of diseased plants: Diseased plants showing characteristic symptoms of wilt, Fusarium oxysporum 
in the field of farmer’s fields adjoin the district were collected for the investigations. The infected plants were 
carefully uprooted from the soil to get whole root system intact. The roots were washed with tap water and 
dried with the help of blotter paper to remove traces of water, for isolation of causal organism.  

4. Isolation and purification of Fusarium oxysporum: Isolation was made from the roots of wilted plants 
showing characteristic symptoms as described earlier. Small pieces of about one cm, from wilted plants, were 
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cut by sterilized knife. These were then surface sterilized with 1: 1000   mercuric chloride solution for 30 second 
followed by three changes of sterilized distilled water and dried on sterilized blotter paper before keeping them 
on Petri plates containing PDA. The inoculated plates were kept in an incubator for incubation at 25±1˚C and 
examined for the growth of fungus seven days after. The casual organism was identified and transferred on a 
fresh Petri plate containing PDA. On the growth of fungus, it was again identified under research binocular 
microscope and pure culture was developed following hyphal tip method. The pure culture so obtained was 
maintained on PDA slants and used as and when required. 

Results    
1. Collection of diseased plat material: Diseased plant samples showing typical symptoms of wilt will collected 
from the field and brought to the laboratory and used for isolation of the caused agent and its etiology. 
2. Isolation of causal agent: The fungus started growing on PDA four days after inoculation and on seventh day 
the mature colony of F. oxysporum will be recorded. 
3. Etiology of isolated fungus: Hyphae are septate and hyaline. Conidiophores are short and simple (usually not 
branched). Macroconidia usually produced abundantly, slightly sickle-shaped, thin-walled, with an attenuated 
apical cell and a foot-shaped basal cell. They are three to 5-septate measuring 23-54 x 3-4.5 µm. Microconidia 
are abundant, mostly non-septate, ellipsoidal to cylindrical, slightly curved or straight, 5-12 x 2.3-3.5 µm 
occurring in false heads (a collection of conidia at the tip of the phialide) from short monophialides. 
Chlamydoconidia are present and often abundant, occurring singly and in pairs. 

Discussion 

Determination of infectious routes of plant pathogens and their mechanisms of infection are of great 
importance in any disease control program. 

Conclusion    
Fusarium oxysporum fungus which was isolated from plant parts were very effective in destruction of the plant 
and found that the production was reduced due to the infection. 
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Abstract 

The increasing trend of horticulture production and the variety of crops produced in India offers immense 
opportunities for using this segment as means to double agriculture export. However, to unleash the export 
potential of this segment, it is imperative to identify the constraints of this segment and take targeted actions 
to overcome challenges. In this paper, we have identified the horticulture crops that can have competitive 
advantage in the global market and possible way forward based on the success stories of global leaders of 
horticulture export. 

Introduction 
Agricultural growth has powerful leverage effects on overall economic development. Market expansion of farm 
inputs and output is the key need as the sector grows. Trade liberalization provides additional markets which in 
turn lead to higher prices and greater returns to producers. For instance, well-developed agriculture sector of 
United States is the largest exporter of farm products and account for about 35 percent of farm income (Ribera 
et.al, 2016). However, policies on agricultural protection and subsidies in high income countries have been 
depressing international prices of farm products. Since, 1980s, many developing countries have been reforming 
their policies on agriculture trade and exchange rate policies, thereby reducing their anti-agricultural bias. 
However, diversity in distortions continue to impact farm trade (Anderson, 2015). An internationally 
competitive agricultural sector requires policies and institutional frameworks that facilitate innovation, least-
cost production, efficient risk management and investment with the highest expected net returns. (Australian 
Govt. Productivity Commission, 2014). 

Horticultural exports received a lot of attention from policymakers and researchers. Many developing countries 
prioritized the development and modernization of the horticultural sector as an export diversification and 
poverty reduction strategy. Horticultural exports entail a high potential for poverty reduction because of the 
intensive use of low-skilled labor in production and post-harvest activities, and the high intrinsic value of 
produce (Aksoy and Beghin, 2005). Horticultural exports are often referred to as high-value exports, resulting 
in higher and less variable foreign exchange earnings than other traditional commodity exports (Carter et al., 
1996). 

India has remained consistently a net exporter of agricultural products since economic reforms began in 1991. 
In 2018, India’s exports in agricultural goods amounted to USD 32.6 Billion  and imports in agricultural goods 
amounted to USD 27.3 Billion .  One of the objectives of India’s Agricultural Export Policy is to double agricultural 
exports from present USD 35+ billion to USD 60+ billion by 2022 and reach USD 100 billion in the next few years 
thereafter, with a stable trade policy regime. However, the growth in agricultural exports has been far from 
adequate. To achieve target of 60 billion, annual growth in the next 2 years required is about 31% which means 
a humungous task ahead. The key to achieving this target would be diversification of export. About 20% of our 
agricultural export is rice while high valued commodities, like, fruits or processed fruits accounts for mere 3-4% 
of total agricultural exports.  

In this paper we look at the potential of the horticulture sector to act as a catalyst in the growth of agriculture 
export. In the following section we look at the trends of horticulture production and export. In the subsequent 
section, we look at India’s export competitiveness of horticulture crops in global market. Sections 4 concludes 
the paper. 
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Trend in Horticulture Production and Export    
In the last 37 years, there has been a significant shift toward horticulture. Share of cropped area under cereals 
decreased by 9 percentage points, from 64% in 1980-81 to 55% in 2017-18. On the other hand, proportion of 
horticulture cropped area increased by 6 percentage points. The reason for this shift is apparently the increasing 
value of output from horticulture sector. In 2017-18, 55% of the cropped area under cereals contributed 26% 
of the value of output while 10% of the area under horticulture contributed 33% to the total value of output. 

Indian economy is gradually moving from supply driven value chain to a demand led market-oriented supply 
chain. The shift in cropped area towards highly demanded horticulture crops is an evidence of agro-
diversification. The diverse agro- climatic conditions and rich diversity in crops and genetic resources enable 
India to provide a wide range of horticulture crops round the year. Horticulture sector encompasses a wide 
range of crops like, fruits, vegetables, spices, plantation crops etc.  Horticulture production in FY20 at 314 million 
tonnes reached another record level and surpassed food grain production for the 8th consecutive year. India is 
the largest producer of ginger and okra amongst vegetables and ranks second in production of potatoes, onions, 
cauliflowers, brinjal, Cabbages, etc. Amongst fruits, the country ranks first in production of Bananas (25.7%), 
Papayas (43.6%) and Mangoes (including mangosteens and guavas) (40.4%). The vast production base offers 
India tremendous opportunities for export. 

The trend in export of fruits and vegetables has also been encouraging. In the last 14 years, i.e, 2005-06 to 2019-
20, export value of fresh fruits and vegetables increased at 12% per year, while export value of processed fruits 
and vegetables increased at 15% per year. During 2019-20, India exported fruits and vegetables worth Rs. 168 
billion which comprised of fresh fruits and vegetables worth Rs. 101 billion and processed fruits and vegetables 
worth Rs. 68 billion. However, in terms of proportion to total agricultural export, it has remained almost 
constant at 7-8 % in these 14 years. 

 
Trend in horticulture export (Source: APEDA) 

Export Competitiveness of Horticulture Crops in Global Market 

Expanding agriculture market by way of exporting has been recognized by various researcher and policy makers 
as a key step to doubling farmers income. Evidently, the gross returns of horticulture crops are ~2X of domestic 
sales. In case of certain crops, like, mangoes, grapes, papayas, pomegranate and potatoes it is even higher than 
2X.   

Table 1: Gross returns of horticulture crops: Export vs Domestic 

Crops  Gross returns (Rs/ tonne) Ratio of export returns to domestic returns 

Export Domestic 

Mangoes            77,742         35,215                               2.21  

Grapes        1,00,942         29,134                               3.46  

Guavas            44,990         31,093                               1.45  

Litchi            53,566         43,309                               1.24  

Papaya            41,519         17,056                               2.43  

Pineapple            41,985         24,033                               1.75  

Apples            31,260         28,419                               1.10  
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Bananas            34,425         18,709                               1.84  

Pomegranate        1,13,599         40,123                               2.83  

Cauliflowers            53,542         28,846                               1.86  

Cabbage            16,016         11,987                               1.34  

Tomatoes            24,073         14,079                               1.71  

Potatoes            43,228         13,043                               3.31  

Overall            31,549         19,412                               1.63  

Source: APEDA, NHB 

However, despite the high returns of horticulture crops in global market as compared to domestic market, the 
profitability in global market is not always assured. Broadly there are two types of problems which makes export 
of fruits and vegetables uncompetitive. These are: 
1. Supply chain issues which are inherent to the domestic supply chain of food products. 
2. Market access issues which are driven by the requirements of target countries.  

The supply chain issues, raises the cost of exporting, leading to higher prices in the global market. The cost of 
marketing agro commodities is also much higher abroad as compared to domestic market. High prices further 
result in loss of market. Most exports from India lack scale – for eg, the largest exporter of fruits records an 
annual sale of about Rs. 500 million (APEDA, 2020). The low volume translates into lack of economics in 
operation and makes export of fruits and vegetables uncompetitive.    

The issues of market access, supply chain and government policies have been found to be connected in both 
space and time coordinates. In order to have a comprehensive solution, it is imperative to identify the focused 
crops that have competitive advantage in global market and develop a comprehensive solution by identifying 
its advantages and constraints. 

Export Policy – 2018, identified 17 crop clusters.  Of these 6 crops are identified as high priority crops which can 
bring in immediate results. Crops are identified basis Revealed Comparative Advantage (RCA). RCA is based on 
Ricardian post theory which posits that pattern of trade among countries are governed by their relative 
differences in productivity. RCA is measured in the following way: 

RCA = (XIJ/ XIAG) / (XNJ/ XNAG) ---- (i) 

Where,  
XIJ = India’s (i) export of agricultural commodity ‘j’ 
XAGJ = India’s (i) export of total agricultural products 
XN = World (n) export of agricultural commodity ‘j’ 
XN = World (n) export of agricultural commodity ‘j’ 
XNAG   = World (n) export of total agricultural products 

To identify specialization, India’s trade ratio is compared with world average and Asian countries. A country is 
said to have a revealed comparative advantage in a given commodity when RCA >1.  Time series RCA index 
indicates the stability in the competitive share.  An increasing trend of RCA index suggests stability in commodity 
share over a period of time.  Using the RCA score and the time series trend, the top 5-crops identified are grapes, 
onion, potato, banana and chillies. 

Table 2:  Top 6 Horticulture Crops with High Export Potential 

 
Advantage Constraints 

Strength: Crops with High strength and growing 
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Conclusion    
Diversification of agriculture export is a key step towards doubling agriculture trade. The variety of horticulture 
crops produced in India and the trend of production in the last 15 years gives tremendous opportunities for 
export.  

However, there are multiple challenges in this sector which need to be addressed to unleash the export 
potential of this segment. Being a large segment, it is imperative to identify the competitive strength of the 
crops in the global market. 

Based on the Revealed Comparative Advantage, 5 crops are identified. The key export constraints of 
horticulture crops include-volatility in prices and production, bottleneck in export- oriented infrastructure, 
quality of produce not meeting the international demand etc. The following are few recommendations to 
expand horticulture export, based on the success stories of global leaders of horticulture export.  

These include:  
1. Awareness & campaigning of specialized products. 
2. Developing trust in the market. 
3. Logistic processing and storage methods ensure consistent quality and supply throughout the year. 
4. Identifying right market- proximity, high demand. 
5. Trade agreements. 
 

 
Grapes 
 
Avg RCA: 1.14 
Change in RCA: 110% 

Harvest window gives advantage. 
Strong demand in Europe, China and 
SEA countries. 
India’s cost of shipping is lowest 
amongst its top competitors in Chile 
and South Africa 

Limited varieties from India 
Export largely dependent on one 
cluster- Maharashtra 

 
Onion 
 
Avg RCA: 5.15 
Change in RCA: 45% 

India has natural advantage in 
production and export because of large 
Asian Onion consuming nation and like 
for Indian Onion pungency 

Small land holders produce different 
varieties. As a result, there is no 
standardised variety  
Cost of shipping to main markets 
Varieties not accepted in European 
market 

Emerging: Growing competitive advantage with high potential 

Potato 
 
Avg RCA: 0.74 
Change in RCA: 484% 

2nd largest producer in the world, next 
to China.  
Indian variety of potatoes are free 
from major prohibitive diseases. 
 

Post-harvest loss and High volatility in 
production & prices. Quality and 
absence of export-oriented varieties 
Concentrated export -Nepal, Sri Lanka, 
Maldives, Mauritius 

Banana 
 
Avg RCA: 0.16 
Change in RCA: 180% 

Production throughout the year 
because of congenial climate. Middle 
east is very lucrative export market  
 

Low quality produce because of 
fragmented production, Lack of 
infrastructure to support pre-cooling, 
packhouse and cold store to maintain 
quality  

 
Chilli 
 
Avg RCA: 0.23 
Change in RCA: 108% 

More than 50 chilly varieties grown in 
India and commands premium in 
international markets 
Demand is increasing for value added 
products from Chilli 

High cost of Indian Chilli and now being 
challenged by other nations 
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Introduction 

Assam is the homeland of various medicinal and aromatic plant species which is known to be one of the richest 
repositories of MAP species in the world.  More than 50 species of medicinal plant of the state are commercially 
important (Baishya and Begum, 2013). Nowadays demand for herbal products are increasing day by day, so 
farmers can be benefitted by commercializing the locally available Medicinal and aromatic plants which provide 
immense potential for establishment of industry giving business opportunity for export of products to the global 
market (Singh, 2009). However, in most of the rural areas of Assam micro small household industries are 
operated by skilled rural people for treatment of different diseases which help in stabilizing own economy as 
well as act as sustainable livelihood option of rural poor. 

Medicinal Plant Species Used by Rural People of Assam 
Geographical condition of Assam is conducive for diverse medicinal herbs and plants such as Sarpagandha 
(Rauvolfia serpentine Benth.ex.Kur.), Pippali (Piper longum Linn), Amlakhi (Emblica officinalis Gaertn), Hilikha 
(Terminalia chebula Retz.), Bhomora (Terminalia belerica), Arjuna (Terminalia arjuna Wight & Arn.), Mezankori 
(Litsea citrate Blume.) etc. About 900 types of medicinal plants are existing in the state along with 50 species of 
such plants having commercial value (Baishya and Begum, 2013). Many of such plants are used for household 
consumption as nutritional diet as well as health care purpose. Some of the medicinal plant species used by 
rural people of Assam are: 

Table 1: Medicinal plant species used by rural people of Assam: 
Scientific name Local name Parts used Application 

Adhatoda zeylanica 
Medic. 

Bahak tita Leaves Useful against cough, diarrhoea, 
dysentery and granular tumours. 

Ageratum conyzoides 
Linn. 

Gondhuabon Leaves / Roots Cut or injuries. 

Alternanthera sessilisR.Br. Matikaduri Leaves Stimulate hair growth and useful for 
stomach disorders as well as increase in 
milk flow. 

Amaranthus spinosus 
Linn. 

Hatikhutora Roots / Stems Use in case of snakebite, menorrhagia, 
gonorrhoea and for increasing milk 
flow. 

Amaranthus viridis Linn. Khutora Stem/ Leaves Stem act as antidote against snakebite 
and leaves are good for scorpion sting 

Artemisia vulgaris Linn Chirota Leaves The juice is used as a blood purifier. 
Also useful for worm troubles, asthma, 
brain disorder and nervous problems. 

Asparagus racemosus 
Willd 

Satamul Roots Roots are used as demulcents, diuretics, 
prepared medicated oil is good for 
rheumatic pain, nervous disorders.  
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Cardiospermum 
halicacabum Linn 

Lota 
kopalphuta 

Whole plant Its paste is useful for pain, stiff-neck, 
rheumatism, fever, piles. In case of 
lumbago and nervous disorder, its 
leaves mixed with castor oil is 
beneficial. 

Catharanthus roseus 
(Linn.) G. Don. 

Nayantara Roots/ leaves The parts of the plant are used as an 
anticarcinogenic agent. 

Centella asiatica (Linn.) 
Urban. 

Bor manimuni Whole plant Used in dysentery, liver trouble, nerve 
disorder, skin disease, stomach 
problems and also act as a blood 
purifier. 

Clerodendrum 
infortunatum Gaertn. 

Dhopat tita Roots/ leaves Leaves are used against malaria and 
roots are used externally for tumours 
and skin disease. 

Clitoria ternatea Linn. Aparajita Leaves Juice of leaves mixed with salt is useful 
against earache and also the juice acts 
as antidote against snake poison. 

Commelina bengalensis 
Linn. 

Kana simolu Branch/roots Root juice is applied in eye-lid sore and 
also roots are useful in fever, snakebite 
and leprosy. 

Datura stramonium Linn.  Boga dhotura Whole plant Smoke of leaves is used medicinally for 
asthma and roots can be use as 
toothache. 

Enhydra fluctuans Lour. Helosi sak Leaves Leaves are useful for cough, skin 
diseases, nervous disease, gonorrhoea, 
etc. 

Houttuynia cordata 
Thunb. 

Masandari Whole plant Used in stomach complaint, anaemia 
and in burn injuries. 

Ipomoea aquatic Forsk. Pani kolmou Leaves Leaf juice is used in jaundice, urinary 
trouble and nervous disorders. 

Leucas aspera Spreng Duron bon Whole plant Used against rabies; leaf juice mixed 
with garlic is useful for stomach, liver 
and spleen. 

Mimosa pudica Linn. Lajuki lata Leaves Leaf juice mixed with milk is useful 
against piles. 

Momordica charantia 
Linn. 

Tita kerela Leaves/fruits/seeds Can be use for treatment of diabetes, 
rheumatism, night blindness, and 
dysmenorrhea. 

Murraya koenigii (Linn.) 
Spreng.  

Narasingha Leaves Leaves are useful against diarrhoea, 
dysentery, digestion problems, vomiting 
and can be as memory enhancer.  

Ocimum canum Sims. Bon tulsi Leaves Leaves are useful in skin disease as well 
as its paste can be use against fever by 
applying in fingers. Seeds are also good 
remedy against dysentery.  

Ocimum gratissimum 
Linn. 

Ram tulsi Whole plant Leaves are useful against gonorrhoea, 
rheumatism, paralysis and seeds in case 
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of headache. Plant juice can be use as 
insect repellent.  

Paederia foetida Linn. Bhebeli lata Leaves It is good for stomach, kidney and liver 
problems.  

Phyllanthus niruri Linn. Bon amlokhi Whole plant The whole plant is used against 
jaundice, young leaves in case of 
dysentery and root juice for urogenital 
troubles and gonorrhea. 

Source: Medicinal and aromatic plants of North-east India 

Table 2: Industrial product of a few medicinal plants in Assam: 
Industrial Products  Name of plants 

Ajmaline Sarpagandha (Rauvolfia serpentina) 

Ajmalicine Nayantora (Catharanthus roseus), Sarpagandha 

Atropine Dhatura (Datura stramonium) 

Caffeine Chahgoch (Camellia sinensis) 

Citronella Java citronella or Ganbirina (Cymbopogon winterianus) 

Citronellol Java citronella or Ganbirina 

Colchicine Agnisikha or Uluchandan (Gloriosa superba) 

Cucurmin Haldhi (Curcuma longa) 

Dimethyloctane Java citronella 

Eugenol Dalchini, Tejpat etc. (Cinnamomum spp.) 

L-Dopa Bandar kekoa (Mucuna prurita) 

Linalool Podina (Mentha citrata) 

Linalyl acetate Podina 

Marsilin Pani tengeshi (Marselia minuta) 

Menthol Podina (Mentha arvensis.) 

Papain Omita (Carica papaya) 

Rescinnamine Rauvolfia serpentina 

Reserpine Rauvolfia serpentina 

Strychnine Mekuri Kendu (Strychnos nux-vomica) 

Theobromine Camellia sinensis 

Theophylline Camellia sinensis 

Vetiverol Birina (Vetiveria zizanioides) 

Vetiveryl acetate Birina (Vetiveria zizanioides) 

Vinblastin Nayantora or Periwinkle (Chtharanthus roseus) 

Vinristine Nayantora or Periwinkle (Chtharanthus roseus) 
Source: Promotion of Rural Livelihood through Medicinal and Aromatic Plants Based Cottage Industries for 

Upliftment of Rural Economy of Assam 

Opportunities in Developing the Medicinal Plants Sector    
As Assam possesses a rich diversity of medicinal and aromatic plant species, so it has tremendous scope for a 
good business centre of MAP products in near future. Such diversity of medicinal plant provides ample 
opportunity for further scientific research on exploring their medical efficacy, value addition, and treatment of 
different diseases. Nowadays worldwide there is huge demand for plant-based medicines of Indian origin 
(Singh, 2009). Moreover, in the global market India is known to be a low-cost manufacturer of high quality 
generic drugs. Assam can use this fact as an important tool for the marketing of herbal products. So, govt. should 
give attention on commercialization of medicinal and aromatic plant species of the state and there is huge need 
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to focus on the potential of unexplored species of MAP available in the state. Moreover, govt. should provide 
incentives to farmer for large scale climatization of medicinal and aromatic plant with adequate scientific 
technology. 

Conclusion    
In Assam there is number of MAP species having vast potential for curing diseases but are not documented in 
details due to a lack of communication and relatively low frequency of their uses. For economic cultivation the 
less abundant species in the wild should be selected and traditional uses of low profile as well as lesser-known 
medicinal plants should also be documented to disseminate their therapeutic efficacy. For successful cultivation 
of medicinal and aromatic plant species, intervention is needed from agricultural deptt. and research 
institutions to help the plant growers for improving their basic knowledge about simple and appropriate agro-
techniques, should provide training and awareness to the farmers about pre- and post-harvest management, 
value addition, market information, supply chain, supportive government policies etc. 
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Hydroponics farming will be a great advantage for Indian agriculture; it has the potential to provide crops in 
every season without soil. Such practices can help Indian farmers to extend their crop productivity even in small 
fragmented lands and the Business plan, market type and Implementation should be well-designed and 
accurate. Naturally, soil-less culture is becoming more relevant in the present scenario. In near future it'll 
become difficult to feed the whole population using open field system of agricultural production only. In soil-
less culture, plants are raised without soil in Improved space and water conserving methods of food production. 
So, under soil-less culture have shown some promising results everywhere in the planet. 

Real Meaning of Hydroponics 
Soil is usually the most available growing medium for plants. It provides anchorage, nutrients, air, water, etc. 
for successful plant growth. However, soils do pose serious limitations for plant growth too, at times. 

In Hydroponics, Plants can be directly planted in the water or in an inert medium, such as sand, perlite or gravel. 
It is the technique of growing plants in soil-less condition with their roots immersed in nutrient solution. 

Demand and Supply of Hydroponics    
By region, the global hydroponics market is segmented into North America, South America, Europe, Asia-Pacific, 
Middle-East and Africa. Presently North America is top in Hydroponics market share. 

The India Hydroponics Market is expected to grow at a CAGR of 8.3% during the forecasting period (2020-2027), 
owing to growing installation of new hydroponics farms across the country to cater the growing demand for 
exotic vegetables & vegetables.  

Many entrepreneurs are leveraging subsidies provided by government over hydronics and establishing 
commercial hydroponics farms across the major tier-1 cities in India. As market demand of hydroponics 
continuously increasing mainly in big cities.  

Currently, Urban kisaan is developing commercial hydroponics plant in Hyderabad with a capacity of producing 
10 tons of yield per month and further planning to expand their operation to Mumbai and Bangalore. 

India hydroponics market is experiencing establishment of new commercial plants in tier 1 cites in collaboration 
between regional producers and global technology providers to meet the growing demand for exotic and 
organic foods. 

Market Dynamics    
According to the study published by V. Chandrshekaran a founder of hydroponics technology company, the 
average yield of lettuce per acre yearly was recorded between 9-10 tons in soil-based agriculture and 300-400 
tons in hydroponics agriculture. Increased rate of investment in hydroponics over the traditional soil based 
agricultural process through increased yield, minimal water cultivation might further boost the agricultural 
communities towards adoption of the hydroponics technologies during the forecast period. 

Vegetable Type Soil Agriculture Av. per Acre Hydroponics Agriculture Av. per acre 

Lettuce 9-10 tons 300-400 tons 

Strawberries 20-25 tons 50 tons 

Cucumber 15-20 tons 200 tons 
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Tomato 10-12 tons 180-200 tons 

Bell Pepper 10-12 tons 120-140 tons 

Comparison with Traditional Agriculture    
Traditional Hydroponics 

Growth is slow 30- 40 % faster than soil cultivation 

Chemicals used in large amount Chemicals used in less amount 

Yield is low Yield is double sometimes more than double 

Require less expenditure but profit is also low More budget than traditional, but when established 
profit is more 

Not environment friendly Do not harm environment with soil degradation and 
chemicals 

Crops only grow on suitable and favourable 
condition 

No relation with external environment and it could 
be controlled 

Nutrients and ph can’t controlled easily All growth regulators and nutrients can be 
controlled according to need 

Demand for Hydroponics by Poor and Rich People    
As Indian farmers do traditional farming from many years but now due to low quality of soil and more demand 
for organic food from customers most of them are moving from traditional farming to hydroponics. 

Rich as well as poor people now curious about their health and what type of food they are consuming. So, there 
is a change and everybody demand for good quality and they are ready to give some more price for it but do 
not want to danger their health. Since hydroponics uses very less chemicals and pesticides, it is more promising 
for all type of people in country and business in hydroponics is going to increase day by day by different type of 
people, including farmers, different graduates in various field, business companies etc. 

Future Scope    
1. Hydroponics has been used successfully in some countries like Israel which has a dry and arid climate.  
2. Hydroponics is the fastest growing sector of agriculture, could be very useful for food production in the future.  
3. As the population is increasing day by day and land decline due to poor management, people shifts their 
focus on new technology like Hydroponics and Aeroponics to feed nation. 
4. Due to changes in climatic factors and natural disaster like drought and floods, are some of the reasons to 
switch to new technology, which promises food productions safely. 

Suggestions and Recommendations    
1. Providing a greater number of training to farmers. 
2. Providing them hydroponics system at affordable rates. 
3. For hydroponics urban areas should be projected to build hydroponic food park in every city. 
4. Agricultural universities and Research institution should work in co-operation with Government of India to 
perform survey and try to bring this technique at large scale so that farmers could learn something from it. 
5. Farming should give most respected profession in Nation so that young farmers could see his/her future in 
fields in agriculture working with latest agricultural techniques. 

Conclusion    
The industry is expected to grow exponentially also in future, as conditions of soil growing is becoming difficult. 
Specially, in a country like India, where urban concrete conglomerate is growing each day, there is no option 
but adopting soil-less culture to help improve the yield and quality of the produce so that we can ensure food 
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security of our country. However, Government intervention and Research Institute interest can propel the use 
of this technology. 
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Introduction 
From the kitchen table to a spoonful of medicine, asafoetida (known as 'hing' by the Indian masses) has been 
playing an important role in our lives since ages. But until October, this spice was only imported from Iran, 
Afghanistan and Uzbekistan as it is native to Middle Eastern countries and has never been cultivated in our own 
land by our own people. As we are stepping into becoming a self-reliant nation, for the first time in India, the 
farmers of Lahaul Valley in Himachal Pradesh have taken up cultivation of hing (asafoetida) as a result of the 
effort made by Institute of Himalayan Bioresource Technology (IHBT) as said by CSIR. 

 
Asafoetida is an herbaceous perennial plant whose oleo gum resin is extracted from its thick fleshy tap roots 
and rhizome and this spice is one of the very important herbs used in the Indian food culture since forever. 
Properties like antispasmodic, laxative and sedative are the core characteristics of the gum resin. It is also used 
as a cure for asthma in patients and also used as medicinal herb to treat various respiratory disorders like 
whooping cough and bronchitis and also as a food flavouring agent. Although it has got a peculiar smell in the 
raw form, a pinch of this spice can bring out the piquant flavour in all the dishes. Apart from the many flavour 
blends, it consists of 67% carbohydrate, 4% protein and 1% fat respectively. Besides phosphorus, iron, carotene, 
niacin and riboflavin the mineral and vitamin content includes substantial calcium. But yet, this herb with such 
beneficial effects has never been grown in India until October 2020. According to CSIR, the shortage of planting 
material and high dormancy of the seeds were major hindrance in cultivation of this plant earlier. Temperature 
plays a key role in the cultivation of Asafoetida and it endures best in the dry and cold climate with temperature 
ranging between 35 to 40°C. 

In this era, specifically during the lockdown period of the year 2020, people have been raving about self-care 
and self-love. This whole time have given a chance  to people to revisit the concept of self-love and create a 
personal bubble of it specially for women who otherwise pay only a little attention towards their health. 
Asafoetida is a wonder for females in many ways. Periods with menstrual cramps are often one’s nightmare 
until asafoetida come to your rescue. The anti-inflammatory properties of Asafoetida reduce inflammation of 
blood vessels in head and it also works as a cure for acne production. It acts wonderfully as a natural antiseptic 
to insect bites and stings. With its moisturising properties, it does wonders for woman with the dry and frizzy 
hair. This explains the high demand of asafoetida among the women and how this crop has international value 
in pharmaceutical sector. 

The existing scenario of covid-19 has made a huge impact on overall economy, and since the very beginning of 
this pandemic, agriculture sector has sensed the repercussions of covid-19.  Asafoetida cultivation can conceal 
the misfortune if this experiment remains a success and then it would change the economy altogether and with 
a little pinch of extra innovation this would boost the start-up ecosystem who has been continuously striving to 
adapt to the present situation as flexibly as possible. As the market price of unadulterated milk of ferula 
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asafoetida is between Rs 25,000 to Rs. 30,000 per kg in the market, Asafoetida cultivation could prove to be 
profitable venture. Asafoetida is treated as gold in India, a testimony to this is the rise in asafoetida prices from 
Rs 200 per kilo in the year 1900 to Rs. 10000-15000 per kilo in the present-day market. 

Conclusion    
Despite the fact that India alone account for 40% of the world hing consumption and there is tremendous  and 
consistent demand for this particular spice followed by other Middle East countries yet there has been no 
production of this spice in India. Our nation imports around 1500 tonnes of crude asafoetida from Middle 
Eastern countries spending roughly around 940 crore rupees every year which makes it necessary for India to 
become more self-reliant in asafoedita production to cope with the prevailing economic crisis. 

To lower the huge amount being spent on the import of asafoedita, proper efforts and initiatives by the 
government to ensure its cultivation within the country and supporting such startup could help in upliftment of 
our socio-economic status. Challenges are likely to escalate as India is still not over the Covid-19 crisis. 
Asafoetida farming might be a boon for the nation as well as serve as an opportunity for farmers under 
miserable conditions to turn the barren wasteland into goldmine in the areas of Himachal Pradesh, Arunachal 
Pradesh and others. 
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Summary 
Considering the present global scenario, we can observe a major shift towards plant-based nutrition than animal 
foods, highlighting the need to equip our present varieties with more nutritious elements apart from yield and 
resistance. This situation has posed a new challenge to the plant breeders thereby opening a new avenue called 
biofortified breeding which is nothing but breeding nutritionally rich cultivars. It also helps in addressing world 
hunger and malnutrition issues in a sustainable way. In this article the main focus is on evaluating the pros and 
cons of various methods of biofortified breeding along with a picture of present scenario regarding biofortified 
varieties. 

What Is Biofortified Breeding and its  Approaches?   
Biofortification is nothing but development of nutritionally rich food crops with enhanced bioavailability using 
various breeding strategies and agronomic practices. The main strategies of biofortification breeding include 
transgenic approach, conventional breeding and agronomical approaches (fertigation) (Garg et al., 2018). 
Cereals being staple crops for maximum world’s population, have been addressed well by all these three 
approaches. In the crops where problems like low genetic diversity for the targeted trait, non-availability of 
compatible donors, low heritability and linkage drag are present, transgenic approach is a good solution. 
Transgenic approach has been successfully used in some crops like cauliflower, carrot, canola, banana, cassava, 
mustard, lettuce, soyabean etc. Although transgenic approach has many advantages like no taxonomic barriers, 
no linkage drags etc., the usage of this technology is restricted from research and commercialization due to 
various regulatory measures in various countries. Hence, it is not a reliable option. Agronomic practice of 
applying fertilizers enriched with micronutrients is the easiest method of all. But the results of agronomical 
biofortification are highly variable due to the varied soil nutrient composition across locations, varied plant 
response to varied nutrients and variations between plant species. 

Among all the three methods, conventional plant breeding programs has been widely accepted, successful, 
cost-effective and sustainable strategy in the long run.  However, there are some constraints like low genetic 
variability in the plant gene pool, non-availability of potent donors, incompatibility barriers, long time taken to 
generate desired cultivars, labour intensive, low heritability and linkage drag. This highlights that most of our 
plant genetic resources that have a lot of novel and useful genes were untapped since generations. This urged 
the need to emphasize more on identification of potential donors in the respective crops before initiating a 
breeding program. This step although involves more efforts initially, reduces the hurdles faced in the long run. 
In order to achieve this, collaboration between plant breeders, agronomists, soil scientists, molecular biologists 
and food nutritionists is essential. 

Conclusion   
Incorporation of proper agronomic and biotechnological tools into a well-planned breeding program solves all 
these issues. Besides these challenges, biofortified crops hold a very bright future in combating malnutrition 
and achieving food and nutritional security especially in the developing countries like India. Arranging a 
repository or conservation spot with nutritionally rich genetic resources would speed up the breeding programs. 
Growing natural biofortified crops: viz., moringa, tamarind and sweet potato and identifying genetic loci 
governing micronutrients in plant genome would help in tackling with hidden hunger problems. 
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Table: List of biofortified varieties released so far in India (Source:www.icar.org.in): 

S.No. Crop Biofortified variety name Improved nutrient 

1. Rice CR Dhan 310 protein (10.3%) 

  DRR Dhan 45 zinc content (22.6 ppm) 

  Chhattisgarh Zinc Rice-1 Zn (22 ppm) 

  Protezin Protein (9.02%) + Zn (20.9 ppm) 

  IET24557 Zn (26 ppm) 

  IET 24760 Zn (21 ppm) 

  CR Dhan-311 (Mukul) Protein (10.1%) + Zn (20ppm) 

2. Wheat WB 02 Zinc (42.0 ppm) +iron (40.0 ppm) 

  HPBW 01 Iron (40.0 ppm) + zinc (40.6 ppm) 

3. Maize Pusa Vivek QPM9 Improved High provitamin-A (8.15 ppm), lysine 
(2.67%) and tryptophan (0.74%) 

  Pusa HM4 Improved Tryptophan (0.91%) + lysine (3.62%) 

  Pusa HM8 Improved Tryptophan (1.06%) + lysine (4.18%) 

  Pusa HM9 Improved tryptophan (0.68%) + lysine (2.97%) 

4. Pearl millet HHB 299 iron (73.0 ppm) + zinc (41.0 ppm) 

  AHB 1200 iron (73.0 ppm) 

  ICTP 8203(Dhanshakti) iron (71.0 ppm) + zinc (40.0 ppm) 

  Shakti-1201/ ICMH 1201 iron (75.0 ppm) + zinc (40.0 ppm) 

5. Lentil Pusa Ageti Masoor iron (65.0 ppm) 

6. Mustard Pusa Mustard 30 Low erucic acid (<2.0%) 

  Pusa Double Zero Mustard 31 Low erucic acid (<2.0%) and 
glucosinolates (< 30 ppm) 

7. Cauliflower Pusa Beta Kesari 1 high β-carotene (8.0-10.0 ppm) 

8. Potato Bhu Sona High β-carotene (14.0 mg/100 g) 

9. Sweet Potato Bhu Krishna High anthocyanin (90.0 mg/100g) 
content 

10. Pomegranate Solapur Lal High iron (5.6-6.1 mg/100g), zinc 
(0.64-0.69 mg/100g) and vitamin C 
(19.4 -19.8 mg/100 g) 

11. Finger millet GPU-28 Iron (69.9 ppm) 

12. Foxtail millet SiA 3142 & TNAU-186 Iron (> 140 ppm) 

13. Little millet BL-4, RLM-186, TNAU-63 & JK-8 > 250 ppm iron 
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Summary 
In agriculture sector major challenges are limited natural resources (water, arable land) therefore to optimize 
use of natural resources there is need of new technology that have positive impact on agro ecosystem and also 
help in improving food security, productivity and reduced the environment pollution. Nanotechnology, a good 
solution for all agriculture challenges because of its use in almost all sectors of agriculture science. 
Nanotechnology is potentially use as nano-herbicide, nano-fertilizer and nanopesticide to minimize the 
chemical load. It is also applied in seed science, food industry and precision farming for increased the total 
economic status by use of nano-scale techniques. In recent years nanoformulations widely uses in post-harvest 
technology to minimize the post-harvest losses and increasing the profit by reduced the cost of management. 
Hence, nanotechnology has a great potential for attain sustainable agriculture, particularly in developing 
countries. 

Introduction   
In the world agriculture faces massive challenges like decline in organic matter of soil, nutrient imbalance & 
stagnation in crop production, resistance towards GMOs, dwindling of cultivable land and water availability and 
scarcity of labour. In the last 50 years from green revolution, the use of fertilizers has exponentially augmented 
from 0.5 tons to 23 million tons which is approximately four times ascended in the food-grain output. Green 
revolution plays important role in increasing grain productivity but also decreased organic content in Indian soil 
because of uncontrolled fertilization (Adhikari et. al., 2016). The existing proportion for NPK fertilizers in India 
is upholding at 10:2.7:1 this is far-flung more than the ideal ratio of 4:2:1. The uncontrolled and excessive dose 
of fertilization in India is hastily deterioration soil-health and is a matter of serious concern for the scientists. In 
order to achieve a goal of producing 0.3 billion-tons of food require for feeding the rising population of almost 
1.5 billion up-to years 2025, the country will need 0.045 billion tons of grains beside the obtainable order of 
around 0.023 billion tons. Tremendous revolutionize in climatic state of affairs like melting of polar end, uneven 
rainfall distribution, increasing in temperature, regularly drought occurrence is another reason to think of and 
get acclimatize to some alternating methods in agriculture sector. 

Nano-scale science and nanotechnology have potential to providing novel and better solutions to many grand 
challenges in front of agriculture, today and in the future (Chena and Yada, 2011). Nanotechnology is a multi-
disciplinary science. In this current era the diverse applications of nanotechnology are remarkable in all the 
fields like textiles, medicines, energy, food, electronics, cosmetics and agriculture. With the advancement in 
nanotechnology, nanomaterials have been developed in agriculture for growth and plant protection (Saharan 
et al., 2015). Currently, the application of nanotechnology seems very promising in preventing post-harvest 
losses in horticulture crops. Almost 25% growth rate by innovative nanotechniques have subsidized the agri-
market and it is predicted that the inclusion of nano-principles in agriculture sector would push the wide-ranging 
worldwide economic growth. The surfeit use of chemical pesticides and fertilizers in agricultural practices during 
and post period of green revolution had raised serious concerns linked to environmental safety issue and health 
hazards.  As a rescuer, to ensure the safety of environment by using eco-friendly fertilizers and bio-pesticides 
as an alternate to agrochemicals came into existence. Nanotechnology is contributing various nano-
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formulations, nano-ingredients and nano-devices to improve the agricultural practices such as nano- pesticides 
and herbicides for efficient herbs, pests and weed management and nano-fertilizers for proficient nutrient 
execution (Lahive et. al., 2016). Nanotechnology take part in significant role in agricultural sector by 
transforming the food demand and supply system through improving crop production with upholding the 
environmental- safety, eco-friendly, ecological- sustainability, minimum chemical load and economic-stability. 

Applications of Nanotechnology in Agricultural Practices   
1. Nano-Agriculture: The United States Department of Agriculture (USDA) plans the world’s first “roadmap” in 
December 2002 for applying nanotechnology to food and agriculture sector. A large group of policy makers, 
corporate scientists and land grant university representatives met at Cornell University (New York, USA) to share 
their ideas on how to re-establish agriculture using nano-science technologies. Agriculture, according to the 
new nano-vision, needs to be more consistent, further automatic, industrialized and reduced to simple 
functions. In our molecular future, nano biotechnology will boost agriculture’s potential to harvest feed stocks 
for industrial processes. Just as Genetically Modified (GM) nanotechnology, set up from seed to stomach, 
genome to gullet, will make stronger the take hold of agribusiness over global food and farming at every stage, 
fortification the environment and provide consumers with more preference.  

2. Nano-fertilizers in agriculture: Nano-fertilizers have the ability to infiltrate into seeds and boost up the 
nutrient accessibility and availability to the growing seed-ling resulting into the better root and shoot length 
when used in optimal doses. Use of nano-fertilizers get better the access of essential nutrients to plant leaves 
and branches which resulted in the form of improved quality and growth yield of vegetation (Adhikari et. al., 
2010). Such fertilizers are mainly use for slow release properties. These nanomaterials applied as surface 
coatings, on fertilizer units hold the material extra strappingly from the plant due to higher surface tension than 
conventional surfaces. Furthermore, provide surface safeguard for larger particles (Brady and Weil, 1999). The 
application of sulphur nanocoating on fertilizers ( 100 nm layer) as slow release fertilizers very useful   as the 
sulphur contents for sulphur deficient soils. The nano-coating decrease the rate of dissolution of the fertilizer 
with allowed slow sustained release of sulphur coated fertilizer. In addition to encapsulation of phosphate and 
urea will be beneficial to meet up the soil and crop demands. Other nanomaterials like polymeric chitosan NPs 
(~78 nm), kaolin based and polymeric biocompatible NPs used for controlled release of the chemical fertilizer 
(urea, calcium phosphate and potassium chloride etc.) (Corradini et al., 2010). 

3. Nano-herbicide/ pesticide for effective weed control: Root targeted encapsulated nano herbicide developed 
to control weed populations, which penetrate into roots of weed and suppressed the glycolysis process in root 
system (Chinnamuthu and Kokiladevi, 2007). Silva et. al., (2011) developed chitosan-based nanoparticles which 
is carrier for the herbicide paraquat. This nano-herbicide interacts with the soil and effectively reduced the 
negative impacts caused by paraquat. Encapsulation of nano-coating based insecticides, nematicides and 
fungicides which help in effective control of pests although preventing amassing of deposits in soil. These 
nanomaterials restricted release of the active ingredient” may be used to improve effectiveness of the 
formulation that may greatly reduce amount of pesticide input and related to environmental hazards. Nano-
pesticides required 10-15 times smaller than chemical pesticides which help reduced the rate of application, 
hence very minute amount might be required to have much healthier and prolonged management. 

Application of Nanotechnology in Seed Science   
Nanotechnology can be used to strap up the bursting potential of seed. Nano-barcodes are used for tracking 
sold seeds which are encodable and durable (Nicewarner Pena et al., 2001). Today most of element use as nano-
coating on seed viz. Si, Zn, Mn, B, Ca and Ag for protect the seed for biotic and abiotic factors with minimized 
the seed rate. Smart seed developed by encapsulations with specific bacterial strain, it will ensure exact field 
stand, enhance crop performance and minimize seed rate. Smart seed also developed for mountain range 
reforestation where germination of seed with adequate moisture. An assembly of research workers is presently 
working on metal-oxide nanoparticles and carbon nanotube to increase the germination of rainfed crops. 
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Khodakovskaya et. al., (2009) observed that the application of carbon nanotube for civilizing the tomato seeds 
germination in the course of better permeation of moisture. Results show that carbon nanotubes (CNTs) give 
out as new pores for water permeation by incursion of seed coat and act as a route to channelize the water 
from the substrate into tomato seeds. These processes help to germination the seeds in rainfed agricultural 
system. 

Nanotechnology in Food Industry   
Apart from agriculture nanotechnology has immense applications in food industry which ranges from packaging 
and preservation to smart delivery (Singh et. al., 2017). Food packaging by nano-composites to enhance the 
shelf-life and preservation the food by integrates antimicrobial agents on the surface. They also decrease the 
transmission rate of oxygen in plants by creating semi-permeable like membrane and potential to improve the 
resistance against thermal and mechanical stress. Nanocapsules overloaded with definite nutrients like 
vitamins, taste and color enhancers when added to food act quiescent and give slow release as per the 
requirement of the body (Katouzian et. al., 2016). 

Precision Farming   
Long-desired goal of Precision farming is maximizing output (i.e. crop yields) while minimizing input (i.e. 
fertilizers, herbicides, pesticides etc) via monitoring environmental variables and applying targeted action. 
Precision farming makes use of remote sensing devices, satellite systems and computers to measure extremely 
localized environmental conditions hence determining the crops are growing at maximum efficiency and 
accurately identifying the location of problems. Precision farming also reduce agricultural waste and minimize 
the environmental pollution. Nano sensors and monitoring systems facilitated by nanotechnology will have a 
great impact on future precision farming methodologies to determine soil conditions and plant development, 
seeding, fertilizer, chemical and water use which helps in increase production. Nanotechnology-enabled devices 
linked with GPS system to the use of autonomous sensors for real-time monitoring. These Nano sensors 
distributed all over the field where they can examine soil conditions and crop growth. Ultimately, nano sensors 
in precision farming will allow enhanced productivity in agriculture by providing truthful information, thus 
helping farmers to make better decisions. 

Nanotechnology in Postharvest Technology   
Nanotechnology is widely use in post-harvest technology and most of horticulture crops. Various nanomaterials 
have potential to reduce post-harvest losses because they have high surface to volume proportion that helps 
to amplify the activity of nanoparticles which enhance the quality and shelf life of horticulture crops. 
Nanoparticles directly act in response with negative charged surfaces of bacterial cells due to high charge 
density. Nanomaterials effectively maintained physiological loss in weight, fruit firmness, prevent microbial 
decay, reduced the respiration rate in fruits and vegetables during storage period. It also retained the TSS, 
ascorbic acid, total sugars, reducing sugars and phenol content, delayed the loss of titratable acidity and 
effectively preserved lycopene content. Nanoparticles are required in very less concentration and thus exercise 
minimum chemical load on fruits and vegetables crops. It also increased the profit by decreasing cost of 
management with eco-friendly properties. However, nanotechnology has power to be further investigation in 
post-harvest technology. 

Nanorobots   
Nano robots use in farm diagnostics and fine inspections which is high-speed wire-less connection have the 
capability to discover the fine capillaries of plants by scanning (Vandana et. al., 2016). 

Conclusion   
In the current agricultural scenario, synthetic chemical excessively uses to increase agriculture production but 
also pollutes the upper layer of soil, ground water, environment and food. Increasing agricultural production 
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and economic status is necessary, but every person keeping the in mind the smash up to the ecological unit new 
alternate need to be considered. Nanotechnology is flattering progressively more important for the agricultural 
sector. Effectively results and applications are developed in the part of delivery of nano-pesticides, nano-
fertilizer, nano-capsule to maintain the chemical load and reducing the environmental hazard. The present 
scenario in our country, nanotechnology is not very stimulating and Indian agriculturists need further 
counselling, information, communication and guidance to understand and adopt nano-solutions for agriculture 
sector. 
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Introduction 
Practically all plant tissues harbour microorganisms. Plant leaves don't get away from the standard and 
collaborate with a large number of microbial species. The development of meta-omics during the previous 
decade has cultivated the investigation of nonculturable microorganisms, making the way for new revelations 
and a superior comprehension of phyllosphere microbial networks (PMCs). The term phyllosphere was first 
presented by the plant pathologist F.T. Rearward in 1955. The microbiologist J. Ruinen drew a similar 
relationship at almost a similar time. Studies before long brought up the impact of PMCs on plant wellbeing and 
execution. Specifically, the significance of PMCs for infection insurance has been a standard point since the start 
of phyllosphere research. The term phyllosphere at first alluded to "the outside surface of the leaf, as a climate 
for microorganisms". Doan and Leveau, who considered "the leaf surface ('phyllosphere') as a living space that 
highlights two personally associated however totally different compartments, i.e., the leaf surface scene 
('phylloplane') and the leaf surface waterscape ('phyllotelma'). 'Phyllosphere' microorganisms incorporate all 
the cuticle joined organisms notwithstanding those that are available in the waterscape. 

Phyllosphere Playground: The Leaf   
Carbohydrates can be moved from the mesophyll cells to the phloem strainer components through two 
pathways: the symplastic pathway and the apoplastic pathway. The symplastic pathway depends on the 
development of Carbohydrates from the cytoplasm of one cell to that of the other. The apoplastic pathway 
depends on the development of sucrose in the extracellular space, the apoplast. Sucrose is first discharged by 
the mesophyll cells, at that point, it diffuses in cell dividers and spaces among cells, and lastly, it is transferred 
into phloem sieve components by dynamic siphoning. 

Nonetheless, a few sugars present in the apoplast are not transferred into the phloem however diffuse through 
the cuticle skin. This wonder, named leaching, concerns sugars as well as numerous other natural and inorganic 
supplements. The presence of fluid water outwardly of the cuticle skin is essential for leaching to happen. 
Draining will in general increment with leafage, most likely attributable to the higher wettability of more 
established leaves. The leaching stream is an element of sugar fixations in the apoplast and the water on the 
leaf surface just as the porousness of the cuticle skin. Sucrose prevails in the inward tissues, while more modest 
sugars, for example, glucose and fructose prevail in leachates and guttation liquid. Day to day environments in 
and on the leaf are additionally formed by the motions of CO2, O2, and water vapour coming about because of 
photosynthesis, transpiration and evapotranspiration. Plant-microbe collaborations can likewise be controlled 
by stomata. The guard cells can detect PAMPs and close the stomatal pore because of disease. Thusly, some 
bacterial strains can balance this line of guard.  

They produce a harmfulness factor, named coronatine that returns the stomata and again allows microbe 
passage and gas trades, a wide range of volatile organic compounds (VOCs), either constitutively or because of 
biotic or abiotic stresses. Isoprene and monoterpenes are by a wide margin the most plentiful mixes and may 
ensure the plant against high temperatures. VOCs likewise intervene in plant-plant interactions, plant-insect 
interactions, and plant–microorganism interactions. Methanol, for example, is essentially delivered through the 
stomata as a result of cell development and structures a carbon hotspot for some phyllosphere microorganisms. 
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Leaf Microclimate   
The leaf microclimate can be portrayed by various boundaries, including leaf surface temperature and water 
accessibility, spectral irradiance, and highlights of the air around the leaf, for example, dampness and wind 
speed. Variety in leaf microclimate is uncoupled from that of encompassing air by the limit layer encompassing 
the leaf, an air layer of <1 mm to 1 cm in which wind speed is decreased by surface rubbing. The temperature 
on the leaf surface straightforwardly impacts microorganism improvement. It regularly surpasses air 
temperature, albeit generous variety exists among plant species and leaves inside a similar plant. Temperature 
likewise fluctuates by a few degrees over a solitary leaf. The leaf centre is commonly hotter than the edges, and 
herbivore harm can make much hotter areas. The amount and dispersion of water on the leaf is another 
profoundly unique boundary of the leaf microclimate that impacts microorganism advancement. This water can 
incorporate minuscule leaf wetness, slim water films <1μm kept up by the build-up of unfolded water fume, 
and naturally visible leaf wetness, thicker water movies and water beads that structure transiently during and 
after downpour occasions and around evening time with dew. These water films offer the spot to synthetic 
responses between compounds dissolved in the downpour or dew water and those leaching from the leaf. 
These responses, thus, sway phyllosphere microorganisms by adjusting the water pH and the accessibility of 
supplements. 

Phyllosphere Players: The Microorganisms   
1. General Composition: The heterogeneous climate framed by the phyllosphere favours the conjunction of a 
wide scope of microorganisms including prokaryotes (microbes and, less much of the time, archaea) and 
eukaryotes (parasites, oomycetes, and, less as often as possible, nematodes), just as infections. Bacterial people 
group are commonly overwhelmed by Proteobacteria. α-Proteobacteria (e.g., Methylobacterium, 
Sphingomonas) are frequently generally bountiful, even though γ-Proteobacteria (e.g., Pseudomonas) may now 
and again arrive at significant levels of recurrence. Fungal communities regularly are overwhelmed by 
Ascomycota. Inside Ascomycota, the genera Aureobasidium, Cladosporium, and Taphrina are regularly among 
the most well-known. Basidiomycetous yeasts having a place with the genera Cryptoccoccus and 
Sporobolomyces are commonly likewise exceptionally bountiful. The people group arrangement and variety are 
occasionally unique, for the two microbes and parasites. 

2. Culturable and ‘non-culturable’ microorganisms in the phyllosphere: Results accessible shows that the 
segment of cultivable microscopic organisms in the phyllosphere is regularly normally 0.1–5%. A clarification 
for the 'uncultivability' of microorganisms could be that they enter a ‘viable but nonculturable’ (VBNC) state. 
Microorganisms entering viable but however nonculturable state keeps up a low degree of metabolic 
movement and can remain this route for extensive stretches. This state can likewise be incited by pressure 
inciting ecological conditions, for example, the antagonistic ones on ethereal plant surfaces (supplement 
constraint, parching, varieties in temperature, UV radiation and so on) It appears to be that 'nonculturable' 
ecological microorganisms are better characterized as being 'not yet refined'. 

3. Drivers of community structure: Plant genotype is a significant factor affecting the bacterial composition of 
the phyllosphere. Solid proof for the function of plant genotype in choosing explicit microbial populaces came 
from an investigation of a recombinant inbred population of maize. Utilizing QTL planning strategies, explicit 
chromosomal regions that control the epiphytic microbial population were recognized. Potential instruments 
for such genotype impacts may begin from leaf surface properties. Plants may likewise recruit founder or 
cornerstone species that have an essential influence in organizing the general network through microorganism–
microorganism collaborations. 

4. An evolutionary community ecology framework for the phyllosphere: Receiving the view that the 
phyllosphere speaks to a biological interface between the plant and its current circumstance, we decipher the 
cycles that shape PMCs utilizing the structure proposed by Vellend (2010). As per this system, natural networks 
are moulded by four cycles: dispersal, speciation, selection, and drift. Dispersal moves living beings across space, 
speciation makes new species, the selection reflects deterministic wellness contrasts among species, and drift 
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speaks to stochastic changes in species plenitude. Transformative enhancement is the aftereffect of both 
genomic changes from the inside (mutation, deletion, duplication, or transposition) and genomic changes from 
without (incorporation of foreign DNA). 

Eco-Evolutionary Processes Shaping Phyllosphere Microbial Communities   
1. Dispersal: The microorganisms that colonize the leaf surface can emerge out of in any event five kinds of 
sources and can show up at various phases of the plant ontogeny. The most punctual potential source is the 
seed tissue and the germination climate. Transmission mode Seed borne, when the seedling has arisen, 
Bioaerosols, by creatures (herbivorous insects in particular). In perpetual plants, leaves can be colonized at bud 
burst by microorganisms that have spent the colder time of year in buds or on twigs. 

2. Evolutionary Diversification: The pace of developmental enhancement of phyllosphere microorganisms is 
probably going to be high. Phyllosphere microorganisms are exposed to serious abiotic stresses and a few 
stresses are expected to expand mutation rates, for example, ultraviolet radiations or ROS. Also, the reservoir 
of genetic information that can be assembled through HGT is probably going to be enormous. Current 
information recommends that HGTs have moulded a few useful attributes of plant pathogenic growths, 
including the significant capacity to degrade and penetrate the host cell wall. 

3. Selection:  
a. External selection: The capacity of a microorganism to build up, flourish, and reproduce on the leaf surface 
relies upon several microbial functional traits, for example, the capacities to append to the cuticle and to utilize 
the foliar nutrients. Leaf morphology, chemistry, and physiology contrast among plant genotypes and species. 
Subsequently, specific weights applied by the plant upon PMCs fluctuate from one host plant to the next. The 
capacity of a microorganism to build up, flourish, and imitate in the phyllosphere additionally relies upon its 
capacity to withstand the leaf microclimate. For example, microbial protection from drying up and UV radiations 
is expanded by the capacity to form cell aggregates and to produce pigments, individually. 

b. Internal selection: When set up on the leaf, microorganisms begin to interact with each other. Microbial 
connections length the entire scope of associations known for macroorganisms, including competition, 
parasitism, predation, mutualism, commensalism, and amensalism. Associations additionally impact the 
wellness of phyllosphere microorganisms. Competition for supplements was proposed to be the establishment 
of the perception by Remus Emsermann et al. (2012) that the regenerative achievement of a bacterial cell 
arriving on the leaf surface declines with the expanded neighbourhood thickness of cells effectively present. 
The microbial taxa that initially colonize the phyllosphere can decide the scope of microbial taxa that are hence 
ready to colonize it. These impacts, named priority impacts, have been seen by Maignien et al. (2014) in A. 
thaliana plants having a place with a similar genotype and filling in a similar atmosphere chamber. 

4. Drift: Ecological drift structures PMCs by inducing stochastic changes in the abundance of microbial taxa. As 
mentioned above, PMCs comprise a few very abundant taxa and a huge number of rare taxa. Drift primarily 
affects these rare taxa, because small changes in their abundance can result in their extinction on a local scale. 

Feedback Effects on the Plant and the Atmosphere   
PMCs are shaped by external selective pressures exerted by both climatic conditions and the plant host. In turn, 
they influence atmospheric processes and the foliar functional traits of their plant host. For instance, the 
colonization of maize seedlings by the bacterial strain Burkholderia phytofirmans PsJN influences the number 
of leaves per plant, leaf area, stomatal conductance, the efficiency of photosystem II, leaf chlorophyll content, 
leaf water content, and the production of foliar ROS.  

PMCs also modulate leaf susceptibility to infection. Sterile leaves are usually much more susceptible, indicating 
that PMCs can protect the plant against foliar disease PMCs can thus increase or decrease the fitness of their 
host plant, depending on the microbial taxa involved and the local environmental conditions. 
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The Confrontation of Microorganisms with the Extreme and Stressful Physicochemical 
Conditions of the Phyllosphere   
Epiphytic microorganisms must conform to various fluctuations including the season cycle, the day/night cycle, 
and the developmental, morphological and anatomical elements of the plant, from the bud to the senescing 
leaf, or from the bloom to the natural product. Plant leaf surfaces are commonly secured by lipidic and waxy 
cuticle skin that incredibly limit water and metabolite motions, and biochemical trades consequently rely upon 
various pathways including excretion, guttation, wounding, leaching. They are exposed to numerous 
physicochemical stresses that can quickly differ through leaching, temperature changes, fluctuations of reactive 
oxygen species production and therefore of oxidative stress intensity. Trees adjusted to desertic conditions can 
emit dissolvable compounds that bring about alkalization and salinization of leaf surfaces, consequently 
producing saline or soluble pressure in phyllosphere microorganisms. 

Conclusion   
The surfaces of plant leaves harbour hyperdiverse microbial networks of prokaryotes, eukaryotes, and 
infections that cooperate and with the host plant. PMCs can be viewed as elements formed by four eco-
developmental cycles: dispersal, transformative broadening, determination, and float. Phyllospheric 
microorganisms defy with stresses, for example, temperature changes, varieties of daylight introduction, 
vacillations of receptive oxygen species creation and subsequently of oxidative pressure power and so forth To 
adapt up to such stresses it sends a few components like EPS, IAA, biosurfactant creation, DNA fixing 
frameworks and so forth Part of phyllospheric microorganisms on plant–plant, plant–creepy-crawly herbivory, 
on plant-air atmosphere connections has been noticed. PMCs intercede foliar utilitarian attributes and influence 
plant wellness. They likewise impact biological system capacities, for example, supplement and water cycling. 
A noticeable region of applied phyllosphere microbiology is an improvement in plant wellbeing to expand plant 
biomass creation and phytoremediation (phytoremediation). The phyllosphere is an appropriate model 
framework were to contemplate fundamental standards of nature, specifically inferable from its agreeability to 
experimentation and visual examination. There is expanding proof that worldwide change adjusts the structure 
of PMCs, with potential falling impacts on plant execution, plant development, and biological system working. 
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Summary 
The prevailing weather conditions influence the behaviour of the insects and pests in many ways. The 
population and growth of the insects and micro-organisms are affected by the weather, especially which are 
regulated by extremes of temperature and rainfall in the field. Apart from this wind plays an important role as 
dispersal agent for insects and micro-organisms. Compared to the insect’s groups, weather variables are less 
important to control the vertebrate pest populations and behaviour. 

Introduction   
According to an estimation about 30% of the world food production is damaged and lost by pest and diseases 
(James 1998). Hence, this is a major challenge for agriculturists to secure the food supplies. Plant diseases and 
pests are affected by the prevailing weather conditions. Each insect and disease has its own specific weather 
requirements. 

Weather is related to many pests/insects and diseases, which are bad for the development of healthy crops. 
We can fight to prevent the destruction of our food supply by learning more about the conditions that bring 
them about. If we are able to predict disease or pest outbreaks by using the weather, then we can prevent or 
decrease high losses to a minimum. 

Weather helps to regulate the population of all biological organisms (including pests), primarily by not only 
temperature and humidity change, but also aiding their dispersal (by wind or rain) between or within 
agricultural fields. 

This article will provide an overview of the relationship between weather factors and pest behaviour in general, 
concentrating on insect, pest and diseases due to micro-organisms. 

Disease Triangle   
The disease triangle is a theoretical model that shows the relationship of the environment, host and the 
infectious (biotic or abiotic) agent with each other. This model is helpful for prediction of epidemiological 
outcomes in plant health and public health, both in the local or global conditions.  

The disease triangle consists of the three main factors. First factor is Infectious agent, which can be a bacteria, 
fungi, virus or insect. Second factor is host itself, which is affected by the infectious agent. The third factor is 
environment or weather. This particular article is focused on the third factor which is weather. 

 



 

 
Volume 2 - Issue 12 - December 2020       531 | P a g e  
 

Temperature and Insects   
Temperature is one of the utmost important driving forces behind the insect development, growth and 
behaviour. Insects cannot regulate their body temperature and their internal temperature varies with the 
ambient environmental temperature. This type of organisms is known as poikilothermic (cold-blooded). 

Some insect pests such as white flies, armyworms, leaf miners and cabbage loopers develop quickly when 
temperature average about 85-90 ℉. The other activities of these insects such as flight-movement, 
reproduction, nourishment and oviposition are also influenced by the seasonal ambient temperatures. 

In addition to the direct damage caused to plants by plant-eating (phytophagous) insects, especially those with 
piercing type mouth parts such as aphids, leaf hoppers, may transfer deadly viruses from plant to plant because 
they extract plant juices, so spreading diseases. 

Many insects have threshold temperatures, below which they will not survive. As a result, daytime change in 
temperature, and associated with diurnal changes in light quality and quantity, often results in peaks of activity 
by different insect species at specific times of the day. Such patterns have been reported for many common 
field insects, including aphids and thrips species (Lewis and Taylor, 1964). 

Relative Humidity (RH)/Rainfall and Insects   
Moisture also plays a vital role in the insect development, especially in the desert climate. Only some of the 
insects’ pests that encountered in our crops require free moisture to survive. Many of them obtain water from 
their food source. For instance, Liriomyza leaf minors pass their entire egg and larval stages inside a melon or 
lettuce leaves, extracting liquid and nutrients from the herbal tissues of the crop. Apart from this relative 
humidity can affect the insect growth and behaviour by affecting the insect’s ability to regulate the water loss. 
Low humidity in the environment is often dangerous to insect development, but most insects found in desert 
crops have adopted their self physiologically to prevent dehydration. 

Apart from the relative humidity, rainfall can be quite deleterious to the insects. An example of this was during 
the heavy rains a significant mortality of thrips and aphids can be seen on lettuce crops. As a general thumb 
rule, cool & wet extremes in weather are the most dangerous to the insects because they can promote diseases, 
slow growth rates and disrupted feeding activities. However, there are exceptions to the rule. One insect pest 
in precise which is seed corn maggot, flourishes under these conditions. 

Although the wet & cool conditions can be harmful to the winter survival of our many key insects and pests. 
The extra moisture in the environment also encourage the growth of unwanted plants and weeds in desert 
climate. This additional foliage in environment can provide a food source for the insects such as aphids and 
bagrada bugs. On the other hand, warm-humid conditions occurring in India during July-September are ideal 
for many insect growth and development. 

Solar Radiation / Thermal Time and Insects   
Insects are capable to see the UV (Ultraviolet) radiation. Nocturnal insects are often engrossed to the light 
sources that emit large amount of UV radiations, and devices that feat this behaviour. Based on this concept 
light traps for forecasting pest outbursts, and electrically controlled insect killers have been developed. 

Some diurnal insect species are attracted to the yellow light. Based on this yellow pan traps are used for 
monitoring pest outbursts and yellow sticky plates are used for insect control. Lamps with yellow illumination 
have been used effectually to regulate the movement of the nocturnal moths and consequently reduce the 
damage amount to fruit, vegetables and flowers. 

Covering cultivation facilities such as greenhouse with film that cleans out near-UV radiation decreases the 
attack of pests like white flies and thrips into the facilities, therefore reducing the injury caused to crops. The 
future progress and use of new light emitting sources such as light-emitting diodes is expected to promote 
integrated pest management. 
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Wind and Insect Dispersal   
The connection between wind and the movement of the insects’ pests has been well monitored throughout 
history. The large-scale wind-borne movement of locusts and other insects still happen, often resulting in some 
huge migrations. Most of such migration resulting in desolation of food crops, caused by the arrival of millions 
of insects at a particular time, generally happens in developing countries. 

The association between wind response and flight in insects is complex and involves considerations of the insect 
flight boundary layer (Johnson 1969; Taylor 1974). This is well-defined as the changing layer of the contacted 
air with substrate, within which flight speed of pests is greater than the surrounding wind. When the insects 
leave their boundary layer they leisurely come across to the winds of more strength, and insects are less able 
to control their speed and direction of movement. Also, the insect landing is more precise in the insect boundary 
layer to avoid the damage. 

Wind borne insects may accumulate more in the windward side of the crops or obstacles, but many times 
gathering occurs on the leeward sides which is down wind side of the obstacle. This has been verified for the 
many insect species, particularly towards the dusk, as wind currents stop. 

Weather and Vertebrate Pests   
This category consists of the animals and birds, which nibble and peck (such as rabbits, mice, squirrels and 
birds), dig (moles), or scavenge (rats and birds) in our crop field. As compared to the insects and micro-
organisms, the vertebrate pests are highly specialized and modified with abundant food supply habitat. 
Although animals and birds are capable of doing more damage than the insects and micro-organisms but the 
range of vertebrate pests found is less to some typical areas of the field only. 

In general, wind as an agent of dispersal is less significant to animals and birds than it is to insects and micro-
organisms (Although birds cannot fly in severe windy condition). Instead, the single most important weather 
factor that affecting the behaviour of animals and birds is probably temperature. Although, all vertebrates can 
control their own body temperature, hence known as endotherms. So, they can survive on broader range of 
temperature compared to pests as discussed. Many birds also have advantage of being migratory and they left 
the area when conditions become antagonistic. Whilst some vertebrates die during the extreme winter 
conditions due to food scare and low temperature. 

Conclusion   
The prevailing weather conditions influence the behaviour of the insects and pests in many ways. The 
population and growth of the insects and micro-organisms are affected by the weather, especially which are 
regulated by extremes of temperature and rainfall in the field. Apart from this wind plays an important role as 
dispersal agent for insects and micro-organisms. Compared to the insect’s groups, weather variables are less 
important to control the vertebrate pest populations and behaviour. 
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Abstract 
Rapid industrialization and urbanization have led to elevated global temperatures and disturbed the agro-
ecological system's balance. Therefore, farming practices are needed for sustainable food production. Mulching 
has been advocated as an effective means to preserve moisture in the soil. Mulching means covering the soil 
with a layer of material. For its immediate economic benefits like higher yields, earlier harvests, improved fruit 
quality, mulching has become a globally applied agricultural practice. Mulch controls evaporation and modifies 
the microclimate of soil and air in which a plant grows and creates an agreeable condition for growth. 
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Mulching   
The word mulch is derived from the German word molsch which means "easy to decay," and has been widely 
used since ancient times for agricultural production. Mulching involves covering the soil in between plants with 
a layer of material Mulches may minimize water runoff, improve soil infiltration, suppress weed populations, 
and act as an obstacle to evapotranspiration (Rathore et. al., 1998). 

Mulching also has several other beneficial environmental impacts, such as soil and plant root temperature 
control, reduced nutrient loss, soil erosion and compactness reduction, and improved soil physical conditions 
(Ngouajio and McGiffen, 2004). The roots and bulbs are kept cool in the summer and warm in the winter. 
Mulches can reduce crop irrigation requirements, and sometimes they can completely finish irrigation needs 
(Ahmad et. al., 2015). 

Potential Benefits of Mulching on Soil   
Potential benefits of mulching on soil:  
1. Soil temperature and microclimate: Mulch has the potential to heat up soil. Mulches modify the crop 
microclimate by altering the soil energy balance. Alteration of the crop microclimate results in soil temperature 
changes that can affect the growth and yield of plants.  

Mulch also alters the microclimate around the plant by altering the surface radiation budget and reducing the 
loss of soil water (Liakatas et. al., 1986). Mulch serves as a barrier preventing soil water evaporation and 
funneling excess rainfall away from the root zone while ensuring a more stable moisture regime in the root 
zone. This minimize irrigation demands and help avoid physiological disorder related to water or nutrients. 

2. Decreasing pesticide use: Mulches can minimize plant stress levels and deal with various pathogens. Plants 
get resistance to weed attack and other harmful pests, and in this way, there will be no use of any kind of 
fungicides, insecticides, and herbicides. 

The reduction in the use of such chemicals would be in favor of farmers in the sense that no money is spent on 
such chemicals, and the non-use of chemicals would also be in favour of the population and habitat of beneficial 
soil species (Chalker-Scott, 2007). 

3. Erosion and nutrient availability: Mulch protects soil against water and wind erosion as well as hail damage. 
It protects the upper fertile soil from erosion and provides winter protection. The dominant advantage of mulch 
is its ability to assist in the preservation of nutrients within the root region, thereby allowing for more productive 
use of nutrients by constant moisture content, higher temperature, and better aeration of the soil all appear to 
support higher microbial biomass in the soil, thus ensuring more complete nitrification (Hankin et. al., 1982). 
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4. Soil moisture and microfauna: The key strength of mulching is that soil moisture is retained and surface 
evaporation is minimized. Basically, by reducing soil evaporation and controlling soil temperature, mulch 
conserves soil water. 

Mulching encourages soil micro-organisms such as algae, mosses, fungi, bacteria and other species such as earth 
worms, etc. due to lose, well aerated soil conditions, uniform moisture and temperatures resulting in a faster 
breakdown of organic matter in the soil and release of plant nutrients for crop growth. Under the mulch layer 
Earth worms proliferate and help to increase the soil aggregate stability and infiltration etc.  

Mulch's have important role in promoting the life of most soil macro invertebrate species. Soil biota under 
mulched soil condition while enhancing nutrient conservation and building up organic matter over a period of 
several years (Holland, 2004). 

Potential Benefits of Mulching on Plants   
1. Plant establishment and growth: Globally, mulching is used to improve plant establishment. Mulches 
improve seed germination and survival of seedlings, improve root establishment and survival of transplants, 
and increase overall plant efficiency. 

Mulches increases water preservation, and decreased weed growth is associated with increased root growth 
and favourable plant exploration. Mulches permit the spread and establishment of roots of trees and shrubs 
well beyond the trunk compared to bare soil (Burgess et. al., 1997) and thus become more stable. 

2. Improved quality and yield: Properly placed mulch helps to prevent soil from splashing during rainfall on the 
plants, which can minimize grading time. This is possibly due to improved plant growth, which is controlled by 
soil temperatures with limited variations, and also soil moisture. 

Mulched plot marketable fruit yields were significantly higher than those produced on bare soil. Increase in 
total yield and quality has been reported in numbers of vegetables such as muskmelon, watermelon peppers 
and strawberry etc. 

Reducing Weed Growth and Germination   
Mulching decreases the germination of many weeds and their nourishment. If weeds grow somehow, they 
become pale and in the end die. Decomposition of organic mulches may also have led to an increase in nutrient 
and moisture supply for total crop yield increases. 

Loose materials such as straw, bark, and municipal green composted waste can provide successful weed control. 
Saw dust is a fantastic soil improver and suppressor of weeds. White and green covering had little effect on 
weeds, while brown, black, blue, or white on black (double-colored) films prevented weeds from developing 
(Bond and Grundy, 2001). 

Conclusion   
Application of mulches is concluded to be beneficial for agriculture. Mulch application increases soil porosity, 
organic matter content, soil aggregation, moisture content and soil loss minimization. Mulching has positive 
effects on growth, yield and quality of fruits, and promotes early harvesting. 
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Importance of Bee Keeping 
Bees are one of the many insects in the world that can produce something that is beneficial to all of us. We 
obtain honey from these bees and as we all know; honey is an important food for human beings. Since ancient 
times, honey is used for treating several diseases, and it is an antioxidant, therefore beekeeping is an important 
activity. Bees are mainly reared for their honey. Besides that, we also obtain beeswax through beekeeping. Bees 
produce honey from the sugary secretions of plants. Although honey is an important ingredient in many food 
dishes, beeswax holds a lot of commercial significance too. It is used in the cosmetic and medical industry, as 
well as a coating for cheese, and as a food additive. It is also used as the main component for making candles, 
preparing polishes for the shoe, furniture, etc. It is estimated that one third of the food that we consume each 
day relies on pollination mainly by bees. 

Common Varieties of Bees   
The beekeepers mostly take care of only those bee species whose names start with “Apis”- as they are the only 
species which produce honey. Common species of honey bees that are reared are as follows: 
1. Apis dorsata: It is also referred to as the rock bee. It is a giant bee and produces about 38 to 40 kg of honey 
per colony. 
2. Apis indica: It is also referred to as the Indian bee. It can be easily domesticated and is most commonly used 
for honey production. The annual yield of honey is 2 to 5 kg per colony. 
3. Apis florea: It is also referred to as the little bee. It rarely stings and thus honey extraction from its hive is 
easy. It produces about 1 kg of honey per colony per year. 
4. Apis mellifera: It is also referred to as the Italian bee. This species has a very typical dance routine to indicate 
food availability, and like the little bee, stings less. As the common name suggests, this species is not local. 
However, because of the high amount of honey produced, it is often reared by beekeepers. 

The India honey market reached a value of about INR 17.29 billion in 2019. The market is further expected to 
grow at a CAGR of about 10 percent between 2020 and 2025 to reach a value of nearly INR 30.6 billion by 2025. 

Challenges for the Bee Keepers   
Sl. No. Constraints  

 Social constraints 

1. Objection from neighbour 

2. No family support 

3. Theft of bee hives 

 Physical constraints 

1. Labour intensive activity 

2. Fear from bees 

3. Allergy from bee sting 

4. No land for keeping bee hives 

 Economic constraints 
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1. Lack of money to start 

2. More recurring expenditure 

3. Sale of honey at appropriate rate 

4. Less income than expenditure 

 Technical constraints 

1. Insufficient training 

2. Lack of complete knowledge 

3.  Difficult occupation 

4. Bee management in dearth period 
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Introduction 
To better understand telomeres and telomerase, let's first review some basic principles of biology and genetics. 
The human body is an organism formed by adding many organ systems together. Those organ systems are made 
of individual organs. Each organ contains tissues designed for specific functions like absorption and secretion. 
Tissues are made of cells that have joined together to perform those special functions. Each cell is then made 
of smaller components called organelles, one of which is called the nucleus. The nucleus contains structures 
called chromosomes that are actually "packages" of all the genetic information that is passed from parents to 
their children. The genetic information, or "genes" are really just a series of base pairs called Adenine (A), 
Guanine (G), Cytosine (C), and Thymine (T). These base pairs make up our cellular alphabet and create the 
sequences, or instructions needed to form our bodies. In order to grow and age, our bodies must duplicate their 
cells. This process is called mitosis. Mitosis is a process that allows one "parent" cell to divide into two new 
"daughter" cells. During mitosis, cells make copies of their genetic material. Half of the genetic material goes to 
each new daughter cell. To make sure that information is successfully passed from one generation to the next, 
each chromosome has a special protective cap called a telomere located at the end of its "arms". Telomeres are 
controlled by the presence of the enzyme telomerase. 

What are Telomeres?   
Telomeres are bits of DNA on the ends of our chromosomes - think of the hard ends of your shoelaces. While 
they do not contain genes, telomeres are important for replication or duplication of the chromosomes during 
cell division. They are made up of 1,000 to 2,000 copies of a repeated DNA sequence, TTAGGG. Each time a 
normal cell divides, its telomeres are cut just a bit shorter, until eventually they are so short that no further cell 
division can occur. A telomere is a repeating DNA sequence (TTAGGG) at the end of the body's chromosomes. 
The telomere can reach a length of 15,000 base pairs. Telomeres function by preventing chromosomes from 
losing base pair sequences at their ends. They also stop chromosomes from fusing to each other. However, each 
time a cell divides, some of the telomere is lost (usually 25-200 base pairs per division). When the telomere 
becomes too short, the chromosome reaches a "critical length" and can no longer replicate. This means that a 
cell becomes "old" and dies by a process called apoptosis. 

Telomere – Stability of Chromosomes 
Blackburn and Szostak (2009) first made the minichromosomes without telomeres and inserted that into yeast 
cell. The chromosomes are truncated and broken down. Then they attached the telomere DNA from 
Tetrahymena and again inserted into the yeast cells. Now the minichromosomes remained intact. This 
experiment provides the conclusive evidence that telomere is need for the stability of chromosome. 

Different Methods for the Detection of Telomeres   
1. Q-Fish (Quantitative Fluorescent in situ Hybridization). 
2. Flow-FISH (Flow Cytometry based Fluorescent in situ Hybridization). 
3. TAT (Telomere Analysis Technology). 
4. PCR-Q (Quatitative Polymerase Chain Reaction). 

http://www.swmed.edu/home_pages/cellbio/shay-wright/intro/glossary/sw_introglossary.html
http://www.swmed.edu/home_pages/cellbio/shay-wright/intro/glossary/sw_introglossary.html
http://www.swmed.edu/home_pages/cellbio/shay-wright/intro/glossary/sw_introglossary.html
http://www.swmed.edu/home_pages/cellbio/shay-wright/intro/glossary/sw_introglossary.html
http://www.swmed.edu/home_pages/cellbio/shay-wright/intro/glossary/sw_introglossary.html
http://www.swmed.edu/home_pages/cellbio/shay-wright/intro/glossary/sw_introglossary.html
http://www.swmed.edu/home_pages/cellbio/shay-wright/intro/glossary/sw_introglossary.html
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5. STELA (Single Telomere Length Analysis). 

Telomere Shortening   
During DNA replication, the extreme ends of the telomere cannot be copied and so the telomere gets marginally 
shorter. This occurs because the terminal RNA primer on the lagging strand cannot be replaced (no 3’-
attachment point for DNA pol I). The progressive shortening of telomeres is associated with ageing 
(senescence), age-related diseases and mortality. Cells have a limited capacity for cellular division (Hayflick limit 
= ~ 40 – 60 divisions for a typical human cell). Telomeric shortening is suggested to be a reason for this limit, as 
cells may stop dividing when too much telomere DNA is lost. 

Telomere Maintenance   
Using the prokaryotic recombination-dependent-replication (RDR) pathway, these repeats form a t-loop at each 
end, providing a mechanism for extension of the terminus. The t-loop structure is proposed to protect the ends 
from nucleases and ligases. In present day eukaryotes telomere maintenance is primarily executed through the 
telomerase pathway. The telomere reverse transcriptase could have evolved from pre-existing retrotransposon 
reverse transcriptases. These t-loops are not used for telomere replication (except in unusual circumstances). 
The advent of telomerase has the advantage that all telomeres contain the same repeat sequence allowing 
emergence of specific trans-acting factors that can facilitate telomere protection and regulation of telomere 
length. 

Telomerase   
Some cells have the ability to reverse telomere shortening by expressing telomerase, an enzyme that extends 
the telomeres of chromosomes. Telomerase is an RNA-dependent DNA polymerase, meaning an enzyme that 
can make DNA using RNA as a template. The enzyme binds to a special RNA molecule that contains a sequence 
complementary to the telomeric repeat. It extends (adds nucleotides to) the overhanging strand of the telomere 
DNA using this complementary RNA as a template. When the overhang is long enough, a matching strand can 
be made by the normal DNA replication machinery (that is, using an RNA primer and DNA polymerase), 
producing double-stranded DNA. 

Conclusion   
Knowing this, we have just learned about telomeres, telomerase and it can be said that scientists are on the 
verge of discovering many of telomerase's secrets. In the future, their research in the area of telomerase could 
uncover valuable information to combat aging, better way to fight cancer, and even improve the quality of 
medical treatment in other areas such as skin grafts for burn victims bone marrow transplants, and heart 
disease. In the plant research we can able to create minichromosomes with desired advantages. 
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Introduction 

Withania somnifera (Family: Solanaceae) is an ayurvedic herb that has been used for centuries in India as an 
adaptogenic herbal remedy to improve overall health, vitality and longevity. It is a well-liked Indian medicinal 
plant and is also known as Ashwagandha, Ginseng, and Winter cherry (Gurib and Schmelzer, 2012). In Sanskrit 
Ashwagandha means “the smell of a horse,” signifying that the herb imparts the vigor and strength of a stallion, 
and it has traditionally been prescribed to help people strengthen their immune system after an illness. It has 
been a vital herb in the ayurvedic and indigenous medical system for over 3000 years. Ashwagandha is a short 
woody shrub native to the Indian subcontinent that grows naturally in India, Afghanistan, Pakistan, Spain, parts 
of the Middle East Africa and the Canary Islands (Chopra et al., 1980). Ashwagandha is now also grown in North 
America and other temperate climates as its popularity increases. It is listed in the Indian Materia Medica, and 
is part of Ayurvedic, Siddha, and Unani traditions.  

The plant is characteristically close to two feet tall at full height. They form small, green flowers that contain 
the red fruit in the center, resembling a small berry. Leaves are simple, ovate, glabrous, and up to 10 cm long. 

 

Phytoconstituents of Withania Somnifera 
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Medicinal Uses   
1. Ashwagandha is used for anxiety, trouble sleeping (insomnia), tuberculosis, tumors, asthma, and bronchitis, 
a skin condition marked by white patchiness (leukoderma), backache, fibromyalgia, menstrual problems, 
hiccups, and chronic liver disease.  
2. This herb is well thought-out an adaptogen which is a nontoxic herb that works on a nonspecific basis to 
normalize physiological function, working on the HPA axis and the neuroendocrine system (Khare, 2007).  
3. Several people also use Ashwagandha for improving thinking ability, decreasing pain and swelling 
(inflammation), and preventing the effects of aging.  
4. Ashwagandha is applied to the skin for treating wounds, backache, and one-sided paralysis (hemiplegia) 
(Kirtikar et al., 1980).  
5. Useful in treatment of arthritis, which involves joints that are painful, dry, swollenand inflamed, 
Ashwagandha would be the herb of choice (Khare, 2007).  
6. It is said to impact sexual health—increasing fertility and even sperm count. It has also been traditionally used 
as an aphrodisiac. However, the roots may actually decrease fertility for women, so be forewarned.  
7. For wound care, the leaves of the plant are said to provide a therapeutic poultice. In addition, the roots have 
antifungal and antibacterial properties— well for warding off infection.  
8. Some other benefits are: Diuretic, Galactogogue, Anti-epileptic, Combats stress, Fights cognitive decline due 
to brain cell degeneration.  
9. One of the special properties of Ashwagandha is that it will enhance Ojas. Ojas is the most subtle, refined 
level of the physical body and is the end result of healthy food which is properly digested. It is responsible for a 
healthy immune system, physical strength and lustrous complexion, clarity of mind and sense of well being. It 
allows consciousness to flow within the body. With decreased Ojas, we are less in touch with ourselves and 
more prone to diseases and having a feeling of disharmony. 'Ojakshaya' (decreased Ojas) is a condition similar 
to AIDS/HIV (Anonymous, 2007).  
10. Ashwagandha operates at the level of the overall body system by maintaining balance in the substances and 
processes running in the human body. For instance, if some hormones are lower than they should be, 
Ashwagandha increases them. On the other hand, if some hormones are higher than they should be, 
Ashwagandha decreases them (Khare, 2007).  
11. Ashwagandha is a revitalizing herb that maintains proper nourishment of tisuues, particularly muscle and 
bones (Jain et al. 2001).  
12. According to animal trials Ashwagandha expands the lifespan.  
13. Ashwagandha helps to manage body weight problems for a lean and healthy body.  
14. It is good hypnotic in Alcoholism, It is bitter in taste and hot in potency, it alleviates vata and kapha; it 
stimulates thyroid activity and Enhances anti-peroxidation of liver. 

Pharmacological Activities 
1. Anti-inflammatory and Anti-arthritic activity. 
2. Immunomodulatory activity. 
3. Anti-oxidant activity. 
4. Anti-stress and Anabolic activity. 
5. Hypothyroid activity. 
6. Anti-carcinogenic activity. 
7. Neuropharmacological activity. 
8. Anti-hyperglycemic activity. 
9. Anti-aging activity. 
10. Anti-convulsant activity. 
11. Musculotrophic activity. 
12. Hepatoprotective activity. 
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13. Cardioprotective activity. 
14. Macrophage-Activating Effect. 
15. Morphine Tolerance and Dependence-Inhibiting Effect. 

Conclusion   
Indigenous herbal medicines have been popular since time immemorial and recently have also commanded 
major attention worldwide due to their potential neutraceutical values. Herbs are the likely drugs used to regain 
the alterations made in normal physiological system by foreign organisms or by any malfunctioning of the body. 
The plant Withania somnifera is a foundation of pharmacologically and medicinally vital chemicals such as 
withanolides, hentriacontane, dulcitol, withaniol, amino acids, choline, beta-sitosterol, chlorogenic acid, 
scopoletin and other useful constituents. With an abundance of antioxidants, iron, amino acids and other 
phytochemicals it’s no surprise that studies suggest Ashwagandha has medicinal properties that can directly 
and indirectly prevent and treat a number of diseases. 
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Introduction 

Importance of Vitamin A (Retinol) - Biofortification with vit A (Golden Rice): Vitamins and minerals are 
essential food components for human health. Deficiency in dietary micronutrients such as vitamin A, iron, 
iodine, or zinc will result in micronutrient malnutrition and various deficiency diseases. Biofortification through 
transgenic technology is an innovative and promising approach. Vitamin A deficiency (VAD), affecting one-third 
of children in the world under age 5, is the leading cause of childhood blindness. Vitamin A is key to immune 
system function, and children with VAD are more likely to contract common illnesses like measles than children 
without a deficiency. They are also more likely to die from respiratory and diarrheal diseases.  Rice  plants do 
not contain any vitamin A or vitamin A precursors, so selective breeding of rice cannot be used to prevent VAD. 

A good example is the fortification of rice with provitamin A through metabolic engineering. The first generation 
of provitamin enriched rice, Golden Rice 1 (GR1) was generated by expressing the psygene from daffodil and 
the crtIgene from bacteria (Erwinia uredovora) in rice to achieve a yield of 1.6μg provitamin A/g in the 
endosperm.  Further increase in the content of provitamin A was achieved by replacing the psygene of daffodil 
with that of maize, resulting in second generation Golden Rice2 (GR2), containing 31μg provitamin A/g rice 
endosperm.  With this improvement, 72 g of GR2 could provide the daily vitamin A allowance for a 1-3-year-old 
child, which is within the range of 100-200 g of rice consumed per child per day in the target countries. 
Carotenoid biosynthetic pathway - Biofortification of rice with vitamin A ( Sun and Liu 2004): 

 

Iron   
In rice seeds Fe localizes to dorsal vascular bundle, aleurone layer, and endosperm as well as it localizes to the 
scutellum and vascular bundle of the scutellum of embryo, leaf primordium and radical. Besides micronutrients, 
rice seed also contain nicotianamine (NA) and 2deoxymugineic acid which are suggested to chelate and mobilize 
micronutrients during germination. Fe is abundant in mineral soils and the major problem with its acquisition is 
solubility, thus application of soil Fe as fertilizer is not an effective strategy for increasing seed Fe (Bashir et al., 
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2013).  For Fe pH of the soil and the concentration of carbonate as well as field conditions like submergence or 
dry filed are more important. Traditional  breeding has thus far been an unsuccessful approach for increasing 
the seed Fe concentration. 

(Masuda et al., 2012)  iron-biofortified rice was produced using three transgenic approaches: by enhancing  iron 
storage in grains via expression of the iron storage protein ferritin using endosperm-specific promoters, 
enhancing iron translocation through overproduction of the natural metal chelator nicotianamine, and 
enhancing iron flux into the endosperm by means of iron (II) - nicotianamine transporter OsYSL2 expression 
under the control of an endosperm-specific promoter and sucrose transporter promoter. 

Importance of Zinc and its Malnutrition, Biofortification 
Zinc (Zn) deficiency is a well-documented global health problem, affecting nearly half of the world population, 
particular in developing countries, where high proportion of cereal crops, such as rice and wheat, consumed as 
a staple food. The reliance on cereal based food induce Zn deficiency related health problem, such as 
impairments in physical growth, immune system and brain function. Zn is unevenly distributed to all of parts of 
the seed, with a significantly high value for the aleurone layer and embryo.  

During germination, Zn flow is quite dynamic compared to Fe and Mn. High zinc seeds are more vigorous and 
better able to withstand weed competition, and pathogen and pest attack.  Unfortunately, Rice is a poor source 
of metabolizable Zn, due to inherently low in Zn content and the bioavailable Zn. Zinc biofortification, which 
aims to enhance Zn concentration as well as bioavailability of rice grain, is considered as the more sustainable 
and economical solution to address human Zn deficiency. The OsNAS genes, particularly OsNAS2, show 
enormous potential for Fe and Zn biofortification of rice endosperm. The results demonstrate that rice cultivars 
overexpressing single rice OsNAS genes could provide a sustainabl e and genetically simple solution to Fe and 
Zn deficiency disorders 

Vitamin B9 (Folic Acid/ Folate)   
Although rice is a major staple crop, providing 80% of the daily caloric intake of 3 billion people, it is a poor 
source of essential micronutrients, including folates (vitamin B9). Hence, folate deficiency is widespread, 
especially in developing countries. Folate deficiency results in serious disorders, including neural tube defects 
such as spina bifida in infants and megaloblastic anaemia. Folates are tripartite molecules containing a pterin 
moiety, para amino benzoic acid (PABA) and one or several glutamate residues. 

In plants, pterin precursors are synthesized from GTP in the cytosol (pterin branch), whereas PABA is derived 
from chorismate in plastids (PABA branch). Both pterin precursors and PABA are imported into the mitochondria 
to participate in the condensation to folates. Folate biofortification of rice seeds achieved by overexpressing 
two Arabidopsis thaliana genes of the pterin and para-aminobenzoate branches of the folate biosynthetic 
pathway from a single locus. obtained a maximal enhancement as high as 100 times than  wild type, with 100 g 
of polished raw grains containing up to four times the adult daily folate requirement (Storozhenko et al., 2007). 

Lysine   
Rice is the most consumed cereal grain in the world, but deficient in the essential amino acid lysine. 
Biofortification of stable crops by genetic engineering provides a fast and sustainable method to solve this 
problem. Wong studied  two  endogenous rice lysine-rich histone proteins, RLRH1 and RLRH2, were over-
expressed in rice seeds to achieve lysine biofortification. Their protein sequences passed an allergic sequence-
based homology test. Their accumulations in rice seeds were raised to a moderate level by the use of a modified 
rice glutelin 1 promoter with lowered expression strength to avoid the occurrence of physiological 
abnormalities like  unfolded protein response. The expressed proteins were further targeted to protein storage 
vacuoles for stable storage using a glutelin 1 signal peptide. The lysine content in the transgenic rice seeds was 
enhanced by up to 35 %, while other essential amino acids remained balanced, meeting the nutritional 
standards of the World Health Organization. 
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Glycinin   
The rice (Oryza sativa) glutelins and soybean (Glycine max) glycinins are excellent examples of this 
reclassification of storage proteins. The rice glutelins, which comprise up to 70% to 80% of the total seed 
protein, are insoluble in a neutral saline solution but soluble in a diluted acid/alkaline solution. They exist as 
large macromolecular complexes formed by disulfide and hydrophobic interactions of acidic and basic 
polypeptides. Glutelin  have different solubility properties and member of the 11S globulin family of storage 
proteins. These proteins share 32% to 37% identity in their primary sequences. Moreover, these proteins are 
synthesized as a larger precursor on the ER, are proteolytically processed into acidic and basic polypeptides, 
and are accumulated and stored in a vacuolar compartment. Wild-type and methionine - modified glutelin 
coding sequences were expressed in transgenic rice plants under the control of the rice glutelin GluB-1 
promoter. 

Conclusion   
Rice  is a major staple crop, providing 80% of the daily caloric intake of 3 billion people, but it is a poor source 
of essential micronutrients, including Fe, Zn, Retinol (vit A) folates (vitamin B9), amino acids (Glycinine, Lysine).  
Rice is a particularly suitable target for biofortification because Fe-deficiency anaemia and other malnutrition is 
a serious problem in developing countries where rice is a major staple crop. Biofortification has broad 
application in agriculture and allied sectors and Great potential to combat malnutrition, Effective and cheaper 
alternate to traditional ways.  

Even if government funding for micronutrient issues fade biofortification is the permanent solution to overcome 
malnutrition instead of going for temporary diet supplements. 
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Cell to cell interactions are the unavoidable prerequisite of multi-cellular organisms for the normal growth and 
development of plants. The classical phytohormones such as auxin, gibberelin, cytokinin, ethylene and abscisic 
are considered key player to communicate intercellularly. Several other molecules including salicylic acid, 
jasmonic acid, brassinosteroids, strigolactone are added to the list of growth regulator with the time (Breiden 
and Simon, 2016). A number of additional molecules such as signalling peptides, transcriptional factors and 
small RNAs have been added to the vocabulary of research field. Most of the small signalling polypeptides are 
synthesized from the unknown biological long peptide precursor. The plant peptides are the proteolysed 
protein products can be observed in apoplast and the cytosol.  

The plant peptides can be classified into three groups on the basis of biosynthetic and structural properties: 
small post-translationally modified (PTM) peptides, cysteine rich peptides and others. The small post-
translationally modified peptides group consist peptides of 20 amino acids having few or no cysteine amino 
acid. These peptides have generally proline residue modified by glycosylation and hydroxylation and tyrosine 
and cysteine modified by sulfation. These post translation modification of the peptides regulates the proteolytic 
processing, biological activity and binding affinities to the receptors. CLAVATA3/EMBRYO SURROUNDING 
REGION (CLE) peptide family having 12-13 amino acids peptide members conserved among the land plant 
species. The CLE peptides have several receptors with diverse affinity involved in the plant defense responses 
against fungi, nematodes and inducing immunization in plants (Hirakawa and Sawa, 2019). HYDROXYPROLINE-
RICH GLYCOPEPIDE SYSTEMINS (HYPSYS) PEPTIDES are the 15-20 amino acids containing glycopeptides play 
important role in the systemic and local defensive responses against the herbivores. INFLORESCENCE DEFICIENT 
IN ABSCISSION (IDK) and IDA-LIKE (IDL) peptides are the hydroxylated proline to regulate many biological 
processes involved in the growth and immunological processes. Similarly, PHYTOSULFOKINE and PLANT PEPTIDE 
CONTAINING SULFATED TYROSINE1 are the tyrosine sulfated peptides are involved in various plant responses. 
Cysteine rich peptides containing 2-16 cysteine rich residue domain altered according to peptide length and 
plant species. Most of the cysteine rich having the anti-microbial properties in the plant microbial interaction 
and few of the peptides involve in the plant growth and development. PLANT DEFENSINS are the 5 kDa peptides, 
broadly distributed among angiosperms and the largest family of pathogenesis related proteins. For instance, 
in Arabidopsis there are 285 plant defensins have been reported. RAPID ALKALINIZATION FACTOR peptides are 
the 5 kDa (matured peptides) having the four conserved cysteine amino acid residue involved in the growth and 
developmental regulation, root cell elongation, reducing nodulation and altering the pollen tube growth. 
EPIDERMAL PATTERN FACTOR and EPFL EPFLIKE are 45-76 amino acid peptides having 6 or 8 conserved cysteine 
amino acid residues. These are playing role in the development of stomata such as density of stomata, light 
responses and stomatal clustering. The third class of plant peptides (commonly known as non-post translational 
or non-cysteine rich peptides) are characterized by absence of >2 cysteine amino acids in the 8-36 residue length 
of peptide. There are two peptides such as SYSTEMIN and PLANT ELICITOR PEPTIDES to play specific function in 
the biotic resistance of plant. The SYSTEMIN peptide is of 18 amino acid residues having 4-6 proline residues 
and a conserved motif at the C terminal end. These elicit jasmonic acid pathways to induce defense responses 
against the herbivore. PLANT ELICITOR PEPTIDES are the 23-36 amino acid peptides are able to induce the 
pathogen triggered immunity against the diverse pathogen infection responses.  

The signalling peptides are received by the plasma membrane located receptor like kinases. The leucine rich 
repeats RLKs are the largest known family and reported to be >200 members in the Arabidopsis. The receptors 
have extracellular domain (rich in leucine residues-LLR), trans-membrane domain and intracellular kinase 
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domain and are triggered by the peptide-LLR domain binding. The resulted activated kinase induces numerous 
signaling involved in the cell proliferation, cell growth, cell differentiation and defense response. For instance, 
CLV3 and CLE40 regulate the stem cell niches in the development of root or shoot apical meristems. Similarly, 
the STOMAGEN peptide regulates the number and development of stomata. The phytosulfonkinase integrate 
the signaling interactions of in symbiotic and stress responses. The signaling peptides are not restricted to a 
localized area (such as tissue or organ) and can involve in the long distance signaling. For instance, CLV3 
translocated from the root to shoot in legumes to regulate the nodule number (Oh et al.,2018). The shoot 
perceives the signal from root which is originally generated upon the root nodulation. 

The research on the role of peptides in the plant development can be advantageous for agriculture in future. 
The diverse novel signaling peptides are needed to be identified that control the meristem size. It may help to 
find the mutants that lead to enhanced yield. In the last few decades, the knowledge of peptide signaling has 
been steps forwarded considerably and several peptide families have been discovered and characterized 
partially. Many hundreds of peptides still waiting for analysis and provide specific tools to define plant 
architecture and development for crop improvement programmes. 
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Temperate fruits are always being the centre of attention for horticulturist. The fruits, nuts and berries of high-
altitude region s or are   unique and rich in nutrients, vitamins, minerals, antioxidant agents and medicinal 
compounds. Many berries in Himalayas regions are considered as orphan due to poor conservation status and 
unavailability in breeding programs. Asian gooseberry or Ribes alpestre is a temperate shrub berry belongs to 
family Grossulariaceae. The genus represented more than 150 known members distributed throughout the 
alpine regions of northern hemisphere. Genus is well known as edible currants including white currant, 
blackcurrant and  redcurrant .Several hybrid varieties of genus ribes including ornamental and termed as 
flowering currants. It is distributed above the altitudes range of 2400m and flowers in month of June - august. 

 

The wild shrub is medium sized, bushy, erect, prickly having numerous small thorns all over the surface of plants. 
The plant attains height of 2-3 m having three prickly thorn presents at each node. Pinkish flowers are bisexual 
small 1-2cm, arranged solitary on typical pubescent bracteates peduncles appears pinkish in color. Fruits are 
berries appears transparent white with visible seeds at early stages of development with dense pubescence on 
surface. Fruits are ovoid or globose, velvety, glandular and small sized. The fruits are indehiscent, fleshy, 
persistant, perianth, endospermic, dicotyledons, very sour and slightly bitter but rich in Vitamin-C. Later on, 
these fruits turn into raddish colour due to pigmentation and hair number decreases on maturation.  Leaves are 
2-3cm long, densely arranged on small shoots, circular in edges, lacks stipules and but lobed similar to ginkgo 
leaves.  

R. alpestre is mostly abundant in forest margins, along roadsides, water channels, coniferous forests, grasslands 
in ravines, margins of cultivated lands, open grassland sloppy foothills, moist meadews, and river banks. Locally 
it is known as ‘Zasoot’ in Ladakh region, ‘Shutum’ in Sangla Valley of district Kinnaur and ‘Cheto’ in Spiti Valley 
in Himachal Pradesh. It is distributed in Afganistan, south west Asia, including Nepal, Bhutan, India. In india, it 
is reported in kullu, Lahaul-spiti, Kinnaur, Kumaon, Kashmir and Uttrakhand (Dobhal and Bhandari, 2006). 
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Economic Importance   
The fruits of plant are R. alpestre are harvested and consumed as raw as well as cooked form, so considered as 
a good source of wild food for local communities.It can be used to prepare into sauces, jams, soft drinks,jellies, 
and traditional wine. Itis also grown as an ornamental by local medicinal practicionars. The dried roots powder 
is used for ailment of arthritis, joint pain and backache (Alamgeer, 2019). Flower are crushed and extract is used 
for treatment of Jaundice and liver related disorders. The dense and tall hedges of fresh plants are used as fuel 
wood and fencing material to obstruct wild animals into cultivated field and homes. It can also be important for 
soil conservation in river banks, reclamation of landslides and ecorestoration of degraded areas in fragile areas 
of its habitat. Ribes alpestre contain various chemical constituents such as Proanthocyanidins, flavonols, 
delphinidin, kaempferol, quercetin, myricetin and cyanidine. 

 

Conclusion   
Although anthropogenic activities on Himalayas regions increased rapidly cause pressure on populations status 
of R. alpestre. The poor regeneration ability of plant in new habitat threatened the local communities and 
researchers in term pf their extinction. The comprehensive study on traditional medicinal uses at high mountain 
areas required extensive ethno-medicinal studies that leads tonovel discovery of new phytochemical 
compounds and drugs. Humans, ever desirous of mysterious knowledge yet not be explored remain concealed 
from generation to generation. 
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Introduction   
The ecological sustainability of agricultural systems is at risk at present due to issues related to safety of 
environment and ecosystems. Various sustainable agricultural practices such as natural farming, homa farming, 
biological farming, low external input sustainable agriculture, zero budget natural farming, biodynamic farming, 
alternate agriculture, integrated intensive farming system etc. have secured worldwide attention in this context. 
Permaculture is a one of the systems emerged in response to sustainable agricultural development. 

Definition & History   
Holmgren (2003) defined permaculture as “consciously designed landscapes which mimic the patterns and 
relationships found in nature, while yielding an abundance of food, fibre and energy for provision of local 
needs”.  

The term permaculture was coined in 1978 by Dr. Bill Mollison, Australian ecologist and Professor of University 
of Tasmania and his student David Holmgren, which means “Permanent Agriculture” (Venkat, 2012). Dr. 
Mollison established the first Permaculture institute in 1979 to teach the practical applications of permaculture 
design. The first permaculture design courses were conducted in the early 1980’s and Dr. Mollison were 
awarded the Right Livelihood Award in 1981 for his contribution in the search for alternatives (Francis, 2008). 

Philosophy and Ethics   
According to Burnett (2001), the philosophy of permaculture includes working with, rather than against, nature; 
observation before action, looking at systems in all their functions, rather than asking only one yield of them 
and allowing systems to demonstrate their own evolutions. The ethics of permaculture are care for the land, 
care for the people and care for the future (Sager, 2018). 

Principles and Characteristics of Permaculture   
The 12 principles of permaculture given by permaculture co-founder David Holmgren are observe and interact, 
catch and store energy, obtain a yield, apply self-regulation and accept feedback, use and value renewable 
resources and services, produce no waste, design from patterns to details, integrate rather than segregate, use 
small and slow solutions, use and value diversity, use edges and value the marginal and creatively use and 
respond to change (Krebs and Bach, 2018). According to Peeters (2011), characteristics of a well-designed 
permaculture system are diversity, yield, complexity, stability and energy. 

Permaculture Design   
It determines where the elements should be placed so that they can provide maximum benefit to the local 
environment. According to Burnett (2001), the approaches to design include maps, element analysis, zones, 
sectors and observation and data collection.   

Layers are one of the tools used to design functional ecosystems that are both sustainable and of direct benefit 
to humans. There are generally seven recognized layers in a food forest (Frank, 2015). These include canopy, 
understory layer, shrub layer, herbaceous layer, soil surface, rhizosphere layer and vertical layer. 



 

 
Volume 2 - Issue 12 - December 2020       551 | P a g e  
 

Management Practices of Permaculture   
Permaculture is not focused on agriculture alone and  according to McKenzie and Lemos (2006), in permaculture 
importance is given to different areas  such as houses, water and waste management, seed saving and nurseries, 
healthy soil, home and community gardens, farming, forests, tree crops and bamboo, integrated pest 
management, animal systems, aquaculture, appropriate technology and cooperatives and enterprise 
development. 

Difference from Other Sustainable Agricultural Systems   
Permaculture is a holistic, kind, and environment friendly way for designing and building our natural living 
environment, as well as improving living standards, including housing, water supply, health, waste 
management, farming, energy, aquaculture, rivers, forests, livestock and much more. 

It is building the habitat for perennial human settlements mimicking the natural ecosystem apart from doing 
farming alone (other sustainable systems are focused mainly on agricultural management). It introduces 
traditional practices of nature management, integrated with appropriate modern technology. It designs the 
systems based on the 12 principles to make it similar to the natural ecosystem (Morel et al., 2018). 

Applications of Permaculture   
Complete replacement of modern agriculture with permaculture is not a possible way to address environmental 
problems because it definitely affects nation’s food security. Permaculture alone can’t feed the growing 
population. In this situation, the areas where permaculture applicable are  tribal areas - for meeting their food 
and nutritional security, improvement of barren and degraded lands, adoption of suitable permaculture 
practices to already existing agricultural farms  and in urban areas  for nature mimicking landscaping. 

Permaculture Movements in India   
Dr. Mollison visited India in 1986 and established the foundation of permaculture movement by holding 
workshops for farmers and those interested in alternative agriculture in the following years. The Permaculture 
Association of India was formed in 1989 and provided a platform for conducting practice-oriented workshops 
for farmers and agrarian oriented NGOs. In 2016, the first National Permaculture Convergence (NPC) was 
organised by Hyderabad based organisation Aranya Agricultural Alternatives. In 2017, 13th  International 
Permaculture Convergence (IPC) was held in India under the theme of ‘Towards Healthy Societies’ (Fadaee, 
2019). 

Permaculture Farms in India   
Aranya permaculture farm, Telangana: It was a barren land of 11.5 acres, with a lot of thorny bushes. The 
permaculturist Narassanna started the farm activities by growing trees and converted it to a world-famous 
permaculture farm. 

Conclusion 

Permaculture is the conscious design and maintenance of agriculturally productive systems which have the 
diversity, stability and resilience of natural ecosystems. This is a holistic, kind, and environment friendly way for 
designing and building our natural living environment as well as improving living standards, including housing, 
water supply, health, waste management, farming, energy, aquaculture, rivers, forests and livestock. 
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Summary   
Plant pathogenic oomycetes secrete a diverse repertoire of effector proteins that modulate host innate 
immunity and enable infection. Understanding how effectors evolve, translocate and traffic inside host cells, 
and interfere with the host processes are most important areas in the study of oomycete–plant interactions. 

Introduction   
As a group of successful pathogens that have parasitized diverse host taxa, oomycetes have evolved many 
virulence traits to adapt to novel hosts, colonize new tissue types, and cope with host immune responses. The 
pathogenesis mechanisms in oomycetes depend extensively on large protein families. Amongst the rapidly 
diversifying families of proteins include effectors, that can enter into the host plant cells. 

Effectors proteins can be classified in two classes based on their target sites in the host plant. Apoplastic 
effectors are secreted into the plant extracellular space, where they interact with extracellular targets and 
surface receptors. Cytoplasmic effectors are translocated inside the plant cell presumably through specialized 
structures like infection vesicles and haustoria that invaginate inside living host cells. 

 
Apoplastic effectors Cytoplasmic effectors 

Effectors bind to cell-surface phosphatidylinositol-3-phosphate (PI3P) before entering host cells by receptor-
mediated endocytosis, although the literature is not yet fully consistent on this point. In a fascinating parallel, 
PI3P binding by RxLR-like Pexel motifs is involved in the delivery of effectors in erythrocytes by the malaria 
parasite Plasmodium (Bhattacharjee et. al., 2012). 

RxLR Effectors   
One of the best-studied classes of virulence proteins to emerge from the genome sequencing of oomycete 
pathogens is RxLR effectors, named for a conserved N-terminal amino acid sequence motif (arginine, any amino 
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acid, leucine, arginine) (Kale and Tyler 2011). The sequenced Phytophthora genomes contain approximately 350 
to 550 genes that encode these rapidly evolving small secreted proteins. 

Structure of RxLR Effectors   
Crystal structures were generated for PcAvr3a4, PiRD2, and HaATR1. The C-terminal domains of PcAvr3a4, 
PcAvr3a11, PsAvh5, PiRD2, and HaATR1 exhibited a common novel fold comprising three helices that span the 
conserved C-terminal W and Y motifs, called the WY fold. In this fold, the highly conserved tryptophan and 
tyrosine residues that give the Wand Y motifs their name contact each other to form the hydrophobic core of 
the fold. 

 

Presence of a fourth helix corresponding to a positively charged K motif is present, forming a four-helix bundle 
(Boutemy et. al., 2011) and a distinct structure consisting of three helices and a C-terminal disordered loop have 
also been reported in various effectors (Win et al., 2012). 

PiAvr3a   
To date, the best characterised RxLR-effector is AVR3a from P. infestans Originally AVR3a was identified as the 
cognate avirulence protein recognised by the cytosolic potato R3a resistance protein (Armstrong et al., 2005). 
AVR3a is a small secreted protein that is delivered into host cells by the pathogen via an unknown mechanism 
dependent on the N-terminal RXLR leader. 

 

Cell-Entering Crinkler Effectors   
Oomycete pathogens produce a second major class of small secreted effector proteins called crinklers, named 
for their ability to produce crinkling and necrosis when overexpressed in transient expression assays. The 
“Crinkler” proteins (CRNs) form a distinct class of secreted proteins that alter host responses and are thought 
to play important roles in disease progression (Torto et al. 2003).  

Like RxLR effectors, crinklers are rapidly evolving, highly diverse, and modular. They consist of a well-conserved 
N-terminal domain required for host-cell entry (the crinkler domain) connected to a very diverse collection of 
Cterminal domains. Crinkler effectors are among the most highly expressed pathogen genes both prior to and 
during infection. Several crinklers examined to date appear targeted to the host nucleus, and one crinkler has 
the ability to suppress cell death.  
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An intriguing aspect of crinkler evolution is that these proteins are much more widely distributed among 
oomycete pathogens than RxLR effectors. They have been found in the orders Saprolegniales, Pythiales, and 
Albuginales as well as Peronosporales, whereas RxLR effectors have been found only in the latter two orders. 
Thus, they may be very ancient to pathogenic oomycetes and/or have been disseminated by horizontal gene 
transfer. 

Conclusion 

Like all successful pathogens, oomycetes are able to evade the defence reactions of their hosts. One of their 
common strategies is to manipulate their host’s immune system by secreting effectors that interfere with the 
host intracellular components. Understanding the functions of effectors and the mechanisms by which they 
enter into the host plant would be helpful for managing the diseases caused by oomycete pathogens. 
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Introduction   
Quality irrigation water is an essential resource for better growth of plants and to get better yields. Poor quality 
water often results in water logging, salinity and sodicity problems in soils.  The quantity and quality of water 
available in rivers, tanks and ground water is significantly influenced by rainfall. In agriculture, the quality of 
irrigation water is the prime factor that decides the plant growth and soil fertility status than the quantity of 
water available for irrigation. 

Criteria for Evaluation of Irrigation Water   
Water quality is determined according to the purpose for which it will be used. For irrigation water, the criteria 
used include salinity, sodicity and element toxicities. The other criteria involved in assessing water quality 
includes taste, colour, odour, turbidity, temperature, hardness, pH, BOD (Biological Oxygen Demand) or COD 
(Chemical Oxygen Demand), nutrient elements like N, P etc.,  and other pathogenic organisms. 

Following are the characteristics on which irrigation water quality is judged: 
1. Presence of total soluble salts in irrigation waters (EC).  
2. Proportion of carbonates and bicarbonates in relation to calcium and magnesium in irrigation waters (RSC).  
3. Proportion of sodium in relation to other cations in irrigation waters (SAR).  
4. Puri Salt index. 
5. Soluble sodium percentage. 
6. Potential salinity. 
7. Permeability Index. 
8. Concentration of specific ions in irrigation waters like boron, chloride, magnesium, nitrate, lithium etc. 

Salinity Hazard or Total Soluble Salt Concentration   
The concentration of soluble salts in irrigation water can be classified in terms of electrical conductivity (EC) and 
expressed as dSm-1 at 25oC. Based on electrical conductivity, the following classification of waters are made as 
given by USDA (United States Department of Agriculture). 

EC at 25oC (dS m-1) Salinity Class Remarks 

< 0.25 
 

Low ( C1) 
 

Low salinity water - can be used for 
irrigation with most crops on most soils. 

0.25 – 0.75   
 

Medium  ( C2) 
 

Medium salinity water - can be used if a moderate 
amount of leaching occurs.  Moderate salt tolerant 
crops can be grown. 

0.75 – 2.25 
 

High ( C3) High salinity water - cannot be used on soils with 
restricted drainage.  Special management for 
salinity control may be required.  Good salt 
tolerant crops can be grown. 

>2.25 Very High ( C4)  Very high salinity water - unsuitable for irrigation 
under ordinary conditions.  Soil must be permeable 
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with good drainage.  Salt tolerant crops can be 
grown.  Irrigation water to be applied in excess. 

Classes C1 and C2 are considered suitable (no problem) for irrigation purpose. C3 and C4 classes of water are 
not suitable for irrigation purpose (severe problem). 

Total Dissolved Solids (TDS)   
EC in dSm-1 X 640 = Total Soluble Salt Content (ppm). 

Total dissolved solids (TDS) – ppm Salinity hazard and effects on management 

< 160 Very low hazard. No detrimental effects on plants and no soil build 
up expected 

160 -480 Low hazard. Sensitive plants may show stress; moderate leaching 
prevents salt accumulation in soil 

480 – 1280 Medium hazard. Salinity may adversely affect plants. Requires 
selection of salt tolerant plants, careful irrigation, good drainage and 
leaching 

1280 – 1920 Medium-high hazard. Requires careful management to raise crops  

>1920 High hazard. Generally unacceptable for irrigation, except for very 
salt tolerant plants when there is excellent drainage, frequent 
leaching and intensive management. 

Sodicity Hazard   
High concentration of sodium is undesirable in water because sodium adsorbs onto the soil cation exchange 
sites, causing soil aggregates to break down (deflocculation) sealing the pores of the soil and making it 
impermeable to water flow. 

Sodium hazard Sodicity class SAR value Remarks 

Low S1 0 -10 Little or no hazard 

Medium S2 10-18 Appreciable hazard, but can be used 
with proper management 

High S3 18-26 Unsatisfactory for most of the crops 

Very high S4 > 26 

Puri’s Salt Index (PSI)   
This explains the relationship between sodium and calcium concentration in waters.  It is used for predicting 
sodium hazard.  

PSI = (Total Na+ - 24.5 ) - (Total Ca2+ - Ca as CaCO3) x 4.85  

Where all the quantities are being expressed in ppm and all values of magnesium are reckoned as calcium.  
If negative: Good quality water. 
Positive: Poor quality water and harmful for irrigation. 

Alkalinity Hazard 

Residual Sodium Carbonate (RSC) 
RSC (meL-1) = (CO3

2-+ HCO3
-) – (Ca2+ + Mg2+) 

RSC value (meL-1) Water  quality 

< 1.25 Water can be used safely 

1.25-2.5 Water can be used with certain management 

>2.5 Unsuitable for irrigation purposes 
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Soluble Sodium Percentage 

This explains proportion of sodium in relation to total cations in water 

 
where all the soluble cations are in meqL-1. 
Irrigation waters having SSP of 60 and above are harmful. 

Potential Salinity 

This refers to judging quality of irrigation waters considering chloride and sulphate ion concentration in waters.  
 Potential salinity (PS) = ½ SO4-  + Cl- 

Permeability Index 

This refers to proportion of sodium and bicarbonate in relation to cations in water. 
 

 

 

If Permeability Index is 60, it is unsuitable for irrigation. 

Magnesium Adsorption Ratio 

 
Magnesium hazard on irrigation water is expected having Mg:Ca ratio more than 1. 

Sodium Ratio 

 
For good quality water, the ratio should not exceed one. 
  

Permeability Index 

(PI) = 

Na +  HCO3  

X  100 
Ca+ + Mg + Na 
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Introduction   
Quality irrigation water is an essential resource for better growth of plants and to get better yields. Poor quality 
water often results in water logging, salinity and sodicity problems in soils.  The quantity and quality of water 
available in rivers, tanks and ground water is significantly influenced by rainfall. In agriculture, the quality of 
irrigation water is the prime factor that decides the plant growth and soil fertility status than the quantity of 
water available for irrigation. 

Criteria for Evaluation of Irrigation Water   
Water quality is determined according to the purpose for which it will be used. For irrigation water, the criteria 
used include salinity, sodicity and element toxicities. The other criteria involved in assessing water quality 
includes taste, colour, odour, turbidity, temperature, hardness, pH, BOD (Biological Oxygen Demand) or COD 
(Chemical Oxygen Demand), nutrient elements like N, P etc.,  and other pathogenic organisms. 

Following are the characteristics on which irrigation water quality is judged: 
1. Presence of total soluble salts in irrigation waters (EC).  
2. Proportion of carbonates and bicarbonates in relation to calcium and magnesium in irrigation waters (RSC).  
3. Proportion of sodium in relation to other cations in irrigation waters (SAR).  
4. Puri Salt index. 
5. Soluble sodium percentage. 
6. Potential salinity. 
7. Permeability Index. 
8. Concentration of specific ions in irrigation waters like boron, chloride, magnesium, nitrate, lithium etc. 

Salinity Hazard or Total Soluble Salt Concentration   
The concentration of soluble salts in irrigation water can be classified in terms of electrical conductivity (EC) and 
expressed as dSm-1 at 25oC. Based on electrical conductivity, the following classification of waters are made as 
given by USDA (United States Department of Agriculture). 

EC at 25oC (dS m-1) Salinity Class Remarks 

< 0.25 
 

Low ( C1) 
 

Low salinity water - can be used for 
irrigation with most crops on most soils. 

0.25 – 0.75   
 

Medium  ( C2) 
 

Medium salinity water - can be used if a moderate 
amount of leaching occurs.  Moderate salt tolerant 
crops can be grown. 

0.75 – 2.25 
 

High ( C3) High salinity water - cannot be used on soils with 
restricted drainage.  Special management for 
salinity control may be required.  Good salt 
tolerant crops can be grown. 

>2.25 Very High ( C4)  Very high salinity water - unsuitable for irrigation 
under ordinary conditions.  Soil must be permeable 
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with good drainage.  Salt tolerant crops can be 
grown.  Irrigation water to be applied in excess. 

Classes C1 and C2 are considered suitable (no problem) for irrigation purpose. C3 and C4 classes of water are 
not suitable for irrigation purpose (severe problem). 

Total Dissolved Solids (TDS)   
EC in dSm-1 X 640 = Total Soluble Salt Content (ppm). 

Total dissolved solids (TDS) – ppm Salinity hazard and effects on management 

< 160 Very low hazard. No detrimental effects on plants and no soil build 
up expected 

160 -480 Low hazard. Sensitive plants may show stress; moderate leaching 
prevents salt accumulation in soil 

480 – 1280 Medium hazard. Salinity may adversely affect plants. Requires 
selection of salt tolerant plants, careful irrigation, good drainage and 
leaching 

1280 – 1920 Medium-high hazard. Requires careful management to raise crops  

>1920 High hazard. Generally unacceptable for irrigation, except for very 
salt tolerant plants when there is excellent drainage, frequent 
leaching and intensive management. 

Sodicity Hazard   
High concentration of sodium is undesirable in water because sodium adsorbs onto the soil cation exchange 
sites, causing soil aggregates to break down (deflocculation) sealing the pores of the soil and making it 
impermeable to water flow. 

Sodium hazard Sodicity class SAR value Remarks 

Low S1 0 -10 Little or no hazard 

Medium S2 10-18 Appreciable hazard, but can be used 
with proper management 

High S3 18-26 Unsatisfactory for most of the crops 

Very high S4 > 26 

Puri’s Salt Index (PSI)   
This explains the relationship between sodium and calcium concentration in waters.  It is used for predicting 
sodium hazard.  

PSI = (Total Na+ - 24.5 ) - (Total Ca2+ - Ca as CaCO3) x 4.85  

Where all the quantities are being expressed in ppm and all values of magnesium are reckoned as calcium.  
If negative: Good quality water. 
Positive: Poor quality water and harmful for irrigation. 

Alkalinity Hazard 

Residual Sodium Carbonate (RSC) 
RSC (meL-1) = (CO3

2-+ HCO3
-) – (Ca2+ + Mg2+) 

RSC value (meL-1) Water  quality 

< 1.25 Water can be used safely 

1.25-2.5 Water can be used with certain management 

>2.5 Unsuitable for irrigation purposes 
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Soluble Sodium Percentage 

This explains proportion of sodium in relation to total cations in water 

 
where all the soluble cations are in meqL-1. 
Irrigation waters having SSP of 60 and above are harmful. 

Potential Salinity 

This refers to judging quality of irrigation waters considering chloride and sulphate ion concentration in waters.  
 Potential salinity (PS) = ½ SO4-  + Cl- 

Permeability Index 

This refers to proportion of sodium and bicarbonate in relation to cations in water. 
 

 

 

If Permeability Index is 60, it is unsuitable for irrigation. 

Magnesium Adsorption Ratio 

 
Magnesium hazard on irrigation water is expected having Mg:Ca ratio more than 1. 

Sodium Ratio 

 
For good quality water, the ratio should not exceed one. 
  

Permeability Index 

(PI) = 

Na +  HCO3  

X  100 
Ca+ + Mg + Na 
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Introduction   
When on one hand India is fighting COVID-19 war, on the other hand we cannot forget our responsibility 
towards environmental sustainability as well as global health. The entire globe is grappling with a respiratory 
disease; in this situation scientists are predicting more respiratory impairment in north India due to annual 
stubble burning mediated rise in air pollution. The states which once managed to grab the profit of green 
revolution in India, are currently suffering with enormous number of drawbacks of the same. Over the years 
farmers of Punjab, Haryana and Western UP have moved to specialized-high yielding rice-wheat cropping 
system, which is perceived as “efficient”, but has come at huge environmental and health cost. Despite a ban 
by Punjab Pollution Control Board, stubble burning is still practiced.  

The act of stubble burning involves intentional fire setting to the residues after the economic crop parts have 
been harvested. According to Ministry of New and Renewable Energy (MNRE), India generates on an average 
500 Million tons of crop residue every year. A majority of this crop residue is in fact used as fodder, fuel for 
other domestic and industrial purposes. However, there is still a surplus of 140 Mt out of which 92 Mt is burned 
each year (NPMCR, 2019). Smoke from this generates number of pollutant gases (CO2, CO, NH3, NOX, SOX, Non-
methane hydrocarbon (NMHC), volatile organic compounds (VOCs), semi volatile organic compounds (SVOCs) 
and particulate matter (PM)) and produces ‘toxic cloud’ in landlocked New Delhi, resulting in declaration of air 
pollution emergency. However, this issue demands attention beyond India for two reasons- firstly, the residues 
can be used for the benefits of the society due to its organic composition; secondly, the huge volume of the 
residue if dealt improperly can cause adverse impact on environment that go far beyond India, especially when 
India is the second largest producer of rice and wheat in the world and both of these crops produce large volume 
of residue. 

Statistics and Problems of Stubble Burning   
The main reason for stubble burning is the short time span available between rice harvesting and sowing of 
wheat. Partly, this short timeframe available between rice and wheat can be attributed to the Punjab 
Preservation of Subsoil Act (2009), where June 20 is fixed for paddy transplantation date, which pushes ahead 
the rice harvesting. As a result, farmers get less than 20-25 days between two crops and they go for quickest 
and easiest way of burning crop residue. For this particular reason, with the onset of winter farm fire becomes 
rampant in north India. 

Based on NPMCR (2019), generation of crop residues is highest in the state of Uttar Pradesh (60 Mt) followed 
by Punjab (51 Mt) and Maharashtra (46 Mt) with a grand total of 500 Mt per year out of which 92 Mt is burned. 
Among different crop residue burned, major contribution was 43% of rice, followed by wheat (21%), sugarcane 
(19%) and oilseed crops (5%) (Bhuvaneshwari et al., 2019). Burning of this precious raw material emits harmful 
particulate matters (PM10 and PM2.5) and greenhouse gases (GHGs) like, 70% Carbon dioxide (CO2), 7% Carbon 
monoxide (CO), 0.66% Methane (CH4), and 2.09% Nitrogen dioxide (N2O) and have negative impact on air quality 
and on human health (Batra, 2017). The WHO standard for permissible levels of PM2.5 in the air is 10 μg m-3, 
and according to the India’s National Ambient Air Quality Standard, the permissible level for PM2.5 is set at 40 
μg m-3. However, the National Capital Region of Delhi recorded a mean value of 98 μg m-3, which is 
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approximately twice than the Indian standard and ten times higher than the WHO standard (Zehra, 2017). 
Exposure to outdoor air pollution was found to be third leading risk factor in India after high blood pressure and 
high fasting plasma glucose in 2015. The problem of Acute Respiration Infection (ARI) is particularly increasing 
in children due to the high respiration rate among children. The poisonous gas like Carbon Monoxide which is 
released due to paddy straw burning when reacted with red particles reduces the blood efficiency to take 
oxygen and generate respiratory problems (Batra, 2017). A recent study found that 12.5% of the total deaths in 
India in 2017 were attributable to air pollution (Chakrabarti et al., 2019).  

Apart from contributing to air pollution, stubble burning deteriorates soils long term productivity also. One-acre 
land produces 2.5-3.0 metric ton paddy straw and the burning of this one acre of paddy straw can destroy 32 
kg Urea, 5.5 kg Di-Ammonium Phosphate (DAP) and 51 kg Potash manure which is already present in residues 
and soil. One third of nitrogen and sulphur, 75% of potash and 25% phosphorus present in paddy straw when 
contacted with heat and oxygen due to burning resulted in the emission of harmful oxides in the environment. 
Although government is showing interest in addressing the issue of stubble burning and air pollution but so far 
has fallen short in dealing with this crisis. 

Strategies to Combat Stubble Burning   
1. There is a requirement of Rs 6000-7000 per acre if farmers wish to remove stubble manually. Recently Punjab 
government distributed 24000 tractors mounted ‘happy seeder’ to cut rice stubble and sow wheat seed 
simultaneously. To use a ‘happy seeder’ farmers have to spend Rs 1000 for rent and Rs 2000 on diesel per acre. 
But even then, availability and suitability have been an important issue. To cover its 75 lakh acres of paddy field 
Punjab requires 50000 happy seeders, but government distributed only 24000. In addition, farmers complain 
about sowing and low germination of wheat seed when sown with happy seeders. 

Officials also advised use of ‘straw baler’ to compress residues in bales and move them out of the field. But it 
did not work out as it took around an hour for every acre, typically producing 12-15 quintals of bales. 

Another machine is ‘paddy straw chopper-cum-spreader’ which chops straw into pieces and spreads it in the 
field in a single operation, so wheat sowing becomes easy. 

2. Stubbles can also be handled properly through accelerated decomposition process. Recently, Indian 
Agricultural Research Institute (IARI) developed a microbial cocktail named ‘Pusa Decomposer’ which can 
decompose residues into compost through accelerated decomposition. It involves making a liquid formulation 
using decomposer capsules followed by its fermentation and then spraying on the field with stubbles to ensure 
speedy decomposition. Microbial agents in that capsule or solution act on the straw to make it soft, breaks its 
molecular components and release nutrients in the field.  Reportedly it takes around 25 days for the degradation 
process to be completed (Bhatnagar, 2020) and costs less than Rs 1000 per acre (Reddy, 2020). For rapid 
breakdown of hard stubbles IARI has identified seven strains of fungi, which are packed in four capsules. It costs 
about Rs 20 per packet of four capsules. According to a report of The Hindu (dated 24th September, 2020), for 
processing the solution 25 liters of water is boiled with 150 grams of jiggery, which helps in fungal multiplication. 
After this mixture is cooled, 50 grams of besan (or gram flour) is added to it along with ‘Pusa Decomposer’ 
capsules. Then the solution is covered with a thin piece of cloth and left in a dark room for four days. On the 
fourth day, a thick growth of fungi will be seen on the top of the solution. This is mixed well and the solution is 
ready for use.  

3. Another option is to prepare biochar from stubbles by burning it in a kiln, which can be used as fertilizer 
material. For this, a kiln of 14 ft. height and 10 ft. wide which will be able to accommodate 12 quintals of rice 
straw and convert it into 6.5 quintals of biochar in 10-12 hours. 

4. In long run, farmers can replace long duration paddy varieties with short duration varieties like- Pusa Basmati 
1509 and PR-126, which can be harvested in the end of September itself and can widen the window between 
rice harvesting and wheat sowing, allowing enough time for decomposition and eliminate the need for stubble 
burning (Reddy, 2020). 
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5. Development of fodder and feed markets can help popularize the traditional use of straw and stubble as 
fodder and feed for livestock. This can happen locally as well as can be transported to deficit areas like 
Rajasthan, Gujarat and Maharashtra though proper connection. 

6. To encourage the use of advanced machinery like- rotavator, happy seeder and straw management system, 
farmers must be incentivized with adequate subsidy on purchase of these machines. Subsequently, Punjab and 
Haryana governments were asked by Supreme Court to provide Rs. 100 per quintal to small and marginal 
farmers for stubble management. So, with the average stubble productivity of 25.6 quintals per acre, Punjab 
farmers may receive Rs 2560 per acre. Although 8000 nodal officers were assigned by governments to see the 
matter, many farmers said not to receive the amount (Reddy, 2020). 

7. Crop diversification should be emphasized by government especially in the situation where ground water 
depletion, poor soil quality and air pollution is getting alarming day by day. Crop diversification, like-crop 
rotation, poly-cultures, agroforestry etc. can improve resilience of farming from the effects of climate variability 
and extreme events. 

8. Other non-technological alternative to take away farmers from burning is to educate and aware them through 
various campaigns and programs. They should be aware of the available alternatives and also well informed 
about the adverse effects of burning. 

9. Scientific as well as socio-economic study is required so that a viable option can be found out. Punjab 
Agriculture University (PAU) released different non-basmati varieties such as PR 121, PR 122, PR 123, PR 124 
and PR 126 which mature one to five weeks earlier than the earlier popular varieties like PR 118 and Pusa 44 
which takes 150-160 days to mature. 

Conclusion 

Budgetary allocations or providing incentives to the farmers in the form of money will not solve the problem. 
Over the past two years at least Rs. 600 crores were spent in National Capital Region (NCR) by Ministry of 
Agriculture to provide subsidized equipment to farmers in Punjab and Haryana for prevention of stubble 
burning. Yet this year, there have been more farm fires than the previous years. Therefore, while funds are 
critical, proper enforcement, adequate human resource and targeting the sources of pollution at ground levels 
are also vital to mitigate stubble burning issue in India. 
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Introduction   
Essential oils are natural plant products which accumulate in specialized structures such as oil cells, glandular 
trichomes, and oil or resin ducts. Chemically, the essential oils are primarily composed of mono and 
sesquiterpenes and aromatic polypropanoids synthesized via the mevalonic acid pathway for terpenes and the 
shikimic acid pathway for aromatic polypropanoids. And also, it is a kind of subtle, aromatic and volatile liquids 
extracted from the flowers, seeds, leaves, stems, bark and roots of herbs, bushes, shrubs and trees through 
distillation (Buchbauer, 2000). 

According to ancient Egyptian hieroglyphics and Chinese manuscripts, priests and physicians were using 
essential oils thousands of years ago to heal the sick. They are the oldest form of medicine and cosmetic known 
to man and were considered more valuable than gold. Science is only now beginning to investigate the 
incredible healing substances found in essential oils. The essential oils from aromatic plants are for the most 
part volatile and thus, lend themselves to several methods of extraction such as hydrodistillation, water and 
steam distillation, direct steam distillation, and solvent extraction. 

Plant Sources   
Plants have long been used in perfumery as a source of essential oils and aroma compounds. These aromatics 
are usually secondary metabolites produced by plants as protection against herbivores as well as to attract 
pollinators. Plants are by far the largest source of fragrant compounds used in the preparation of essential oils. 
The sources of these compounds may be derived from various parts of a plant. A plant can offer more than one 
source of aromatics, for instance the aerial portions and seeds of coriander have remarkably different odours 
from each other. The quantity of essential oil extracted from the plant is determined by many interrelated 
factors, climatic, seasonal and geographical conditions, harvest period and extraction techniques (Pannizi et al., 
1993).  Orange leaves, blossoms, and fruit peel are the respective sources of petit grain, neroli, and orange oils. 
Following table shows the important constituents of the more common essential oils. 

Table 1.Constituents of the more common essential oils: 

Name Part of plant used Botanical name Important 
constituents 

Uses 

Jasmine  Flowers Jasminum 
grandiflorum 

Benzyl acetate, 
linalol 

Perfumery 

Rose Flowers Rosa species Citronellol 
Geroniol 

Perfumery 

Tuberose Flowers Polianthes tuberosa  Perfumery 

Lemongrass and 
Citronella 

Leaf Cymbopogon spp Citral 
Terpenes 

Perfumery 
Disinfectant 

Eucalyptus Leaf Eucalyptus globules 
Eucalyptus citriodora 
Eucalyptus dives 

Cineale 
Citronellol 
Terpenes 

Pharmaceutical  

Cinnamom Leaf Cinnamonum 
zeylanicum  

Eugenol Used to make 
artificial vanilla 

Clove Bud Eugenia caryophyllus Eugenol Dentistry flavouring 
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Turpentine Whole plant Pinus spp Terpenes Paints 

Lavender Flower Lavendula intermedia Linalol Perfumery 

Sandalwood Wood Santalum album Sanatols Perfumery 

Nutmeg Nut Myristica fragrans Myristicin Perfumery 

Almond Nut Prunis communis Benzaldehyde Perfumery 

Coriander Seed Coriandrum sativum Linalol Terpenes Pharmaceutical 

Ginger Rhizome Gingiber officinale Rhizomes Pharmaceutical 

Turmeric Rhizome Curcuma longa Rhizomes Pharmaceutical 

Essential oils can be divided into two broad categories: 
1. Large volume oils which are usually distilled from leafy material, eg lemon grass, citronella and cinnamon 
leaves. 
2. Small volume oils which are usually distilled from fruits, seed, buds and, to a lesser extent, flowers, e.g. cloves, 
nutmeg and coriander. 

Harvesting and Handling   
The optimum stage of harvesting is very important. The essential oil content varies considerably during the 
development of the plant. If the plant is harvested at the wrong time, the oil yield can be severely reduced. The 
oil is usually contained in oil glands, veins or hairs which are often very fragile. Handling will break these 
structures and release the oils. This is the reason a strong smell is given off when these plants are handled, so 
these plants have to be handled very carefully to prevent valuable oils being lost. 

Drying 

Drying the material increases the yield obtained considerably. However, oil is lost during drying so care needs 
to be taken. Drying the leaves in the shade or partial shade will reduce the amount of oil lost; 50% of the oil can 
be lost if it is dried in the sun. The dried product should be distilled as quickly as possible. If it does have to be 
stored, it should be stored in the shade and should not be allowed to get wet. Before the leaves are placed in 
the distillation unit they can be cut up. This increases the percentage of oil collected. Different methods of 
drying are given hereunder: 

a. Sun drying: During the dry season, sun drying is usually adequate to dry the produce. The simplest 
and cheapest method is to lay the produce on mats in the sun. However, there are problems associated 
with this method. Dust and dirt are blown onto the crop and unexpected rain storms can re-wet the 
crop.  
b. Solar drying: A solar dryer avoids the above problems. The simplest type is the cabinet solar dryer, 
which can be constructed out of locally available materials (e.g. bamboo, coir fibre or nylon weave). For 
larger units (over 30kg/day an 'Exell Solar Dryer' could be used. However, the construction costs are 
greater and a full financial evaluation should therefore be made to ensure that a higher income from 
better quality produce can justify the additional expense. In Exell Solar Dryer the crop should not be 
overheated (e.g. the maximum air temperature for drying pepper and cardamom is 50°C). Neither 
should it be over dried. 
c. Artificial drying: During the wet season or times of high humidity, which often coincides with the 
harvest of the products, a solar dryer or sun drying cannot be used effectively. An artificial dryer, which 
uses a cheap energy source is necessary. This may be a wood or husk burning dryer or a combined wood 
burning and solar dryer. 

Extraction of Essential Oils 

Essential oils are valuable plant products, generally of complex composition comprising the volatile principles 
contained in the plant and the more or less modified during the preparation process (Bruneton, 1995). The oil 
droplets being stored in the oil glands or sacs can be removed by either accelerate diffusion through the cell 
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wall or crush the cell wall. The adopted techniques depend on the part of the plants where the oil is to be 
extracted, the stability of the oil to heat and susceptibility of the oil constituents to chemical reactions.  

Common techniques used for the extraction of essential oils are: 
1. Distillation 
2. Hydrodiffusion 
3. Solvent extraction 
4. Effleurage. 
5. Maceration 
6. Cold pressing or expression 
7. Microwave Assisted Process (MAP) 
8. Carbondioxide extraction. 

Distillation 

The most important production method for essential oils is distillation. The basic principle of distillation is the 
same but it is carried out in different ways depending on the botanical material and the condition of the 
material. Distillation is basically, producing steam. The steam is passed through the herbal material. The steam 
carries the essential oil from the plant in suspension which means the droplets of essential oils are not dissolved 
in the steam but remain separate as droplets of oil. When the steam is cooled it reverts to the liquid state which 
is water and in most cases the oil floats on the surface of the water. The oil is then separated from the water by 
dripping or pouring. There are three methods of distilling essential oils: 
1. Water. 
2. Water and steam. 
3. Direct steam. 

Water distillation: This is the simplest and usually cheapest distillation method. The plant material is immersed 
in water and boiled. The steam and oil vapour are condensed and the oil is separated from the water.  

Water distillation is used when the plant material has been dried and will not be damaged by boiling. It is also 
used for powdered materials such as powdered almond, and flowers, such as orange and rose, that need to 
float freely as they tend to lump together when just steam is passed through them.  

The material comes into direct contact with the boiling water and much care needs to be taken that the water 
does not boil away and cause the plant material to burn. The distillation temperature should be about 100°C. 
The distillation time depends on the plant material being processed, but is usually three hours. Prolonged 
distillation produces only a small amount of extra oil. Example of an oil prepared by this method is turpentine 
gum. 

Water and steam distillation: The second method of distillation is water and steam. This is used for either fresh 
or dried plant material that would be damaged by boiling. The plant material is supported on a perforated grid. 
The water level is below the grid and low pressure, wet steam passes through the plant material. The most 
important aspect of this method is that the steam is never really hot and always at low pressure. The distillation 
temperature should be about 100°C and at atmospheric pressure Cinnamon and clove oils are prepared by this 
method.  

Direct Steam distillation: Direct steam distillation is similar to the second method but the steam is hotter and 
passed through the plant material at a higher pressure. This method is used for fresh plant material that has a 
high boiling point such as seeds, roots and wood.  

It is also used for fresh plant material such as peppermint and spearmint. The crop is cut and placed in a metal 
distilling tank on a truck. Steam is forced through the fresh herbs and the oil droplets are carried by the steam 
through a vapor pipe at the top of the tank onto a cool condensing chamber. In this method the temperature 
and pressure can be increased for certain oils. The rate of distillation and yield of oil are high and the quality of 
the oil is good. 
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Hydro Diffusion 

Hydro diffusion is a method of extracting essential oils in which steam at atmospheric pressure (low-pressure 
steam <0-1 bar) is passed through the plant material from the top of the extraction chamber, thus resulting in 
the oils that retain the original aroma of the plants. 

Solvent Extraction 

This is the most widely used modern method to prepare oils from flowers. The petals are mixed into a volatile 
solvent such as petroleum, ether or benzene, until the Essential oil is completely dissolved in the solvent. The 
solution is then filtered and the solvent is evaporated at reduced pressure. The result of solvent extraction is a 
concrete. The solvent is removed from the concrete by vacuum pressure without the use of heat to avoid any 
harmful effect to the oil. The concentrated essence that results is called an absolute. Absolutes are highly 
concentrated flower products without the natural waxes. The main advantage of extraction over distillation is 
that uniform temperatures are maintained throughout the process. 

Enfleurage 

This is an old method which was used in the production of perfumes and pomade extracts for perfumery. Flower 
petals such as rose or jasmine are layered onto warm oils, cold fat or wax. This process is repeated each day 
until the base is saturated with the Essential oil. The resulting waxes or pastes contain up to 1 percent of 
Essential oil. The Essential oil is then extracted from the wax with a volatile liquid such as ethyl alcohol. In the 
final step the ethyl alcohol is evaporated at low temperatures and reduced pressure so that the pure Essential 
oil remains as a fairly thick liquid. 

Maceration 

This method involves putting the flowers in hot fat and the oils being extracted. This is very rare nowadays. 
Maceration lasts anywhere from hours to months. Fragrant compounds for woody and fibrous plant materials 
are often obtained in this matter. The technique can also be used to extract odorants that are too volatile for 
distillation or easily denatured by heat. Commonly used solvents for maceration include ethanol, hexane, and 
dimethyl ether. 

Cold Pressing or Expression 

This method is mainly used to prepare citrus oils such as orange, lemon and tangerine. One method involves 
puncturing the oil glands by rolling the fruit over sharp projections that actually pierce the oil glands. The fruit 
is then pressed which removes the oil from the glands. It is then washed off with a fine spray of water. The juice 
is extracted by another tube. The oil is then separated from the water by rotating it at a very high speed. Another 
method involves separating the peel from the fruits and then cold pressing them. The Essential oil is collected 
along with small amounts of juice, which is separated. 

Microwave Assisted Process (MAP) 

The MAP process uses microwave to excite water molecules in plant tissue causing the cells to rupture and 
release the essential oil trapped in the extra cellular tissue of the plants. This technique has been developed 
and reported by many authors as a technique for extraction of essential oils in order to obtain a good yield of 
the essence and to reduce the time of extraction. 

Carbondioxide Extraction 

In this technique, plant material is placed in a high-pressure vessel and carbon dioxide is passed through the 
vessel. The carbon dioxide turns into liquid and acts as a solvent to extract the essential oil from the plant 
material. When the pressure is decreased, the carbon dioxide returns to a gaseous state leaving no residue 
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behind. Qualities of essential oil extracted with any of the techniques described above depend on the chemical 
composition of the oil.  

After the oil is collected, it should be filtered. This can be done through dry cotton wool. Water can be removed 
by saturating with sodium chloride and filtering. The oils should be stored in darkened glass bottles, galvanized 
iron or stainless-steel containers. The head space in the containers should be minimal. 

Popular Essential Oils 

1. Basil is used in perfumery for its clear, sweet and mildly spicy aroma. In aromatherapy, it is used for 
sharpening concentration, for its uplifting effect on depression, and to relieve headaches and migraines. Basil 
oil has many chemotypes and some are known to be emmenagogues and should be avoided during pregnancy.  
2. Bergamot is one of the most popular oils in perfumery. It is an excellent insect repellent and may be helpful 
for both the urinary tract and for the digestive tract. It is useful for skin conditions linked to stress, such as cold 
sores and chicken pox, especially when combined with eucalyptus oil. Bergamot is a flavouring agent in Earl 
Grey tea. But cold-pressed Bergamot oil contains bergaptene, a strong photosensitizer when applied to the skin, 
so only distilled or 'bergaptene-free' types can be topically used.  
3. Black Pepper has a sharp and spicy aroma. Common uses include stimulating the circulation and for muscular 
aches and pains. Skin application is useful for bruises, since it stimulates the circulation.  
4. Citronella oil obtained from a relative of lemongrass, is used as an insect repellent and in perfumery.  
5. Tea tree eucalyptus, sandalwood oil, and many other essential oils have topical (external) antimicrobial (i.e. 
antibacterial, antifungal, antiviral, or antiparasitic) activity and are used as antiseptics and disinfectants.  
6. Clove oil is a topical analgesic, especially useful in dentistry. It is also used an antiseptic, antispasmodic, 
carminative, and antiemetic.  
7. Lavender oil is used as an antiseptic and for a number of other folk medicinal uses.  
8. Yarrow oil is used to reduce joint inflammation and relieve cold and influenza symptoms. 
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Introduction   
Amid Carona virus pandemic fears, India prepares to fight against locust invasion, livelihood and food security. 
Unlike the micron sized virus (COVID-19), however, the new threat is millimetres in size but millions in number: 
The desert locust. The desert locust are most destructive species. It can travel 150 km in a day. They eat their 
own weight daily targeting farmers crops and vegetation used to feed live stock. One small swarm (1 km2) can 
consume the same amount of food as 35000 people could in a day. Worst desert locust invasions were observed 
in Somali and Ethiopia.  Desert locust are always present in between Mauritiana and India. The desert locust 
last visited three decades ago, they usually live in bordering areas of Rajasthan and adjoining areas of Punjab. 
According to a recent FAO survey, prearrival in India, the locust swarm currently affecting  parts of India was 
responsible for 2,80,000 ha of crop infestation across 13 countries. It entered India on 13 May  2020 via the 
western state of Rajasthan. This year’s attack is the worst seen in 27 years and scientist are predicting that as 
we enter monsoon the crisis will increase. 

 

What is Desert Locust?   
Desert locust (Schistocera gregaria) are short horned grass hopper species.  Due to their ability to change 
behaviour and form swarms that consume everything in  their path, the FAO considers them the most 
dangerous migratory pests in the world.  For egg laying and nymph growth,  these swarms prefer arid and semi-
arid regions. These locust change from solitary to gregarious starts when serotonin levels increase. 

 
If good rainfall and green vegetation develops desert locust can rapidly increase in number and within a month 
two, start to concentrate, gregarize which unless checked can lead to the formation of small groups of wingless 
hoppers and swarms winged adults. This is called outbreak. This usually occurs within an area of about 5000 
sq.km. If the outbreak is not controlled several successive breeding’s occur that causes hopper band and adult 
swarm formation, this is called Upsurge. If an upsurge is controlled and ecological condition remain favourable 
for breeding locust population continue in number and size leads to Plague formation. 
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Outbreak commonly occur and few leads to upsurges. Similarly, few upsurges lead to plagues. Major plague 
and upsurge occurred in 1987-1989 and 2003-05 respectively. These usually take time to occur like months. 

So, What Triggered their Movement?   
Excess rainfall in northwest and central India helped them to breed and reproduce. Along with this rainfall in 
Pakistan and Afghanistan aided them to grow in population. Such intense pre monsoon activity is unusual and 
moisture seems to be generated from westerly disturbances that carry moisture from Atlantic and 
Mediterranean regions. 

This year have been warmer than normal. The north west flowing winds after the super cyclone hitting West 
Bengal on May 20, 2020. This sharp increase in wind speed 10 meters above  ground from mid may onwards 
helped locust move from Rajasthan to Madhya Pradesh, UP and Maharashtra. 

How do we Handle a Locust Plague? 

Usage Crop Models: Wind as potential marker, rapid monitoring of  swarms and their expansion. Prediction of 
swarms with meterological data and crop modeling ( Eg: Species Distribution modeling) shows relation between 
environment variables and locust swarm distribution. The models can forecast future outbreaks as well. 

Physical monitoring: Lighting of fires and dug up of eggs can be implemented. 

Biological Control: Metarhizium anisopilae a fungus kills locusts by growing in their bodies. Effective natural 
control species like birds, insectivorous mammals, reptiles and amphibinas. For example, 10,000 duck troops 
were sent by china to Pakistan near the Xinjiang province to check locust swarms. 

Locust control and Research: Government of India initiated traditional methods of pest control like field 
monitoring, spraying insecticides using ULV sprayers (Ultra Low Volume sprayer). For aerial spraying drones and 
aircrafts are used for spraying pesticides like organophosphates, carbamates and pyrethroids for 2.5 acres in 15 
min. However excessive use of pesticide may lead  harmful effect on humans and livestock. 

Chintala venkat reddy (a recipient of Padma Shri)  who has patents for the mud spray technology useful to 
protect  farms from plague of locust. Several farmers avoided locust by spraying mud or neem suspension. The 
neem or mud suspension effects locust breath ability and digestion because locust breath through their scaly 
skin  and they can’t digest clay and water leading to death of locust. 

Usage of bio pesticides like pheromones and mycopesticides are effective as IPM. Semio-chemicals based 
control methods like mating disruption, mass trapping of pest and ‘lure and kill’ effecting controls locust. 

Conclusion 

Though it’s impossible to exterminate  locust attack, severity can be reduced. Early detection and destruction 
are key to curb locust growth and spread. Government agencies have to come together to predict, monitor and 
respond to locust swarm under guidance of FAO. Preventing and addressing locust damage requires 
cooperation between nations and states. 
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Introduction   
The main source of light on Earth is the Sun. Sunlight provides the energy that green plants use to create sugars 
mostly in the form of starches, which release energy into the living things that digest them. This process of 
photosynthesis provides virtually all the energy used by living things. Light is electromagnetic radiation within 
a certain portion of the electromagnetic spectrum. Photosynthetically active radiation (PAR) is usually defined 
as having wavelengths in the range of 400–700 nanometres (nm), or 4.00 × 10−7 to 7.00 × 10−7 m, between the 
infrared (with longer wavelengths) and the ultraviolet (with shorter wavelengths). 

Solar Instruments  Measurement of Solar Radiation on Earth’s Surface   
1. Pyranometers: Pyranometers are used to measure global and diffuse solar radiation. There are different 
types of pyranometers like  Li-200 R pyranometer, silicon cell and thermopile pyranometers.  
Components: Thermopile and Glass dome 
Use: Meteorology, climatology, solar energy studies and building physics. 

 

Pyrheliometer   
A pyrheliometer is an instrument for measurement of direct beam solar irradiance.  
Components: Protection cap, sensor and thermopile   
Use: Meteorology, material testing research, and assessment of the efficiency of solar collectors and  
photovoltaic devices. 

 

Sensors 

1. Heat Flux Sensor: A heat flux sensor is a transducer that generates an electrical signal proportional to the 
total heat rate  applied to the surface of the sensor. 
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2. Sunshine Duration Sensor: Sunshine duration is defined as the time during  which the direct solar radiation 
exceeds  the level of 120 W/m². 

 
3. Sunshine Recorder: A sunshine recorder is a device that records the amount of sunshine duration at a given 
location. The most commonly used is CAMPBELL-STOKES recorder. 

 
4. Spectrophotometer: 
Definition: A spectrophotometer is an instrument that measures the amount of light absorbed by a sample. 

 

Types of Spectrophotometer 

1. Single Beam: The single beam spectrophotometer was the first invented, and all the light passes through the 
sample. To measure the intensity of the incident light, the sample must be removed so all the light can pass 
through. Cheaper because there are less parts and the system are less complicated and  low cost. 
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2. Double Beam: A double beam spectrophotometer compares the light intensity between two light paths, one 
path containing a reference sample and the other the test sample. Measurements from Double beam 
instruments are easier and more stable. 

The Advantage of the double beam design Is high stability because reference and sample are measured virtually 
at the same moment in time. 

The disadvantages are higher cost, lower sensitivity because throughput of light is poorer because of the more 
complex optics and lower reliability because of the greater complexity. 

 
3. Split Beam: similar to the double beam spectrophotometer but it uses a beam splitter instead of a chopper 
to send light along the blank sample paths simultaneously to two separate but identical detectors. 

 

3.5 LUX Meter 

It is a simple light meter used for measuring illuminance, by using light sensor of the device.  

Lux is a unit of light measurement taking area into account. In other words, light intensity. We use lux to 
measure the amount of light output in a given area, where one lux is equal to one lumen per square meter. Lux 
is a great measurement for determining what we see as the brightness of a beam. Lux also determines the 
magnitude of light intensity travelling over distances. A light that is configured for high lux output will travel 
farther but will have a smaller footprint of light (e.g. lighthouse spotlight), and a low lux level will be configured 
to travel shorter distances but have a larger footprint (e.g. decorative down lighting or ambient lighting). To 
measure lux at a specific location, we use a device called a lux meter. 

 

Key Features 

1. Saves  the maximum and minimum values. 
2. Calibration multiplies. 
3. Supports both lux and foot candles. 
Lux is measured in three levels i.e., X 1 lux , X 10 Lux, X 100 Lux. 
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Ranges : 0  to 1999, 2000 to  19990 and 20000 to 50000. 

Infrared Gas Analyser 

Presently used photosynthesis systems open type  and a closed system of LI Cor, USA measures measures 
photosynthetically active radiation, net photosynthesis, intercellular CO2 concentratiom etc. 

Solar irradiation measurement producers: Kipp n zonen, Campbell scientific, Eko instruments, Apogee 
instruments and Mac solar  etc. 
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Introduction   
Historically, rice cultivation is a labour-intensive task that could not be accomplished easily. Land preparation, 
transplanting and harvesting are the expensive and time-consuming operations for successful rice cultivation. 
Labour cost accounts the biggest input cost for rice production. Transplanting using rice transplanter is a cost-
effective technology. 

It is a promising technology in world due to labour shortage during peak period of rice transplanting. 
Industrialization, migration of agricultural labour to other job and high labour wage are the threat for 
sustainable rice production as well as food security. Labour crisis and high wage are particularly critical during 
peak labour need periods, which typically occur during rice transplanting and harvesting. To overcome these, 
farm mechanization has been considered as an important remedial measure. 

In recent time, transplanting and harvesting machinery are considered top priority for sustainable rice 
production. But many technical issues must be considered for successful operation of rice transplanter. For 
example, in machine transplanting, seedling should be raised with special care in tray. Raising seedling for 
transplanting requires suitable seedling age, materials and advanced practices including tray and nursery bed 
soil, seed preparation for pre-germination and disease disinfection. About 3 leaf stage and 12 to 15 cm height 
seedlings are required for machine transplanting (Mamun et al., 2013). 

Nursery Management   
Number of trays required: 75/acre. 

Seed rate: 150-gram wet seeds/tray. 

Seed treatment: Treat the seeds with Carbendazim solution at 2 gram/litre of water for 1 kg of seeds. Soak the 
seeds in water for 10 hrs and drain excess water. If the seeds are required for sowing immediately, keep the 
soaked seed in jute gunny in dark and cover with extra gunnies and leave for 24 hrs for sprouting. 

Sowing: Fill the half of tray with sieved native soil, farm yard manure and vermicompost at 10:1:1 and sow the 
sprouted seeds uniformly on the tray using hand or manual machine seeder. After sowing place, the tray over 
one by one and cover the trays using wet gunnies for two day.  

On the 5th day place the trays in raised bed nursery. Water the nursery with rose can as and when needed 
(twice or thrice a day) to keep the soil moist. At 6 DAS, maintain thin film of water all-round the seedling trays. 

Foliar application of nutrients: Spray 0.5% urea (5 gram/litre of water) when the seedlings show yellowing (N 
deficiency) using hand operated sprayer. 

Age of seedlings: Optimum age for machine transplanting is 4th leaf stage or 18 days old seedlings. 

Advantages of tray nursery: 
1. Seedlings will be ready in less time. 
2. Lesser seed rate. 
3. Seedlings can be protected from soil borne pest and diseases. 
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4. Seedlings root cannot be damaged at the time of transplanting when compared to conventional nursery.  
5. Quick establishment of seedlings in the main field after transplanting. 
6. Prepared seedlings can be easily transported to long distances after packing. 
7. Less fertilizer and irrigation are needed in this technique. 
8. Uniform growth in the main field. 
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Introduction   
Millets are annual food and fodder grasses with characteristic small seeds grown in arid and semi-arid zones 
and take up major portion of non-rice based Indian Diet contributing to dietary carbohydrates and fiber. They 
not only traditional to India but they are also acknowledged for their yield capacity and nutritional quality. 
Foxtail Millet, Setaria italica of Poaceae family and Panicoideae sub-family is the second highest yielding minor 
millet crop in world production as it is cultivated in around 26 countries. Other common names given to foxtail 
millet include Italina/Germany/Russian/Hungarian millet. 

Foxtail Millet - Agricultural Perspective   
S.italica, an AA genomic and sexually reproducing annual crop is one of the 125 species of genus Setaria. S. 
italica has a relatively small stature (20-215 cm height) growing in sandy & loamy soils in both cooler and drier 
regions. It also has a short germination to flowering period of around 4 weeks and short seed maturity period 
(8-15 weeks) with yield capacity of over 800 kg/ha. Foxtail requires minimal water during warm and dry months 
and also matures rapidly. Its yield is greater in non-stress as well as stress environment as the harvest index (HI) 
and water use efficiency (WUE) of foxtail are relatively greater than Pearl and Porso millet. Foxtail millet varities 
can remarkably be salt and drought tolerant for marginal and semi-arid zones. 

Foxtail Millet - Health Perspective   
Foxtail millet is one among the sacred and principle “Five Grains” (Foxtail millet, Porso millet, Rice, Soybean and 
Wheat) of Chinese ancient civilization due to its agricultural and nutritional significance. This minor millet is a 
rich source of crude fibre as 21% of the undigestible grain portion is fibre, resulting in laxative effect with 
promising bowel movement in aiding constipation and diverticulitis. 14-16% of protein found in the seed has 
higher biological score than major cereal crops with eight essential amino acids except tryptophan. The crude 
fat obtained from the grain bran is enriched with linoleic acid of 66% (polyunsaturated fatty acid) and oleic acid 
of 13% (mono unsaturated fatty acid). 

The energy obtained on consumption is suited for children, celiac patients (as being gluten free), pregnant 
women and nursing women. The property of reducing serum lipids, blood sugar concentration and glycosylated 
haemoglobin makes it a compromising cereal for Type 2 Diabetes Mellitus patients. The germinated seeds of 
yellow seeded foxtail millet variety exhibited medicinal values against abdominal food stagnancy, dyspepsia and 
poor digestion. Supportive researches on anti-oxidative mechanisms of foxtail millet are also studied. 

Foxtail Millet - Processing Perspective   
The coarseness of the grain, bulk density, gelatinization and moisture absorption capacity of the cereals are 
important aspects in processing industries for it affects the operation and quality aspects of end products. 
Foxtail millet is more stable and resistant to gelatinization and narrow melting temperature indicating uniform 
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amylopectitn crystal formation. This favours extrusion process and studies reported rich fibre content even 
after flaking, extrusion, drying and decortications. 

Fermented foods are commercially growing up for its health benefits. This economically sustainable crop when 
fermented expresses anti-oxidant and anti-microbial property due to formation of bioactive peptides alongside 
reduced total fat, total carbohydrates and enhanced crude protein. This proves promising benefit for probiotic 
product processing industries. Some commercial foxtail millet products with health benefits to vulnerable 
groups include foxtail millet flour, unfortified weaning food, flakes snack, extruded snack, foxtail bran oil and 
proviotic dahi. 

Conclusion   
Conclusively, with increased food demand and economic growth rate, agricultural and food industries are 
emphasising much on less exploited crops like minor millet. Its agronomic beneficial characteristics makes it a 
better choice for attaining greater yield; the nutritional contributions and health benefits even at post 
processing makes it an excellent substitute for rice by the industries for commercialization and economic 
sustainability. 
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Introduction   
Development of biotechnological tools for the crop improvement is advanced tremendously since from last two 
decades. Application of marker assisted selection, next generation sequencing technologies, gene expression 
analysis etc. are making the way for the crop improvement with reasonable significant genetic gain, which is 
most important for the national food security during this present burgeoning population. Detailed information 
regarding characterization of plant genome structure and genetic diversity is crucial for meeting challenges of 
crop breeding. Haplotype assembly is one of the recent techniques which contribute to the crop improvement 
by utilizing the modern techniques. 

Haplotype Assembly   
Haplotype describes as pair of genes or the segment of the chromosome which moves from parents to offspring. 
These segments or the genes are co-inherited, so one of the character selection helps in the selection of the 
other traits simultaneously. This can be identified through the markers or the sequenced data of the genotypes. 
This group of genes was inherited together because of genetic linkage, or the phenomenon by which genes that 
are close to each other on the same chromosome are often inherited together (www.nature.com). Haplotype 
assembly indicates the assembly of all required haplotype of the given species Insilco and its application by 
selectin the genotypes with that assembly of haplotypes (Figure 1.). 

Haplotype and Breeding 

Figure 1: Depicts the SNP haplotype on a chromosome. 

Figure 2: Candidate gene identification by performing haplotype phenotype associations 

after sequencing (Bevan et al., 2017). 
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Genetic variation in the crop relatives can be analysed using the application of genomics by sequencing the 
genotypes and simultaneously asses the phenotype of those genotypes. Patterns of sequence variation or 
haplotypes can be associated with phenotypes are identified which intern helps in the candidate gene location 
(Figure 2). 

There are two approaches suggested by Bevan et al. (2017), one retrospective and the other prospective for 
the integration of genomics and breeding. 

Retrospective Approaches   
These approaches involve the breeding lines and segregating population which are frequently used by the 
breeders. It involves the sequencing and assembly of breeding lines that have been used and the re-sequencing 
of lines in pedigrees that were selected. Phenotyping and genotyping by sequencing reveal the genomic 
association of the characters interested by the breeders. 

Prospective Approaches   
These approaches involve the sequencing of populations of the progenitors and wild relatives of crops to 
identify conserved ancestral haplotigs that contain a broader range of genetic variation. This approach is 
demonstrated by the identification of new loci that are associated with characters of interest. 

Application in Crop Breeding   
1. Biological functions of the region of DNA that contains the haplotype (haplotig) can be established from 
systematic genomic analyses, including studies of gene function and gene networks, expression patterns, 
chromatin structure, epigenetic modifications and the influence of genetic variation on gene function. 
2. Helps in the creation of the new combinations of haplotigs which defines the breeders interested characters 
of crop plants. 
3. Linkage drag can be eliminated by selecting the recombinants with the help of haplotig has been broken to 
separate desirable and undesirable genetic variations. 
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Figure 3: The assembly of haplotypes in a crop-breeding programme a.) Four genes in the genomic region 
and is defined by the three haplotypes (H1, H2 and H3). The position the SNP that defines each haplotype is 

marked by an asterisk. An array of haplotypes (H1–H4) from the same chromosome, with the variants of 
four breeding lines (line 1, line 2, line 3 and line 4) aligned underneath each locus, is also shown. Line n and 

line n+1 are landraces (domesticated lines) that can introduce new haplotypes (H5–H9) and genetic 
diversity. The genomic structure, diversity and functions of haplotypes are established by the re-sequencing 
of lines and the analysis of quantitative trait loci. The red line traces the assembly of a new line (variety X) 

from component haplotypes, using markers that are specific for the haplotypes in each line, that have been 
chosen on the basis of desired combinations of phenotypes that are expressed by each haplotype. b, the 

performance of various haplotypes in lines 1–4 is determined in different environments, often under field 
conditions and over several years, using specific assays. Examples are shown for the variation in 

performance of four common plant traits that are influenced by genetic variation at locus 1 (time to 
flower), locus 4 (yield), locus 8 (resistance to disease) and locus X (protein content), with the performance 

of variety X highlighted in light blue (Bevan et al., 2017). 

Integration of genome-wide haplotype information may provide breeding programmes with an even greater 
specificity and predictability. Figure 3. shows overall view of the haplotype in breeding. 

Conclusion   
With the advent of technologies like next generation sequencing technologies pay way for genome sequencing 
and expression analysis through RNA sequencing with low cost and time. The most significant is that, it can 
sequence large number of genotypes lead to whole genome sequencing and resequencing approaches to reveal 
the genetic architecture and variation in the germplasm and the segregating population. This intern helps in 
emergence of new concept for disclosing the genetic architecture of quantitative traits with good precision lead 
to genetic gain in less time. Haplotype assembly is practically applicable now, as the cost of sequencing is 
reducing drastically with the advent of new sequencing technologies day by day. 
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Introduction   
The contract farming can be defined as the agreement between farmers and marketing or processing firms for 
the production and supply of agricultural commodities under the forward agreements, frequently as 
predetermined prices. This also involves the purchaser in providing a degree of production support for eg, the 
supply of inputs and providing the technical knowledge to farmers. The main basis of such arrangements on 
part of farmer to provide a specific commodity in terms of both quality and quantity standards determined by 
the purchaser and a commitment on the part of the company to support the farmers production and to 
purchase the commodity. In a simple means the contract farming is the partnership between a farmer and a 
sponsor where farmer grows contracted crop on his land and delivers the produce of agreed quality under buy-
back arrangements. sponsor contributes towards the management of the farm through supply of selected 
inputs, technical guidance and crop monitoring. In this the farmer assumes the risk of production and the 
sponsor the sponsor the risk of marketing. The intensity of the contractual arrangement varies according to the 
depth and complexity of the provisions in each of the 3 areas i.e, a. Market provision, b. Resource provision, c. 
Management specifications. 

By effective management, contract farming can be a means to develop markets and to bring about the transfer 
of technical skills in a way that is profitable for both the sponsors and farmers, the approach is widely used, not 
only for tree and other cash crops but , increasingly, for fruits and vegetables, poultry, pigs, dairy produce and 
even prawns and fish. Indeed, contract farming is characterised by its ‘enormous diversity’ not only with regard 
to the products contracted but also in relation to many different ways in which it can be carried out. The contract 
farming system should be seen as a partnership between agribusiness and farmers. To be successful it requires 
a long-term commitment from both parties. Exploitative arrangements by managers are likely to have only a 
limited duration and can jeopardize agribusiness investments. Similarly, farmers need to consider that 
honouring contractual arrangements is likely to be their long-term benefit. Now a day’s contract farming 
becoming an interestingly important aspect of agribusiness, whether the products are purchased by 
multinationals, smaller companies, government agencies, farmers cooperatives or individual enterpreneurs.as 
noted above, the approach would appear to have cooperatives or individual entrepreneurs. As noted above, 
the approach would appear to have considerable potential in countries where small-scale agriculture continues 
to be widespread, as in many cases small-scale farmers can no longer be competitive without access to the 
services provided by contract-farming companies. It is not a development model to be tried by aid donors, 
governments or non-governmental organisations (NGOs) because other rural development approaches have 
failed. Projects that are primarily motivated by political and social concerns rather than economic and technical 
realities will inevitably fail. 

Types of Contract Farming   
The centralized model: 

a. Involves a centralized processor and/or packer buying from a large number of small farmers.  
b. Is used for tree crops, annual crops, poultry, dairy. Products often require a high degree of processing, 
such as tea or vegetables for canning or freezing.  
c. Is vertically coordinated, with quota allocation and tight quality control.  
d. Sponsors' involvement in production varies from minimal input provision to the opposite extreme 
where the sponsor takes control of most production aspects. 
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The nucleus estate model: 
a. Is a variation of the centralized model where the sponsor also manages a central estate or plantation.  
b. The central estate is usually used to guarantee throughput for the processing plant but is sometimes 
used only for research or breeding purposes. 
c. Is often used with resettlement or transmigration schemes. 
d. Involves a significant provision of material and management inputs. 

The multipartite model: 
a. May involve a variety of organizations, frequently including statutory bodies. 
b. Can develop from the centralized or nucleus estate models, e.g. through the organization of farmers 
into cooperatives or the involvement of a financial institution. 

The informal model: 
a. Is characterized by individual entrepreneurs or small companies. 
b. Involves informal production contracts, usually on a seasonal basis.  
c. Often requires government support services such as research and extension. 
d. Involves greater risk of extra-contractual marketing. 

The intermediary model: 
a. Involves sponsor in subcontracting linkages with farmers to intermediaries. 
b. There is a danger that the sponsor loses control of production and quality as well as prices received 
by farmers. 

Pros and Cons of Contract Farming 

Pros: 
a. There would be a continuous flow of the raw materials and this happens without any sort of 
interruption. 
b. There would be security in terms of fluctuations in the price of the market. 
c. The buyer can plan the produce very prior to the season 
d. The contract can also be extended to other crops so that there would be a long-term commitment 
with the farmer 
e. This type of farming will get a good name for the firm as it helps the farmers in many ways. 

Cons: 
a. If there are any sudden changes in terms of weather, or if any kind of pest has suddenly affected the 
crop, the farmer will be unable to produce the amounts of crop promised in the agreement with the 
buyer. 
b. If the agreement which the farmer had will need large amounts of capital to meet the production and 
quality standards, then there would be a chance that the farmer has to take loans for the equipment 
required, installation and execution  
c. It would be very difficult for the farmer to produce the agreed quantity of crops on his own. Moreover, 
as this completely benefits him, there is also a chance that other farmers in the locality will not come 
forward to help him. 
d. The farmer will not have all the rights to do whatever he wants on the farm. He needs to follow the 
terms and conditions mentioned in the agreements. 
e. It would be very tough for the farmers to bargain the produce for a price which is reasonable at the 
time of selling. 
f. The farmers will also not able to sell the produced crops if it does meet the standard of quality which 
has been set during the time of the agreement. 
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Summary   
People are now very health conscious. The demand for organic vegetables and fruits is increasing day by day. 
Imagine you visit a fresh produce store to buy fruits and vegetables. Now the question is, how will you know 
which is organic fruits or vegetables and which is safe to eat from a fresh produce store? Blockchain is the one-
stop solution in all the issues regarding food safety. 

Introduction   
The existing food supply chain methods are not enough to keep every food safe at every stage. However, 
advanced blockchain technology can improve food security by connecting farmers, processors, retailers and 
consumers. 
Everyone inside the system could have access to the transparent and changeless view of the transaction history. 
A blockchain is an advanced appropriated record, kept up by a system of various registering machines. It stores 
information as obstructs that are cryptographically made sure about and changeless. 
The blockchain is the brainchild of an individual or gathering of individuals known by the pen name ‘Satoshi 
Nakamoto’. It was first revealed in 2008 and from that point forward, has gotten exceptionally mainstream 
among the 'IT devotees. 
Agriculture is a major field in our society. It is a process of producing food and other desired products by the 
process of cultivation. Food Supply Chain is the system that comprises of process of managing the entire process 
of food from manufacturing till the consumption of the food. It is a supply chain that consists of 
farmer/producer, food processing, distributor, retailer and consumer. 

Issue in Food Supply Chain 

The food supply chain is a difficult process and it faces many problems. Some major problems in food supply 
chain are: 
1. Lack of Traceability: Today, consumers are interested to know about the ingredients and origin of the food 
product before buying it. Proper information regarding every step of food supply chain increase the value of 
the product.  

Food safety can be improved by collecting and allowing the distribution of authentic information from each and 
every step of food supply chain. Lack of traceability and transparency can lead food supply chain to difficulties. 
It can reduce consumers’ trust in products, which can decrease sales and profits. 

2. Inability to maintain the safety and quality of products: Properly distributing high-quality food products is a 
difficult challenge for manufacturers. Some common factors that affect the quality and safety of food products 
during distribution are Poor storage and warehousing practices, Delays in transportation, Industrial sabotage, 
Inclement weather.  

3. Fraudulence in Food: Fraud can never be ignored. Tampering, misrepresentation, or deliberate substitution 
has increased significantly because of the complication of global food supply chain system. It can increase the 
price of the product and lower the morale of the employees. It also creates a volatile environment in the 
businesses as well as undermines the business and consumer relationships. 

4. The high cost of Supply Chain: Energy, labour, transport costs have raised worldwide due to economic 
constraints. As a result, the cost of food supply chain is increasing. In addition, the cost of transporting goods 
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increases due to the inability to track the product and the presence of intermediaries between buyer and the 
seller.  

5. Imbalance between demand and supply: Maintaining a balance between demand and supply of food 
products is a major problem in the food supply chain. Sometimes there is a lot of demand in the market but 
there is no stock and sometimes there is no demand even if there is a stock of the products. 

Benefits of Blockchain Technology in Food Supply Chain 

Food traceability has been at the center of recent food safety discussions and blockchain technology makes it 
easy. Food supply chain has benefited since the advent of blockchain. Some advantages of blockchain in food 
supply chain are: 
1. Transparency and Traceability: The blockchain helps to maintain transparency in food supply chain and make 
it stronger and more aware that helps the industry to cope up with food safety issues. Since the data received 
at each step between production and sale is accessible to everyone within the network, blockchain can help 
bring transparency in the supply chain. 

2. Safety of Food Products: Blockchain can make significant progress in food security by reducing costs and 
saving lives. Since permanent records of information are maintained in the blockchain, the chances of 
contamination are very low. 

3. Quick and Safe Transactions: With blockchain, it is possible to move the data surprisingly fast. When the 
information is validated, it is replicated on different networks to deal with its security. 

4. Efficiency: Blockchain can improve the manner in which food is tracked, moved, or sold. By keeping up with 
each digital record of the exchange, blockchain could conquer errors brought about by customary paper-based 
records. In case of any food recall or investigation, the method might be administered seamlessly as blockchain 
offers end-to-end traceability. 

5. Reduced Cost: With the help of blockchain we can reduce the cost of food supply chain by eliminating 
intermediaries between buyer and seller. Better data and analytics also help to reduce the cost of supply chain. 

Future Scope 

Blockchain is a powerful innovation that helps to take every industry to the next level. The most notable use of 
blockchain innovation is in the food supply chain and numerous food processing businesses have begun 
executing it. Some of the companies are building blockchain-based inventory financing models. This would 
definitely help the traceability of food things even by end-clients which increase trust. In future, block chain 
technology will get more popularity among the food industries, who will use this for their supply chain 
management. 

Conclusion 

Blockchain technology is the most advance technology that has radically changed the food supply chain. Now, 
Farmer, manufacturers and business man can all be benefited by using blockchain technology. Blockchain 
technology secure premium price of food products with proof of provenance. With the help of blockchain 
technology, we can know details about instantly any given products. At last, this modern technology is a one-
stop solution to keep our food safe and maintain the minimum quality of a food product. 
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Introduction   
Vegetables are our daily consumable foods that provide enough fibre, minerals, multivitamins, moistures, and 
other antioxidants. Among vegetables, roots and tubers are the locally available calorie-dense, cost-effective, 
and nutrition-rich food with low protein and fat. They also contain starch, sugar and pectin, cellulose, and 
hemicelluloses (non-starchy polysaccharides) in addition to structural proteins and lignin. Roots of the plant are 
growing download, and they absorb their nutrients from the soil. Few examples of root vegetables are potatoes, 
sweet potatoes, beets, carrots, celeriac, parsnips, turnips, and radish. Similarly, tubers vegetables are colocasia, 
Tapioca, Jerusalem, artichokes, jicama, and yams. 

Nutrition Facts and Health Benefits of Roots and Tubers Vegetables   
1. Beets roots (Beta vulgaris): Beetroot, an annual or biennial cultivated form of Beta vulgaris subsp. The roots 
help various health issues, diabetes,  and liver, heart. They are very useful as hypotensive and wound healing 
agents. Beets are the roots, but the leaves of beets are also edible.  These are of many types – red beets, root 
beets, table beets, sugar beets, swiss chard. The color of beets varies from purple, pink, golden, white, and 
striped beets. Beetroot is contained so many phytochemicals such as betacyanins, betalains and betaxanthins, 
polyphenols, Saponins, flavonoids, and inorganic Nitrate (NO3). Beets are low in calories, a fair source of fiber, 
manganese, and Vitamin B. Juices of Beetroots are an excellent source of nitrates, which are sufficient to lower 
blood pressure. Overall, beetroots and their juice are very popular all over the world. 

2. Carrots (Daucus carota): Carrots are a very popular root-group vegetable rich in carotene, polyacetylenes, 
phenolics compounds. They are low-calorie vegetables containing both soluble and insoluble fiber and 
potassium, iron, and B vitamins. These are available in different colors like white, maroon, purple, red, yellow 
& green. Different varieties of carrots nanter, Danvers, chantey, imperator, baby carrots. Carrots are anti-
carcinogenic, low-glycemic, immune enhancer, anti-hypertensive, reno-protective, hepatoprotective. Carrot 
and carrot juices can be used as an anti-inflammatory, antifungal, antibacterial, and analgesic. 

3. Colocasia (Colocasia esculenta): Colocasia is under the family of  Araceae available in the tropical and 
subtropical regions by proper cultivation. These are popularly cultivated in various states of India like West 
Bengal, Orissa, Kerala, Maharastra, Nagaland. Colocasia leaves are highly rich in so many beneficial 
phytochemicals, such as anthraquinones, catechins, vitexin, cinnamic acid derivatives, apigenin,  and isovitexin. 
Colocasia is helpful in various health aspects. They are suitable for eye health, skins and bone health, immunity 
booster due to vitamin C, and protect the heart by presenting enough dietary fiber.   

4. Horseradish (Armoracia rusticana): It belongs to the family Brassicaceae consumed as a root vegetable and 
an aphrodisiac (popular spice cum condiment). The root is mainly preserved and added in salt, vinegar, and 
sugar as a part of a useful condiment. The vegetable is rich in vitamin C, fiber, folate, and sodium. It is an 
effective remedy against intestinal worms, coughs, gout, scurvy, food poisoning, tuberculosis, colic, and 
rheumatism. The standard varieties are wasabi and are found in two colors, white and red. Horseradish contains 
phenylene and polyphenylene, which aid in better digestion and help in scurvy. 
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5. Parsnips (Pastinaca sativa): Parsnips are almost the same look as bleached, overgrown carrots. Perhaps they 
are the best vegetable for eye health due to the high presence of vitamin A.  It is a low-calorie root vegetable 
with loads of soluble fiber called pectin, Vitamin C, Vitamin B, folate, and starch. It helps to lower LDL (Bad) 
Cholesterol levels. Overall, the vegetable can aid in bone health, cardiac, diverticular disease, and digestive 
health. Parsnips are a useful natural agent for cancer, breast cancer, wound healing. 

6. Potatoes (Solanum tuberosum): As per the various economic survey, various-sized potatoes are primary 
roots vegetables consumed mostly in the eastern region of India. Potatoes have been consumed worldwide for 
two centuries for malnutrition and starvation, and other government meal projects. It is a very popular tasty 
swollen tuber, i.e., an underground stem which contains a considerable amount of complex carbohydrates in 
the form of starch. They also contain Vitamin B6, Vitamin C, Potassium, Calcium, Iron, fiber, and little protein. 
The potatoes are classified as baking potatoes, fingerling potato, finish yellow wax potato, long russet potato, 
long-white potato, marble potato, round red potato, round white potato, and Yukon gold potato. Altogether 
potatoes have been widely consumed for their dietary fiber roles, phytochemicals, and resistant starch. 

7. Radishes (Raphanus sativus):  The different types of radishes are black radish, white radish, Chinese radish, 
daikons, oblong radish, horseradish, Korean radish, purple plum radishes, radish sprouts, red globes, snowballs, 
wasabi, watermelon radishes, and white icicles. Radishes are often 1st line household remedies for treating 
rectal prolapse, indigestion, jaundice, gallstone, liver diseases, and other gastrointestinal disorders. 

8. Sweet Potatoes (Ipomoea batatas): These are also known as yams. These are edible roots and considered as 
staple food containing natural sweetness. There are two main types of sweet potato dry- fleshed and moist-
fleshed potato. The other is batata sweet potatoes, Boniato, Jersey sweet potatoes, Kunnara sweet potatoes, 
white sweet potatoes, yams. Sweet potato is considered one of the best sources of β‐carotene, anthocyanins, 
and other bioactive compounds. Most importantly, this vegetable provides high calories, and satiety once added 
to vegetable curry in the daily kitchen. Enough potassium, zinc, and other minerals and multivitamins assure 
some antioxidant and immunity-boosting effects in the human body. 

9. Turnips and Rutabagas: (Brassica rapa & Brassica napobrassica): Turnips are very popular in European 
countries, including the United Kingdom, Ireland, Norway. They are consumed baked, boiled, or steamed. These 
both are rich in complex carbohydrates. Both are rich in vitamins, minerals, and insoluble, soluble fiber having 
a cholesterol-lowering effect. These also contain a moderate amount of protein along with Vitamin C, B, Iron, 
and Potassium. 

10. Yam (Amorphophallus paeoniifolius): Elephant foot yam is a tropical tuber crop cultivated mainly in the 
regions of Africa, South Asia, Southeast Asia. India, West Bengal, and Bangladesh as a peripheral country often 
take it as tasty enjoying vegetables mixed with slightly mustard oil in daily lunch dish. In addition to that, Bihar, 
Orissa, A.P, Tripura, Northeastern states also want this ‘ol’as local language term (in Bengali). In Indian medicinal 
systems like (Ayush, Unani), it is widely used as a home-based remedy for Hemorrhoids(Piles). It is often 
consumed in versatile ways like in many curries, chutneys, sweets, kebabs, and tasty chips.  The plant is rich in 
vitamin B6, fiber, and omega 3 fatty acids that reduce and control cholesterol. It also provides fantastic natural 
benefits like blood clotting due to the presence of anti-coagulating properties. The vegetable is high in 
magnesium, potassium, phosphorous, and other micro minerals like zinc, copper, and selenium. 

Table.1. Roots and Tubers Vegetables: Nutrition facts and Dr. Fuhrman’s ANDI Scores (Aggregate Nutrient 
Density Index). 

Sl. Name  Energy 
(Kcal) 

Carbohydrate Protein Fat Fibre Total 
Free 
Sugar 

Moisture ANDI 
score 

1 Beets root 35.61 6.18 2.0 0.14 3.31 4.35 87 97 
(cooked-
1.5cup) 
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2 Carrots (Orange) 33.22 5.55 0.95 0.47 4.18 3.23 88 344 (per 
237 ml) 

3 Colocasia 88.91 18.0 3.31 0.17 3.22 0.90 74 - 

4 Horseradish 48.0 11.0 1.2 0.7 3.3 8.0 85 502 

5 Parsnips* 75.0 18.0 1.20 .30 4.9 4.8 80 - 

6 Potatoes (brown 
skin, small) 

60.95 13.0 1.35 0.22 1.69 0.44 83 143 
(baked 
white 
skin-1 
item) 

7 Radish (elongate, 
white skin) 

32.27 7.0 0.77 0.15 2.65 0.95 89 554(6 
items) 

8 Rutabagas* 37.0 8.62 1.08 0.16 2.3 4.46  296 

9 Sweet Potatoes 109.0 24.0 1.33 0.26 3.99 3.63 69 83 
(cooked-
1.5cup) 

10 Turnip* 28.0 6.43 0.90 0.10 1.8 3.8 92 337 
(cooked-
1 item) 

11 Yam (elephant) 84.37 17.46 2.56 0.14 4.17 0.5 74 - 

# All values are in gram except energy and ANDI score (Source: IFCT-NIN & USDA*) 

Conclusion 

Roots and tubers are rich in starch, fibre, moisture that altogether provides a satiety feeling. Tubers are the root 
bases that store energy as starch to develop a new stem of the plant. They are rich in fibre, calcium, and other 
minerals to strengthen the digestive system. Tuber vegetables are one of the best vitamins A and E that increase 
antioxidant activities and lose weight. Further, as per H = N/C (Health = Nutrients / Calories), foods have the 
highest nutrient ¬per¬ calorie density that was created by Dr. Fuhrman, the aggregate nutrient density index or 
ANDI considered herewith. 
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Nanotechnology is a promising field of interdisciplinary research. It opens up a wide array of opportunities in 
various fields like insecticides, pharmaceuticals, electronics and agriculture. The potential uses and benefits of 
nanotechnology are enormous. These include management of insect pests through the formulations of 
nanomaterials-based insecticides. Traditional strategies like integrated pest management used in agriculture 
are insufficient, and application of chemical pesticides have adverse effects on animals and human beings apart 
from the decline in soil fertility. Therefore, nanotechnology would provide green and efficient alternatives for 
the management of insect pests in agriculture without harming the nature. This art is focused on traditional 
strategies used for the management of insect pests and potential of nanomaterials in insect pest control as 
modern approaches of nanotechnology. The advances in science and technology in the last decades were made 
in several areas of insecticide usage. It includes either development of more effective and non-persistent 
pesticides and new ways of application, which includes controlled release formulation (CRF). The endeavors are 
direct towards the successful application of those compounds on crops and their efficacy and availability 
improvement and reduction of environmental contamination and workers exposure (Savary et al., 2006). In that 
line, new types of formulation were developed. One of the most promising is the use of micro and 
nanotechnology to promote a more efficient assembly of the active compound in a matrix in order to protect 
core materials from adverse reactions due to factors like air or light. An outcry is exhibited against the use of 
pesticides due to their hazardous effects on human as well as environment (Sparks et al., 2012). There is a great 
concern regarding the nonmaterial which have potential to exert hazardous effects on human and the 
environment and when we have a nano-pesticide, it becomes a double-edged weapon. Nanomaterials need to 
be evaluated, so that this novel technology does not meet the same apprehensions and bottle-neck as faced by 
genetically modified crops (Gopal et al. 2012). 

Insect Pest and their Control   
Insects are one of the biggest animal populations with a very successful evaluative history, once they can be 
found chiefly in all possible environments all over the world, and the number of species and individuals. Their 
success can be attributed to several important evolutionary aspects like wings, malleable exoskeleton, high 
reproductive potential, habits diversification, desiccation-resistant eggs and metamorphosis, just to name a 
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few. On the other hand, many insects are vectors of many diseases, and many others damages crop plantations 
or wood structures, causing serious health and economic issues. In order to combat the numerous losses that 
are caused by insects on agriculture, several chemicals have been used to kill them or inhibit their reproduction 
and feeding habits. (Mogul et al. 1996). 

Nanotechnology 

According to Bhattacharyyal et al. (2010) the word “Nano” is developed from the Greek word meaning “dwarf”. 
In more technical terms, the word “nano” means 10-9, or one billionth of something. For example, a virus is 
roughly 100 nm in size. Naturally, the word nanotechnology evolved due to use of nanometer size particles (size 
of 1 to 100 nm). The potential uses and benefits of nanotechnology are enormous. These include agricultural 
productivity enhancement involving nanoporous zeolites for slow release and efficient dosage of water and 
fertilizer, nanocapsules for herbicide delivery and vector and pest management and nanosensors for pest 
detection. The atom by atom arrangement allows the manipulation of nanoparticles thus influencing their size, 
shape and orientation for reaction with the targeted tissues. It is now known that many insects possess 
ferromagnetic materials in the head, thorax and abdomen, which act as geomagnetic sensors. In this paper, our 
discussion is focused on nanoparticles in insects and their potential for use in insect pest management. Leiderer 
and Dekorsy (2008) found that targeted nanoparticles often exhibit novel characteristics like extra ordinary 
strength, more chemical reactivity and possess a high electrical conductivity. Thus, nanotechnology has become 
one of the most promising new technologies in the recent decade. Nanoparticles possess distinct physical, 
biological and chemical properties associated with their atomic strength. 

Nanoscale Materials and their Application 

In nature, living organisms from bacteria to beetles rely on nanometer-shaped protein machines that perform 
everything from whipping of flagella to flexing of muscles. Nanometer-sized carbon (carbon black) that 
improves the mechanical properties of tires, nanometer silver particles that initiate photographic film 
development, and nanometer particles that are the basis of catalysts critical to the petrochemical industry have 
contributed to commercial products for many years (Huck, 2008). Nanotechnology has already shown great 
potential for application in environmental protection (Nowack, 2009). 

Natural Nanoparticles in Several Insects 

Although naturally occurring nano-structures are being neglected, they are a potentially rich source of products 
that meet certain specifications (Watson and Watson, 2004). The emerging Nanotechnology for Insect Pest 
Control 530 industries based on nanotechnology have so far made little use of ‘free’ technology available in 
nature (Ehrlich et al., 2008). A good example is the ordered hexagonal packed array of structures in the wings 
of cicada for instance, Psaltoda claripennis Ashton and termite for example, family Rhinotermitidae (Zhang and 
Liu, 2006). Studies have shown that the size of the nanoparticles may vary from 200 to 1000 nm. The structures 
tend to have a rounded shape at the apex and protrude some 150-350 nm out from the surface plane. These 
wing nanoparticles help in the aerodynamic efficiency of the insect. Isolated nanoparticles of insects have 
diameters of about 12 and 11 nm in abdomen with petiole and head with antennae, respectively. Nanostructure 
components are also present in compound eyes of insects. Wings of butterflies possess bright color components 
and these color components are nothing but nanoparticles. Recently, a novel photodegradable insecticide 
involving nanoparticles has been prepared (Guan et al., 2008). 

Nanopesticides 

Nanopesticides defines as any formulation that intentionally includes elements in the nm size range and/or 
claims novel properties associated with these small size range, it would appear that some nanopesticides have 
already been on the market for several years. Nanopesticides encompass a great variety of products and cannot 
be considered as a single category. Nanopesticides can consist of organic ingredients (e.g., a.i., polymers) and/or 
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inorganic ingredients (e.g., metal oxides) in various forms (e.g., particles and micelles). The aims of 
nanoformulations are generally common to other pesticide formulations and consist in:  
1. Increasing the apparent solubility of poorly soluble active ingredient. 
2. Releasing the active ingredient in a slow/targeted manner and/or protecting the active ingredient against 
premature degradation. 

Nanoformulation are Expected to 

1. Have significant impacts on the fate of active ingredient. 
2. Introduce new ingredients whose environmental fate is still poorly understood (e.g. nanosilver).  
3. The current level of knowledge does not appear to allow a fair assessment of the advantages and 
disadvantages that will result from the use of some nanopesticides. 

Polymers 

Adak et al. (2012) recorded that amphiphilic copolymers, synthesized from poly (ethylene glycols) and various 
aliphatic diacids, which self-assemble into nano-micellar aggregates in aqueous media, were used to develop 
controlled release (CR) formulations of imidacloprid [1-(6 chloro-3-pyridinyl methyl)-N-nitro imidazolidin-2-
ylideneamine] using encapsulation technique. High solubilization power and low critical micelle concentration 
(CMC) of these amphiphilic polymers may increase the efficacy of formulations. Formulations were 
characterised by Infrared (IR) spectroscopy, Dynamic Light Scattering (DLS) and Transmission Electron 
Microscope (TEM). Encapsulation efficiency, loading capacity and stability after accelerated storage test of the 
developed formulations were checked. The kinetics of imidacloprid release in water from the different 
formulations was studied. Release from the commercial formulation was faster than the CR formulations. The 
diffusion exponent (n value) of imidacloprid, in water ranged from 0.22 to 0.37 in the tested formulations. While 
the time taken for release of 50 % of imidacloprid ranged from 2.32 to 9.31 days for the CR formulations. The 
developed CR formulations can be used for efficient pest management in different crops. When a commercial 
formulation for a practical field application is desired, it is very important to employ materials that are 
compatible with the proposed applications: environment friendly, readily biodegradable, not generating toxic 
degradation by products and low-cost. The use of several biopolymers, i.e., polymers that are produced by 
natural sources, which at the same time have good physical and chemical properties and still present mild 
biodegradation conditions, are an interesting approach to avoid the use of petrochemical derivatives that might 
be another source of environmental contamination. 

The Nanoparticles Used in Biopesticides Controlled Release Formulations 

The most popular shape of nanomaterials (Figure 1) that have been using in CRFs for biocides delivery are:  
1. Nanospheres: aggregate in which the active compound is homogeneously distributed into the polymeric 
matrix  
2. Nanocapsules: aggregate in which the active compound is concentrated near the center core, lined by the 
matrix polymer  
3. Nanogels: hydrophilic (generally cross-linked) polymers which can absorb high volumes of water 
Nanotechnology for Insect Pest Control 534 
4. Micelles: aggregate formed in aqueous solutions by molecules containing hydrophilic and hydrophobic 
moieties. 
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The DNA of most bacteria is contained in a single circular molecule, called the bacterial chromosome. The 
chromosome, along with several proteins and RNA molecules, forms an irregularly shaped structure called the 
nucleoid. This sits in the cytoplasm of the bacterial cell. 

In addition to the chromosome, bacteria often contain plasmids – small circular DNA molecules. Bacteria can 
pick up new plasmids from other bacterial cells (during conjugation) or from the environment. They can also 
readily lose them – for instance, when a bacterium divides in two, one of the daughter cells might miss out on 
getting a plasmid. 

Every plasmid has its own ‘origin of replication’ – a stretch of DNA that ensures it gets replicated (copied) by 
the host bacterium. For this reason, plasmids can copy themselves independently of the bacterial chromosome, 
so there can be many copies of a plasmid – even hundreds – within one bacterial cell. 

Plasmids Help Bacteria to Survive Stress   
Plasmids contain just a few genes, but they make a big difference to their host bacterium. The genes are usually 
not essential for the bacterium’s day-to-day survival – instead, they help the bacterium to overcome occasional 
stressful situations. For instance, many plasmids contain genes that, when expressed, make the host bacterium 
resistant to an antibiotic (so it won’t die when treated with that antibiotic). Other plasmids contain genes that 
help the host to digest unusual substances or to kill other types of bacteria. 

Antibiotic Resistance 

Some plasmids can make their host bacterium resistant to an antibiotic. In this image, two halves of an agar 
plate containing the antibiotic kanamycin have been spread with the same strain of E.coli. The bacteria spread 
on the right-hand side of the plate contain a plasmid that confers resistance to kanamycin, so they can grow 
colonies even when it is present. On the left-hand side of the plate, the bacteria lack the kanamycin resistance 
plasmid and have been unable to grow. 

Plasmids make themselves Indispensable 

Keeping a plasmid is hard work for a bacterial cell, because replicating DNA (including plasmid DNA) uses up 
energy. However, by protecting its bacterial host from stress-related death, a plasmid maximises its chances of 
being kept around. Under stressful conditions, bacteria with the plasmid will live longer – and have more 
opportunity to pass on the plasmid to daughter cells or to other bacteria. Bacteria without the plasmid are less 
likely to survive and reproduce. 

Some plasmids take extreme measures to ensure that they are retained within bacteria. For example, some 
carry a gene that makes a long-lived poison and a second gene that makes a short-lived antidote. These plasmids 
are effectively holding their host bacterial cell hostage – if they are ever lost from the cell, they won’t be able 
to provide the antidote and the cell will die. 

Plasmid Vector 

Key features of a typical plasmid vector are an origin of replication (to ensure the vector is copied within 
bacteria), a gene for antibiotic resistance (to ensure the vector is not lost by bacteria) and a set of recognition 
sites for restriction enzymes (to make it straightforward to insert foreign DNA into the vector). 



 

 
Volume 2 - Issue 12 - December 2020       595 | P a g e  
 

Plasmids in Biotech – Delivering DNA 

Plasmids have been key to the development of molecular biotechnology. They act as delivery vehicles, or 
vectors, to introduce foreign DNA into bacteria. Using plasmids for DNA delivery began in the 1970s when DNA 
from other organisms was first ‘cut and pasted’ into specific sites within the plasmid DNA. The modified 
plasmids were then reintroduced into bacteria. 

Why Plasmids are Excellent DNA Delivery Vectors? 

Decades after their first use, plasmids are still crucial laboratory tools in biotechnology: 
1. Scientists can force bacteria to keep them. Virtually all plasmids that are used to deliver DNA contain genes 
for antibiotic resistance. Once bacteria have been treated with a plasmid, scientists grow them in the presence 
of antibiotic. Only those cells that contain the plasmid will survive, grow and reproduce. The others will be killed 
by the antibiotic. 

2. They are copied independently. Plasmids can be copied numerous times, regardless of whether the bacterial 
host is replicating its own DNA, and every time a plasmid vector is replicated, so is the introduced DNA that it 
contains. 

3. They are circular. DNA that is circular is well suited to incorporate extra DNA sequences. That’s because it can 
be cut open without falling apart, then snap back together once new DNA has been incorporated. 
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Plasmids are extrachromosomal, covalently closed circular, self replicating genetic material found in bacteria.  
They may exist independent or become integrated into the bacterial chromosome. Plasmids naturally exist in 
bacterial cells, and they also occur in some eukaryotes. Often, the genes carried in plasmids provide bacteria 
with genetic advantages, such as antibiotic resistance. Plasmids have a wide range of lengths, from roughly one 
thousand DNA base pairs to hundreds of thousands of base pairs. When a bacterium divides, all of the plasmids 
contained within the cell are copied such that each daughter cell receives a copy of each plasmid. Bacteria can 
also transfer plasmids to one another through a process called conjugation. 

There are several types of bacterial plasmids: F plasmids- responsible for conjugation, R plasmids- carry genes 
resistance to antibiotics, Col plasmids – code for colicins, the proteins that kill sensitive E. coli cells; they also 
carry genes that provide immunity to the particular colicin. Most of the E. coli plasmids are used as vectors. A 
vector is a DNA molecule that has the ability to replicate in an appropriate host cell and into which the DNA 
fragment to cloned (called DNA insert) is integrated for cloning. 

Reagents Required   
LB (Luria Bertani) Broth, Suspension Buffer, Lysis buffer, Potassium acetate solution, TE buffer (pH 8.0), Ethanol, 
Phenol: Chloroform mix. 

Protocol 
1. Inoculate 2 ml of sterile LB broth with a single bacterial colony (E. coli DH5α having pUC or any other plasmid) 
2. Incubate the culture at 37 °C for 14-24 hrs in a shaker (150-200 rpm) or until the E. coli cells reach the OD600 
~ 4.0 
3. Take 1.5 ml of this culture into an Eppendorf tube and centrifuge at 10,000 rpm for 20 seconds. 
4. Discard the supernatant and save the pellet. 
5. Resuspend the pellet in 100 µl of ice-cold suspension buffer and keep in ice for 5 minutes. 
6. Add 200 µl of lysis buffer and mix by inverting several times and incubate the tube in ice for 5 minutes. 
7. Add 150 µl of ice cold 3 M Potassium acetate solution, mix well and incubate on ice for 5 minutes. 
8. Centrifuge at 12000 rpm for 5 minutes and transfer the supernatant to a fresh Eppendorf tube. 
9. Add 0.5 ml of Phenol: Chloroform mixture and mix by inverting the tube several times. 
10. Take out the supernatant and add twice the volume of ice-cold absolute ethanol, mix and keep it at -20°C 
for 30-40 min. 
11. Centrifuge at 12000 rpm for 5 minutes. Discard the supernatant. 
12. To the pellet, add 1 ml of 70% ethanol. 
12. Centrifuge at 12000 rpm for 5 minutes. Discard the supernatant and air dry the plasmid DNA. 
13. Dissolve the plasmid DNA in 30 µl of TE buffer. 
14. Store the plasmid DNA at -20°C until it is used. 
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Introduction   
Tomato, Lycopersicum esculentum L. (Solanaceae), is an economically important vegetable crop and grown 
extensively round the year in our country. In India, tomato is grown in 0.774 million ha while the total 
production is 18.732 million tones and the average productivity is 24.20 MT/ha. Tomato is also very 
remunerative crop in mountain region of Uttarakhand. It occupied an area of 8550.15 ha with the total 
production of 93223.49 MT in the state of Uttarakhand and the average productivity is 10.90 MT/ ha which can 
be doubled even increases threefold by intervention of various high yielding varieties and hybrids, pest, disease 
and nutrient management practices. Tomato is widely cultivated in tribal and hilly region of Dehradun, 
Uttarakhand from the last one and half decades. From the last 4-5 years, its area has increased significantly 
because of the handsome return to the farmers from tomato cultivation as compared to other crops grown in 
the region. Tomato is grown from March to October and production started from May onwards in hilly and 
tribal areas of Dehradun which is the off season as during this period tomato is hardly grown in the plains. It is 
true that considerable progress has been made in tomato production but still the productivity of this 
commercially important vegetable crop is low. Keeping these realistic points in view, Ministry of Agriculture and 
Farmers Welfare launched a project i.e. Tribal Sub Plan (TSP) at National level to enhance the livelihood security 
of tribal community of the country. Under the centrally sponsored project, Krishi Vigyan Kendra, Dhakrani, 
Dehradun has taken initiative during 2014-15, 2015-16, 2016-17 and 2017-18 to uplift the economy of tribal 
families through technological interventions in tomato. In order to find out the existing scenario of tomato 
cultivation, diagnostic survey was conducted in tribal areas of Dehradun district. During survey discussion was 
held with tomato growers to find out their practical difficulties in obtaining maximum yield from their crops. It 
has  been emerged out from the survey that poor availability of high yielding hybrids and varieties was one of 
the major constraints in production of tomato crops. Besides, most of the farmers were not aware about quality 
and effective chemical pesticides in the area which resulted in high incidence of pests and diseases especially 
late blight disease, fruit borer, bacterial wilt, cut worm etc (Tewari and Krishnamoorthy1984; Singh and Singh 
2005; Sardana and Naved 2007; Pawar et. al. 2018  ). It has also been observed that due to poor nutrient 
management, productivity and quality was also low. During base line survey and group discussion held with the 
farmers helped in understanding that prevailing agro climatic conditions are very conducive for commercial 
tomato cultivation and farmers are cultivating tomato on large scale but poor awareness about the viable 
technologies they are helpless to harvest comparatively low yield and quality of tomato. The observations on 
varieties, hybrids, incidence of pests and diseases, judicious use of chemical pesticides, their time of application, 
pest monitoring, nursery raising, nutrient management etc were recorded during group discussion with farmers. 
It was found that majority of the tomato farmers were not aware about the high yielding varieties, hybrids, 
incidence of pests and diseases and nutrient management. Hence, to mobilize the farmers towards 
technological advancement in tomato production, trainings were imparted. During training of the farmers, sites 
were also selected for conducting demonstrations. 
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Methodology 

The studies were carried out in five tribal villages namely Kota Kwanu, Majhgaon Kwanu, Malot Kwanu in 
Chakrata block of Dehradun district of Uttrakhand during 2016 and 2017 under centrally sponsored project i.e. 
Tribal Sub Plan (TSP) by Govind Ballabh Pant Unversity of Agriculture and Technology, Krishi Vigyan Kendra, 
Dhakrani, Dehradun, Uttarakhand during March to August, 2016 and 2017. The main objective of the studies 
was to uplift the livelihood security of the tribal community through technological interventions in tomato crop. 
The demonstrations were conducted in 50 ha area (10 ha in each village) from March to August, 2016 and 2017. 
Under the investigation, 50 farmers were selected from each village thus there were 250 farmers identified 
from five villages who grew tomato. Selection of farmers was done on the basis of extension tools in which 
questionnaire were formulated to collect the information on existing farmers practices. Observations were 
taken from 10 randomly selected farmers in each village out of 50 farmers. The data on late blight disease was 
recorded on three leaves from top, middle and bottom at weekly interval started 30 days after transplanting in 
all the five villages. Observations on per cent fruit borer infestation were recorded at 5, 10 and 15 days of each 
spray from ten randomly selected plants from a farmer. For per cent fruit damage, the number of infested and 
healthy as well as weight of healthy and infested fruits from ten observational plants was recorded at each 
picking. The total weight of healthy and infested fruits for all picking was pooled and total yield per farmer was 
computed and converted into quintals per hectare.  

During study and interaction held with the selected farmers following points were emerged out: 
1. Farmers were growing Heamsohna hybrid of tomato from the last 10 years which became susceptible against 
many pests and diseases particularly incidence of late blight was increasing year after year. 
2. Planting of this hybrid was done by the farmers in first fortnight of March, 2016 and 2017. 
3. They maintained planting distance of 1 m from row to row and 10-15 cm from plant to plant. 
4. They applied DAP @120 kg/ha and FYM @ 300 Q./ha during planting. 
5. Farmers also applied urea @ 100 kg/ha two times in standing crop. Most of the farmers applied urea 20 and 
40 days after planting. 
6. Staking was done by wood of locally grown forest trees. 
7. Intercultural operations were done by the farmers 15 and 30 days after planting. 
8. For management of fruit borer in their tomato crop they used quinalphos @ 2 ml/lt of water 3-4 times during 
flowering and fruit setting.  
9. Farmers applied mancozeb @ 2 g/lt of water 4-5 times in standing crop for management of late blight disease. 
10. Harvesting started 80 days after planting and was continued up to 130 days after planting. 

Technological Interventions Made in Tomato Crop 

Keeping in view the enormous potential and increasing demand of tomato particularly off-season tomato in the 
domestic and Delhi markets, initiatives were taken to mobilize and sensitize the farmers towards commercial 
tomato cultivation. Accordingly, diagnostic survey was undertaken in which meeting and survey were organized 
in the adopted villages to find out their views on commercial tomato production. It was observed that almost 
all the farmers were convinced for demonstration of technologies suitable for them. It was observed during 
farmers scientist interaction that farmers were already cultivating tomato but due to lack of awareness on 
various aspects of tomato production such as high yielding varieties and hybrids, pest and disease management, 
nutrient management etc., they were getting low productivity of tomato. After conducting diagnostic survey, 
encouraging attitude of the farmers and seeing the potential, training and demonstrations had been started 
organizing which gave tremendous impact on the farming community within very short span of time. Following 
interventions were taken in five adopted villages: 

1. All the selected farmers were mobilized by imparting practical training in their villages from time to time to 
expose them on various aspects of commercial tomato production. During training programme literature was 
also given to each and every farmer in which all the practices pertaining to integrated crop management of 
tomato were mentioned in very simple language. 
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2. Demonstrations were organized in 50 ha area in all the five adopted villages (10 ha in each village). In 
demonstrations, Abhinav hybrid of tomato was demonstrated. Planting was done in first fortnight of March in 
which row to row distance was 1 m while plant to plant distance was maintained at 30 cm. 

3. During planting NPK @ 150 kg/ha and FYM 500 Q./ha were applied. Urea @ 120 kg/ha was also given 30 and 
45 days after planting for proper vegetative growth and development. Water soluble NPK 18:18:18 and NPK 
0:0:50 were applied by the farmers at weekly interval @ 5 g/ lt of water on rotation basis. Application of both 
the water soluble NPK was started 50 days after planting and was continued till the end of crop. 

4. Insecticides namely profenophos + cypermethrin @ 2 ml/lt of water along with sticker was applied two times, 
first spraying was given 40 days after planting while second was 60 days after planting for management of fruit 
borer. 

5. For management of late blight disease, three application of cymoxanil + mancozeb @ 2 g/lt of water along 
with sticker were done at 50, 70 and 90 days after planting.  

6. Intercultural operations were done 20 and 35 days after planting. Earthing was also done after intercultural 
operation to conserve the soil moisture and to avoid root zone of the plants from sun light. 

7. Crop monitoring was done at regular interval by the farmers and chemical pesticides for management of fruit 
borer and late blight disease was applied on need basis. Scientist also visited the demonstrations from time to 
time, interacted with the farmers during visit and took their feedback about the demonstrations. 

Table 1: Impact of demonstration on production and income of tomato hybrid Abhinav recorded during 2016: 

Village Inciden
ce of 
late 
blight 
disease 
in 
plants 
(%) 

Inciden
ce of 
late 
blight 
disease 
in 
fruits 
(%) 

Infestati
on of 
fruit 
borer 
(%) 

Maxim
um 
yield 
(Q./ha) 

Minimu
m yield 
(Q./ha) 

Avera
ge 
yield 
(Q./ha
) 

Cost of 
cultivati
on 
(Rs./ha) 

Gross 
Incom
e 
(Rs./h
a) 

Net 
Incom
e 
(Rs./h
a) 

C:B 
Rati
o 

Kota 
Kwanu 

4.08 5.08 
 

2.65 
 

496.05 447.22 471.6
3 

2,38,000 9,43,2
60 

7,05,2
60 

3.9
6 

Majhgaon 
Kwanu 

3.62 
 

3.92 
 

2.02 
 

512.45 466.28 489.3
6 

2,38,000 9,78,7
20 

7,40,7
20 

4.1
1 

Malot 
Kwanu 

5.20 
 

4.33 
 

3.25 482.64 438.80 460.7
2 

2,38,000 9,21,4
40 

6,83,4
40 

3.8
7 

Hatal  4.76 4.80 3.04 476.50 421.67 449.0
8 

2,38,000 8,98,1
60 

6,60,1
60 

3.7
7 

Lakhaman
dal 

5.40 5.95 4.60 454.85 402.22 428.5
3 

2,38,000 8,57,0
60 

6,19,0
60 

3.6
0 

Table 2: Impact of demonstration on production and income of tomato hybrid Abhinav recorded during 2017: 

Village Inciden
ce of 
late 
blight 
disease 
in 
plants 
(%) 

Inciden
ce of 
late 
blight 
disease 
in 
fruits 
(%) 

Infestati
on of 
fruit 
borer 
(%) 

Maxim
um 
yield 
(Q./ha) 

Minimu
m yield 
(Q./ha) 

Avera
ge 
yield 
(Q./ha
) 

Cost of 
cultivati
on 
(Rs./ha) 

Gross 
Incom
e 
(Rs./h
a) 

Net 
Incom
e 
(Rs./h
a) 

C:B 
Rati
o 



 

 
Volume 2 - Issue 12 - December 2020       600 | P a g e  
 

Kota 
Kwanu 

6.26 7.74 
 

3.05 
 

403.68 372.40 388.0
4 

2,56,000 9,70,1
00 

7,14,1
00 

3.7
8 

Majhgaon 
Kwanu 

7.98 
 

8.22 
 

4.27 
 

382.25 359.85 371.0
5 

2,56,000 9,27,6
25 

6,71,6
25 

2.6
2 

Malot 
Kwanu 

8.60 
 

9.80 
 

5.16 368.07 342.44 355.2
5 

2,56,000 8,88,1
25 

6,32,1
25 

2.4
6 

Hatal  9.50 10.45 6.88 346.21 324.95 335.5
8 

2,56,000 8,38,9
50 

5,82,9
50 

3.2
7 

Lakhaman
dal 

11.24 12.60 7.50 321.84 304.55 313.1
9 

2,56,000 7,82,9
75 

5,26,9
75 

3.0
5 

Impact of Interventions 

The field demonstration laid out in five villages covering 250 farmers under the Tribal Sub Plan project during 
2016 and 2017 manifested that incidence of late blight disease in plants and fruits and infestation of fruit borer 
was higher in 2017 as compared to 2016. Hence, the average yield of tomato was comparatively low during 
2017 in comparison of 2016 but gross income and net income were almost same in both the years. It was due 
to high average sale price of tomato i.e. Rs. 2500/Q. in 2017 while it was Rs. 2000/Q. in 2016. It is also important 
to mention that tomato in tribal and hilly areas of Dehradun district Uttarakhand is grown from March to 
October and harvesting started from the last week of May onwards which considered as off season thus farmers 
get remunerative price of their produce. 

Tomato has become lifeline in tribal and hilly areas of Dehradun but most of the farmers get low productivity 
and quality despite of spending sufficient money on critical inputs like seed, chemical pesticides and fertilizers 
but  it was noticed during interaction with them that due to lack of proper awareness majority of the farmers 
were not applying recommended integrated crop management practices including high yielding hybrids. Thus, 
under the project tomato crop was taken keeping in view its enormous potential but low yield and poor 
awareness about the viable technologies among tribal farmers. Hence, technological interventions were made 
in all the five selected villages in 50 ha area covering 250 farmers. The impact of the demonstrations conducted 
on farmers field revealed that incidence of late blight disease in plants and fruits was very low which was 3.62 
to 5.40 per cent and 3.92 to 5.95 per cent respectively during 2016 (Table 1). The infestation of fruit borer was 
also recorded which varied from 2.02 to 4.60 per cent. The net income was almost doubled in the 
demonstrations as compared to farmers’ practice. The net income of Rs. 7,40,720/ha was obtained from 
Majhgaon Kwanu followed by Rs. 7,05,260/ha and Rs. 6,83,440/ha in Kota Kwanu and Malot Kwanu respectively 
during 2016 (Table 1). The technological interventions were also made and demonstrated in 2017 also in already 
five selected villages. The data recorded on various aspects of pest, disease, yield and income indicated that 
during 2017 the incidence of late blight disease in plants and fruits were slightly higher as compared to 2016. 
The incidence of late blight disease in plants found between 6.26 to 11.24 per cent whereas incidence of late 
blight disease in fruits ranged from 7.74 to 12.60 per cent. Similarly, observation on infestation of fruit borer 
was also recorded which varied 3.05 to 7.50 per cent during 2017 (Table 2). The average yield of tomato was 
maximum in Kota Kwanu i.e. 388.04 Q/ha whereas it was 371.05 and 342.44 Q/ha respectively in Majhgaon 
Kwanu and Malot Kwanu. Almost same trend observed in gross income and net income in all the five villages. 
The maximum net income of Rs. 7,14,100/ha was received from Kota Kwanu followed by Rs. 6,71,625/ha in 
Majhgaon Kwanu and Rs. 6,32,125 /ha in Malot Kwanu during 2017 (Table 2). Like farmers practice, the yield 
was also comparatively low during 2017 in the field demonstrations as compared to 2016 but due to premium 
market price i.e. Rs. 2500/Q almost same net income was received by the farmers. During 2016, the yield was 
higher in farmer practice and field demonstration both but sale price was Rs. 2000/Q. The earlier studies laid 
out by Kumar et.al. 2017; Pawar et.al. 2017; Sardana and Bambawale 2011; Sardana et.al. 2013; Singh, 2012; 
Singh et.al 2013; Singh et.al 2014 on integrated pest, disease and nutrient management also supported the 
results obtained in the demonstrations carried out in tribal and hilly areas of Dehradun district of Uttarakhand. 
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As such this kind of studies on technological intervention in tomato crop for large scale demonstration to 
mobilize the tribal farmers in hilly areas have not been reported. But F1 hybrid (Abhinav), insecticide, fungicide, 
water soluble nutrients used in the demonstrations have been reported effective by above authors on tomato 
crop in different parts of the country. 

It is clear from the field demonstration that proper adoption of various integrated crop management strategies 
mentioned in Materials and Methods can double the production and income of the tribal farmers as reflected 
in the large-scale demonstrations carried out on farmers field by participatory mode. The study based on 
demonstrations of viable technologies among the tribal farmers who were already cultivating tomato but 
receiving low yield and income get convinced that if they adopt the demonstrated technologies in their tomato 
crop in true letter and spirit, they can double their productivity and income by minor change in their existing 
crop management practices which is largely accepted by the farmers. 
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Harvest Factors   
Maturity at harvest stage is one of the main factors determining compositional quality and storage life of fruit, 
vegetables and flowers. All fruits, with a few exceptions, reach peak eating quality when fully ripened on the 
tree. However, since they cannot survive the post-harvest handling system, they are usually picked/plucked 
mature but not ripe. 

Stage of Harvest 

Harvesting can also affect final quality. For instance, when fruits and vegetables are harvested too late or too 
early in the season, overall taste, texture, and colour may be compromised. Maturity at harvest is therefore an 
important factor that determines the final quality of the produce. Harvesting of fruits and vegetables at 
immature stage leads to both qualitative and quantitative losses. Immature fruits fail to ripen normally with low 
nutritive values and have inferior flavour quality when ripe. On the other hand, over, mature fruits are likely to 
become soft and mealy with insipid flavour soon after harvest.  

Many vegetables, in particular leafy vegetables, and immature fruit-vegetables (such as cucumbers, green 
beans, peas, and okras), attain optimum eating-quality prior to reaching full maturity. This often results in 
delayed harvest, and consequently in produce of low quality. Most of the cut flowers are harvested at the 
immature stage. Roses are harvested at tight bud stage/cracked bud stage than the half open or full open stage. 

Time of Harvest 

It is advisable to harvest produce when temperature is mild as high temperature causes rapid respiration rate 
and excessive water loss. The recommended time for harvest of fresh horticultural produce is early morning 
hours or late evening hours. The amount of time between harvesting and delivery to a market also can damage 
the quality of the fruit, vegetable or flower. If fresh produce isn't processed quickly, it may also lose nutritional 
value. 

Methods of Harvest 

The method of harvesting (hand Vs mechanical) can also have significant impact on the composition and post-
harvest quality of fruits and vegetables. Sharp tools/ secateur /harvester/hand gloves/digger/vibrater/ 
trimmer/ any such items should always be used to detach the fruits/vegetable/flowers from the mother plant. 
Mechanical injuries (such as bruising, surface abrasions and cuts) can accelerate loss of water and vitamin C 
resulting in increased susceptibility to decay-causing pathogens. Cut flowers with long stem have higher post-
harvest life than short stem because shorter stem has less carbohydrate reserves. While cutting cut flowers care 
should be taken to give slant cut and not to crush. Slant cut helps in facilitating the maximum surface area to 
absorb water at rapid rate during vase life. 

Post-harvest Factors 

Temperature: Optimal temperature is a major important factor in determining the PH life of the produce. 
Senescence accelerate at higher temperature, whereas at low temperature, respiration comes down and in 
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fruits, vegetables and flowers lesser amount of ethylene and the multiplication of microorganism does not take 
place at faster rate.  

Harvested produce is ideally transported and stored under reduced temperature likely to maximize longevity. 
However, the effect of reducing temperature on maintaining produce quality is not uniform over the normal 
temperature range i.e. 0 - 30oC for non-chilling sensitive produce; 7.5 - 30oC for moderately chilling sensitive 
produce; 13 - 30oC for chilling sensitive plants. Normal ripening occurs at temperature range of 10 - 30oC, but 
best quality fruit develops ripening at 20 - 23oC. 

Light: Potted flowering plants/cut flower, it is advisable to illuminate the plants with 2 - 3 k lux (200-300 f.c.) 
with fluorescent and incandescent to create illumination of red and blue light.  

Humidity: Many horticultural produces should be kept at 80-95% RH for maintenance of freshness/turgidity. 
Produce start showing wilting symptoms when they have lost 10-15% of their fresh weight. The rate of 
transpiration from the produce is reduced with the increases of high RH. Care should to be taken not to maintain 
high RH coupled with high temperature results in faster infection by pathogen. Produce should not be stores in 
dry atmosphere because they become less turgid through quick transpiration.  

Water Quality: Water quality relates to pH, EC values, hardness contents of phytotoxic elements and 
microorganism causing vascular obstruction affecting longevity of the produce particularly cut flowers. Saline 
water decreases vase life flowers. Longevity of flowers reduced when salts concentrations reaches 200 ppm 
(roses, chrysanthemum and carnation) and 700 ppm (gladiolus). Basic ions like Ca++ and Mg++ present in hard 
water are less harmful than soft water containing sodium ions. Use of de-ionised water is better than ordinary 
tap water in enhancing vase life and even use of boiled water containing less air then tap water is readily 
absorbed by stem.  

Use of Millipore filter water enhances flow rate of water through cut stem and reduction of air blockage from 
vessel. Acidification of alkaline water with H2SO4 and HCl has been found to increase the vase life of cut flowers. 
At low pH, microbial population in stem of the flowers decreases. Acidification of water through citric acid is 
also helpful. The optimum pH for extending the vase life of flowers varies from 4.0 - 5.0.  

Wetting agents/surfactants like Tween -20®/APSA® at 0.1 - 0.01% (1.0 ml - 0.1 ml / lit.) decrease the surface 
tension of water , increase the lateral water flux which removes air bubbles and helps to maintain a continuous 
xylem water column in cut flowers.  

Plant hormones: Use of Cytokinin (Kinetin, BA and B-9), auxin (IAA) and gibberellins (GA3) are will delay 
senescence of the produce and are known to be ethylene inhibitors.  

Abscisic acid: ABA accelerates the developmental process associated with aging and increase sensitivity of the 
tissue to the ethylene production. ABA is also involving in senescence to increase the permeability of the 
tonoplast leading to cell disorganization, resulting in decreased water uptake and development of water/ion 
stress effects.  

Preservatives: Preservatives in the form of tablet containing a mixture of chemicals such as sugars, germicides, 
salts, growth regulators, etc. is being used to extend the vase life of the flowers. Sugars, biocides, anti-ethylene 
compounds (1-MCP, Potassium permanganate) and hydrated compound are used for conditioning. All sugars 
used in holding solution make excellent media for the growth of micro-organism causing stem plugging. 
Therefore, sugars must be used in the combination with germicides in the vase solution. Metallic salts like silver 
nitrate, cobalt chloride, AlSO4, ZnSO4, calcium nitrate and nickel chloride are used to extend the vase life of 
flowers. Growth regulators such as BA, IAA, NAA, 2,4,5 - T, GA3, B-Nine and CCC are also used. 

Ventilation, Spacing and Packaging 

Provision for air circulation must be maintained to remove respiration heat. Sufficient commodity spacing 
should be provided so that at least one side remains exposed for air circulation to prevent heat generation. And 
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only pre cooled products are allowed to be packed, but there should not be any direct contact between product 
and the containers. 

Packing and Packaging of Fruits, Vegetables and Flowers 

Preparation of produce for market may be done either in the field or at the packing house. This involves 
cleaning, sanitizing, and sorting according to quality and size, waxing and, where appropriate, treatment with 
an approved fungicide prior to packing into shipping containers. Packaging protects the produce from 
mechanical injury, and contamination during marketing. Corrugated fibre board containers are commonly used 
for the packaging of produce, although reusable plastic containers can be used for that purpose. Packaging 
accessories such as trays, cups, wraps, liners, and pads may be used to help immobilize the produce within the 
packaging container while serving the purpose of facilitating moisture retention, chemical treatment and 
ethylene absorption. Either hand-packing or mechanical packing systems may be used. Packing and packaging 
methods can greatly influence air flow rates around the commodity, thereby affecting temperature and relative 
humidity management of produce while in storage or in transit. 

Length of Storage 

One of the most significant factors that affect the quality of fresh produce is storage. Making sure that fresh 
produce is stored at optimum conditions is a key to retain their quality. If it is stored in poor storage conditions 
such as high temperatures, it will lose its nutritional value or spoil quickly. Storing fresh produce beyond the 
recommended periods even at optimum temperature can still cause loss of nutritional value. 
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Harvest Factors   
Rice is an important staple food for about 50 per cent of the world’s population. India ranks first in area (43.3 
million ha) and second in terms of production (85.32 million tonnes) and represents about 10% (225 million) of 
the total workforce in agriculture (Nag and Nag, 2004). Weeding in wetland paddy is largely done by hand 
weeder “Khurpi” in India.  Another method is the use of mechanical weeders. Hand weeding is laborious, time 
consuming and drudgerious. Power weeders are not found suitable for wetland paddy due to increased weight 
and operational difficulties in puddle field. Japanese paddy weeder and TNAU conoweeder are largely adopted 
by the farmers in India. Japanese paddy weeder requires large numbers of labours and creates poor 
incorporation of weeds into the soil, aeration to the root zone of crop and churning of soil. TNAU conoweeder 
creates effective weed incorporation into the soil, good aeration to the root zone of crop and better churning 
of soil. Even though, it is found drudgerious, time consuming and faces operational instability with frequent 
clogging of soil around weeding cone and blades in wetland condition.   

To offset this problem, TNAU conoweeder was modified and developed new conoweeder considering different 
design parameters. Serrated bladed weeding unit of 100 mm cone diameter and 30° blade angle was chosen 
and it was fabricated from standard materials. In SRI, the wider and equal spacing between the plants allow 
easy operation of mechanical weeders. This process incorporates the weeds into the soil as green manure crops. 
It helps build up of soil organic matter and subsequently large and diverse microbial population in the soil. Thus 
mechanical weeding operation facilitates the process of aeration in the soil. This in turn mobilizes the micro 
nutrients required for the healthy growth of the rice plant.  

In many parts of India, the hand weeder is a tool used in agriculture and allied activities to keep control of weeds 
in rice and other crop cultivation. Many different weeders have been designed, selected or proposed again with 
no clear definition of salient characteristics and no “definitive” design. From available literature, weeder is 
called push weeder, rotary weeder, mechanical hand weeder, rotary hoe or cono-weeder. All these designs are 
region specific to meet the requirements of soil type, crop grown, cropping pattern and availability of local 
resources (Goel et al., 2008). Hand weeding requires higher labour input and increased weight; operational 
difficulties in puddle field and design complexity with many working parts have been identified as major 
drawback in power weeders. Japanese paddy weeder and conoweeder found better than hand weeding in 
terms of weeding efficiency but, the conoweeder churns the soil and incorporates weeds into the soil more 
effectively than Japanese paddy weeder, which in turn serves as organic manure. It facilitates aeration into root 
zone results in higher tillering and ultimately more yields. There is a demand to improve manually operated 
mechanical weeders for wet land farming in India. 

Design of Weeding Unit 

In this study, push type ground driven weeder was taken into consideration. Weeding drums and blades are the 
major components of the weeding unit.  
1. Weeding drum: Rotating cones were designed considering that the shape of weeding drum facilitate easy 
and free forward movement of the weeder. Designs of weeding cones of diameters 100 mm were developed 
considering angle and length of the weeding cone were kept unchanged i.e. 40° and 130 mm respectively. They 
were fabricated from 2 mm thick MS sheet, 25 mm diameter MS round bar and bearings as shown in Fig.1. 
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Fig.1:   CAD view of developed main frame and serrated bladed weeding unit 

2. Weeding blades: To solve the problem of soil mass sticking on blade surface, it is necessary to reduce the soil 
contact area of the blade. For this, serrated edge blades were fabricated from 2 mm thick MS sheet of 120 mm 
length and 35 mm width and mounted on drum surface with blade inclination of 30° (Fig.2). 

 
Fig. 2: CAD view of developed serrated shape blade and float 

 
Fig.3: CAD view of mounting brackets and handle of the developed cono-weeder 

The developed cono-weeder having serrated bladed weeding unit gave best performance at 100 mm cone 
diameter and 30° blade angle (Fig.4). The values of different dependent parameters on this was compared with 
one of the most popular manually operated weeder i.e. TNAU conoweeder (Fig.4). 
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Fig.4: Developed cono-weeder and TNAU conoweeder 

The performance evaluation of modified and developed conoweeder in terms of different dependent 
parameters was carried out by field experiment in three replications and compared with TNAU conoweeder. It 
was ergonomically evaluated also to calculate physiological work load. The result of the experiment revealed 
that the developed cono-weeder was found more suitable for paddy weeding due to highest weeding efficiency 
87.77 %, field capacity 0.026 ha h-1 and maximum soil volume disturbed 6.49 m3 h-1. Plant damage, numbers 
of clogging and cost of operation were found lower as 4.58 %, 3 and 1107.90  ha-1 respectively than TNAU 
conoweeder. The overall performance of equipment can be computed in term of performance index which was 
found highest 2300 of the developed cono-weeder. The working heart rate for male and female subjects were 
observed higher as 148 beats min-1 and 152 beats min-1 respectively for weeding with TNAU conoweeder as 
compared the developed cono-weeder. The average energy expenditure rate of male and female subjects for 
weeding by developed cono-weeder were calculated as 16.86 kJ min-1 and 17.82 kJ min-1 which was less than 
TNAU conoweeder. Thus, the work with the developed cono-weeder falls under moderate heavy work, which 
is under acceptable limits of male and female subjects (100-120 beats min-1) in wetland weeding operation. 

Conclusions 

Based on the results of this study, it was concluded that developed cono-weeder was found superior than TNAU 
conoweeder with lower value of draft, power, cost of operation, plant damage, number of clogging and higher 
value of effective field capacity, weeding efficiency, soil volume disturbed. The working heart rate for male and 
female subjects were observed higher for weeding operation with the TNAU conoweeder as compared to the 
weeding operation with developed conoweeder. The average energy expenditure rate of male and female 
subjects for weeding operation with developed cono-weeder was less than the calculated value for male and 
female subjects in case of TNAU conoweeder. Thus, the work with the developed cono-weeder falls under 
moderate heavy work, which is under acceptable limits of male and female subjects in wetland weeding 
operation. 
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Introduction   
The Barak Valley in Southern Assam is comprised of three districts namely Cachar, Hailakandi and Karimganj. 
Among these, Cachar is the largest and Hailakandi is the smallest districts with total geographical areas of 3786 
sq. Km and 1327 sq. km respectively and that of Karimganj district is 1809 sq. km as per 2001 Census. It is also 
inhabited by various Ethnic Communities such as Bengali, Dimasa, Manipuri, Nepali, Assamese with the Bengali 
Community as the dominant group. It is a large reservoir of tradition fermented foods owing to its rich ethnic 
diversity and also due to the availability of surplus bio-resources in the region. Traditional food/Fermentation 
preserves the food and produces beneficial enzymes, B –Vitamins, Omega 3 fatty acids and various strains of 
pro-biotics. 

Food System and Wellness 

The numbers of species of plants, animals and micro-organisms, the enormous diversity of genes in these 
species, the different eco-system in the planet, such as deserts, rain forests and coral reefs are all parts of a 
biologically diverse earth. Bio-diversity means the conservation of biological diversity, sustainable use of Flora 
and Fauna and fair and equitable sharing of benefits from the use of genetic resources. However, power, grid 
and polities have affected the precarious balance. The United nations General Assembly declared 2011 to 2020 
the United Nations Decade on bio-diversity and adopted the strategic plan for bio-diversity 2011-2020 with the 
vision that by 2050, bio-diversity is valued, conserved, restored and wisely used to maintain a sustainable 
development based eco-system and delivering benefits essential for all people. Number of treaties, covenants 
for conservation of different species and habitats have also been signed and held. Bio-diversity is measured 
through several indicators, which includes study in the ecological balance, changing of climate over time and 
space and its consequences for eco-system, their services and human wellbeing Imbalance of bio-diversity 
affects the species, food habits of people vis-à-vis the nature dependence of human beings on plants and 
animals, which ultimately results in nutrition and genetic transformation.  

In this context, traditional foods and wellness of human beings may be kept in side. Traditional foods are the 
foods consumed in the way our ancestors ate them. These are tested, abundantly available, wholly nutrient, 
nourishing and conventional. These are mostly locally found, suited to the climate and nutritious rich in minerals 
and not spicy. Most importantly, it is healthy and helps in growth. It doesn’t contribute to damage of 
environment. Despite all these, craziness surfaces for fast foods amongst young generations against this 
background reviving and revitalizing the indigenous food, changing of mind set become important. It may 
perhaps be done through general awareness  about  usefulness of  traditional foods and  wellness of human 
beings. It will also promote business acumen amongst youngest generations, helps to grow special interest for 
promoting tourism and helps in maintenance of ecological balance too. Use of traditional foods for wellness is 
important due to easy availability. It is further observed that the incidence of malnutrition amongst children, 
diseases are very less in community who eat traditional food. Besides, how many different species exist in a 
particular environment is central to the understanding of why it is important and preserve species diversity. A 
uniform population of a single species of plants adapted to a particular environment is more at risk is 
environmental changes occur. Furthermore, it is also important to note that environment degradation is now a 
major global issue as humans depend on sustainable and healthy environment and yet we have damaged the 
environment in numerous ways for power generation, industrial purpose and selfish goals. It includes climate 
change, animal and nature conservation, genetically modified food and sustainable development. 
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Conclusions 

Traditional Foods play a vital role in ensuring the food security to all sections of people, particularly marginalized 
and vulnerable groups, which is achieved by combating malnutrition by providing protein supplements and 
other nutrients. Fermentation increases the range of raw materials that can be used as edible food products 
and removes the anti-nutritional factors. The contribution of the traditional foods helps in sustainability of 
regional economy by boosting the livelihood of the rural people.  

During the fear of Pandemic COVID-19, it has been discovered that there is increase in intake of Fermented 
Foods in the regions during the Lock Down period which has proved that people can survive taking 
traditional/fermented foods. 
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Introduction   
The Barak Valley in Southern Assam is comprised of three districts namely Cachar, Hailakandi and Karimganj. 
Among these, Cachar is the largest and Hailakandi is the smallest districts with total geographical areas of 3786 
sq. Km and 1327 sq. km respectively and that of Karimganj district is 1809 sq. km as per 2001 Census. It is also 
inhabited by various Ethnic Communities such as Bengali, Dimasa, Manipuri, Nepali, Assamese with the Bengali 
Community as the dominant group. It is a large reservoir of tradition fermented foods owing to its rich ethnic 
diversity and also due to the availability of surplus bio-resources in the region. Traditional food/Fermentation 
preserves the food and produces beneficial enzymes, B –Vitamins, Omega 3 fatty acids and various strains of 
pro-biotics. 

Food System and Wellness 

The numbers of species of plants, animals and micro-organisms, the enormous diversity of genes in these 
species, the different eco-system in the planet, such as deserts, rain forests and coral reefs are all parts of a 
biologically diverse earth. Bio-diversity means the conservation of biological diversity, sustainable use of Flora 
and Fauna and fair and equitable sharing of benefits from the use of genetic resources. However, power, grid 
and polities have affected the precarious balance. The United nations General Assembly declared 2011 to 2020 
the United Nations Decade on bio-diversity and adopted the strategic plan for bio-diversity 2011-2020 with the 
vision that by 2050, bio-diversity is valued, conserved, restored and wisely used to maintain a sustainable 
development based eco-system and delivering benefits essential for all people. Number of treaties, covenants 
for conservation of different species and habitats have also been signed and held. Bio-diversity is measured 
through several indicators, which includes study in the ecological balance, changing of climate over time and 
space and its consequences for eco-system, their services and human wellbeing Imbalance of bio-diversity 
affects the species, food habits of people vis-à-vis the nature dependence of human beings on plants and 
animals, which ultimately results in nutrition and genetic transformation.  

In this context, traditional foods and wellness of human beings may be kept in side. Traditional foods are the 
foods consumed in the way our ancestors ate them. These are tested, abundantly available, wholly nutrient, 
nourishing and conventional. These are mostly locally found, suited to the climate and nutritious rich in minerals 
and not spicy. Most importantly, it is healthy and helps in growth. It doesn’t contribute to damage of 
environment. Despite all these, craziness surfaces for fast foods amongst young generations against this 
background reviving and revitalizing the indigenous food, changing of mind set become important. It may 
perhaps be done through general awareness  about  usefulness of  traditional foods and  wellness of human 
beings. It will also promote business acumen amongst youngest generations, helps to grow special interest for 
promoting tourism and helps in maintenance of ecological balance too. Use of traditional foods for wellness is 
important due to easy availability. It is further observed that the incidence of malnutrition amongst children, 
diseases are very less in community who eat traditional food. Besides, how many different species exist in a 
particular environment is central to the understanding of why it is important and preserve species diversity. A 
uniform population of a single species of plants adapted to a particular environment is more at risk is 
environmental changes occur. Furthermore, it is also important to note that environment degradation is now a 
major global issue as humans depend on sustainable and healthy environment and yet we have damaged the 
environment in numerous ways for power generation, industrial purpose and selfish goals. It includes climate 
change, animal and nature conservation, genetically modified food and sustainable development. 
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Conclusions 

Traditional Foods play a vital role in ensuring the food security to all sections of people, particularly marginalized 
and vulnerable groups, which is achieved by combating malnutrition by providing protein supplements and 
other nutrients. Fermentation increases the range of raw materials that can be used as edible food products 
and removes the anti-nutritional factors. The contribution of the traditional foods helps in sustainability of 
regional economy by boosting the livelihood of the rural people.  

During the fear of Pandemic COVID-19, it has been discovered that there is increase in intake of Fermented 
Foods in the regions during the Lock Down period which has proved that people can survive taking 
traditional/fermented foods. 
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Abstract 

There’s no such thing as being too prepared for changes in the market. It’s impossible to know how consumers 
will respond to your nursery plants business until they start talking with their wallets, but market intelligence 
can give you good predictions—and maybe even the edge you need to be successful. Market intelligence has 
always been important, but in 2018, we’re lucky to have the convenience of big data tools to help us. The 
research process can be complex and overwhelming manually, but with new automation tools, it’s easier than 
ever to find the relevant data you need from your own internal sources and reputable websites.  

Marketing intelligence is a successful marketing strategy. You use different marketing strategies to promote 
your products or services with a different audience using different marketing tactics. However way you use it, 
you need to have a marketing strategy. What you write is the marketing strategy. You write this as your 
marketing strategy. What you write is your marketing strategy. 

With a marketing strategy, you have a plan. So, when you try new tactics, you can use them to promote your 
most important goal. You need to back this up with the strategies you have to ensure you can meet your goals. 
This will be one of the most important strategies you can have. The marketing tactics need to be in line with 
your strategy. If you have a marketing strategy, you have everything you need to get the results you want. If 
you can get the marketing strategy of your business, you can get the results you want. You can be successful by 
using the available resources. Marketing intelligence helps you understand your audience in detail and their 
demand of planting material. It gives you an idea of how your nursery unit will perform in the market against 
existing nursery units and also keeps you up-to-date with your competitors’ successes and failures, which can 
help in decisions making. 

Introduction 

If you don’t have a thorough understanding of market intelligence, don’t worry. It’s actually very simple when 
viewed broadly. Market intelligence and market research are sometimes defined as two separate things, but 
they’re essentially the same. 

Market intelligence and research are valuable processes. In either case, their process is the same: using data to 
understand the state of the market and the Nursery business’s place within it. Though market intelligence and 
market research often involve using internal data such as surveys and customer information to gain insights, it 
also involves looking at competitors, comparable products, and public data to understand how your planting 
material fit into the market place. 

Creating your marketing strategy is your first challenge. Your second is drawing up your marketing plan. 
Together, they’ll guide you and your team towards determining your goals, finding your voice, targeting 
demographics, analysing competitors. 
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Marketing Strategy 

Smart marketers know when to fire in a plan. Good marketers know when it’s time to retreat. With automation, 
it’s easier to retreat. This is where your marketing strategy is important.  
1. Why is it Important? 
Your strategy is the plan by which you work to reach your marketing goals. If you take the time to develop your 
strategy, you’ll get more from your marketing initiatives than you ever have. You can say that the marketing 
plan is a strategic document, but I like to just call it a marketing strategy.  

2. Why to integrate Your Marketing Strategy with Your Marketing Plan? 
You’ll learn not only why you need to have an integrated strategy with your planned marketing efforts, but 
exactly how to do that. You’ll focus on how to write the best tactics into your marketing plan. You’ll be able to 
see your strategy in all three sections: tactics, content, and digital. 

3. Why SEO Should Be Part of Your Marketing Strategy? 
Every day you drive your car, you take some little-old-herring along for the ride. If  you are going to be your own 
marketing strategist or agent for the day. Then you need to get some SEO and SEM optimization into your 
strategy for your marketing plan. The goals, strategy, content, strategy, creativity, and discipline are all going to 
be built in to your marketing plan. 

4. Why this is Important? 
It helps to have a little SEO in your marketing plan. It’s part of marketing. You’ll want your marketing plan to 
have a budget, a plan for your team. You’ll want to have a plan for your marketing channels. A plan for decision 
making. A marketing strategy helps not only with all of these things, but also helps you create a clear marketing 
vision for your business. 

Marketing Plan 

Your marketing plan must be complete to be useful. Your marketing plan must be well thought out. Your 
marketing plan must contain goals, action items, and a plan for success. Your marketing plan must be thorough. 
Your marketing plan must be something that drives your business forward. And it must be something you work 
with on a daily basis. 
1. Why Is Marketing Plan Important? 
Your marketing plan is your road map. It should give you a great perspective of how to get from point A to point 
B. Your marketing plan scripts how you’ll reach your goal. So, you know exactly where you’re going so you can 
get there. 

2. Why your plan must be great? 
Great quality marketing plans beat out awful marketing plans any day of the week. No matter how good you 
are at your craft. If you develop a crappy marketing plan, you’re going to have some plans for growing your 
business. 

3. Why it should be coherent with your marketing strategy? 
I have a trick I use and I rely on all the time. You’ll do the same. You’ll ask yourself what are the words you use 
every day in your business? It’s those everyday words. Do you use them? Are you representing your brand with 
those words? Are they congruent with the voice of your business? Check your marketing plan. It will dictate 
how you work every day and how you write tomorrow. 

4. Why you should have an overarching vision? 
Every marketer has a vision. It’s a goal. It is not just an accomplishment. Great marketers understand their 
customers’ expectations. They have an overarching vision that’s bigger than themselves. 

5. Why you should have a marketing Plan? 
If you’re going to write a marketing plan, it needs to include standard elements like budget and KPIs. But there’s 
plenty of information you can include in your marketing plan that doesn’t have a direct tie to your KPIs or your 
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budget. So, you need to have a plan. What’s covered in your marketing plan? Pricing, Training, Social marketing, 
Event marketing.  

a. Your marketing Plan needs to be good: Your marketing plan needs to be something that you use on 
a daily basis. And here’s one more tip. You’ll write your marketing plan in a way that you’ll know your 
need to use on a regular basis. So, what are you doing right now? How often do you see the numbers 
from your ads? How often do you check Facebook for replies? How often do you campaign? 
Marketing implementation – I’m going to show you how to integrate your marketing strategy with your 
marketing plan, and you’ll design a solid marketing plan that you can use on a daily basis. We’ll also 
discuss how to write every part of your marketing strategy. 

b. Your Marketing Strategy Needs to be Stealth Tactics: You may be wondering why you need a 
marketing strategy if you’re already developing marketing tactics. A good many people think their 
marketing tactics fall under the umbrella of marketing plan. But your tactics are going to be the thing 
that drives your KPI’s. Your marketing tactics are going to drive your KPIs. 

c. Why Your Marketing Tactics Need to be Stealth Tactics? 
Your tactics must be not only small in size but also in number. They need to be discrete with no call to 
action. They need to be direct. They need to be effective. They need to be as useful as they can possibly 
be. They serve to bring you closer to your goals. 

d. Why Marketing Tactics are Important? 
Don’t you realize how powerful every little thing you do is? When you start to think of these little things 
as part of your marketing tactics, it will be fun to see how you can utilize them. The tactics are the ones 
you use on a daily basis that support your marketing campaign. You need to identify these tactics. Some 
will be used on a daily basis. Some will just be looked at on a monthly basis. 

i. Some Marketing Tactics Come with an Agenda: Marketing tactics without an agenda can be a 
tough sell because they’re not direct and not as effective.  
ii. Marketing Tactics Need to Be Just Enough. 
iii. Marketing Tactics Need to be Direct. 
iv. Marketing Tactics that Are Easily Understandable Can Improve the Performance. 
v. Marketing Tactics Must Be Strategic. 
vi. Marketing Tactics Need to Be Easy to Understand. 
vii. Marketing Tactics Need to be Clear. 
viii. Marketing Tactics Need to Be In Between – Not Disturbing. 
ix. Marketing Tactics Need to Be Concise. 
x. Marketing Tactics Need to Be Precise. 
xi. Marketing Tactics Need to be Direct. 

Sales Forecasting 

It is based on no. of assumptions regarding customer and competitor behaviour as well as market environment. 
Primarily a management device for defining and stimulating sales effort. 

All Forecasts are Built on Three Assumptions 

1. What people say-surveys. 
2. What people do – test market buyers’ response. 
3. What people have done-time series analysis. 

Market Demand 

Total volume that would be bought by a defined customer group in a defined geographical area in a defined 
time period in a defined marketing environment under a defined market programme. 



 

 
Volume 2 - Issue 12 - December 2020       615 | P a g e  
 

Estimating Future Demand 

In most of markets total demand and company demand are not stable, a good forecasting becomes a key factor 
for profitable nursery. 

Problems in Marketing of Nursery Plants 

There are three aspects in marketing of nursery plants, i.e., Product, Price and Transportation. 

Product 

Table: 1. Adoption of seedlings disease free grafts: 

Table: 2. Differences between Seedlings and Disease-Free Grafts: 

Sl. No  Seedlings  Disease free grafts  

1  Less yield  More yield  

2  More diseases  Less diseases  

3  More duration  Less duration  

Problems in Marketing of Nursery Plants 

1. Care of the nursery and planting of the trees required a commitment of time and labour, which were in short 
supply.  
2. Lack of community infrastructure for replanting trees. 
3. Poor linkages among farmers, researchers and extensionists. 
4. Susceptibility of grafts to bacterial and viral diseases after four years. 
5. Involvement of commission agents and price of the graft vary from nursery to nursery. 
6. Lack of guidance to grow disease free grafts and organic method farming. 

Marketing Channels Followed by Growers 

Nursery producer       grower  
Nursery producer        Wholesale dealer’s       grower  
Nursery producer      Wholesale dealer’s       retailer       grower  

Strategies for Commercial Nursery 

1. A focus on crops, farmers are familiar with and systems of production that built on what was already practiced  
2. Investigation and pilot testing of market opportunities for nursery plants  
3. Action to strengthen and support self-help farmer groups and networking  
4. Awareness creation and Training and supply of mother plants to self-help groups and enterprising farmers to 
intensify nursery farming.  
5. Establishment of community nurseries to provide year-round employment.  
6. Raising of grafts by farmers showed avoiding transport of grafts from other regions, Grafts are grown in 
exactly same conditions (soil, water, climate) and no transplanting injury occurred.  
7. Easy access to grafts is a source of motivation for planting more trees.  
8. Women must regain control over plants and the associated knowledge and skills.  
9. Establishing nursery men co-operative society. 

Conclusion 

Market Intelligence aside from giving you an idea of where you stand in the market, market intelligence can 
offer a lot of benefits to your business, regardless of your product type.  

Adoption of seedlings vs disease free grafts Particulars  No  Percentage  

Seedlings  25  85  

Disease free grafts  5  15 
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Here are the top benefits of thorough research/study: 
1. Helps you understand your audience in detail and their demand of planting material. 
2. Gives you an idea of how your nursery unit will perform in the market against existing nursery units. 
3. Keeps you up-to-date with your competitors’ successes and failures, which can help in decisions making. 
4. Allows you to make changes in supply and preparation of nursery plants, if needed. 
5. Reveals new opportunities in the market—new segments or new plants. 
6. Reduces dependency on intuition and luck by informing decisions and strategic direction in plant 
development and marketing. 

In today’s fast-paced marketplace, nursery organizations can’t afford to skimp on gathering market intelligence. 
Missing out on these benefits can ultimately mean the difference between success and failure. 
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Transport of Pesticides in Air 

The releasing process of pesticides into the air from: 
1. Agricultural fields. 
2. Pesticide emission. 
3. Plant canopy. 
4. Soil surface to the atmosphere. 

Deposition 

Dry deposition: When the wind carrying a pesticide slows down enough that its velocity cannot hold it within 
the air, and it falls on whatever is beneath it. 

Wet deposition: Very small particulates or molecules of pesticide may remain within the atmosphere even the 
air is comparatively still. These pesticides are also off from the atmosphere when it rains and therefore the 
droplets catch them on their way down. 

Entry of Pesticides into the Atmosphere: Pesticides enter the atmosphere either by application drift, post-
application vapor losses or wind erosion of pesticide treated soil. They and their photodegradation products 
are also transported long distances earlier the removal processes of atmospheric wet and dry deposition return 
them to the earth’s surface. 

Application drift: Liquid sprays are applied through nozzles which provide metering, atomization, and uniform 
distribution of the pesticide mixture. Most of the atomizers use hydraulic pressure as the energy source for 
breaking the liquid into droplets. The proportion of the entire spray volume contained in droplet sizes below 
150 μm will be used as an indicator of drift potential, because it is these small droplets that are most at risk of 
movement under windy conditions. 

Post-application vapor losses: There are two kinds of applications. Pre-emergence applications, are applied to 
the soil surface before the emergence of the crop, are left undisturbed on the soil surface or incorporated by 
some type of soil disturbance into upper layer of soil. Post-emergence applications are applied to the crop, 
some of which are able to penetrate the crop and get deposited on the soil surface. 

Wind-erosion of pesticide-treated soil: Pesticides on the soil surface is susceptible to transport through wind 
erosion of soil. Large soil particles can roll on the soil surface under the influence of wind and this movement is 
named as surface creep. Smaller particles can become suspended within the air for short periods of time as they 
move laterally. It should involve as soil particles with adsorbed pesticide, major amounts of pesticide could be 
transported from the soil surface with the wind-eroded sediment.  

In a study, overall losses for 3 winter wind erosion events for 2 soil incorporated herbicides, trifluralin and 
triallate, were approximately 1.5% of the amount applied. Simultaneous losses of 4 post-emergence herbicides 
(2,4-D, mecoprop, bromoxynil, diclofop) applied to the soil surface averaged 4.5%. This study demonstrates the 
potential for environmental transport of pesticides on wind-eroded sediment and its associated implications 
for off-site air and surface water quality. 

Pesticides Frequently Detected within the Atmosphere 

Pesticides frequently detected within the atmosphere are: 
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1. Organochlorine insecticides: resistant to environmental degradation. 
2. Organophosphate insecticides: not long-lived in environment. 
3. Triazine herbicides: heavily-used herbicides, persistent in environment 
4. Acetanilide herbicides: used heavily, but not as persistent as triazine. 

Transport of Pesticides in Soils 

Soil texture (percent sand, silt, and clay) and structure plays great role in the transport processes of pesticides. 
Soil that are very sandy will allow water to move through them quickly, do not attaches easily to pesticide, and 
generally not contains larger population of soil organisms relative to other soil types. Soils that are high in clays 
and organic matter will slows down the movement of water, attaches easily to many pesticides, and generally 
have higher diversity and population of soil organisms that can metabolize the pesticide.   

Table 1.   Transport of pesticides in soils: 

Table 2. Pesticide persistent 

S.NO Persistent type Duration 

1 Persistence degree Typical soil half-life 

2 Non-persistent Less than 30 days 

3 Moderately persistent 30 to 100 days 

4 Persistent pesticides More than 100 days 

Adsorption 

Adsorption is the binding of pesticides to soil particles. The amount of pesticide adsorbed to the soil varies with 
the type of pesticide, soil, moisture, soil pH, and soil texture. Pesticides are strongly adsorbed to soils that are 
high in clay or organic matter. Most soil-bound pesticides are less likely to give off vapours or leach through the 
soil. They are also less taken up by plants. 

Sorption 

Sorption describes the attraction between a chemical with the soil, vegetation, or other surfaces. However, 
sorption most frequently refers to the binding of a chemical to soil particle. Pesticides that are sorbed to soil 
particles are more likely to stay within the root zone so that they will be available for uptake by plants and for 
degradation by microbial or chemical means. 

Sorption is influenced by soil moisture, organic matter content, and texture. Pesticides are more readily sorbed 
onto dry soil because water competes with pesticides for binding sites in moist soil. Organic matter and clay 
particles both have more surface area and are chemically active. Soils high in clay and organic matter, have a 
high potential to sorb pesticides. Clay content is additionally important for holding organic matter. Sand 
particles provide less surface area for sorption. Generally, soil bound pesticides increases with time. It means 
the more pesticide binding to the soil organic matter, more the application time. 
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Introduction 

Since around 20,000 B.C., people have been growing food for cultivation. While farmers have always had to 
deal with predators, they have new impediments in the 21st century, including the lack of arable land, extreme 
weather, and droughts. 

To combat these issues, many are thinking of new ways to cultivate crops. One of the most original ideas is 
Bace’s Rotofarm, a hydroponic farming system that rotates 360 degrees an hour and uses LED lighting to nurture 
the plants. While some companies have entered the indoor farming industry, it has never been put in such a 
compact area. 

What is Rotofarm? 

1. A NASA Inspired smart indoor garden. 
2. Rotofarm is a digital indoor garden that is designed from high technology to make it easy for planting 
vegetables, microgreens, and herbs 
3. The gadget was founded by Toby Farmer, the founder of Bace. 
4. This device was designed to help homeowners who do not have space to plant their fresh herbs and greens 
in their backyard. 
5. Rotofarm has a circular design that allows you to grow plants in a small area. Plants grown in this device tend 
to grow faster as compared to those planted in the yard because gravity has less effect on them. The effect of 
gravity is minimal to the pant because the device rotates every hour. 
6. Rotofarm is the size of an oscillating fan, enclosed by aluminium and made of high-quality, recyclable 
materials. Using it, even city-bound people can have access to nearly five feet of growing area in a countertop 
footprint of 11 inches. 

 

Main Features of Rotofarm 

1. Zero Gravity Technology: Inspired by NASA research, Rotofarm rotates a precise 360 - degrees every 46 
minutes. As crop rotates they spend time upside-down, eliminating the growth-restricting force of gravity and 
grow with the sunlight spectrum lightning .At the base of the Rotofarm are the internal power supply and a low 
voltage motor, which keeps the device rotate 24/7.Zero gravity technology helps in ensuring proper aeration of 
the roots and absorption of nutrients since there will be no hindrance from the gravitational force. 



 

 
Volume 2 - Issue 12 - December 2020       620 | P a g e  
 

2. Light setting: Crops rotate about a custom-designed energy-efficient LED light tube called sun+. It mimics the 
color emission of sunlight then boost purple and red for optimum plant health and growth speed for all stages 
of seedling growth. 

 

3. Biodegradable seed pots: Custom-designed seed pods are used of 100% biodegradable coconut fiber. 
Coconut fibre provides the perfect aeration and moisture balance required for healthy crops. 

4. Eclipse cover: This cover increases humidity inside Rotofarm whilst maintaining sufficient airflow across 
growing crops. Neodymium magnets are used for attachment. 

5. More light in and less light out: Eclipse cover is a single ring of polished aluminium that encloses an innovative 
acrylic panel, smoked on the outside and reflective mirror inside. The smoked exterior cuts 60% of glare. The 
reflective finish on the mirror reflects light amongst smaller  crops that may be overshadowed by larger ones. 

6. Grow: Lettuce, kale, spinach, wheatgrass, parsley, mint, edible flowers like chamomile and borage, rosemary 
and chives. 

Advantages of the Smart Indoor Garden 

1. It is energy efficient and easy to operate. 
2. Provides you with healthy greens free from chemicals. 
3. It is made of quality materials hence durable. 
4. It is easy to access it and harvest plants.   
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Introduction 

Root knot nematodes  belongs to the genus Meloidogyne and are usually plant parasitic which thrives under 
the soil with hot climates or short winters. About 2000 plants worldwide can get infected by the root knot 
nematodes and the nematodes cause approximately 5% of global crop loss. There are basically four species of 
Meloidogyne species (M. javanica, M. arenaria, M. incognita, and M. halpa) which are considered as the major 
pests worldwide (Chitwood, 1949). Meloidogyne species were first reported by Neal in 1889 in cassava. 
Vegetable crops grown in warm climates can experience severe losses due to the root knot nematodes and are 
treated with chemical nematicide. The damage results in poor growth, a decline in quality and yield of the crop. 
Many crops are susceptible to nematodes which includes tomato, potato, brinjal, okra, aubergine, gourds, 
carrot, cotton, lettuce and peppers, etc. 

Development of Nematodes and Infection 

Due to their parasitic nature, the nematodes possess a stylet for injecting secretions as well as injecting 
nutrients. The females range in length from 400 to 1000 µm. They establish a feeding site (giant-cells) in the 
root and permanently remain there. They inject secretory proteins in the plant cell due to which the parasitized 
cells have to face the changes and instead of cell division they just get bigger and contain more nuclear material 
inside them. The giant-cell produces large amount of proteins which get ingested by the nematodes. These 
giant-cells can grow into very large size. The root cells,  neighbouring the giant-cells divides rapidly and enlarge 
and forms gall like structures. Mature root-knot females can be observed without magnification. The male root-
knot nematodes range from 1100 to 2000µm in length. 

  
Gall formation Root-knot nematodes 

There are species that are parthenogenic or facultatively parthenogenic. The nematodes undergo four juvenile 
stages and just like insects, each of them progresses through a “molting” process. A single female nematode  is 
able to produce 500 or more than 1000 eggs. If the eggs get favorable conditions, they can survive for at least 
one year in the soil. 

Management 

The following methods are to be applied for the management and control of root-knot nematodes: 
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1. Cultural control: It is the most environmentally friendly  and potential successful method for controlling 
nematode damage. Due to the wide host range, this method requires proper planning. For example; M. 
incognita on cotton, can be managed with crop rotation. While M. halpa on vegetable crops can be managed 
by planting a non-host crop such as corn. 

Some cover crops such as sudangrass and marigolds can also be grown outside the main agricultural field as 
these cover crops produce chemicals that are toxic to nematodes. Other techniques like flooding and 
solarization of fields are also beneficial for controlling nematodes. 

2. Chemical control: As the root-knot nematodes  thrives in soil hence it requires application of large amounts 
of chemicals. Pre-plant treatment with the fumigants like 1,3-dichloropropene, methyl bromide and dazomet is 
commonly done to reduce the nematodes number. Also, the nervous system toxins such as oxamyl and 
fenamiphos has proved to be extremely effective for control. 

3. Plant resistance: Root-knot nematodes are controlled by several resistance genes in certain crops. For 
example;  In tomato, the Mi gene are transferred into susceptible germplasm and the genetically altered plants 
become resistance to infection by root-knot nematodes. Other resistance genes that are effective against 
species of Meloidogyne includes the Mi2 through Mi8 genes (from Lycopersicon peruvianum) and the Me and 
N genes from pepper. But in many cases these genes can become ineffective in higher temperatures. 

4. Biological control: The most commonly used biological control agents are nematophagous fungi and bacteria. 
Some fungi are Arthrobotrys species, Macrosporium species and Pochonia chlamydosporia while the major 
bacterial antagonists are Pasteuria penetrans and Bacillus species. 

Conclusion 

Root-knot nematodes have a wide host range hence they are the most common and destructive pathogens 
worldwide. They have higher survivability in temperate regions and if the eggs get favourable climate they can 
also survive for a year in the soil. It is extremely difficult to control the wide nematode species but the most 
successful approaches depend upon Integrated Pest Management strategies. A combined mechanism of 
cultural control, chemical control and resistance cultivars can be useful in management of root-knot nematodes.   
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Introduction 

Vegetables are the rich source of nutrients that are consumed in raw or cooked form. It includes all edible plant 
parts like flowers, fruits, stems, leaves, roots and seeds. Vegetable cultivation was started in late 10,000 B.C. to 
7,000 B.C., when new agricultural way of life developed. Vegetables have low content of fats and carbohydrates 
but are rich in vitamins, minerals and dietary fibres. China is the largest producer of vegetables in the world 
whereas India ranks second producing 175 million metric tonnes of vegetables (Anonymous, 2016-17).  

Bitter gourd is one of the most widely grown economically important cucurbitaceous vegetable. It is botanically 
known as Momordica charantia Linn and commonly called bitter gourd, balsam pear or bitter melon. It is 
a tropical and subtropical vine of the family Cucurbitaceous, widely grown in Asia, Africa, and the Caribbean for 
its edible fruit. Bitter gourd originated in India and was introduced into China in the 14th century. It is widely 
used in the cuisines of East Asia, South Asia, and Southeast Asia. It has diversity in types of varieties having 
different shape and bitterness of the fruit. It is bitter in taste due to momordicin content in it. 

Morphological Description 

The plant of bitter gourd is monoecious in nature and is annual climber. The leaves are palmate with 5-9 lobes. 
It has tendril which helps in climbing of plant. The flowers born are axillary in nature with yellow colour petals. 
The morphological structure of flower is; it has 5 stamens with free filaments and united anthers. The stigma is 
divided; and the fruit is pendulous in nature. The shape of fruit is fusiform and is ribbed with numerous 
tubercles. 

 

Planting Time 
The bitter gourd is grown by seeds. Good vigorous and viable seeds are preferred for its growth. Preferred 
growing season is June- July but it can also be grown in winter’s February-March. It can also be planted in pot 
and can be grown easily. Good fertile garden soil can be used for growing this vegetable. 

Variety 
Narendra Baramasi, Swarna Yamini, Konkan tara, Pusa Aushadhi, Indira, Arka Harit, Pant Kerela-1, Pusa Vishesh. 

https://en.wikipedia.org/wiki/Tropical
https://en.wikipedia.org/wiki/Subtropical
https://en.wikipedia.org/wiki/Vine
https://en.wikipedia.org/wiki/Cucurbitaceae
https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/China
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https://en.wikipedia.org/wiki/Variety_(botany)
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Neutraceutical Value 
Bitter gourd is excellent source of Vitamins B1, B2, B3, Vitamin C, magnesium, folic acid, zinc, phosphorus, 
manganese, and has high dietary fibers. 100g edible portion of bitter gourd fruit contain following mineral and 
nutrients. (Satkar et al. 2013): 

Parameter Amount Parameter Amount 

Moisture (%) 93.80 Vitamin A (mg) 0.04 

Protein (g) 0.90 Vitamin C (mg) 50.00 

Fat (g) 0.10 Riboflavin (mg) 0.03 

Carbohydrate (g) 0.20 Niacin (mg) 0.40 

Dietary fiber (g) 3.30 Thiamine (mg) 0.05 

TSS (° brix) 3.20 Calcium (mg) 22.00 

Acidity (%) 0.03 Magnesium (mg) 16.00 

Ash (%) 0.80 Iron (mg) 0.90 

Bitter gourd contains various chemicals (Charantin, Vicine, glycosides and plant insulin) that have hypoglycemic 
activity. It helps in lowering blood sugar level thereby is good for person suffering from diabetes. It is known to 
have anti-lipolytic properties which help in controlling obesity to some extent. It has anti-inflammatory and 
astringent properties (Kumar et al. 2010). Fresh juice of leaves of bitter gourd is also a useful medicine in early 
stages of Cholera and other types of diarrhea (Ganesan et al. 2008). Bitter melon has been used in various Asian 
and African herbal medicine systems for a long time. In Turkey, it has been used as remedy for a variety of 
ailments and stomach related problems. It is used in treatment of stomachic, laxative, antibilious, emetic, 
anthelmintic agent, for the treatment of cough, respiratory diseases, skin diseases, wounds, ulcer, gout, and 
rheumatism. 

 

Conclusion 
No doubt bitter gourd is great choice for kitchen garden cultivation for its wide health benefits and easy growing 
condition. Bitter gourd is consumed fresh green as in fries or stuffed with onion and different spices. Fresh juice 
of bitter gourd is also consumed which helps in controlling obesity. Juice of its leaves can also be consumed and 
has good effect on number of diseases. 
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The Blue Bull/Nilgai (Boselaphus tragocamelus Pallas, 1766) is a largest antelope in India; in fact, it is the largest 
antelope in Asia. Indigenous to India, it’s distributed from the foothills of Himalayas and most parts of India viz., 
Andhra Pradesh, Bihar, Chattisgarh, Gujarat, Haryana, Himachal Pradesh, Jammu and Kashmir, Madhya 
Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Uttar Pradesh, Uttaranchal, Jharkhand and West Bengal. It is 
reported in some parts as north-east India and the southernmost parts of India as well. Globally, the Nilgai are 
also reported from Nepal, Pakistan and Bangladesh. The Nilgai was introduced in to the Mexico and United 
states where they are vectors of cattle fever ticks (CFT). Nilgai (approx. a lakh) occur in human dominated 
landscapes and crop fields outside protected areas in most part of Indian subcontinents and with a steady 
population number. This stability is believed to be their adaptability to the agricultural areas, causing crop 
depredation (Chauhan, 2011; Meena, 2017). 

Systematic Position   
Phylum: Chordata 
Class: Mammalia 
Order: Artiodactyla 
Family: Bovidae 
Genus: Boselaphus 
Species: B. tragocamelus 
Common name: Nilgai, Blue bull 

Study Area   
The present observations are from Cheethwari village (Figs.1-3) in Jaipur district of the state of Rajasthan. Nilgai 
were found in agricultural fields foraging, trampling, and resting in field.  The study area has cultivated fields 
with patches of scrub vegetation including the Khejri trees. 

Crop Damage 

This highly adaptive antelope intrude cropland ecosystems causing damage to the tune of 10-20%. The major 
Rabi crops cultivated in the area include wheat, barley, rapeseed, mustard, carrot, radish, fenugreek chickpea, 
pea, sesame etc. and Kharif crops are bajra, pulses, jowar, maize and groundnut. Off late, major vegetables 
crops viz. Tomato, Pea, Chilli, Brinjal, Cabbage, Cauliflower are cultivated. They nibble flowers, fruits/pods and 
in some case the entire crop is depredated. They enter in to field in herds ranging up to 10 or even 20 trampling 
the crop due to the herd movement. 

Mitigatory Measures 

The farmers are using passive deterrents such as scare crow, fencing of wooden twig surrounding the field, wire 
fencing and now most commonly mesh nets are used. The common active deterrent methods recorded were 
guarding by farmer, drum sound and pelting of stones to chase the bovid. Among all the strategies, the fear-
provoking shouts of the guarding farmers keeping vigil to chase these crop depredators is widely practiced. To 
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escape the blue bulls, take to their cursorial mode of locomotion that can reach up to 29 mph. Other 
recommendations include use of chemical repellents, capture and translocation, sustained harvesting, and 
reproductive management of nilgai populations (Chauhan, 2011). Since 2015, the Union Environment Ministry 
has acceded to requests from Uttarakhand, Himachal Pradesh, and Bihar to declare wild boar, rhesus macaque, 
and nilgai as vermin within specified territories of these States, and outside forests and protected areas. Thus, 
allowing their killing for five years, the center later sanctioned the proposal but allowed killing of the nilgai for 
only one year. (https://www.thehindu.com/opinion/op-ed/What-is-and-isn%E2%80%99t-
vermin/article14433879.ece.). 

Cultural Values 

In texas, the nilgai is a menace and popular game animal, hunted as part of game hunting events like the ‘Big 
Time Texas Hunts entries. On the contrary in India, communities like the Bishnoi and conservationist are strongly 
against any proposal for culling of nilgai or capturing them with physical force. This sacred reverence has also 
been a factor that protected it against hunting. 

Conservation Status: IUCN/WPA/Indian Status 

Nilgai, in India, comes under Schedule III of the Wildlife Protection Act, 1972. And as per Section 62 of the Wild 
Life Protection Act, the Central Government may, by notification, declare any wild animal other than those 
specified in Schedule I and Part II of Schedule II to be vermin for any area and for such period as may be specified 
therein and so long as such notification is in force, such wild animal shall be deemed to have been included in 
Schedule V. In the list of International Union for the Conservation of Nature and Natural Resources (IUCN), nilgai 
is categorized as an animal of ‘Least Concern’ (https://indianexpress.com/article/india/india-news-india/bihar-
intended-to-cull-nilgai-and-wild-boar-as-vermin-for-five-years-rti-3027752/.). Nilgai are often victim to 
vehicular accidents. Measures to sustain the forest habitats would minimize the herd getting into agricultural 
fields and traversing highways. 

  
Fig.1. Nilgai herd crop depredation in a horticulture 

field in Cheethwari 
Fig.2. The herd exiting the field after being chased 

by the guarding farmers 

 
Fig.3. The nibbling of crops by the herd 
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”The wildlife and the habitat cannot speak, so we must and we will” 
-Theodore Roosevelt 

India is home to the largest population of Asian elephants (Elephas maximus). They have been depicted in many 
cultural and religious scriptures as lord Ganesha, the very reason for worshipping elephants. Elephants are an 
important umbrella species as their conservation helps in biodiversity enrichment. They help in seed dispersal, 
dig waterholes and modify their surroundings which benefit other animals as well. 

 
Fig.1.Elephant distribution in India according to 2017 census (Source: 

http://www.indiaenvironmentportal.org.in/files/file/Synchronized%20Elephant%20Population%20Estimati
on%20India%202017.pdf) 

We do take pride in them, but ignorantly continue to harm them. Human-elephant interaction hasn’t always 
been very pleasant. The boom in the human population in the recent decades has facilitated the loss of habitat 
of many species. Where the wildlife is struggling for its existence, exploitation of the limited resources continues 
which has started manifesting with detrimental consequences. According to the Endangered Species Act of 
1976, Asian elephants have been declared as endangered species and in the Wildlife Protection Act of India, 
1972, as Schedule-I species. Human-elephant conflict (HEC) is the adverse impact people and elephants have 
on each other, it’s a major conservation concern in elephant range countries including India. HEC is largely due 
to land fragmentation and atomization of habitat area of elephants. Human settlements have a dual impact on 
elephant habitat viz., habitat loss and area denial (Desai and Baskaran, 1996). The decrease in forest stretches 
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has made it difficult for the gentle giants to undertake their rhythmic migratory activities safely and peacefully. 
Their sources of food and water have become limited propelling them to foray into human use areas to feed on 
agricultural and plantation crops causing obligate or opportunistic crop-raiding.  

With damage to property and human life arising as incidental damage, due to feeding on crops and trampling, 
people in the conflict prone zones resort to violent measures like pelting stones at the pachyderms resulting in 
injuries or even leading to retaliatory or accidental killing of elephants. The conflict zones of India are spread 
across North Bengal, Karnataka, Assam, Tamil Nadu and Kerala. HEC intensity is highly variable, ranging from 
very occasional to chronic. Various mitigation measures have been taken up to minimize conflict and its 
deleterious impacts on both the sides. 

1. The continuous stretch of forests has been punctuated by many barren spots. In these forest areas, grass 
seeds are grown in small patches of land and tended to for about three to four years. These serve as an 
alternative diet for the elephants. These grasses can be consumed by the elephants without the villagers’ crops 
being compromised. Imperata cylindrica and Leersia hexandra are examples of grasses grown in the forest so 
that the villagers can grow their crops safely.  

2. We are aware about the alarming rate at which these tusked farmers are losing their home. Hence, the 
concept of Vayals has been extremely successful as a mitigation measure. Vayals are swampy areas in the forest 
or a patch of land. These serve as microhabitats for the elephants. They come here to rest, bathe and drink 
water. The water suffices their thirst and they don’t have to wander in the scorching heat of the summer days 
to quench their thirst. This is widely practiced in Kerala.  

3. New bamboo plantations/Restocking of existing degraded bamboo areas and also in lantana removed areas.  

4. Alternate cropping which suits both the local villagers as well as the elephants. 
a. The fodder plantation practice is a strategy been introduced in many areas. Fodder crops for the 
flagship species are cultivated on the edges of forests to prevent the elephants from venturing out into 
the human settlements. Sorghum, Naanal grass, Coconut trees, Vaagai and Alanthalai are some of the 
fodder crops besides seasonal fruits. The forest department along with the elephant squads plays a 
major role.  

b. The local villagers are encouraged to grow crops like maize that are nutritious for elephants. These 
heavy weights obtain a rich diet when they visit the farms. The villagers are compensated by the forest 
department if the elephants raid these crops. This is beneficial for the farmers and to befriend their 
estranged pachyderms frequenting their fields. Sustenance farming is a common phenomenon observed 
in many parts of India. Villagers rely upon the extra crops they grow. These may be edible or commercial. 

c. Elephants are kept away from the farms by planting chillies, ginger, citrus fruits, onions as such. They 
act as elephant repellant crops. This way the elephant raids are prevented, saving the farmer’s crops 
and also keeping the elephants confined to the forests. Lemongrass is one of the plants used for 
biofencing. The smell repels the elephants. This way they stay away from the farms. Another biofencing 
crop is agave which is used to impede elephants. Farmers are able to harvest a crop that is commercially 
viable, resistant to elephants, and useful in the defense of their fields. 

d. Farmers need to grow crops that are economically beneficial and at the same time are deterrents for 
elephants. Tobacco is one such growth that suits both their needs. A good example to explain this is the 
case study observed in Nagarhole National Park. It is a conflict prone area. The villagers started to grow 
tobacco in place of Ragi. The alternate crop did not attract the colossus mammals. 

e. In Africa and some parts of Sri Lanka and India, bee hive fences have been found to effective in 
deterring elephants. Farmers get additional benefit of income from honey and better pollination. 

Barnes et al. (2003) suggested a zonation system whereby farmers with land within 1km of park boundary would 
be discouraged from growing food crops over time, and would be encouraged to cultivate crops that are 
unpalatable to elephants. They would also seek alternative sources of income. This would reduce the 
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attractiveness of the land immediately adjacent to Park boundary to elephants. In the second zone, more than 
2 km from the park boundary, farmers could cultivate subsistence food crops. Experts opine that if cropping 
pattern including alternate crops to effectively reduce HEC, it must involve the entire community and that on a 
sustained basis lower damage rate by elephants and increased income to farmers needs to be ensured. The 
Project elephant was started in 1992 by the Government of India aimed to preserve the endangered Asian 
elephants. Its main objectives are as follows: 
1. To protect elephants, their habitat & corridors. 
2. To address issues of man-animal conflict. 
3. Welfare of captive elephants. 

This project was initiated with the hope to strengthen the declining population of the tusked farmers. Many 
research activities like alternate fodder crops and their behaviour, health and disease and anatomical studies 
have been put into effect. The areas under elephant reserves have been increased. There has been strict 
supervision and check on poaching, ivory stealing and inhuman dealing with elephants in the conflict areas. 
Elephant census is conducted once in 5 years under the aegis of Project elephant. India has 27,312 elephants 
according to the 2017 census accounting for 55 per cent of total world elephant population.  Overall, this project 
has been a huge success and is meeting with its objectives efficiently. Conflict mitigation also requires an 
increase in local people’s tolerance to damage. The jungles we have taken over, the streams we have reduced 
to trickles, the lands we have soiled and the air we have tainted; all of it belonged to these tusked giants first. 
The devastating blow that we have dealt to this species is something that cannot be undone. It’s to be 
remembered that WE, the humans have encroached upon the lands of the elephants. Their protection and 
conservation should be our rightful duty. They have as much right to live as we humans do. Thus, it’s our duty 
to provide them the safe migratory passages (the corridors) and take care of their nutritious diet and water. 
What’s left to do is to support the conservational methods aggressively and work unitedly to make Mother 
Earth a blissful utopia to live in. 
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Introduction 

“An organic farm, properly speaking, is not one that uses certain methods 
or substances and avoid others; it is a farm whose structure is formed 
in imitation of the structure of a natural system that has the integrity, 

the independence and the benign dependence of an organism.” 
- Wendell Berry, The Gift of Good Land. 

Organic farming is the process of growing crops or livestock without any use of inorganic substances, viz, 
inorganic fertilizers, pesticides, herbicides, growth hormones, or genetically modified organisms (GMOs). As the 
principle “feed the soil, not the plant” states, organic farming completely emphasizes on food security and soil 
health. To say further, organic farming can be regarded as a holistic approach that has been created to optimize 
the productivity and health of diverse communities in the ecosystem, including human, plant, and soil fauna.  

In India, the organic certification mark is termed as ‘India Organic,’ and certification is carried out by APEDA. 
This mark ensures that the product meets all the national organic standards set by the Government of India 
under the National Program for organic production. Also, the FSSAI (Food Safety and Standards Authority of 
India), in 2017, has introduced a new logo, named ‘Jaivik Bharat’ to help consumers identify authentic organic 
food. 

Differences Between Conventional Farming and Organic Farming 

The most significant difference between conventional and organic farming is that conventional farming relies 
on chemical products to fight weeds or pests, whereas organic farming permits no chemical intervention. 
Organic farming simply utilizes farming techniques like crop rotation, mulching, composting, green manuring, 
etc to grow chemical free foods. 

In conventional agriculture, with the use of chemical fertilizers, the productivity fastens at a quick pace and 
lesser amount of time. And that is why exactly farmers find it tempting to use them. But the toxic elements used 
in the manufacturing of fertilizers and pesticides ultimately accumulate in the fruit itself and may lead to severe 
ailments to the consumer. Moreover, these chemicals are also a big no-no to the environment as they create a 
residual effect on soil and air. 

On the other hand, organic farming takes some time to boost the productivity. But it is a perfect alternative to 
the conventional agriculture since organic farming practices don’t cause any issue of pollution or don’t 
compromise human health. As health is the only wealth, a human being possesses, not to look after it may cost 
him so much. Organic farming has little emissions of carbon and helps to restore the natural soil properties. The 
application of compost or vermin-compost to the soil even helps to improve the soil characteristics such as 
organic matter concentration, buffering capacity, cation exchange capacity of soil, etc. The technique of crop 
rotation not only maintains the soil fertility but also reduces the incidence of pests and diseases by breaking the 
disease cycle. 

When it comes to the expenses of growing food organically, it costs somewhat more than conventional farming. 
But over the years, the costs of both the farming activities become equal since the price of organic foods in 
market is higher. During the initial two or three years, organic farmers may not be able to generate a huge 
amount of revenue, but after the transition period, organic farming becomes more profitable than conventional 
farming. One study has shown that organic farming is almost three times more remunerative than conventional 
one. 

Nikumani Choudhury
Assam Agricultural University, Assam
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The cost of cultivation of foods in organic manner is more since it involves more labour costs than a conventional 
farm. However, the purchasing cost of fertilizers, pesticides, GMOs are not there in organic cultivation; 
therefore, the cost of cultivation of both the farming activities almost lie at the same level. Organic farming can 
be performed with all the farm available materials, and no products go to wastage.  

Organic foods are more expensive because their demand is higher than supply. Besides, the price of organic 
products does not only include the production cost, but also account for some other factors like food security, 
environmental security, etc. Post-harvest handling of small quantities of organic foods results in higher prices 
because of the mandatory segregation of organic and conventional produces for processing and transportation. 
Marketing and supply chain for organic products is relatively inefficient, and that is why costs are higher. 

In a study regarding the resilience of organic crops, it was found that organic corn yielded 31 percent higher 
than conventional yields in the seasons of drought. When this yield was compared to the genetically modified 
‘drought tolerant’ varieties, organic varieties completely out yielded them. 

Organic farming is more efficient than conventional farming in terms of energy also. Organic systems use 45 
percent less energy overall than conventional systems, whereas, in conventional farming, the nitrogen fertilizer 
only accounts for 41 percent of energy costs. 

The Oxford meta-analysis of 71 studies revealed that organic farming requires 84 percent more land than 
conventional farming for an equivalent amount of harvest, mainly due to lack of nutrients but sometimes due 
to weeds, diseases, or pests.  

Conservation of natural resources and biodiversity is a core principle of organic cultivation. The organic farmers 
even utilize natural methods to increase the population of beneficial insects and trap the harmful one.  

While modern techniques have revolutionized the agricultural sector, it is also replacing human resources with 
machines and chemicals and ultimately creating problem of unemployment. In a country like India, everybody 
is aware up to which extent unemployment is pronounced. Therefore, organic farming is the most suitable way 
to erase these kinds of issues and sustain the natural ecosystem. 

Conclusion 

The concept of organic farming is still new, and a majority of farmers are still unfamiliar with this, although it 
had originated early in the 20th century. The markets for organic products are strongest in North America and 
Europe. In India, organic products have still not captured the market graph, though the country has domination 
in agriculture.  

To popularize and encourage farmers towards organic cultivation, the Government needs to put more efforts 
by creating campaigns and awareness programs. Besides, the agricultural extension officers should also take 
active participation in promoting organic farming to every nook and corner of the country. As rightly said by 
Masanobu Fukuoka, the ultimate goal of farming should not only be the growing of crops, but the cultivation 
and perfection of human beings and nature. 
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The crops, which are neither grown commercially on large scale nor traded widely, may be termed as 
underutilized horticultural crops (UUHC). These crops are cultivated, traded and consumed locally. The 
popularity of these horticultural crops varies from crop to crop and locality, which however, can be enhanced 
to a greater extent through publicity. The underutilized horticultural crops (UUHC) have many merits. These are 
easier to grow and hardy in nature, producing a crop even under adverse soil and climatic conditions. 
Exploitation of underutilized horticultural crops has become the need of the hour in horticultural development. 
The underutilized fruit crops provide nutrition to the poor and needy by meeting the nutrient requirements of 
vulnerable groups of tribal populations. The underutilized fruit crops also have the potential to provide 
economical security to tribals by giving employment and by fetching good returns from their sale in raw form 
as well as value added products. These underutilized fruits didn’t have popularization because of unawareness 
about their utility, neglected research, lack of proper post-harvest management and value – addition and 
absence of unproved varieties. Underutilized fruits, nuts and vegetables are a rich of source of carbohydrates, 
fats, proteins, energy, vitamins – A, B1, B21, B3, B6, B9, B12, C, folic acid, minerals – Ca, P, Fe and dietary fibre. 
The underutilized horticultural crops have the nutritional capacity to prevent and cure various diseases like 
kwashiorkor, marasmus, night blindness, anemia, diabetes, cancer, hypertension etc. Even, today’s Ayurvedic 
medicine is wholly dependent on these underutilized crops. Its importance can be revived by adopting effective 
extension strategies to overcome the challenges by promoting research in this field. The following thrust areas 
are to be stressed upon like development of package of practices, need for awareness campaigns, promotion 
of market strategy, standardization of new products, and use of new high productivity varieties. 

Exploitation of underutilized horticultural crops has become an important agenda in horticultural development 
under W.T.O. regime and IPR considerations. These crops not only provide nutritional security and meet 
medicinal requirements of people but are also capable to generate employment for millions. In India herbal 
medicines have been in use since time immemorial for the cure of ailments and underutilized fruits and 
vegetables have been in use by the landless to earn their livelihood. 

Thus, product development and diversification of value-added products have become very important for 
underutilized fruit production. The country is successful in evading appropriate processing technologies for the 
profitable utilization and value addition in these fruits. As a result, products like jam, jelly, preserve, beverages, 
pickle, dehydrated fruits and vegetables have been developed and they are having good commercial potential 
for solving nutritional deficiency problems in tribal areas. The importance of these lesser-known fruits is 
increasing day by day because people realized the importance of new useful terms such as caloric sweetness, 
insecticide compounds and medicinal value. Most of the underutilized fruits are rich source of vitamins (ascorbic 
acid, thiamine, niacin, pyridoxine, folacin), minerals, fat, protein and dietary fiber. 

Constraints in Utilization of Underutilized Fruits 
1. Lack of awareness about utility (medicinal & nutritional value) of underutilized fruits. 
2. Most neglected research on underutilized fruits. 
3. Lack of awareness about post-harvest management. 
4. Highly inadequate efforts in value addition and export. 
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5. Poor recognition of underutilized fruits in horticulture promotion programme. 
6. Non- availability of suitable plant materials and absence of improved varieties. 
7. Lack of standard package of practices. 

Use of Underutilized Fruits for Nutritional Security 
Specific nutrient deficiency, malnutrition and underweight of children is a significant challenge in tribal areas of 
Rajasthan. It increases the risk of premature delivery and low birth weight. Maximum children of tribals are 
suffering from iron deficiency anemia, retarded growth, impaired cognitive performance, and reduced physical 
activity. Nutrient deficiency also accelerates the mortality and morbidity rate in women. Underutilized fruits, 
nuts, and vegetables play a significant role in tribal population nutrition, especially as sources of vitamins 
{ascorbic acid (C), carotenoids (A), thiamine (B1), riboflavin (B2), niacin (B3), pyridoxine (B6), folacin}, minerals, 
fat, protein and dietary fiber. In some of the tribal area vegetables and fruits just grow wild on barren land 
which are available free of cost to provide food and nutrition security. Most of the tribal food resource is 
available in plenty during a particular season but all have not been utilized to desired extent due to many 
reasons. Thus, people residing in tribal areas hardly get considerable advantage from the abundantly available 
resources. The solution of the problem lies only in evolving the techniques of value addition, providing market 
and educating the tribals about nutritional quality of underutilized commodities. Processing and value addition 
of tribal fruits and vegetables into more useful, digestive, tasteful and convenient products ultimately improve 
the economic value of underutilized commodities and develop nutritional security of the tribals. 

Extension Strategy to Increase the Scope for Utilization of Underutilized Fruits 
Increasing utilization of underutilized fruits in the rural areas is a big challenge. Intensive efforts are needed on 
the part of the research scientists as well as the extension agencies. The research scientists have to pay 
adequate attention in developing appropriate technologies with the active involvement of the farmers in the 
research at local level. The extension scientists on the other hand have to evolve suitable methods for 
popularization of generated technology among the rural masses, so as to increase the area under cultivation of 
the underutilized fruits. The following points are to be considered for extending the utilization of underutilized 
fruits: 

1. Awareness generation: At the very on set. There is necessity to make the farming community aware about 
the nutritional importance of non-traditional fruits. For this the extension agents can organize special 
awareness camps/ campaigns, exhibitions etc. 

2. Use of electronic media: Among electronic media, radio and T.V. are potentially a powerful means of 
information support for agricultural extension, which could be utilized at the awareness generation stage. 

3. Use of audio & videocassettes: Audio & video as a medium of transfer of agricultural technology is of 
undoubted value. Audiocassettes on underutilized fruits could be prepared by synchronizing technical messages 
with the area specific folk songs. 

4. Human resource development through trainings: In order to develop greater awareness regarding 
underutilized fruits specialized trainings for the extension personnel of department of agriculture & Horticulture 
and scientists of KVKs should be organized at various levels. 

5. Training of farmers: In the process of technology transfer, the training of farmers, farmwomen & rural youth 
play an important role. There are regular training programmes for farmers and farmwoman in all agriculture 
universities and KVKs. 

6. Organization of farmers fair: The farmer’s fair plays an important role in creating awareness about new 
technologies to a large number of people. 

7. Farmer scientist interface: In order to have continuous interaction between the farmers and the scientists 
for the purpose of getting feedback. 

8. Survey for the plant material: Intensive survey by the scientists should be made to find out possibility of 
growing various fruits in the specific area and then farmers should be motivated for cultivation of the fruits. 
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9. Promoting research work: Presently majority of these fruits grow in wild, semiarid conditions and as stray 
plants. Both the yield and fruit quality are low hampering the popularity. 

10. Establishment of processing industries: For better economic returns and proper utilization of non-
traditional fruits, emphasis should be given to develop processing units in the rural areas. 

Conclusions 
In the present horticultural scenario of India, this is the burning issue as how best the underutilized horticultural 
crops can be exploited. There is tremendous potential for these crops especially for diversification. These plants 
can generate employment for millions especially to the natives of developing counties besides nutritional 
security. Traditional wisdom of Indian farmers if used properly can pave the path for transforming the economy 
of developing nations. There are great opportunities for the people to identify crops, explore their market, 
standardize their cultivation and processing techniques, document them and provide jobs to millions .This will 
salvage the people from exploitation by multinational companies of developed nations. 
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