
AGRICULTURE & FOOD
e-NEWSLETTER

 
November 2019

Monthly online magazine covering
trending and important aspects related to

Agriculture, Horticulture, Food science,
enviornment 

ISSN:  2581 - 8317

WWW.AGRIFOODMAGAZINE.CO.IN

Volume 1 -  Issue 11



EDITORIAL BOARD 
www.agrifoodmagazine.co.in 

 

Editors Reviewers 
Dr. Tanmay Kumar Koley (ICAR-EZ) Dr. Shekhar Khade (BAU) 

Dr. Manoj Kumar Mahawar(ICAR-CIPHET) Dr. Dickson Adom (GHANA) 

Prof. Umesh Thapa (BCKV) Dr. Suddhasuchi Das (ATARI, Kol) 

Prof. Fatik Kr. Bauri (BCKV) Mr. Sourav Mondal (BCKV) 

Dr. Pynbianglang Kharumnuid (IARI) Mr. Shashikumar J.N. (MPUAT) 

Dr. Nagendra Kumar (DRPCAU) Mr. Prasanna Pal (NDRI) 

Dr. Pradip Kumar Sarkar (ICAR - EZ) Mr. Dr. Sandeep Singh 

Dr. Venkata Satish Kuchi (YSRHU) Mr. Subhrajyoti Chatterjee (BCKV) 

Ms. Sujayasree O.J. (IIHR) Mr. DodlaRajashekar Reddy (YSRHU) 

Dr. Udit Kumar (DRPCAU) Dr. Varun Mishra 

Dr. K Prasad (DRPCAU) Mr. Abhijith M (KAU) 

Dr. Chandan Karak (BCKV) Ms. Smriti Singh (GBPUAT) 

Dr. Vivek Kumar Singh (DDA - GOI) Mr. Subhrajyoti Panda (OUAT) 

Dr. Rekha Rani (SHUATS) Mr. Atul Yadav (NDUAT) 

Dr. Gopal Shukla (UBKV) Mr. Bapi Das (ICAR-NEZ) 

Dr. Nirmal Kumar Meena (KAU) Mr. Alamuru Krishna Chaitanya 

Dr. K. Rama Krishna (CUTN) Mr. Sukamal Sarkar (BCKV) 

Dr. Anil Kumar (SRI - DRPCAU) Mr. Kariyanna B. (UAS Raichur) 

Dr. S. B. Satpute (MGM NKCA) Ms. Manali Chakraborty (CUH)  

Dr. Pedda NagiReddy Pocha (ANGRAU) Dr. Richa Khanna (ITKM)  

Dr. Amit Kumar Barman (WBUAFS) Mr. Hemendra Negi (UK) 

Dr. Arun Kumar Tiwary (BAU, Ranchi) Mr. Kamal Ravi Sharma (BHU) 
 

Every individual with progressive mindset can join our team 

Reviewer and editor application form is given in the website 
 
 
 
 
 
 

Dr. Nityamanjari Mishra 

Editor-in-chief 

 

Shuvo Saha 

Manager 
 

Arghya Mani 
Founder Editor  

 
 

Paritosh Halder 
Technical Head

 



INDEX - Agriculture & Food: e-Newsletter - 1(11): November 2019 
www.agrifoodmagazine.co.in 
 

Article id. Title  of  article Page no. 

22200 Effect of DNA Barcoding in Plants 1 

22201 Importance of motor driven transportation over animal driven transportation of agricultural 
produce in Indian agriculture 

7 

22202 Plant disease detection by using smartphone 9 

22203 Feminization empowerment in agriculture sector essential in food security 13 

22204 Molecular farming using plants to manufacture high value products 16 

22205 Management of pests through agronomic practices: A sustainable way of pest management 19 

22206 Principle of integrated disease management 23 

22207 Conservation of plant genetic resources: Tool for Plant Breeding 26 

22208 Agriculture service centers for entrepreneurship 30 

22209 Role of different microbes in insect pest management 33 

22210 Application of Models in Watershed Management 38 

22211 Plasticulture Technology for Profitable Horticulture 44 

22212 Aerobic rice: A novel approach for rice production in water stressed conditions 48 

22213 The state butterflies: conservation of indigenous butterflies 51 

22214 Plant quarantine and regulatory measures 54 

22215 Important citrus nematode disease and its management 57 

22216 Different methods of sowing in wheat cultivation & their advantages 60 

22217 Type of vegetable gardens 64 

22218 Vegetable and human health 67 

22219 Rapid multiplication of tuber crops 71 

22220 VERMICOMPOST 74 

22221 Commercial cultivation of Gerbera under Protected condition 77 

22222 In-situ crop residue management 80 

22223 Hydroponics technology for fodder production for the cattle. 84 

22224 Cultivation practices and economic importance Garlic 89 

22225 Bio fortified varieties of Rice- A pathway to secure nutrition India 91 

22226 EDIBLE VACCINES 93 

22227 Agronomic practices for mid-season drought management 96 

22228 Bitter Gourd: Hidden treasure for nutritive and Medicinal Values 98 

22229 Cultivation practices and economic importance Cluster Bean 100 

22230 Plastic in Teabags: An Alarming Concern 102 

22231 Importance of Rotavator and Gyrovator for Efficient Operations in Indian Agriculture 105 

22232 Cultivation practices and economic importance Mustard 107 

22233 Seed Potato inspection 109 

22234 Sorghum bicolor: A potential source to enhance food security 112 

22235 Soil Solarization: an Effective Method to Control Soil borne Pests of Crops 115 

22236 Important physiological disorders and their management in fruit crops 118 

22237 Cultivation practices and economic importance Watermelon 134 

22238 Plant Ideotypes for improving the productivity of dryland areas 138 

22239 Stem Rot: A Threat to Groundnut Production 143 

22240 CROP DIVERSIFICATION: A step towards sustainability 146 

22241 Sirohi goat farming for raising income of small, marginal and landless labours under arid and 
semi- arid condition in Rajasthan 

149 

http://www.agrifoodmagazine.co.in/


INDEX - Agriculture & Food: e-Newsletter - 1(11): November 2019 
www.agrifoodmagazine.co.in 
 

22242 Apical Root Cutting (ARC): A low cost technology for the production of quality seed potato 
material for the farmers 

152 

22243 nutritional and meditational value of wild fruit kachari (cucumis callosus) grow in 
Bundelkhand area 

155 

22244 Major devastating pests and their organic management 158 

22245 Insect Pests of Millets and Their Integrated Pest Management 161 

22246 Kodo (Varagu) Millet 164 

22247 Time to Fight: Molecular Mechanisms of Age-Related Resistance 168 

22248 Zero Budget Natural Farming in India 170 

22249 Practices of gladiolus (Gladolus grandifloras L.) varieties suitable for Chhattisgarh plain 172 

22250 Green Chilli: Cultivation Process Guide 178 

22251 Integrated Weed Management in Rice 180 

22252 Post harvest handling and packaging materials of commercial flower crops 183 

22253 Soil Pollution and Prevention 189 

22254 Insect Pests of Wheat and Their Integrated Pest Management 191 

22255 Macronutrients: Function, Deficiency and Control of Deficiency 194 

22256 Soil Testing:  When, why and how? 197 

22257 Single Use Plastics (SUPs) and its impact on environment 199 

22258 Tillage for Weed Control 202 

22259 Spectral monitoring 203 

22260 Advances in Plant breeding through CRISPR/CAS9 206 

22261 Weeds behavior and herbicide efficacy in relation to climatic change 210 

22262 Flagship species and their significance in biodiversity conservation 213 

22263 Wheat: Disease, Symptoms and Control 218 

22264 Hydrogel technology in agriculture 222 

22265 Trichoderma: A potential bio-control agent for plant disease management 227 

22266 Role of Nanoparticle in Plant Disease Management 230 

22267 Why should we use Biofertlizer? 234 

22268 “Trilogy: Plants-Proteases- Insects” 237 

22269 Canopy Management of Unproductive Mango 242 

22270 Safety measures while using chemical pesticides 245 

22271 Benefits and uses of Ginger 248 

22272 Economic importance and cultivation practices in Pumpkin 254 

22273 Single Use Plastics (SUPs) and its impact on environment 257 

22274 Biofortification of crops: A sustainable way for Nutritional security 260 

22275 Botanical formulations from neem in organic agriculture 264 

22277 Climate change and food security 267 

22278 Effective control measures of a noxious weed (Gajar ghas) Parthenium 272 

22279 Yellow Mosaic Disease in Greengram (Vigna radiata L.). 275 

22280 Acid sulphate soil: management strategy for soil health and productivity 277 

22281 Can Azolla Be A Substitute for N-Fertilisation in Rice? 281 

22282 Silvipasture Systems for Feed and Fodder Resource Development in Low Rainfall Areas of 
Rajasthan 

284 

22283 SOUPS FOR SOUL 289 

22284 Refractance Window Drying: A Novel Drying Technology 292 

http://www.agrifoodmagazine.co.in/


INDEX - Agriculture & Food: e-Newsletter - 1(11): November 2019 
www.agrifoodmagazine.co.in 
 

 

 

The articles published in this magazine are based on personal view / opinion of the authors. 
Magazine does not ensure the genuinely of the facts mentioned in the articles. 

Authors are solely responsible for plagiarism present in the article. 
 

www.agrifoodmagazine.co.in 
 

22285 Harvesting and physiological maturity 297 

22286 3Ps of digestive alternative possibilities from food world (Prebiotics , Probiotics and Profit) 301 

22287 Applications revolutionizing Indian agriculture 305 

22288 Real-time weather forecast 308 

22289 Artificial Intelligence in Agriculture: A revolutionary way to smart farming in India 310 

22290 IFS Research Methodology And Evaluation 315 

22291 DRONE: Multi-fuctional tool for precision agriculture 320 

22292 Globally important agricultural heritage systems in India 323 

22293 Function of silicon in plant defense mechanism 327 

22294 CRSPER/cas 9: AN EMERGING TECHNOLOGY IN FUTURE AGRICULTURE 329 

22295 Multiple roles of biopolymer in Plant defense and in Agriculture 331 

22296 WATERLOGGING : its causes and consequences in agriculture 333 

22297 Safe use of pesticides: save pollinators, save ecosystem 339 

22298 Application of Botanicals: An eco - friendly approach for plant disease management 343 

22299 Agronomic Biofortification of Zinc in Food Crops 346 

22300 Role of Different Micronutrients in Plants 349 

22301 Arugula (Eruca vesicaria subsp. sativa (Miller) Thell.): A healthy leafy vegetable 359 

22302 Accessories and containers for gardening and floral decoration 363 

22303 Grey mould and its management aspects 368 

22304 Human hair in agriculture 370 

22305 The water footprint: concept, applications and assessments 374 

22306 Identification and Management of an Invasive Pest the Fall armyworm, Spodoptera frugiperda 
(J.E. Smith) on Maize 

378 

22307 Psylla, Diaphorina dakariensis Boselli: A potential pest of Dodi (Leptadenia reticulata) an 
endangered medicinal plant 

382 

22308 Important Pests of tomato and their management 385 

22309 Status and prospects of maize in India 387 

22310 Depth distribution and characterization of soil acidity under agro-climatic zones of West 
Bengal 

389 

22311 Potential health benefits of an antioxidant rich superfruit: blueberries 393 

22312 Sustainable development Vis-A Vis conservation agriculture in red and laterite zone of West 
Bengal through agro forestry 

396 

22313 Climate-smart Agriculture 403 

22314 Universal multi-nutrient extractants in soil analysis - Scope & Prospects 406 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                                Volume 1 – Issue 11 – November 2019 

 

- 1 - 
 

Effect of DNA Barcoding in Plants  
Article id: 22200 
Rashmita Datta 
Department of Botany, University of Kalyani, Nadia, India 

INTRODUCTION: 
DNA barcoding is a taxonomic method in which a short genetic marker to identify DNA to which 

organisms or a particular species it belongs. It helps to identify an unknown sample in terms of a pre-existing 
classification. Barcodes are used in an effort to identify whether unknown species in sample should be 
combined or separated. The most commonly used barcode region in animal is a segment of mitochondrial 
gene cytochrome oxidase I (COI) that approximately contains 600 base pairs. Applications include identifying 
plant leaves due to absences of flowers or fruit, helps to identifying larvae stages of insects, which may not 
have significant characters than adults and are less well known , identifying the nutrition level of an animals , 
and identifying products of herbal supplements , wood ,or skin and other animal parts (Paul et al., 2010 ). 
Specific locus should be standardized in DNA barcoding, present in most of the texa of interest and 
sequenceable without specific PCR primers, short time to be easily sequenced with current technology, and 
provide a large variation between species yet a relatively less variation within a species. A several loci set as 
standardized regions were selected by the respective committees. For animal and many other eukaryotes, 
the mitochondrial COI gene for plant, the concatenation of the rbcL and matK are chloroplast genes (Mark et 
al., 2005).  

These genes are providing poor resolution for land plants, and the regions to be assessed that could 
complement rbcL and matK. In fungi, the internal transcribed spacer region. It can be applied in algae, 
animal and also fungi, perhaps to a lesser degree due to a lower incidence of hybridization compared to 
higher plants (Kress et al., 2007). 

Population genetic studies can be done by these techniques and have large numbers of specimens at 
their disposal when the DNA quality is a lesser concern, and high-quality DNA samples gives more accurate 
in barcoding techniques would depend. To improve species concepts, It‟s to be develop a more 
sophisticated approach to barcoding, which would ideally include sequences from multiple independent 
markers, a multi-locus barcode, and specific inference tools that could be used to be limits and identify 
genetic „gaps‟, and also improve the information base depend on cruder plastid and mitochondrial DNA 
barcodes (Wendy et al., 2012). 

 
Figure 1: DNA based Identification system 

The Utility of DNA Barcoding: 
DNA barcode have applications in various fields like, ecology, biomedicine, epidemiology, evolutionary 
biology, biogeography, conservation biology and in bio-industry. The low cost and rapidity makes the 
process easier for enabling automated species identification especially in massive sampling campaigns. DNA 
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barcoding has advantages over traditional method of description, as it took decades to illustrate around 10-
15 million species by means of morphological clues. DNA barcoding will help in large surveys, aiming at the 
unknown species detection and identification of pathogenic species with medical, ecological and the 
agronomical implication (Armstrong and Ball, 2005; Ball and Armstrong, 2006). In addition, it is important to 
distinguish, detect and trace the distribution of patented organism in agrobiotechnology, to certify the 
source organism like truffles (Rastogi et al., 2007; Ferri et al., 2012).                                                                                                

Molecular based identification is important in 3 situations,  
a) In determining the taxonomic uniqueness (e.g. goods, food and stomach extracts) and will help in 
preventing illegal trade and export of vulnerable species (e.g. fishes and trees).  
b) In the identification of juvenile specimens (e.g. fish larvae).  
C) Morphological characters are unable to differentiate the species (e.g. red algal species), when the species 
have polymorphic life cycles and displaying prominent phenotypic plasticity (e.g. Lamilariales). 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 2: Molecular tool for species identification 

 
Advances in Barcoding: 

a) Present Status: 
DNA barcode records for 5 million specimens in next five years. So far, the COX1 gene has been proved to be 
appropriate for the identification of a large range of animal taxa, including gastropods, springtails, 
butterflies, birds, mayflies, spiders, fish, ants, crustacea, diatomea and protista (Remigio and Hebert, 2003; 
Hogg and Hebert, 2004; Ball et al., 2005; Greenstone et al., 2005; Ward et al., 2005; Kerr et al., 2007). The 
effectiveness of DNA barcoding depends on the detection and description of new cryptic species (Anker et 
al., 2007; Tavares and Baker, 2008) and sibling species (Amaral et al., 2007). This identification tool can 
support and improve the classification system. 

b) New Insights into Ecology and Species Biology 
DNA barcoding is an efficient tool in understanding the complex host-parasite and symbiotic interactions 
(Besansky et al., 2003) and in turn give new insights on host spectra, as well as on the geographical 
distributions of species (hosts, parasites and endangered species). It was also suitable to elucidate the 
symbiont and parasite transmission pathways from one host generation to the next, which are studied in 
beetles (Lecythidaceae) with their endosymbionts (Berkov et al., 2007). Molecular dating of symbiotic 
associations can also be detected using barcoding tools (Anker et al., 2007). 

c) Limitations 
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 High rates of intra-specific divergence reported in geographically isolated populations (Hebert et al., 2003). 
It is the key challenge for the DNA barcoding initiative to monitor the existing species between the boundary 
and population. To solve this issue, widespread intraspecific sampling should be integrated in the reference 
database. The relevance of the reference DNA barcode database depends on the exhaustiveness of intra-
taxon sampling. 

d) Plant DNA Barcoding 
Plant DNA barcoding have a huge role in the conservation biology especially in assessment of biodiversity 
hotspots and also to monitor the international trade of the rare species apart from the routine 
identification. Plants have not been given much importance in the early stages of DNA barcoding due to 
inability of cytochrome oxidase (COX1) to work as a barcode (Cho et al., 2004). The contest was set among 
the botanists to find a more suitable marker (Pennisi, 2007). Many candidate gene regions have been 
recommended as possible barcodes for plants, but still there is no universal barcode (Kress et al., 2005). 
Several factors are considered in selecting a plant DNA barcode, like (i) universal PCR condition, (ii) range of 
taxonomic diversity, (iii) power of species differentiation, (iv) dry lab analysis and application. 

Applications of Plant DNA Barcoding: 
a) Identification of different life stages: To distinguish between seed and seedlings and discovering the 
changes of metamorphosis.  
b) Identification of fragments of plant material: It is difficult to distinguish morphologically the young leaves, 
seeds and seed coats of certain species 3. Forensics: DNA barcoding can be employed in forensic analysis. 
c) Verification of herbal medicines/foodstuffs: DNA barcoding helps in identifying adulterated products from 
original components.  
d) Biosecurity and trade in the controlled species: In case of illegal import and export of economically 
valuable things, DNA barcoding aid as a cue to promote authorized trade.  
e) Inventory and ecological surveys: DNA barcoding can be employed to assess the taxonomically diversified 
species both native and invaded species. 

The Potential Barcode Candidates: 
1. Single-Locus DNA Barcodes: 
Traditional barcodes have been widely studied but still have significant limitations. Two of these widely used 
single-locus barcodes are described below. 

A. MatK: 
MatK has a high evolutionary rate,suitable length and obvious interspecific divergence as well as a low 
transition rate. Unfortunately matK is difficult to amplify universally using currently available primer sets.A 
challenge is the different discrimination rates in different taxonomic groups. MatK can discriminate more 
than 90% species in the Orchidaceae but less than 49% in the nutmeg family. The gene contains high 
substitution rates within species, hence emerging as one of the potential gene and it is being used in the 
studies of molecular systematics and evolution (Johnson and Soltis, 1995). A homology search specifies 102 
amino acids at the carboxyl terminus that are structurally related to portions of maturase-like polypeptide 
and this might be implicated in splicing of  Group  II  introns  (Mohr et al., 1993). 
 

B. RbcL: 
RbcL is widely used in phylogenetic investigations with over 50000 sequences available in Genbank. The 
advantages of this gene are that it is easy to amplify, sequence and align in most land plants and is a good 
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DNA barcoding region for plants at the family and genus levels. However rbcL sequences evolve slowly and 
this locus has by far the lowest divergence of plastid genes in flowering plants. Consequently , it is not 
suitable at the species level due to its modest discriminatory power.  
The substitutions between rbcL of the parent species are non-synonymous. Even single amino acid replacement 
in rbcL could result in differences in the CO2 and O2 specificity of ribulose 1, 5-bisphosphate 
carboxylase/oxygenase (RuBisCO) (Galmes et al., 2005). Although rbcL by itself does not meet the desired 
attributes of a barcoding locus it is accepted that rbcL in combination with various plastid or nuclear loci can 
make accurate identifications. 
2. A DNA barcode for land plants: 
DNA barcoding involves sequencing a standard region of DNA as a tool for species  
identification.However,there has been no agreement on which regions should be used for barcoding land 
plants.To provide a community recommendation on a standard plant barcode we have compared the 
performance of 7 leading candidate plastid DNA regions .Based on assessments of recoverability,sequence 
quality and levels of species discrimination,we recommend the 2-locus combination of rbcL+matK as the 
plant barcode.This core 2-locus barcode  will provide a universal framework for the routine use of DNA 
sequence data to identify specimens and contribute toward the discovery of overlooked species of land 
plants. 
3. DNA barcoding the floras of biodiversity hotspots: 
DNA barcodes have been based on a taxonomic coverage approach, necessarily encompassing just a few 
representatives from a wide a range of distantly related groups of land plants .However, the critical test of 
evaluating the applicability of DNA barcoding for biodiversity inventories in species-rich geographic areas 
has been lacking.   
Here, we focus on two biodiversity hotspots, Mesoamerica and Maputaland-Pondoland-Albany in Southern 
Africa, in which we analyze >1600 plant specimens. 
 
4. DNA barcoding analysis and phylogenetic relationships of tree species in tropical cloude forests: 
DNA barcoding is a useful tool for species identification and phylogenetic construction.But present studies 
have far reached a consistent result on the universality of DNA barcoding.We tested the universality of tree 
species DNA barcodes including rbcL,matK,trnH-psbA and ITS and examined their abilities of species 
identification and phylogenetic construction in three tropical cloud forests .Some evidences has proved that 
both rbcL and trnH-psbA are universal for tree species in the tropical cloud forests.The success rates of 
species identification has been discovered.When the phylogenetic relationships were built with random 
fragment combinations,optimal evolutionary tree with high supporting values were established using the 
combinations of rbcL+matK+trnH-psbA in tropical cloud forests. 
CONCLUSION: 
Based on the experimentation and observations obtained from this study, it can perhaps be concluded that 
DNA Barcoding is one of the best molecular tools for insect species identification. DNA barcoding is a system 
for fast and accurate species identification which will make ecological system more accessible. It has many 
applications in various fields like controlling agricultural pests, sustaining natural resources, protecting 
endangered species, monitoring water quality, preserving natural resources, protecting endangered species 
and identification of medicinal plants. 
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from a non-photosynthetic parasitic plants. Proceedings of the National Academy of Sciences, USA. 89: 
10648-10652 
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Importance of motor driven transportation over animal driven transportation of 
agricultural produce in Indian agriculture 
Article id: 22201 
1Maddali Anusha 
1Ph.D. scholar, Dept of Farm Machinery & Power Engineering 
CTAE, MPUAT, Udaipur-313001 
 
Transportation of agriculture produce through physical movement from one place to another plays an 
important role in Indian agriculture. It not only concerns the movements of raw materials but also helps in 
accomplishing the household tasks such as procuring food and other essential inputs like water, fuel etc. 
Animal driven transport and motor driven transport are two means of transportation services in our 
country. Animal transportation can be provided by means of bullocks, buffaloes and camels. Motor 
transportation can be provided by means of power tiller trailer and tractor trailers. When compared with 
animal driven transport system, the motor driven transport system has become more important due to 
their speedy movement and large carrying capacity of agriculture produce. 
 
INTRODUCTION 
 In our country along with timeliness of farm operations, timeliness of transportation of farm produce 
is also important in agriculture from increasing farm production and productivity thereby adding benefit to 
the farm holders. There are mainly two types of transportation system in India 
1. Animal driven transportation system 
 a. Bullock drawn vehicles 
 b. Buffalo drawn vehicles 
 c. Camel drawn vehicles (In desert areas of Rajasthan) 
2. Motor driven transportation system 
 a. Power tiller trailers 
 b. Tractor trailers 
  1. Two-wheel trailers 
  2. Two-wheel hydraulic type trailers 
  3. Four-wheel trailers 

Some of the advantages of Animal driven transportation systems 
1. These carts are cheap and easily available means of transportation system 
2. Operational cost is low 
3. Repair and maintenance cost is also low. Repairs can be easily made by themselves. 
4. These carts can be easily made in the village itself. 
5. It can be easily operated in any type of road such as kuccha road, pukka road, sandy paths, muddy areas 
etc. 
6. It also provides employment to local village members. 
7. These are made easily available within the reach of small and marginal farmers. 
 
The main disadvantage of animal transport system is that, its carrying capacity is low which is less than 2 ton 
and it is suitable to carry the agricultural produce for short distances only. 
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Some of the advantages of motor driven transportation systems 
1. The agriculture produce transport operations can be made possible in shorter period of time. 
2.  Transit losses are low due to hydraulic provision of unloading. 
3. Gain in productivity due to lower amount of losses. 
4. Reliability and flexibility in handling of agriculture produce. 
5. Can operate in any weather condition. 
6. Due to large carrying capacity, it can carry heavy loads for larger distance. 
 
Disadvantages of motor driven transportation system 
1. Proper training is required in operating the trailers. 
2. Repair and maintenance costs are high and spare parts may not be easily available within the reach. 
3. Good traction roads are important for motorized transportation systems. 
 
CONCLUSION 
 Motorized transportation system added benefit to the large farm holders when compared with 
animal transportation systems due to the high carrying capacity along with carrying of heavy loads besides 
speedy movement of the agriculture produce. Timeliness in transporting the farm produce from one place to 
another is made possible with motorized transportation systems which is adding profit to the farm holders 
by minimizing the transit losses. It even helps the farm holders for selling the farm produce at good selling 
prices without any means of middlemen, thus adding benefit by increasing the profit of the farm holders. 
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Plant disease detection by using smartphone 
Article id: 22202 
Samir B. Zade and Sachin V. Gaikwad 
Assistant Professor, Department of Plant Pathology, 
Assistant Professor, Department of Animal husbandry and dairy science  
CSMSS, College of Agriculture, Kanchanwadi, Aurangabad (MS) – 431011 
 
INTRODUCTION: 

The handheld technology allows farmers to identify plant diseases in field. North Carolina state 
researchers have developed a handheld device that can be plugged into a Smartphone to help farmers 
identify plant disease in the field. Plant diseases cause severe threats to a global food security by devastating 
crops production in every region of the world. Around 20-40 % of all crops losses globally are due to pre or 
post harvest plant disease. 
Examples: Late blight of potato caused great Irish famine, brown spot of rice caused Bengal famine in 1943. 

Current plant disease detection methods  
I. Nucleic acid based technology (molecular arrays)  

1. PCR 
2. DNA Micro- arrays  
3. Loop mediated isothermal amplification (LAMP) 

II. Immunological approaches  
1. Antibody based lateral flow assays  
2. ELISA 

1. Nucleic acid based technology sensitive and specific but depends on cumbersome assays protocols. 
2. Immunological approaches are simple and portable for onsite detection  but less sensitive and less specific 
for some diseases. 
 In the past few years filed portable sensors for plant disease detection are being developed by 
scientist for example 

1. Lab-on-a-chip devices  
2. Biosensors  
3. Real time microchip PCR system 

This all are capable of high analytical performance but however not simple and cost effective. 
 
Now ……….. 
SMARTPHONE BASED PLANT DISEASE DIAGNOSTIC METHOD: 
Recently the scientists of North Carolina state university have developed a portable plant disease detection 
technology that allows farmers to identify plant disease in the field itself. 

 Use of Smartphone to detect volatile organic compounds (VOCs) that plants release through their 
leaves.  

 VOCs are signaling chemicals for disease detection .plant releases different volatile organic 
compounds (signaling chemicals) under different conditions. 

 For example when plant is diseased or under stress condition, the concentration and types volatile 
compounds will be changed as compare to healthy plants. 
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CONCEPT:   
Plants are infected by different diseases therefore we can say each disease has its own signature profile of 
VOCs. 

1. The concentrations and types of VOCs release by plant will determine whether plant is diseased or 
healthy. 

2. The signature profile of VOCs in the diseased plant will be different from the healthy plants.  
 

TYPICAL WORKFLOW:  
Take leaves of infected plant (late blight infected) and healthy plants at different days for example 2, 4 and 

6. 
 
 

Put the leaves in test tube or vials and seal paraffin to allows plants VOCs to accumulate for 1 hour 
 
 

Smartphone test for 1 minute 
 
 

Pump the plants VOCs from test tubes or vials through small plastic tubes into a reader device attached to 
the back of Smartphone 

 
 

Inside the Smartphone reader is a paper strip especially treated with organic dyes and Nanoparticles 
sensors. 

 
 

Upon interacting with the plants volatile compound the paper strip changes color to indicate the presence or 
absence of late blight pathogen. 
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WORKFLOW: 

SMARTPHONE- INTEGRATED PLANT VOC PROFILING PLATFORM 
 
 

  Paper based colorimetric sensor array  
  
 

      Functionalized gold Nanomaterials                   Chemo- responsive organic dyes  
                                             
 
 
 
                   
Cysteine functionalized gold nanoparticles     Nanorods 
 
 
           
 Plasmonic aggregative Nanocolourants  
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This detect key plant volatiles at the ppm level within 1 min of reaction 
 

 
 
REFERENCE: 
[1]. Liu, H., Lee, S.-H., Chahl, J.S. (2017, 18). A review of recent sensing technologies to detect invertebrates 
on crops. Precis. Agric. 635–666.  
[2]. Nikos Petrellis (2019). Plant Disease Diagnosis for Smart Phone Applications with Extensible Set of 
Diseases. Appl. Sci. 1-22. 
[3]. A report of Cotton farming (2019).  Plant Disease Detection Using Smartphone Goes High Tech One 
Grower Publishing LLC. 
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Feminization empowerment in agriculture sector essential in food security 

Article id: 22203 

Piyusha Singh1, Akanksha Tiwari1, Vimlesh Kumar2 and Naveen Kumar Singh3 

1, Department of Genetics and Plant Breeding, 2 Department of Horticulture 

1,2 College of Agriculture NDUAT Campus Azamgarh (UP) and 3 Veterinary Medicine N.D.U.A.T Kumarganj 

Faizabad (UP) 

Agriculture is an backbone of growth and poverty reduction in developing countries where it is the main 
occupation of poor. Many women, in developing countries, are major producers of food. It is observed that 
women play a significant role in agricultural development and allied activities including main crop 
production, live-stock production, horticulture, post-harvesting operations etc. About 70% of farm work is 
performed by women. Women farmers do not have equal access to productive resources and this 
significantly limits their potential in enhancing productivity. The women’s are the backbone of agricultural 
workforce but worldwide their hard work has mostly been unpaid. She does the most tedious and back-
breaking tasks in agriculture, animal husbandry and homes. 
 
Various Important Aspect of Agriculture which are applied by Women’s to enhance Agriculture 
Development 
1. Soil Testing 

Soil testing is an essential as well as beneficial way of good crop. First of all the farmers are tested 

their soil near by soil testing centers, state university or touch in krishi vigan kender than they come to know 

how much fertilizer or manures requirement in their agriculture field. With help of Power tiller, Power 

weeder hoeing of field is done better. Power weeder is easy to carrying from one place to another even the 

youth are earned more if they take business to use of power tiller. They take training to handle the power 

tiller from their near by krishi vigan kendera or power tiller purchase agency and use as business to hoeing 

the field of farmers. 

2. Vermicompost 

Vermicompost is another useful and beneficial way to improve the fertility of the field. Here first of all forms 

vermipit today HDPE plastic vermipits are play major role. First farmers are put animal dung in the vermipit 

20-25 days then put the earthworms. Earthworms are farmers friends Eisenia foetida is better sp.  Which eat 

the decomposable organic wastes and digested in the body and the materials not required for its nutrition 

are excreted. The excreta releases by earthworms are use as vermicompost. It is faster, ecofriendly natural 

biodegdration process which turns wastes and garbage into gold, the nutrient rich very good quality of 

organic manure. Farmers can use all the cowdung and other decomposable organic wastes available with 

him for preparing vermicompost and use this vermicompost in their field. It will bring a far reaching 

sustainable impact and new hope in agriculture 

3. Mulching 

Mulching is beneficial way of increasing the yield of vegetables. Moisture is maintained through use of 

plastic sheets of mulch. Mulch is usually applied towards the beginning of growing season. It serves initially 
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to warm the soil by helping it retain heat which is lost during the night. Mulch stabilizes the soil temperature 

and moisture and prevents sunlight from germinating weed seeds. Mulches help and keep the soil well 

aerated soil compaction that results when raindrop hit the soil. They also reduce water runoff and soil 

erosion. They help and maintain a more uniform soil temperature and promote of soil microorganism and 

earth worm. 

4. Agro Forestry, Trees and Grasses 

Napier grass is used as fodder for animals. It is very beneficial crop it grows 12 months through out the year 

so the fodder provide whole of the year. Hathi kaan is the high yielding variety of napier grass that gave 

green grass and used as fodder. The major cattle feeds are natural grass and napier provide fodder many cut 

throughout year. Other feeds which depend on season and region for availability whereas napier provide 

fodder to all months. Trees are multipurpose they also helps in soil maintenance as they restrict soil erosion 

and recharge the ground water and will ultimately flourish the traditional water resources. 

5. Postharvest Management 

Post harvest management is also important work aspect of the women’s. Due to large amount of fruit 

products the fruits are not in use at a time but due to post harvest management it shall be use for large time 

like apple “ Jam, chutney” etc. are from chulu khumani “chutney , oil” are used flower like burans “squash” 

are formed generally no large efforts are made to produce marketable surplus as there is lack of proper 

storage facilities of the produce of perishable nature. This also provides new employment opportunities to 

the peoples by making it a profitable enterprise.  

6. live-stock production 

Livestock production is largely in the hands of women. Most of the animal farming activities such as fodder 

collection, feeding, watering and health care, management, milking and household-level processing, value 

addition and marketing are performed by women. With the care of animals various products like milk, egg 

etc are produced. High yielding milk production varieties of cows and buffalo are rareing and careing by 

womens will increase they economy. 

Various Strategies used for empowering rural women by government and Scientists  
Development of technology kits like line sowing methods and using high yielding varieties for promoting 
knowledge and skill empowerment on various topics related to farming and household practices. 
• Development of software as ‘Nutriguide’ based on regional foods for food and therapeutic purposes. 
• Establishment of nutrition garden in rural households as cost- effective solution for micronutrient 
malnutrition and nutritional upliftment of rural women population. 
• Organizing stimulation programme in farm for enhancing  mental, social and emotional development of 
rural children and educational interventions to rural mothers for providing conducive home environment to 
children. 
• Providing supplementary feeding to infants and toddlers in farm creche for healthy security. 
• Conducting field trials on drudgery reducing technologies for assessing ergonomic based physiological cost 
and work efficiency of rural women. 
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• Conducting out-reach programmes through radio and television talks; publication of scientific articles in 
newspapers, magazines. 
• Development that is socially just, economically efficient and ecologically sound for empowering rural 
women. 
              Apart from extending agricultural technologies on production and post harvest to women farmers, 
new programmes should concentrate their efforts in providing crucial back-up services and support 
(backward and forward linkages) to help women groups to successfully adopt new techniques, crops and 
enterprises to increase their incomes and employment opportunities. Better knowledge of using high 
yielding varieties in crops as well as animals increase their income. New programmes should be planned with 
adequate resources for mobilizing women, forming groups, improving capacity and capability in technical, 
organizational and commercial (business/micro-enterprises) sectors and support systems (credit, raw 
material and markets). There are various agricultural extension programmes by krishi vigan Kendra that 
bringing overall improvement in the lives of rural women. This may not only enhance the production and 
productivity of agricultural sector and improve overall national food security but would also smoothen the 
transition of women from being beneficiaries of the programmes & Schemes to their active participation in 
shaping the empowerment. Efforts are needed to increase the capacity of women to negotiate with 
confidence and meet their strategic needs. 
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Molecular farming using plants to manufacture high value products 
Article id: 22204 
Akanksha Tiwari1, Piyusha Singh1 and Vimlesh Kumar2  
1, Department of Genetics and Plant Breeding and 2, Department of Horticulture 
1,2 College of Agriculture NDUAT Campus Azamgarh (UP), N.D.U.A.T Kumarganj Faizabad (UP) 

 

Molecular farming is a new technology that uses plants to produce large quantities of pharmaceutical 
substances such as vaccines and antibodies. It describes the production of recombinant proteins and other 
secondary metabolites in plants. Plants provide an inexpensive and convenient system for the large-scale 
production of valuable recombinant proteins. Plants are suitable for the production of pharmaceutical 
proteins on a field scale because the expressed proteins are functional and almost indistinguishable from 
their mammalian counterparts. Plants offer several potential benefits compared to mammalian cell 
cultures. First, plants are inherently safe because no human pathogens replicate in plants, resulting in a low 
pathogen load and a low risk of process-related contamination. Second, the cultivation of plants is simple 
because there is no need for a sterile environment: intact plants can rely on their native immunity to keep 
pathogens at bay. Furthermore, inexpensive defined fertilizer solutions are sufficient for cultivation as 
opposed to the expensive media required for mammalian cell cultures, which often cost more. In this 
context, the third advantage is that cultivation of transgenic plants in particular can, in theory, be expanded 
to the agricultural scale, i.e., several thousand hectares. More than 100 recombinant proteins have now 
been produced in a range of different species. First recombinant plant-derived pharmaceutical protein 
Human growth hormone expressed in transgenic tobacco. First molecularly farmed pharmaceutical 
recombinant proteins Avidin (an egg protein) expressed in transgenic maize. The products of farming are 
recombinant proteins.  
Recombinant DNA technology is used in plant molecular farming in which gene of interest from one 
organism is artificially introduced into the genome of another organism, then replicated and expressed in 
host organism. Mostly gene transfer is done by two methods i.e Direct and Indirect. 

Methods for Plant Molecular Farming 
A. Stable nuclear transformation: It refers to the integration of genes or nominated foreign genes into the 

nuclear genome of plants, which results in the change of genetic structures and consequent expression 
of transgenes after integration with the host genomes. It is most common method for production the 
most of the recombinant proteins and used to accumulate protein in the dry seeds of cereals for long-
term storage of the seed at room temperature 

B. Stable plastid transformation: A valuable alternative to nuclear transformation due to numerous 
advantages 
 Gene of interest  introduced into the plastid genome with coating onto microscopic gold particles 

using a biolistic gene gun. 
 To select after several generations of plant regeneration from bombarded leaf explants on selection 

medium containing antibiotics. 
 Up to 3–6% human therapeutic proteins produced in tobacco chloroplasts.  

C. Plant cell-suspension cultures: The system is done sterile in vitro conditions 
Suspension cultured cells reduce heterogeneity of the protein. It is cheaper and simpler downstream 
processing and purification system. The system is rapid because there is no need to regenerate and 
characterize transgenic plants. 
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Plant expression host system: The range of plant species is available to transformation for molecular 
farming. Most spread plant production systems in three groups:  

A. Tobacco production system :The main advantages of tobacco include 

 Mature technology for gene transfer and expression 

 High biomass yield 

 Potential for rapid scale-up owing to prolific seed production 

 Availability of large-scale infrastructure for processing. 
B. Cereals and legumes 

 The accumulation of recombinant antibodies in seeds allows long-term storage at room 
temperatures. 

 Seeds have the appropriate biochemical environment for protein accumulation 

 Seeds are desiccated which reduces the exposure of stored proteins to non-enzymatic hydrolysis and 
protease degradation.  

 Fruit and vegetables 

 Particularly suitable for the production of recombinant vaccines, food additives and antibodies 

Molecular farming and metabolic engineering, an opportunity for producing plants with a high 
technology: Molecular farming and metabolic engineering make the production of new high-tech products 
possible. There is a driving force backing molecular farming that makes its costs much less than traditional 
farming. Chlamydomonas reinhardtii, as a unicellular alga, is one of the most recent production projects 
examined by Franklin and Mayfield. C. Reinhardtii is the only plant whose transformation was operated in its 
all segments containing DNA (nucleus, plastid, and mitochondria). Unique features of the moss system bring 
about the possibility of removing target genes and purification of the proteins secreted from the culture 
medium. 

Biosafety and regulatory issues: The risks of transgenic plants are divided into two categories: one category 
directly affects humans and the other endangers environment and other organisms.  

 Like for the GM food and feed crops, several regulations are being developed to increase the 
biosafety of the plant bioreactors in molecular farming 

 General public concern about the potential health and environmental risks associated with the PMF 
crops (not the products) is being viewed at two levels 

I. Genetically engineered proteins at very high concentration may affect the host plants 
II. Biologically active products may affect physiological responses in humans and in animals 

Perspectives upon the commercial production of medicines and pharmaceutical proteins in molecular 
farming: The development stages and subsequent commercialization of the products is the subject of 
consideration in the second phase of clinical trials. A number of small biotechnology companies have aimed 
to commercialize the antibodies produced in plants. While there have been great advances in the field of 
biomedicine production in plants on large scales, fundamental studies are demanded to pave the way for 
the commercialization of these products. The present problems include the difficulty of low yield of protein, 
the possibility of harmful effects on the function/performance of proteins   
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Advantages of molecular farming in plants 
 Significantly lower production costs. 
 Infrastructure and expertise already exists for the planting, harvesting and processing of plant 

material. 
 Plants do not contain known human pathogens (such as virions, etc.) that could contaminate the final 

product. 
 Higher plants generally synthesize proteins from eukaryotes with correct folding and activity. 
 Plant cells can direct proteins to environments that reduce degradation and increase stability. 
 Both capital and running costs are significantly lower than those of cell-based production systems 

because there is no need for fermenters or the skilled personnel to run them. 
 Recombinant proteins can be produced in plants at 2–10% of the cost of microbial fermentation 

systems and at 0.1% of the cost of mammalian cell cultures.  

Conclusion: Plant molecular farming promises more plentiful and cheaper supplies of pharmaceutical 
recombinant proteins including vaccines for infectious diseases and therapeutic drugs that could be 
produced at a larger quantity and found to be properly assembled and functional. 

 
Table: All recombinant protein products are derived from plants through molecular farming 
(Malabadi et al., 2012) 

Company name  Products/technologies in the market 

Biocon  
(Bangalore)  

Therapeutic protein products Insugen for diabetes (a 
recombinant human insulin), monoclonal antibodies  

Reliance Life Sciences 
(Mumbai)  

Recombinant plant proteins  

Transgene Biotek (Hyderabad)  
Insulin and hepatitis-B oral vaccine, interferon INF α and 
β and two cancer drug proteins for colon and breast 
cancers  

Shantha Biotechnics Pvt. 
(Hyderabad)  

r-Hep-B vaccine, r-INF -2b), insulin, and human 
monoclonal antibodies  

*A recombinant human insulin approved in India in 2003 and commercialized by the joint venture of 
Shanta Biotech and Biocon  
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Management of pests through agronomic practices: A sustainable way of pest 
management 
Article id: 22205 

1Pramod Kumar, 2Somendra Verma and 3Vikas Yadav 
1Ph.D. Scholar, Dept. of Agronomy, C.S. Azad University of Agri. & Tech., Kanpur- 208002 
2Ph.D. Scholar, Dept. of Fruit Science, C.S. Azad University of Agri. & Tech., Kanpur 
3Ph.D. Scholar, Dept. of Crop Physiology, C.S. Azad University of Agri. & Tech., Kanpur 

 
 Introduction and importance of Pest Management  
 Agronomical cultural practices are being done mainly to give ideal condition to the crop for proper 
growth, development and yield. The pest population (insect, fungi and bacteria etc.) may be changed due to 
the changing environment. Most of the soil-borne insect pest and diseases can be effectively and efficiently 
managed or controlled through cultural methods. Viral diseases which cannot be controlled by chemical 
method therefore, Cultural methods must be used to manage or control viral diseases.  

Table 1: Losses due to pests in India 

Pest Losses (%) Estimated loss (Rs. Crores) 

Weeds 33 1980 

Insects               26 1300 

Diseases 20 1000 

Rodents 6 320 

Other pests 8 300 

Source: National Research Centre Integrated Pest Management (2014) 

 

 

  

 

 

 

Fig 1: Worldwide yield losses due to pest (Tanja, 2015) 

 Climate affects the incidence of the pest by its impact on survival of the over-summering and over-
wintering population, migration to the field, viability, fecundity, rate of development and population 
building. Temperature is a significant weather factor that affects insect activity. Very low winter 
temperatures in temperate regions and very elevated summer temperatures (40oC) decrease the insect 
population. Once the climate is favourable for crop cultivation, the insect migrates to the crop field from the 
site of wintering or summering. Once the pest attacks the crop, its multiplication relies on temperature and 
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availability of food. If the multiplication process is completed, they cause heavy crop loss. Therefore, their 
management is necessary to avoid the heavy loss of crops from insect pest and diseases. Several 
management practices influence the population of the insect pest and diseases in the cropped field :-  

1) Removal of crop residues 
2) Tillage operation 
3) Time of crop sowing  
4) Seed treatment  
5) Water management  
6) Nutrient management  
7) Removal of alternate hosts of the insect pest and diseases 
8) Intercropping 
9) Trap crop 
10) Border crop 
11) Soil solarization  
12) Crop rotation  

Removal of crop residues 
 Removal and distraction of crop residues, stems, stalk etc. that harbour pupae of major pests helps 
to reduce the pest population from season to season. Removal of cotton stocks, and dropped bolls 
decreases the pink ball population carry over the winter. Deep ploughing of rice stubbles lowers the 
incidence of overwintering population of stem borer. Detrashing of dried leaves in the sugarcane field 
decreases the population of pyrilla and scale insects. 
Tillage operation 
 Tillage especially preparatory cultivation exposes pupae of different insects. The pupae are eaten by 
birds thus reducing the pest population. The pupae that exposed to the sun also die. This is one of the most 
important components of management of red hairy caterpillar and white grub for the cultivation of 
groundnut. The population of pink bollworm (Pictinophoragossypiella) is reduced by incorporating the 
infected bolls by ploughing the fields after the harvest of cotton. Similarly, yellow stem borer of rice 
(Scirpophaga incertulas) can be reduced by ploughing the fields after the harvest of rice. 
 
Time of crop sowing  
 Sowing time of crop altered the incidence of insect pest and diseases. The principle behind this 
phenomenon is the sowing of the crop at a time when the climatic condition is not suitable for pest 
population build-up. Sowing of the crop, it may be early or delay crop, may affect the yield of the crop but 
also reduced the incidence of pest. Therefore, the economic aspect of the pest control method must be 
considered whether to go for cultural or chemical method of pest control. 
Crop rotation  
 This approach is very effective against pests that have overwintered as egg or larvae and as well as 
against that pest which have limited ability to disperse e.g. maize rootworms. Due to the adoption of proper 
crop rotation weeds, nematodes and soil-borne pathogens are managed. 
Seed treatment  
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 Treating seeds with insecticides reduces the population of soil-borne insect and helps in establishing 
the optimal plant population. Seed treatment with Chlorpyriphos at 6 ml kg-1 of groundnut seed reduces the 
population of white grub.  
Soil solarization 
 Soil solarization is a non-chemical and non-hazardous method of soil disinfection to control many 
soil-borne pathogen and pest, including weeds. It is an easy method captures the sun's radiant heat energy 
thereby inflicting physical, chemical and biological modifications in the soil. In this method, transparent 
polythene sheet is put on moist soil during the warm summer month, raise soil temperature to lethal levels 
against several soil-borne plant pathogens, weed seeds and seedlings, nematodes and some soil-inhabiting 
mites. Soil solarization treatment would increase the temperature of the surface soil by 8-12°C as compared 
to non-solarized soil. 
Trap crop  
 A trap crop is used to attract or trap the insect pests and the population insect pest can be reduced 
by picking or killing pests present on trap crop. Marigold in cotton, sunflower and castor in groundnut etc. 
are some of the successful examples of trap crop. Marigold is the preferred host of Helicoverpa, therefore, 
growing of marigold as a trap crop in cotton and picking or killing the pest on marigold helps in reducing the 
damage caused by Helicoverpa on cotton. 
Intercrop 
 The intercropping practice can reduce pest problems by making it more challenging for the pest to 
find out a host crop. Intercropping with legumes smothers the weeds and also offers habitat for beneficial 
organisms. Intercropping of groundnut with pearl millet increases the population of parasitoids (Goniozus 
spp.) and which effectively control leaf miner in groundnut. When coriander, cowpea, blackgram, 
greengram, soybean is grown as intercrops in cotton help in minimizing the bollworm damage. Low 
incidence of bollworm in intercropped cotton is due to higher predator colonization, especially Coccinellids, 
increased bollworm moths parasitation and poor bollworm visitation due to mix up of olfactory terpene and 
other chemical compounds. 
Border crop  
 Growing of 2-4 rows of another crop along the border of the main crop’s boundary is known as 
border crop which acts as an obstacle for pest incidence. Some border crops harbour natural enemies 
therefore, help to reduce damages to the crop from pests. Bajra, sorghum or maize grown as a border crop 
decreases the population of migratory and wind-blown trips on groundnut. 
Water management 
 Method and type irrigation affect the pest population by changing the crop’s microclimate. Changing 
the height of water in rice fields damages the brown plant hopper’s egg. Giving irrigations early in the 
morning buries the larval population of tobacco caterpillar. Drip irrigation helps in controlling the weeds by 
45-70% in different crops and Flooding also controls weeds in rice crop. 
Nutrient management  
 Manure and fertilizers significantly affect crop growth and development. Both the type and quantity 
of manure and fertilizers can significantly influence a crop susceptibility to pest. In general, higher nitrogen 
levels increase the incidence of pests while the application of potassium, magnesium, calcium and sulphur 
reduces the occurrence of pests. 
Removal of alternate hosts 
 During summer or winter season, Insect pest survives on the alternate host when there is no crop in 
the field. Removal of alternate hosts in the ensuring season reduces the buildup of pest.  
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Table- Pest and diseases survive on alternate hosts when there is no crop in the field 

Crop pest Alternate host 

Wheat Powdery mildew Wild oat 

Rice Stem borer Echinochloa, Panicum 

Redgram Gram caterpillar Amaranthus, Datura 

Groundnut Peanut stem necrosis disease Parthenium 

Maize Maize dwarf mosaic virus Johanson grass 

 
Advantages 

 No expensive inputs 

  No additional cost 

  No unique or special equipment 

 Minimum opportunities for the selection of biotype 

 No health risk–environmentally safe 

 No harmful effects on non-target organisms 

 The good component of Integrated pest management (IPM) 
Disadvantages: 

 It is a preventive approach that must be introduced before the pest damage is observed  
 Timing decided success  
 No complete control of pests 
 It requires proper planning 

 
CONCLUSION  
 A pest is any living organism that is invasive or troublesome to crops, animals, human beings and 
livestock. Therefore, pest populations must be kept below the levels where economic damages occur. 
Management does not imply pest eradication. It implies finding efficient and cost-effective tactics that 
minimize environmental damage. Several management practices keep the pest population below the 
economic injury levels in the cropped field without harming the environment. 
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INTRODUCTION: 
Plant diseases are so important because it causes heavy losses to the crop. Total 14 % losses are found in 
world due to the diseases. Continuous use of same chemicals, same agronomic practices year after year 
followed by man so there is a development resistance in pest (pathogen) to that chemicals as well as that 
environmental conditions and in such type conditions there is difficult to control that pathogen or pest. So 
scientist developed new approach for controlling the pest. This approach known as integrated pest 
management. IDM is an environmental based approach that provides long term protection from the pest 
through using all combinations methods for controlling the pest. Such biological, cultural, mechanical, 
physical methods etc. 

Definition of IDM: 
Integrated plant disease management can be defined as a decision based process involving coordinated use 
of multiple tactics for optimizing the control of pathogen in an ecologically and economically. Integrated 
pest  (disease) management is a pest (disease) management system that, in the context of associated 
environment and population dynamics of pest (pathogen) species utilizes all suitable techniques and 
methods in as a compatible manner as possible and maintains pest (disease) population at levels below 
those causing economic injury (FAO, 1967). 

Importance of IDM: 

 It promotes good crop health. 

 Reduces environmental risk 

 Reduces issues of pesticides residue. 

 Reduces the use of chemicals  

 Protects the natural enemies 

 Reduce the use of pesticides and fungicides. 

 Sustainable bio based disease management  

PRINCIPLE OF INTEGRATED PLANT DISEASE MANAGEMENT: 
There are 6 principle of Integrated plant disease management by using this principle we can manage the 
disease. 

1. Avoidance: In this principle we can avoid disease by planting at times when, or in areas where 
inoculums are ineffective due to environmental conditions, or are rare or absent. This  can be 
achieved by using following methods  

A. Choice of geographical areas: Many diseases are severe in wet soil some are severe in dry soil. Many 
pathogens are soil born and cause disease to the plants so the selection of geographical areas is 
important for management of diseases. 
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B. Selection of field: Proper selection of field helps for controlling the many diseases. Some soil borne 
pathogens are remains in soil for many years and make soil sick.  

C. Selection of seed and planting materials: Good quality seeds and planting material produce healthy 
plant or disease free plant. Many diseases are produces due the use of infected or unhealthy seeds 
and planting materials for sowing or for transplanting. The pathogen present on infected seeds or on 
infected planting materials produce disease to the seedlings. 

D. Choice of time of sowing: For the development of disease pathogen needs favorable environmental 
condition. Change in the date of sowing alters the life cycle of pathogen and helps for reducing the 
disease. 

E. Disease escaping variety: Some varieties are escaping the disease by their growth characteristics. 
They having different growth pattern so due to this character disease do not cause severe losses in 
the crop. 

2. Exclusion: In this principle the measures goal is to prevent the entry of inoculums of pathogen in a 
field or area where it does not exist before. Different methods are use for exclusion such as seed 
certification, seed treatment, seed inspection and plant quarantine methods etc. this are as follow 

A. Seed inspection and certification: Seed certification plots are developed in field and they periodically 
are observed by seed certification agencies. In the presence of seed certification officer seed plots 
are observed. The disease plant or infected plants are roughed out. These methods are helpful for to 
reduce the seed born pathogen or seed born diseases. 

B. Plant quarantine: It is defined as it is the legal restriction on movement of agricultural commodities 
for preventing the spread of pathogen in uninfected areas. In these methods there some rules and 
regulation are followed for preventing the spread of pathogen or inoculums from diseased areas to 
disease free areas. Plant quarantine measures are of 3 types. 
A. Domestic quarantine: In these measures rules and regulation are issued for preventing the 

movement of commodities from one state to another state. In India it exist for 3 diseases 
(Bunchy top of banana, banana mosaic and wart of potato). 

B. Foreign quarantine: Rules and regulations are issued for preventing the movement of seeds, 
planting materials, insect, fungi etc. in this measures preventing movement of agricultural 
commodities from one country to another country. The plant materials can enters or imported 
only through the ports of entry such as sea ports, airports, land frontiers etc. 

C. Total embargoes: In this measure there is a complete restriction of agricultural commodities. 
3. Eradication: In this principle removal or elimination of source of primary and secondary inoculums. It 

can be achieved by following ways  
A. Roughing: Removal of diseased plant or plant organ from the field. It help for prevention of 

spreading of pathogen from one place to other. Eg. Red rot of sugarcane  
B. Eradication of alternate and collateral host: It helps for managing many diseases. Some pathogens 

survive on other host which having similar or different family. This pathogen completes their life 
cycle on such host in the absence of main host Eg. Barberry plant alternate host for wheat rust 
disease. 

C. Crop rotation: Continuous sowing of same crop on same field helps for pathogen survival. The 
pathogens get saturated in soil and soil become sick. Crop rotation helps for reducing the soil born 
disease. Eg. Wilt, root rot etc. 
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D. Crop sanitation: Collection and destruction of plant debris from soil reduces the incidence of soil 
born pathogen. it helps for reducing the pathogen which are live facultative saprophytically on plant 
debris. 

E. Manures and fertilizers: deficiency and excess of nutrients causes some diseases. Organic manures 
also help for managing diseases. 

4. Protection: Prevention of infection by creating chemical toxic barriers between host and pathogens. 
In this measures chemical treatment, modifications of environment, modification of host nutrition 
are help for reducing the diseases. 

5. Disease resistance/ immunization: Preventing infection by managing the host through genetic 
manipulation and improving host resistance. Resistant and tolerant varieties are cheapest source of 
reducing the losses. Plant breeder develops such variety which are resistant to disease and having 
good yield potential. 

6. Therapy: Reducing the severity of diseases by using chemicals and other therapy. Such as 
chemotherapy, heat therapy, tree surgery etc. 
 

 

CONCLUSION: 
In this the disease can be managed by using various methods. These principles are helps the management of 
disease by preventing the bad effects on environment and reduce the pollution problem also reduced the 
cost of management of disease by using these methods. By applying these methods we can reduce chances 
of development of resistance in pathogens. 
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INTRODUCTION: Plant breeders manipulate variability in various ways for example, they assemble, 
recombine, select, and discard. The preferential use of certain elite genetic stock in breeding programs has 
narrowed the overall genetic base of modern cultivars. As already noted, pedigree analysis indicates that 
many cultivars of certain major crops of world importance have common ancestry, making the industry 
vulnerable to disasters (e.g., disease epidemics, climate changes). National and international efforts have 
been mobilized to conserve plant genetic resources. 

Why conserve plant genetic resources? 
There are several reasons why plant genetic resources should be conserved: 
1 Plant germplasm is exploited for food, fiber, feed, fuel, and medicines by agriculture, industry, and 
forestry. 
2 As a natural resource, germplasm is a depletable resource. 
3 Without genetic diversity, plant breeding cannot be conducted. 
4 Genetic diversity determines the boundaries of crop productivity and survival. 
5 As previously indicated, variability is the life blood of plant breeding. As society evolves, its needs will keep 
changing. Similarly, new environmental challenges might arise (e.g., new diseases, abiotic stresses) for which 
new variability might be needed for plant improvement. 

When a genotype is unable to respond fully to the cultural environment, as well as to resist unfavorable 
conditions thereof, crop productivity diminishes. The natural pools of plant genetic resources are under 
attack from the activities of modern society – urbanization, indiscriminate burning, and the clearing of virgin 
land for farming, to name a few. These and other activities erode genetic diversity in wild populations. 
Consequently, there is an urgent need to collect and maintain samples of natural variability. The actions of 
plant breeders also contribute to genetic erosion as previously indicated. High-yielding, narrow genetic-
based cultivars are penetrating crop production systems all over the world, displacing the indigenous high-
variability landrace cultivars. Some 20,000 species are listed as endangered species. 

Genetic erosion 
Genetic erosion may be defined as the decline in genetic variation in cultivated or natural populations 
largely through the action of humans. Loss of genetic variation may be caused by natural factors, and by the 
actions of crop producers, plant breeders, curators of germplasm repositories, and others in society at large. 

Natural factors 
Genetic diversity can be lost through natural disasters such as large-scale floods, wild fires, and severe and 
prolonged drought. These events are beyond the control of humans. 

Action of farmers  
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Right from the beginnings of agriculture, farmers have engaged in activities that promote genetic erosion. 
These include clearing of virgin land in, especially, germplasm-rich tropical forests, and the choice of planting 
material (narrow genetic-based cultivars). Farmers, especially in developed economies, primarily grow 
improved seed, having replaced most or all landraces with these superior cultivars. Also, monoculture tends 
to narrow genetic diversity as large tracts of land are planted to uniform cultivars. Extending grazing lands 
into wild habitats by livestock farmers, destroys wild species and wild germplasm resources. 

Action of breeders 
Farmers plant what breeders develop. Some methods used for breeding (e.g., pure lines, single cross, 
multilines) promote uniformity and a narrower genetic base. When breeders find superior germplasm, the 
tendency is to use it as much as possible in cultivar development. In soybean, as previously indicated, most 
of the modern cultivars in the USA can be traced back to about half a dozen parents. This practice causes 
severe reduction in genetic diversity. 

Problems with germplasm conservation 
In spite of good efforts by curators of germplasm repositories to collect and conserve diversity, there are 
several ways in which diversity in their custody may be lost. The most obvious loss of diversity is attributed 
to human errors in the maintenance process (e.g., improper storage of materials leading to loss of 
variability). Also, when germplasm is planted in the field, natural selection pressure may eliminate some 
unadapted genotypes. Also, there could be spontaneous mutations that can alter the variability in natural 
populations. Hybridization as well as genetic drift incidences in small populations are also consequences of 
periodic multiplication of the germplasm holdings by curators. 

General public action 
As previously indicated, there is an increasing demand on land with increasing populations. Such demands 
include settlement of new lands, and the demand for alternative use of the land (e.g., for recreation, 
industry, roads) to meet the general needs of modern society. These actions tend to place wild germplasm in 
jeopardy. Such undertakings often entail clearing of virgin land where wild species occur. 

Approaches to germplasm conservation 
 There are two basic approaches to germplasm conservation in situ and ex situ. These are best considered as 
complementary rather than independent systems. 

In situ conservation  
This is the preservation of variability in its natural habitat in its natural state (i.e., on site). It is most 
applicable to conserving wild plants and entails the use of legal measures to protect the ecosystem from 
encroachment by humans. These protected areas are called by various names (e.g., nature reserves, wildlife 
refuges, natural parks). Needless to say, there are various socioeconomic and political ramifications in such 
legal actions by governments. Environmentalists and commercial developers often clash on such restricted 
use or prohibited use of natural resources. This approach to germplasm conservation is indiscriminatory with 
respect to species conserved (i.e., all species in the affected area are conserved). 

Ex situ conservation 
In contrast to in situ conservation, ex situ conservation entails planned conservation of targeted species (not 
all species). Germplasm is conserved not in the natural places of origin but under supervision of 
professionals off site in locations called germplasm or gene banks. Plant materials may be in the form of 
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seed or vegetative materials. The advantage of this approach is that small samples of the selected species 
are stored in a small space indoors or in a field outdoors, and under intensive management that facilitates 
their access to breeders. However, the approach is prone to some genetic erosion (as previously indicated) 
while the evolutionary process is halted. The special care needed is expensive to provide.  

Germplasm collection 
Planned collections (germplasm explorations or expeditions) are conducted by experts to regions of plant 
origin. These trips are often multidisciplinary, comprising members with expertise in botany, ecology, 
pathology, population genetics, and plant breeding. Familiarity with the species of interest and the culture of 
the regions to be explored are advantageous. Most of the materials collected are seeds, even though whole 
plants and vegetative parts (e.g., bulbs, tubers, cuttings, etc.) and even pollen may be collected. Because 
only a small amount of material is collected, sampling for representativeness of the population’s natural 
variability is critical in the collection process, in order to obtain the maximum possible amount of genetic 
diversity. For some species whose seed is prone to rapid deterioration, or are bulky to transport, in vitro 
techniques may be available to extract small samples from the parent source. Collectors should bear in mind 
that the value of the germplasm may not be immediately discernible. Materials should not be avoided for 
lack of obvious agronomically desirable properties. It takes time to discover the full potential of germplasm. 
Seed materials vary in viability characteristics. These have to be taken into account during germplasm 
collection, transportation, and maintenance in repositories. Based on viability, seed may be classified into 
two main groups – orthodox and recalcitrant seed: 

Orthodox seeds: These are seeds that can prolong their viability under reduced moisture content and low 
temperature in storage. Examples include cereals, pulses, and oil seed. Of these, some have superior (e.g., 
okra) while others have poor (e.g., soybean) viability under reduced moisture cold storage. 
Recalcitrant seeds: Low temperature and decreased moisture content are intolerable to these seeds (e.g., 
coconut, coffee, cocoa). In vitro techniques might be beneficial to these species for long-term maintenance. 
The conditions of storage differ depending on the 

Mode of reproduction of the species: 
Seed propagated species: These seeds are first dried to about 5% moisture content and then usually placed 
in hermetically sealed moisture-proof containers before storage. Vegetatively propagated species: These 
materials may be maintained as full plants for long periods of time in field gene banks, nature reserves, or 
botanical gardens. Alternatively, cuttings and other vegetative parts may be conserved for a short period of 
time under moderately low temperature and humidity. For long-term storage, in vitro technology is used. 

Types of plant germplasm collections 
There are four types of plant genetic resources maintained by germplasm repositories – base collections, 
backup collections, active collections, and breeders’ or working collections. These categorizations are only 
approximate since one group can fulfill multiple functions. 

Base collections 
These collections are not intended for distribution to researchers, but are maintained in long-term storage 
systems. They are the most comprehensive collections of the genetic variability of species. Entries are 
maintained in the original form. Storage conditions are low humidity at subfreezing temperatures (−10 to 
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−18°C) or cryogenic (−150 to −196°C), depending on the species. Materials may be stored for many decades 
under proper conditions. 

Backup collections 
The purpose of backup collections is to supplement the base selection. In case of a disaster at a center 
responsible for a base collection, a duplicate collection is available as insurance. In the USA, the National 
Seed Storage Laboratory at Fort Collins, Colorado, is a backup collection center for portions of the accessions 
of the Centro Internationale de Mejoramiento de Maiz y Trigo (CIMMYT) and the International Rice Research 
Institute (IRRI). 

Active collections 
Base and backup collections of germplasm are designed for long-term unperturbed storage. Active 
collections usually comprise the same materials as in base collections, however, the materials in active 
collections are available for distribution to plant breeders or other patrons upon request. They are stored at 
0°C and about 8% moisture content, and remain viable for about 10–15 years. To meet this obligation, 
curators of active collections at germplasm banks must increase the amount of germplasm available to fill 
requests expeditiously. Because the accessions are more frequently increased through field multiplication, 
the genetic integrity of the accession may be jeopardized. 

CONCLUSIONS: Once collected, germplasm is maintained in the most appropriate form by the gene bank 
with storage responsibilities for the materials. Plant germplasm may be stored in the form of pollen, seed, or 
plant tissue. Woody ornamental species may be maintained as living plants, as occurs in arboreta. Without 
variability, it is not possible to conduct a plant breeding program! Germplasm is hence the critical first step 
in initiating a breeding program. Diversity in plants is enormous. It needs to be organized and characterized 
in order to facilitate its use by plant breeders. There is need to understand how this tremendous variation 
originates and the manner in which it is organized or classified. 
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INTRODUCTION 
Indian agriculture basically depends on human power and animal power which is now being shifted 

to mechanical power because of enhancement in cost of maintenance and safety of animal apart from rising 
scarcity of human labor. Moreover, use of mechanical power has direct impact on the yield obtained besides 
reducing the drudgery and facilitating less time consumption of agricultural operations. Hence It is now has 
become a prior need to inculcate farm mechanization. However, Different states and topography has 
different need of Farm Power which is now said to be very uneven. The maximum use of mechanical power 
is in the order of 5.3 kW/ha in Punjab and less than 1kw/ha in States like Bihar, Orissa, and Jharkhand etc. 
Mechanical power is heavily consumed in large land holdings and is still very away the need of small and less 
holdings which comprises around 70% of the total land holdings. The fact which supposes to be considered 
here is that the small farmers, by status of their economic condition are unable to own farm machinery on 
their own or through another means like institutional credit and hiring basis. Therefore in order to introduce 
farm machinery available within the reach of small and marginal land holders, group ownership or Custom 
Hiring Centers needs to promote in a broad way. This model scheme is prepared to demonstrate the banks 
and financial organization that financing for establishment of Agricultural Services Centers are a viable unit 
which will benefit the profit making of themselves and sustainability of less holding farmers. 

Potential for Agricultural service centers for Entrepreneurship development  
The availability of Farm Power for small and less land holdings is very low. As the small and marginal 

holdings constitute 70% of total land holdings, the potential for agricultural service centers which will cater 
to the farm machinery requirement for such a large area, is quite huge. Nearly 80 percent of the repair, 
maintenance, overhauling work of tractors and other machineries is carried out by the private workshops in 
our country. The tractors and farm machinery manufactures covers only 20 percent of work. Thus this can be 
great opportunity for opening a network of retail outlets and custom hiring centers to provide both service 
and spare parts needed to the farmer. The setup of these agricultural service centers which includes hiring 
of tractors and farm implements, farm machineries, spare parts, farm inputs etc., would enable the 
unemployed engineers to have self employment opportunity. 

The different types of services that can be provided by the agriculture service centers to fulfill the 
needs of farmer are indicated below: 

1. Tractor and farm machines, farm implements service, repair and maintenance 
2. Custom hiring unit which incorporates machineries like multi-crop threshers, reaper cum binder, 

combines etc. 
3. Farm inputs like availability of seeds, fertilizer, pesticides etc. 
The Sub Mission on Agricultural Machinery (SMAM) is one such initiative towards the objective. 

Subsidy schemes are also being formulated to encourage entrepreneurs and agriculture graduates to set up 
custom hiring centers. Therefore, keeping in view the need of agricultural farm machinery and the need for 
availability of farm machinery, repair and maintenance facilities within the reach of small/marginal farmers, 
institutional credit need to be made available for Custom Hiring centers. 
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The main objective of these agricultural service centers is as follows 
1. To provide service facilities to the farms for maintaining the tractor along with machineries in 

good working condition. 
2. To precise the farm operations of the farmers by providing them with latest improved machinery 

within the reach of the marginal and small land farmers. 
3. To make the machineries available for the farmers during peak conditions, so as to ensure the 

timeliness of operations for optimal yields. 
4. To provide employment opportunities to the unemployed engineers and skilled labors. 
5. To make available of farm inputs like fertilizers, pesticides, seeds etc to the small and marginal 

land farmers. 

Advantages of agricultural service centers 
1. The farmer can get the requires machinery or implement at any time based on his requirement 
2. He is not responsible for the maintenance and operating costs of the hired machinery. 
3. Instead of owning a large scale expensive machinery, he can hire from custom hiring centers 

according to his requirement 
4. He can get his tractor or other machinery service in agricultural service centers. 
5. Timeliness of operation is possible as he is getting his farm operations to be done. 
6. There is no labor crisis in his farm as he is hiring both machine and operator together. 
7. The costs of custom hiring can be met from operating capital by the farm and can save his capital.  
8. The farmer can get high yielding varieties of seed, fertilizers and pesticides easily within the 

reach.  

Role of Entrepreneurs in custom hiring centers 
    Entrepreneurship is said as a process where an entrepreneur known as owner or manager of a 
business enterprise, by taking all kind of risk and different initiatives, attempt to make profit. Entrepreneurs 
act as managers and handle all kind of the launch and growth of an enterprise. Entrepreneurship can also be 
defined or expressed as the process by which either a Particular or a team explores a business opportunity 
and establish and deploys the necessary resources required for its exploitation and expansion.  

Objectives:-  
1. To make farm Machinery products available to marginal and small land holding farmers at lower cost 

of hiring. 
2. To get marginal profit as an entrepreneur looking dependency at mechanical power 
3. To establish a broad network by providing machinery at different location 
4. To encourage youth generation to practice such tool also as an entrepreneurship 
5. To increase the productivity and profit both as Farmer and Entrepreneur 
6. To offset the adverse economies of scale due to high cost of individual ownership 
7. To invest in a safe and successful business where return in confirmed 
8. To improve mechanization in places with low farm power availability 
9. To expand mechanized activities during cropping seasons in large areas especially in small and 

marginal holdings. 
10. To provide hiring services for various high value crop specific machines applied for different 

operations. 

https://en.wikipedia.org/wiki/Entrepreneur
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CONCLUSION 
 Marginal and small land farmers have enough area, less than 2 hectares for crop production. Instead 
of owning a farm machines or implement, they can easily hire from the agricultural service centers. It is 
useful to hire expensive machineries, which cannot be afforded by the farmers for the shorter period of time 
for performing field operations. It is not only beneficial for the farmers but for also skilled labor and 
unemployed engineers in providing the self employment opportunities. The farmers who lack sufficient land 
holding can also do some custom work with his own machine. 
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Role of different microbes in insect pest management 
Article id: 22209 
Darshana Uikey*,  Someshree Mane and Rupeshkumar Chaudhari  
Ph.D Scholar, Deptt. of Plant Pathology and Agril. Microbiology, MPKV, Rahuri, MH, 413722 

INTRODUCTION 
When man for the control of insect employs microbial organism or their products, animal and plants 

in a particular area is referred as microbial control. From the earliest time man has been aware of the 
disease in insect, Aristotle (384-322 B.C.) was the first to mention that bees suffered from diseases. Bassi in 
1835 demonstrated the infectious nature of fungus Beauveria bassiana, in respect of the silkworm, Bombyx 
mori and other insects, Hence Agostino Bassi (1835) is called as father of “insect pathology”. 

A Russian entomologist, Metschinikoff conducted a first systemic experiment on control of injurious 
insect with microorganism, by infecting the grub of grain beetle Anisoplia austriana with green muscardine 
fungus Metarrhizium anisopliae Sorokin in 1879. Obviously it is extension of biological control where instead 
of macrobes (i.e. parasite and predator), microbes (pathogens) are used. So far over 300 microorganisms 
have been reported to cause the diseases in insects. 

The insect pathogens are generally specific, economically viable, environmentally safe and highly 
compatible with other method of pest control.     

Groups of pathogens: 
           Microorganisms that have been found suitable for insect control are Bacteria, fungi, viruses, 
nematodes, rickettsiae, and protozoa. 
Ingested microbes:  
           The bacteria and viruses are included in this group of pathogens, which enters in insect body along 
with the food, are linked to stomach insecticides  
Penetrating microbes: 
           The fungi are included in this group of pathogens that enter by penetrating the integument, are linked 
to contact insecticide. 
 
BACTERIA 

       Bacteria is a prokaryotic, unicellular organism varying from less than 1µm to several µm in length, 
those with rigid cell wall may be spherical (cocci), rod shaped (bacilli), or spiral (spirila). Most of the insect 
pathogenic bacteria belong to the family Bacilliaceae, Pseudomonaceae, enterobacteriaceae, 
streptococcaceae, and micrococcaceae. but the member of the bacillaceae  family particularly Bacillus spp. 
have receive a maximum attention as a microbial control.  
Bacillus thuringiensis Berliner: 
             The sporeforming or sporulating bacteria form an endospore which are highly resistant to 
environmental changes and allow them to persist in dormant condition outside the intended host to 
developed into a bacterial cell on being ingested. The sporeforming bacteria are therefore more promising in 
insect control than non-sporeforming. Among the sporeformer, again it is the crystalliferous ones which are 
better than the non-crystalliferous ones, because of the toxic nature of crystal they produce. Steinhaus in 
1956 regarded the Bt as a potential biocontrol agent. 
              It is a motile, gram positive, spore forming bacterium and in additional to endospore it produces a 
proteinaceous parasporal crystal in the sporangium at the time of sporulation. (Bravo et al., 2005).  Bt was 
first time isolated in 1902 from the disease larvae of the silkworm, Bombyx mori Linnaeus in Japan by 



AGRICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                                Volume 1 – Issue 11 – November 2019 

 

- 34 - 
 

Shigetane Ishiwata. Howere the name Bacillus thuringiensis was first time given in 1915 by Berliner who 
isolated it from the Mediterranean flour moth, Ephestia kuehniella  Zeller in Thuringia, Germany. The 
parasporal inclusions in sporulating culture of Bt were first describe by Hanny in 1953 who later 
demonstrate that these inclusion were proteinaceouse and might have insecticidal entity (Hanny and Fitz 
James,1955) further he demonstrate that the parasporal inclusion were responsible for the insecticidal 
activity. More than 525 insect species belonging to 13 orders have been found to be infected by Bt around 
the world.   
The crystal:  
           The protein crystal or the parasporal body is formed only when sporulation take place and not before 
in vegetative cell. Crystal is composed of polypeptides which are produced by genes present on plasmid 
within bacterium.  The crystal of different species of Bacillus differ in their shape and size,  but those in 
Bacillus thuriengiensis   are regular diamond shape bodies a bipyramid with prominent surface striation 
placed approximately at 29 mm. in one cell give rise to only one crystal, the manner of whose synthesis is 
not known. The crystals are quite stable in water but broke up by alkaline treatment, and destroy by protein 
denaturants. The crystal is highly toxic to majority of lepidopterons. The crystals contain an endotoxin 

capable of paralyzing the gut of most lepidopteran larvae known as .endotoxin. 
Cry gene classification scheme:  
            Insecticidal activity of Bt serotypes is however, not dependent on serology but rather on the 
insecticidal protein or toxin produced by them. The cry gene classification scheme of Hofte and Whiteley 
(1989) is based on both host specificity of these toxins and on their structural similarities. These authors 
proposed a nomenclature keeping the cry epithet (for designating crystal), followed by Roman numerical 
indicating the insect class against which the encoded toxins is active,and by two alphabets designations to 
indicate the active amino acid homology. 
They proposed the five major classes of insecticidal crystal proteins, i.e. 

 Cry l   – Lepidoptera specific toxins. 
 Cry ll - Lepidoptera and dipteral toxin. 
 Cry lll – coleopteran specific toxin. 
 Cry lV – dipteral specific toxin. 
 Cyt A – cytolytic and haemolytic toxin 

These nomenclature immediately accepted by most of the Bt researcher,  

Table - Cry gene classification scheme:  
                                                                                            

 
 
 
 
 

Toxin group  Active against  Crystal shape  Molecular mass of 
crystal (dalton)  

Cry l  Lep. only  Bypyramidal  1,30,000-1,60,000  

Cry ll Lepidoptera and diptera  Cuboidal  70,000  

Cry lll  Coleoptera  Square and flate  72,000  

Cry lV  Diptera                    - 27,000-1,30,000  

Cyt A  Cytolytic haemolytic  -               -      
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Section of B.thuringiensis showing spores (s) with its exosporium (e) and crystal (c) 

 
VIRUSES  
Virus is a set of one or more nucleic acid template molecules normally encase in a protective coat of 
lipoprotein. Viruses are submicroscopic, obligate, intracellular, pathogenic entities, that is able to organize 
its own replication only within suitable host cells.  

 

 
FUNGI 
 About 1.5 million species of fungus occurs worldwide. Out of which 700 species are pathogenic to insect. 
 Important entomogenous fungi 
 Infective unit of fungi is spore 
 Portal entry of fungi is through integument through  invasion via the respiratory or alimentary track. 

 
 

 
Mode of action of Viral Entomopathogens

29

 

12
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Different fungi used for microbial control are  
Metarrhizium anisopliae: 

 Green muscardine fungus 
 Belongs to Deuteromycotina of class Hyphomycetes order Moniliales and family Moniliaceae 
 Pathogenic against chrysomelid, curculionid and scarabacid beetle  
 Conidia are single celled cylindrical and smooth forming long basipetal chain 
 Fungus produced toxin such as destruxins A, B, C, D and E which cause paralysis and death in insect. 

 
Beauveria bassiana  

   White muscardine fungus. It infect about 500 insect species belonging to  Lepidopteran,   
Coleopteran, Hemiptera, Orthoptera and Diptera (Bhattacharya et al., 2003)  
            Subdivision Deuteromycotina, Hyphomycetes class, Moniliales order and  Moniliaceae family 
(Benham and Miranda, 1953)   
 
 
 
 
 
 
 
 
 
 
Verticillum lecanii : 

 One of promising of the fungal bioagent effective against jassids, aphids, whiteflies, thrips, mites and 
some Dipteran, Hymenopteran, and Lepidopteran pest.  

 Verticillium lecanii was first described in 1861 and is cosmopolitan fungus found on insects.  
Verticillium lecanii is known as white-halo’ fungus because of the white mycelial growth on the edges 
of infected scale insects.  

 Diseased insect appears within 7 days       

 
(a) After physical contact
between a fungal spore and
the insect cuticle (1),
recognition of the host by the
fungus leads to spore
germination and production of
a penetration structure, the
appressorium (2), which grows
a penetration peg and a
series of hyphal bodies to
cross the cuticle and
epidermis (3). Once inside the
insect, the fungus produces
blastospores that bud and
spread through the
hemolymph (4). Hemolymph-
specific expression restricts
release of an insect-specific
scorpion toxin to the period
after infection (from step 4
onwards).

MODE OF ACTION OF FUNGAL ENTOMOPATHOGENS

41

 

Soyabean loopers killed by the fungus B. bassiana

42
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Commercial formulation of entomopathogenic fungi.  

Sr. No. Fungus Commercial formulation Effective against 

1 Beauveria bassiana 
 

Naturalis-L (ATCC 74040 
 

Coding moth European corn 
borer 

2 Verticillium lecanii Vericillin, Mycotal, 
vertaleev 

Scale insect 

3 Metarrhizium anisopliae Bio 1020, Bio path Chrysomelid curculionid beetles 

4 Fusarium spp. TNAU agrobiocide Mites. 

 
CONCLUSION:  
 Highly alkaline gut pH (9-10), protease enzyme, Brush Border Membrane Vesicle (BBMV) affects the 

mode of action of Bt in lepidopteran pest.  
 Alkaline gut pH of lepidopteran pest is considered essential for effective mode of action of virus  
 Fungi needs high degree of atmospheric humidly to germinate. 
 If target site of attack and different factor affecting efficacy of these entomopathogens is known we can 

select suitable controlling agent for effective control of target pest.  
 The disadvantages regarding use of chemicals such as high cost, indiscriminate use, resurgences of pests, 

and their effect on the environment provide vast scope for the use of bioagents for insect pest 
management. 

 The bioagent have vast scope in Integrated Pest and Disease Management considering their attributes.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.hdc.org.uk/files/B5_8.jpg
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Application of Models in Watershed Management 
Article id: 22210 
Gudidha Gopi *1, K. Mithun *2, Subarna Ghosh *2 
* Ph. D. Scholar (Agricultural Engineering), 
1 Kerala Agricultural University, INDIA 
2 Indira Gandhi Krishi Vishwavidyalaya, INDIA 

INTRODUCTION 

Flooding, upland soil and stream-bank erosion, sedimentation and contamination of water from 

agricultural chemicals are critical environmental, social, and economical problems throughout the world. 

Understanding the natural processes leading to these problems has been a continued challenge for scientists 

and engineers. Mathematical models simulating and simplifying these complex processes are useful analysis 

tools to understand the problems and find solutions (Reimold et al). 

Classification of watershed models  
1. Physical models (scale & analog) & abstract models (mathematical form) 
2. Empirical models - functions used to approximate or fit available data 
3. Deterministic or stochastic 
4. Lumped, semi-distributed or distributed models 
5. Event-based or continuous-process models 

Commonly used watershed-scale models 

1. SWAT (Soil and Water Assessment Tool) 

2. HEC-HMS (Hydrologic Engineering Center’s Hydrologic Modeling System) 

3. KINEROS2 (KINematic Runoff and EROSion) 

4. WEPP (Water Erosion Prediction Project) 

5. PRMS (Precipitation-Runoff Modeling System) 

6. AnnAGNPS (Annualized Agricultural Non-point Source) 

7. ANSWERS/ANSWERS-2000 (Area Non-point Source Watershed Environment Response Simulation) 

8. MIKE SHE (European Hydrologic System) 

10. GSSHA (Gridded Surface Hydrologic Analysis) 

11. HSPF (Hydrological Simulation Program – FORTRAN) 

1. Soil and Water Assessment Tool (SWAT) 

SWAT is a small watershed to river basin–scale model developed by the United States of Department of 

Agriculture-Agricultural Research service (USDA-ARS) 

Model objective: To predict the impact of land use and management on water, sediment and agricultural 

chemical yields in ungauged watersheds. It is semi distributed, physically and process based and data driven 

river basin model. It is a continuous time model that operates on a daily time step. The watershed is divided 

into multiple sub watersheds, which are then further subdivided into HRUs (Hydrologic response units) that 

consist of homogeneous land use, management and soil characteristics. 
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Main components: Hydrology, weather, sedimentation, soil temperature and properties, 
evapotranspiration, crop growth & irrigation, nutrients, pesticides, agricultural management and channel & 
reservoir routing 
Runoff on Overland: CN for runoff, rational method for peak flow 
Subsurface Flow: Lateral subsurface flow 
Availability: Public 
 

SWAT model applications in watershed management 

Best suited for agriculture watersheds. Suited for assessing climate change impacts, hydrologic assessments, 

variation in configuration or data input effects, comparisons with other models or techniques, interfaces 

with other models and pollutant assessments. Excellent for calculating TMDL (Total Maximum Daily Load) 

and simulating a wide variety of conservation practices and other BMPs. Able to generate reasonable 

simulation results for surface and subsurface flows, water table dynamics, tile flow, surface tile inlets and 

aeration stress on plants for large flat landscapes. Tool for evaluating how stream flow can be affected by 

climate change. Robust tool for simulating in-stream water quality dynamics, bacteria fate and transport and 

sediment transport. Simulation of sediment loading. Successfully applied across watersheds in several 

countries. 

2. HEC-HMS (Hydrologic Engineering Center’s Hydrologic Modeling System) 

HEC-HMS (Hydrologic Engineering Center's Hydrologic Modeling System) is designed to simulate the 

precipitation-runoff processes of den-dritic watershed systems. Physically-based, semi-distributed, event-

based runoff model. Allows applicability in a wide range of geographic areas for solving diverse problems 

including large river basin water supply and flood hydrology and small urban or natural watershed runoff. 

INPUTS 

 Hydrological 

    parameters 

 Meteorological 

    parameters 

 DEMS 
 Land Use/Land 

    cover maps 

OUTPUTS 

 Surface runoff 
 Evapotranspira- 

     tion 

 Total flow 
 Infiltration 

SWAT 
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HEC-HMS features a completely integrated graphical frame work environment including a database, data 

entry utilities, watershed map, computation engine and results reporting tools 

      Main Components: Precipitation, losses, baseflow, runoff transformation & routing 
      Runoff on Overland: CN, kinematic wave equations 
      Subsurface Flow: No component 
      Availability: Public 

HEC-HMS model applications in watershed management 

Suited for urban watersheds. Modeling floods and impacts on land use changes. Runoff prediction for 

ungauged catchments and evaluation of impacts of land use on the hydrologic cycle. The Federal Emergency 

Management Agency (FEMA) has approved HEC-HMS for use in flood hazard mapping. HEC-HMS is used by 

local and state governments for local or regional planning, by private architectural and engineering firms to 

conduct design work. Hydrographs produced by HEC-HMS are used directly or in conjunction with other 

software for studies of water availability, urban drainage, future urbanization impact, reservoir spillway 

design, flood damage reduction, floodplain regulation 

3. KINEROS2 (KINematic Runoff and EROSion) 

Event oriented, physically based model describing the processes of interception, infiltration, surface 

runoff and erosion from small agricultural and urban watersheds. KINEROS is a distributed model. The 

watershed is represented by a cascade of planes and channels. Partial differential equations describing 

overland flow, channel flow, erosion and sediment transport are solved by finite difference techniques. 

KINEROS uses one-dimensional kinematic equations to simulate flow over rectangular planes and 

through trapezoidal open channels, circular conduits and small detention ponds. KINEROS model user 

must transform catchment of interest into an equivalent network composed of runoff surfaces and 

planes, intercepting channels and ponds or detention storages. 
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Runoff surfaces may be composed of a cascade of rectangular surfaces, which allows the simulation 

of converging flow areas or areas of non-uniform slope, hydraulic resistance of soils 

Main components: Distributed rainfall inputs, rainfall excess, overland flow, channel routing, sediment 

transport, interception, infiltration, surface runoff & erosion 

Runoff on Overland: Kinematic wave equations 

Subsurface Flow: No component 

Availability: Public 

KINROS2 model applications in watershed management 

Can be applied to agriculture watersheds. Used to determine the effects of various artificial features 

such as urban developments, small detention reservoirs, or lined channels on flood hydrographs and 

sediment yield. The model serves as a useful tool for studying single severe or design storms and evaluating 

watershed management practices, especially structural practices. Extremely robust in simulating erosion and 

sediment transport and characterize the runoff response of the watershed due to changes of land cover in 

arid and semi-arid watersheds 

4. WEPP (Water Erosion Prediction Project) 

WEPP is a process-based, distributed, continuous, erosion prediction model. The USDA - Water 

Erosion Prediction Project (WEPP) model represents a new erosion prediction technology based on 

fundamentals of stochastic weather generation, infiltration theory, hydrology, soil physics, plant science, 

hydraulics and erosion mechanics. Capabilities for estimating spatial and temporal distributions of soil loss 

(net soil loss for an entire hillslope or for each point on a slope profile can be estimated on a daily, monthly, 

or average annual basis). 

Data required as input to WEPP model: slope, soil, climate and management 
     Soil: texture, infiltration & erodibilities 
     Climate: storm precipitation, daily maximum & minimum temperatures, solar radiation 
     Management: type of vegetation or cover in that particular area 
Model outputs: Average annual rainfall, average annual runoff, average annual soil loss, average annual 
sediment yield 
Main components: Weather generation, frozen soils, snow accumulation and melt, irrigation, infiltration, 
overland flow hydraulics, water balance, plant growth, erosion, deposition & residue decomposition 
Runoff on Overland: Kinematic wave equations 
Subsurface Flow: Green- Ampt equation 
Availability: Public 
WEPP model applications in watershed management 

Best suited for agriculture watershed and analyzing hydrologic and soil erosion on small watersheds. 

Applicable to hillslope erosion processes (sheet and rill erosion), as well as simulation of the hydrologic and 

erosion processes on small watersheds. Applicable to evaluate the effects of farming and land use on soil 
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erosion and sediment delivery for small, agricultural field-sized watersheds. WEPP has been used in a wide 

range of applications, including runoff mapping, sediment analysis and modeling the transport of pathogenic 

microorganism. WEPP can be used, along with the Universal Soil Loss Equation, sediment rating curves, and 

other modeling techniques to develop a sediment budget 

5. PRMS (Precipitation-Runoff Modeling System) 

Modular-design, deterministic & distributed model. Developed to evaluate the response of various 
combinations of climate and land use on streamflow and general watershed hydrology. The watershed is 
divided into sub-units based on basin characteristics such as slope, elevation, vegetation type, soil type, land 
use and precipitation distribution. 

Two levels of partitioning are available for PRMS 

 

 

 

 

 

 

 

 

Main components: Hydrology and surface runoff, channel flow, channel reservoir flow, soil erosion, 
overland & sediment transport 
Runoff on Overland: Kinematic wave equations 
Subsurface Flow: Green- Ampt equation 
Watershed representation: Flow planes, channel segments & channel reservoirs 
Availability: Public 
PRMS model applications in watershed management 

Suited for agriculture watershed. Modular design facilitates integration of other models (e.g., climate 

models). Simulates precipitation and snow melt driven movement of water through the watershed via 

overland flow, interflow and baseflow. Model can be used to study the effects of urbanization and land use 

changes on ground water recharge and results can be feed into the U.S. Geologic Survey groundwater 

model, Modular Three- Dimensional Finite-Difference Ground-Water Flow Model (MODFLOW). 

 

1. Basin divides into HRUs based on the 

basin characteristics - computes water & 

energy balances daily for each HRU-the 

sum of the responses of all HRU's 

produces the daily system response and 

streamflow for a basin 

2. The watershed is 

conceptualized as a series of 

interconnected flow planes and 

channel segments. Surface runoff 

is routed over the flow planes into 

the channel segments and channel 

flow is routed through the 

watershed channel system 
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Plasticulture Technology: Plasticulture for Profitable Horticulture 
Article id: 22211 
Rajat Sharma1*and Ajay Kumar Chandra2 
1Dept. of Horticulture, and 2Dept. of Molecular Biology & Genetic Engineering, G. B. Pant University of 
Agriculture & Technology, Pantnagar, Uttrakhand  
 
What is Plasticulture? 
The word “plastic” is derived from the greek word plassien and plasticos meaning to mould or shape a soft 
substance. In today’s scenario, the plastic being used in horticultural science is in nescent stage. It includes 
seeds packaging, planting, propagation, mulching, irrigation, harvesting, fruit packing and preservation. 
Plasticulture may be defined as the utilization of plastic in the field of agriculture, horticulture, water-
management and other related areas. A wide range of plastic articles are being utilized in plasticulture for 
improving irrigation efficacy, crop protection, storability of produce and transportability. From last 10 years, 
using plastic in horticulture has become the interest of many farmers and professional horticulturists. The 
nodal agency dealing with the matters of plasticulture in India is National Committee on Plasticulture 
Application in Horticulture (NCPAH) having its headquarter at New Delhi.  

Why to adopt Plasticulture in Horticulture? 
Plasticulture implications in agriculture have direct role in doubling farmer’s income (FICCI, 2016) by 
covering the various aspect of horticultural production such as 

 Reducing temperature and moisture fluctuation 
 Allowing the use of biological control agents 
 Extending growing seasons 
 Allowing the production of warm weather crops that thrive best in a constant and predictable 

temperature 
 Allowing a more precise application of fertilizers and irrigation schedule 
 Reducing pesticide use 
 Creating a safer environment for workers 

 
Plasticulture Technology: Component and practices in Horticulture 

 Soil fumigation/Soil solarization 
  In many production areas of the India, it is necessary to sanitize the soil in which greenhouse or 
mulched crops are grown. Fumigation is used primarily for nematode control, but a multipurpose fumigant 
can also provide good control of soil-borne diseases. Soil solarization is another way to control soil pests. 
Solarization describes a hydrothermal method of cleansing soil that occurs in moist soil which is covered by 
mulch film and exposed to sunlight during the hot summer months. Soil solarisation improve seed 
germination, enhances plant growth by improving soil structure, color, temperature, moisture etc. Further it 
helps in reducing uses of herbicides.  

 Propagation and Nursery management 
  Various nurseries in India have been using plastic in the form of soil solarisation, plastic pots, nursery 
bags, portrays, plug trays, crates, hanging baskets, sprayers, mini and micro sprinklers, drip irrigation system 
with foggers and misters, low tunnel, shade net house, green house etc. The use of plastics offer round the 
year nursery and helps in raising early and healthy saplings for off-season crops. Further it improves 
germination of seed and reduces mortality of seedlings. 
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 Packaging of the produce 
  Plastics, currently, contribute to more than 40% of packaging needs of the country, and have 
successfully replaced traditional materials like paper boards, metals, wood, glass, etc in many applications. 
They are widely used in packaging for agricultural produce, food and beverages, pharmaceuticals, and other 
industrial products.  

 Protected cultivation 
  Being a major component in protected cultivation, Plastics are mainly utilized for constructing 
various structures such as greenhouse, walk-in tunnels, Small tunnel covers, polyhouse, etc. A greenhouse is 
a large structure in which it is possible to stand and work with automated ventilation. High tunnels are hoop 
houses, manually ventilated by rolling up the sides. Use of small tunnels is less popular than both the more 
expensive but durable greenhouses/walk-in tunnels and the cheaper plastic mulch. The structure of 
polyhouse is made using the iron poles and outer covering is done with the polythene hence structure is 
named “Polyhouse”. The white polythene is basically used since its albedo is higher than other colour thus 
providing the temperature required by the plants for their growth and development. 

 Water harvesting tanks 
  The conservation of the water is premier need to sustain the production. In this regard, water 
harvesting tanks are constructed to catch the rain water and utilizing it in peak water requirement period. In 
the construction of tanks polythene is used to reduce the water movement in soil. 

 Plastic vermi-bed 
  It is a cuboidal portable structure made basically with help of plastic and vermi wash is extracted 
from the vermi-bed through an outlet pipe. It maintain the aeration process to increase the earthworm 
population as a result of this the process, the vermicomposting procedure is enhanced.   

 Mulching 
  Mulching is when a thin plastic film is placed over the ground, poking holes at regular intervals for 
seeds to be planted in, or placing it directly over plants in the beginning stages of growth. The films remain 
in place for the duration of the cultivation and usually have a thickness of 12-80μm. The main functions of 
plastic mulch are to insulate and maintain a consistent temperature and humidity of the soil, preventing 
evaporation of moisture from the soil, minimization of seedtime and harvest, prevent weed growth, and to 
prevent erosion. Mulching is usually done using clear films or black plastic films. Black films prevent weed 
growth, but do not transmit light to heat up the soil whereas clear films transmit light and heat the soil, but 
promote weed growth.  

 Drip irrigation 
Drip irrigation is an important component of a plasticulture technology. It should be used with plastic 

mulch for the greatest benefits. Drip irrigation can save as much as 80% of the water used by other irrigation 
methods. This allows more production for the same investment in plastic mulch and drip irrigation 
equipment. 

 Pest Management 
Plasticulture system must have a good integrated program for insect, disease, and weed control. To 

obtain good insect and disease control, it is important to use a sprayer that generates sufficient pressure so 
that pesticide sprays penetrate to, and cover the whole crop. It is important to use chemical sprays 

https://en.wikipedia.org/wiki/Greenhouse
https://en.wikipedia.org/wiki/Greenhouse
https://en.wikipedia.org/wiki/High_tunnel
https://en.wikipedia.org/wiki/Hoop_house
https://en.wikipedia.org/wiki/Hoop_house
https://en.wikipedia.org/wiki/Plastic_mulch
https://en.wikipedia.org/wiki/Plastic_mulch
https://en.wikipedia.org/wiki/Humidity
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efficiently, to control the targeted pest without damaging the environment. The use of an integrated pest 
management (IPM) approach, which combines the use of disease-resistant varieties with chemical and 
biological control practices, crop rotation, and effective monitoring, is recommended.  

 Marketing 
Although plasticulture makes possible higher yields of vegetables, beginning earlier in the season, 

growers should organize their marketing strategies and outlets before planting any crop. A large amount of 
an early crop could present a marketing problem if there is not good advance planning of where to market 
it. Plasticulture production may be an asset in marketing.  

   

   
Figure 1: Various components of plasticulture technologies and its application in horticultural response 

Adopting plasticulture with special response to Horticulture 
The initial driving forces for the use of plastics in horticulture were first to increase earliness and total crop 
productivity of high value horticultural crops, second to take advantage of out of season production and 
third to use something as effective but much less expensive than glass as a protective covering. The 
promotion of earliness coupled with more productive and predictable total yields, holds for most all field 
grown horticultural crops where plastics are used. Earliness is especially important in the response to plastic 
covers for vegetable crops such as tomato, cucumber, pepper, brinjal, melon, sweet corn and for cut flowers 
(Orzolek, 2017). Other beneficial effects of plasticulture with row crop mulching or covers in the field are  

a. Precocious crop production (7 to 21 days earlier) 
b. Enhancing yields per hectare (two to three times higher) 
c. More efficient use of water resources 
d. Reduced leaching of fertilizers, especially on light, sandy soils 
e. Reduced soil and wind erosion 
f. Potential decrease in the incidence of certain insect pests disease and weed 
g. Opportunity to double- or triple-crop with maximum efficiency. 
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Table: 1. Benefit of plasticulture technologies in agricultural response 

S. No. Plasticulture Applications 
Water Saving 

(%) 
Water Use 

Efficiency (%) 
Fertilizer Use 
Efficiency (%) 

1. Drip Irrigation System 40-70 30-70 20-40 

2. Sprinkle Irrigation System 30-50 35-60 30-40 

3. Plastic Mulching 40-60 15-20 20-25 

4. Greenhouse 60-85 20-25 30-35 

Source: NCPAH, New Delhi (National Committee on Plasticulture Application in Horticulture) 

 

Conclusion and future perspective  

For qualitative and quantitative horticultural production, plastics can be used for various purpose i.e. 
mulching, cladding materials for protective structures, nets, pressurized irrigation, soil solarization, plastic 
traps, propagation, sleeving and packaging. By using plastics in fruit culture not only increase production but 
also minimize the pest, diseases and weed population and extend shelf life of fruits as well as saving 
fertilizers and water, minimize the use of herbicides and pesticides as compared to conventional methods. 
The growth is expected to be driven by the usage of plastics for the Agriculture sector, food packaging, 
infrastructure etc. Further the plastic industry would greatly benefit after implantation of Goods and 
Services Tax as the measure would bring uniformity in prices of various products being manufactured in 
different states.   
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INTRODUCTION: 
What is aerobic rice? 
Aerobic rice is a production system in which specially developed, rice varieties with “aerobic adaptation” are 
grown in well-drained, non-puddled, non-flooded fields and non-saturated (aerobic) soils, with adequate 
inputs, supplementary irrigation when rainfall is insufficient and management system aiming at yield levels 
of 4-6 tons per hectare. The new concept of aerobic rice may be an alternate strategy, which combines the 
characteristics of rice varieties adopted in upland with less water requirement and irrigated varieties with 
high response to inputs. 
Origin 
International Rice Research Institute (IRRI) developed aerobic rice technology to address the water crisis in 
tropical agriculture. In China, the water use for aerobic rice production was 55–56% lower than the flooded 
rice with 1.6–1.9 times higher water productivity. It indicates that aerobic rice may be a viable option where 
the shortage of water does not allow the growing of low land rice. 

Management Practices for aerobic rice cultivation: 
 The establishment method is dry direct seeding. 
 Aerobic rice also allows practices of conservation agriculture as used in upland crops, such as mulching 

and minimum tillage. 
 Irrigation can be applied through flash-flooding, furrow irrigation (or raised beds), or sprinklers. 
 Site-specific nutrient management can be used to determine the optimal management of fertilizers. 
 70−90 kg N/ha could be a useful starting point to obtain a yield of 4−6 t/ha. The application of 

Phosphorus fertilizer can be more critical to aerobic rice than to flooded rice. 
 Appropriate herbicide use and additional manual or mechanical weeding in the early phase of crop 

growth, are therefore needed to control weeds. 
 Soil-borne pests and diseases such as nematodes, root aphids, and fungi are known to occur more in 

aerobic rice than in flooded rice. Appropriate herbicide use and additional manual or mechanical 
weeding in the early phase of crop growth, are therefore needed to control weeds. 

 

 
Fig 1: RAU, Pusa produces aerobic rice to help farmers in water stressed conditions 
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Impact of aerobic rice on different parameters: 
Yield and Yield attributes: The yield difference between aerobic and flooded rice ranged from 8 to 69% 
depending on the number of seasons that aerobic rice has been continuously grown. 

In general, flooded rice produced more panicles with more spikelets per panicle than aerobic rice. 

Nutrient concentration and uptake 
Belder et al. (2005) reported relatively low uptake of nitrogen under aerobic conditions as compared to 
flooded conditions which were reflected by the relatively low fertilizer-N recovery under aerobic conditions. 

Changes in soil properties 
A decline in soil organic matter under the aerobic system as compared with permanent flooding or the 
rotational flooded rice-aerobic rice.In aerobic soils, however, Fe and Mn may become limiting, especially 
when the soil pH is high. Moreover, nutrient uptake and supply to plants may be reduced because of lower 
delivery rates to roots through mass flow and diffusion as both of these processes are influenced by the 
reduced soil water content 

Aerobic rice Varieties in India 
The work on developing varieties suitable for the aerobic rice system started only recently and is 

generally restricted to screening available varieties. At the Indian Agricultural Research Institute (IARI), New 
Delhi, APO, IR55419-04, IR7437-46-1-1 (IRRI varieties), Pusa 834, Pusa RH 10 (IARI varieties), and Pro-Agro 
6111 (a commercial variety) yielded above 4 t/ha under aerobic conditions. Further in on-farm trials with 
irrigation around field capacity, yields of 4.75– 5.75 t/ha were obtained with a number of high yielding 
varieties developed at IARI for lowland flooded conditions, namely, Pusa Hybrid 10 and Basmati type Pusa 
Sugandh (meaning smell) 3, Pusa Sugandh 4, and Pusa Sugandh 5, which fetch much higher returns (Singh 
and Chinnusamy, 2007) 

Variety PMK3 produced most productive tillers and gave the highest grain yield of 3.68 t/ha. PMK3 
also gave the highest water productivity of 7.66 kg of rice ha/mm (Martin et al., 2007). University of 
Agricultural Sciences, Bangalore, has developed an ARV MAS 946-1, while another genotype MAS 26 has 
been approved for multilocation trials in India (Hittalmani, 2009). 

CONCLUSION 
Lowland rice has proven to be a remarkably sustainable system for rice production mostly because of its 
luxurious water availability. But the present day water crisis threatens the sustainability of lowland rice 
production and necessitates the adoption of water-saving irrigation technologies like saturated soil culture 
and alternate wetting and drying are receiving renewed attention by researchers. But these technologies 
reduce water inputs only at the expense of yield. Aerobic rice is a new concept to decrease water 
requirements in rice production and is highly suitable for irrigated lowland rice with insufficient rainfall. 
Aerobic rice cultivation has been identified as a potential new technology, which can reduce water use in 
rice production and also recognized as an economically attractive crop. But, the major drawback of weed 
pressure has to be removed so as to make aerobic rice cultivation more efficient in terms of returns on 
farmer investments and the use of water resources. There is good diversity in rice genomes and with the 
availability of new modern tools in genetic engineering, it may be possible to develop in future rice 
genotypes that can grow under aerobic environment as other cereals such as corn, wheat, barley, etc. 
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What a caterpillar calls the end of the world, the rest of the world calls a butterfly (Richard Bach) 

 

Butterflies are the most beautiful and attractive insects on earth and have great aesthetic value. There are 
more than 28000 species of butterflies which are an important part of  the ecosystem acting as pollinators of 
various flowering plants and in food chain serving as food for birds, reptiles etc. Butterflies represent a good 
model for rapid assessment and habitat monitoring studies because they are widespread, conspicuous and 
easily recognizable and are used to monitor temporal changes in plant insect interactions as climate change 
induces phenological mismatch between butterflies and plant species. Butterflies also recycle essential 
nutrients such as N,P,K in an ecosystem. India is a home to about 1504 species of butterflies which is about 
8.74% of total butterflies species in the world and constitutes 65% of total Indian fauna. Butterflies are 
indicators of habitat biodiversity and are the second largest order (Lepidoptera) of arthopods. They are 
often potrayed by advertisers and illustrators as environment friendly indicators representing essence of 
nature, freedom, beauty and peace. In the current scenario butterflies need to be conserved and preserved 
due to changes in climate, overdoses of pesticides, man and animal conflict, non implementation of laws and 
general ignorance (Wild life protection Act, 1972: Endangered butterflies listed under schedule I and II, 
Biodiversity Act, 2002, IUCN Red Data Book). Their contribution to agriculture is valued only next to honey 
bees. A decrease in their population leads to a fall in their predator population such as wasps, spiders and 
birds. In countries like Japan, Malaysia, important steps have been taken to conserve butterflies which is 
evident from the fact that these countries have owned these beautiful creatures as their national butterflies.  
 
Some of the National butterflies are listed below 
1.  Bhutan:  Ludlow's Bhutan Glory (Bhutanitis ludlowi )  
2. Sri Lanka : Sri Lanka bird wing:(Troides darsius)  
3. Malaysia: Rajah Broke's bird wing: (Trogonoptera brookiana) 
4. Japan: Japanese emperor (Sasakia charonda)  
5. Costa Rica: Blue morpho (Morpho menelaus) 
 
Some state butterflies of U.S.A  
1. Alabama: Monarch butterfly ( Danaus plexippus)    
2. Arizona: Two tailed swallow tail (Papilio multicaudata)     
3. California: California dog face butterfly: (Zerene eurydice) 
  
India has also taken initiatives to conserve butterflies in the past years and in the year 2007 Bannerghatta 
National park was opened in Bengaluru, Karnataka. It is the first butterfly park of India and serve as a model 
for butterfly conservation, research and captive breeding. This park is a joint venture of zoo authority of 
Karnataka and Department of Biotechnology , Gov. of India. The  park has been established over an  area of 



AGRICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                                Volume 1 – Issue 11 – November 2019 

 

- 52 - 
 

7.5 acres which has a butterfly trail of about 1 km length. A study reported 48 species of butterflies in 
various seasons at Bengalaru, the major being Papilionidae, Pieridae, Nymphalidae, Lycaenidae and 
Hespiridae. India's second butterfly park is built in Shimla, Himachal Pradesh on the model of Bannerghatta 
butterfly park which focuses on conservation of butterflies.   

  Swallowtails (Papilionidae) are among the most endangered and most traded groups of butterflies 
worldwide. They are included in Schedule I of the Indian Wildlife Protection Act 1972. This family has the 
least number of species (700) in the world i.e 4 per cent of butterflies globally The largest Indian butterfly is 
common bird wing ,Troides helena  or T.minos with a maximum expanse of 190mm and the smallest is grass 
jewel Freyeria trochilus putli with a minimum wing expanse of 15mm. India has boosted conservation  
efforts for these swallowtail butterflies by adopting them as their state butterflies to promote their 
development and prevent illegal trade and that more people become aware of the importance of butterflies 
in the eco-system. These are important pollinators, and their preservation is necessary for the eco-system 

 Maharastra is the first state in  India to have a state butterfly, Blue mormon (Papilio polymnestor). It 
is the second largest butterfly found in India just smaller than southern bird wing. The state wildlife board in 
its 9th meeting on 22nd, June, 2015 declared blue mormon species as state butterfly due to its aesthetic 
value,  large size and presence in majority of forest types in Maharastra. P. polymnestor is  primarily found in 
Srilanka and India mainly resrticted to western ghats of Maharashtra, South India and Coastal belts, 
Jharkhand, Madhya Pradesh, Gujarat, West Bengal, Kerala, Karnataka, Goa, Tamil Nadu,  Sikkim. 

 Uttarakhand  is another state  to name common peacock , Papilio binar as its first state butterfly. The 
butterfly commonly occurs in Himalayan states. Almost 30 per cent of butterfly species that occur in India 
are found in Garhwal region of western Himalayas. Conservation practices towards P.binar will also give 
impetus to conservation of Zanthoxylum armatum (Timur) which is its larval host tree. 
  Malabar banded peacock  (Papilio budha ) is the third most beautiful butterflies in India  and 
is the state butterfly of Kerala, found in southern Goa and northern Kerala. It belongs to family papilionidae 
(swallow tail butterflies).. 

The Southern Birdwing, whose scientific name is Troides minos, has a wingspan of 140-190 mm, it is the 
largest butterfly in India. The butterfly is more common in the Western Ghats , primarily endemic to South 
India, it is found in abundance in Karnataka. It feeds exclusively on flower nectar, feeding from forest food 
plants, and also garden plants like Ixora, Lantana, and Mussaenda. It is the karnataka state butterfly. 

 Butterfly species Tamil yeoman (Cirrochroa thais) (nymphalidae) has been officially declared as state 
butterfly of Tamil Nadu. In this series Tamil Nadu has become the 5th state having its own butterfly. It is also 
known as Tamizh Maravan meaning warrior. This butterfly is found in western ghats more prominently in 
hilly areas occuring in most decidous evergreen forests and along streams. It is a nymphalid butterfly found 
in tropical forests of India and Srilanka. The species was first described by Fabricus 1787. The major host 
plant  is  Hydnocarpus wightiana. 

 Butterflies  have long been used as model organisms for biological  research,  pest management, 
biodiversity conservation,  mimicry evolution and genetics. They are also indicators of climate change. 
People cherish observing  butterflies around their homes and country side which makes them feel happy, 
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removes depression and thus add to mental  and emotional health. In developed countries and many 
developing countries  like Mexico, Rhodes  they are also a source of income,  thousands of people travel 
abroad each year looking for butterflies and moths.. These eco tours bring valuables assets and  increases  
incomes.  One cannot forget their contribution as pollinators of various crops and trees. Therefore,  
butterflies conservation should b a must for sustained growth and development. and in this direction the 
initiatives by India are  praiseworthy.   
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Plant Quarantine  
It is a process which restriction are imposed by the governments to regulate the introduction and movement 
of plant and plant material with a view to prevent introduction of exotic pests/pathogens in uninfested 
areas. It covers two basic principles of disease management: Exclusion and eradication. 

Why quarantine regulation? 
To safeguard the country’s agricultural economy and the biodiversity from the ravages of exotic pests, every 
country has specified Phytosanitary conditions so as to mitigate these pests OR otherwise impose 
restrictions/prohibitions based on scientific justifications. Liberalized trade in agriculture as a consequence 
of the WTO Agreements. It was necessary to protect the interest of the country’s farmers by preventing the 
entry, establishment and spread of destructive pests, vectors and alien species. It was necessary to protect 
the national plant life and environment. Different countries have their specific notified Phytosanitary 
measures which are required to be strictly followed by the importer and exporters. 

Phytosanitary Measures in India 
In India, Phytosanitary Measures are regulated since the beginning of the 19th Century through the 
Destructive Insects & Pests Act (DIP Act), 1914. In the wake of WTO and SPS (Sanitary & Phytosanitary) 
Agreement, Government of India has revised and notified a new ‘Plant Quarantine (Regulation of Import 
into India) Order, 2003 under sub-section (1) of Section 3 of the Destructive Insects & Pest Act, 1914. Plant 
quarantine operations in India are carried out by the Directorate of Plant Protection, Quarantine and 
Storage, which functions under the aegis of the Ministry of Agriculture. The development of the new Plant 
Quarantine (Regulation of Import into India) Order, 2003.WTO is responsible for establishing rules of trade 
between nations and IPPC is the recognized international standard setting body for plant health under the 
WTO-SPS. International Plant Protection Convention (IPPC) is a multilateral treaty for international 
cooperation in plant protection. 

The purpose of the IPPC is to secure common and effective action to prevent the spread and 
introduction of pests of plants and plant products, and to promote appropriate measures for their control. 
The Convention was adopted by the Conference of the Food and Agriculture Organization of the United 
Nations (FAO) at its Sixth Session in 1951. Nearly 177 countries have signed its instrument of adherence and 
India is a member of IPPC since 1952. It is a standard setting organization and its aims are to: Prevent 
introduction & spread of pests, promote fair & safe trade, Protect plant life. 

 
Key principles 

A. Only applied when necessary 
B. Technically justified 
C. No more restrictive than necessary to address risk 
D. Non-discriminatory 
E. Transparent 
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F. The Sanitary and Phytosanitary Agreement of WTO envisages application of Phytosanitary measures 
which should be: 

G. Consistent with international standards 
H. Justified by scientific principles and evidence 
I. Harmonized to the extent possible 
J. Transparent / notified / non-discriminatory 
K. Only as restrictive as necessary to meet the appropriate level of protection. 

The National Standards are required to be prepared in line with the approved International Standards by 
International Plant Protection Convention (IPPC) for various plant quarantine activities.  As such, 
Government of India has already developed the National Standards for Phytosanitary Measures for some of 
the important activities including the Survey & Surveillance.  

Phytosanitary Certificates 
In India, Phytosanitary certificates are required for ALL plants and plant products with the exception of: 
garlands, bouquets, dry fruits/nuts weighing two kilograms or less imported for personal consumption. A 
Phytosanitary certificate is a certificate stating that a specific crop was inspected and a specified disease was 
not found or stating that a specific disease does not occur in the area of production. Phytosanitary certificate 
contains information about the conditions to export plants and plant products, which includes fruits, 
vegetables, cut flowers, grains and seeds. The Phytosanitary certificate is a document issued by the plant 
quarantine office in the country of origin declaring that the crop is free from pests and disease. 

Steps in quarantine measures in India 
A. Import control: Regulations of importing country:  
Embargoes: Total prohibition of import of certain kind of infected material from particular region /country. 
Inspection of seed lots: The examination of seed samples must be by the most sensitive and reliable method 
for detection of dangerous pathogens.  
Post Entry Quarantine (PEQ):  it is difficult to detect all types of seed borne pathogens by simple tests. Seeds 
are subjected to a period of grow in quarantine station under strict supervision in importing countries 
B. Export control: Regulations of the exporting country: 
Field inspection of field crops: The seed crop is inspected regularly for diseases; infected plants are rouged. 
The crop should meet requirements of the importing country. 
Inspection of seed lots: The seed lot is thoroughly examined for the presence or absence of the 
microorganisms before export. 
Seed treatment: The seed lot should be treated as per the requirements of the exporting country. However, 
the treatment should confine to regulations of the importing country. 
Phytosanitary certificate: Phytosanitary certificates are issued by the exporting country along with the seed 
as per the international plant protection convention of 1951.  
C. Third country or intermediate quarantine: 
This is particularly helpful for transferring high risk tropical /sub-tropical plant genera from one country to 
another. The material could be grown, tested/indexed for hazardous plant pests and pathogens in a 
temperate country without much risk because either the possible hosts are not present there or the 
environment is unfavourable for their establishment. This requires international cooperation. 
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Some centres have been providing third country quarantine facilities for transferring genetic resources 
include Sub-tropical Horticulture Research Station, Miami, USA for cocoa, coffee, rubber and tea; University 
of Reading, UK for groundnut; and Institute Nazionale Per Piante de Legno, Torino, Italy for cassava. 

Table: Pests and Diseases introduced in India from other countries: 

 

Limitations and Constraints of regulatory measures 
I. Lack of organized services of PQ at state level,  

II. Lack of inert state border PQ check posts at railway and road links,  
III. Lack of concerned and coercive action at the state Govt. level, 
IV. Lack of rigorous seed/stack certificates or nursery infection.  
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Sr.No. Pests Native Place Year of introduction 

1 Coffee rust Srilanka 1879 

2 Late blight of potato England 1883 

3 Flag smut of wheat (Urocystis tritici) Australia 1906 

4 Downey mildew of grapes Europe 1910 

5 Downey mildew of cucurbits (P. cubensis) Srilanka  1918 

6 Downey mildew of maize (S. philippinensis) Java 1912 

7 Foot rot of Rice (Fusarium moniliforme) South East Asia 1930 

8 Black rot of crucifers (X. campestris) Java  1929 

9 Leaf spot of sorghum  South Africa  1934 

10 Powdery mildew of rubber (Oidium heveae) Malaya  1938 

11 Fire blight of pear  England  1940 

12 Crown gall of Apple / pear (A. tumefaciens) England  1940 

12 Bunchy top virus  Srilanka  1940 

13 Canker of apple (Sphaeropsis spp.) Australia  1943 

14 Wart of potato (Synchytrium endobioticum) Netherlands  1953 

15 Bacterial blight of paddy (X. oryzae) Philippine  1959 

16 Golden Nematode of potato Europe  1961 

17 San Jose scale of apple  Italy 1900 

18 Wooly aphid of apple  Australia 1928 
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Important citrus nematode disease and its management 
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INTRODUCTION 
The citrus nematode is present and common wherever citrus trees are grown and causes the “slow decline” 
of citrus. In some regions, in addition to citrus, the nematode, or distinct races of it, also attacks grapevines, 
olive, lilac, and other plants. Infected trees show a slow decline, i.e., they grow poorly, their leaves turn 
yellowish and drop early, their twigs die back, and fruit production is gradually reduced to unprofitable 
levels. Tylenchulus semipenetrans (Citrus nematode, citrus root nematode) is a species of plant pathogenic 
nematodes and the causal agent of slow decline of citrus. T. semipenetrans is found in most citrus 
production areas and diverse soil textures worldwide. Their feeding strategy is semi-endoparasitic and has a 
very narrow host range among commonly grown crops. These nematodes are considered as major plant-
parasitic nematode because they can cause 10-30% losses reported on citrus trees.  
 
Symptom  
The symptoms described below are typical of a nematode problem but are not diagnostic, because they 
could result from other causes as well. Aboveground symptoms of nematode damage are lack of vigour, twig 
dieback, decline in growth, and reduced fruit size and yield. The nematode infestations may occur without 
inducing any aboveground symptoms. Belowground symptoms of a citrus nematode infestation include poor 
growth of feeder roots, and soil adhering to roots giving them a dirty appearance. Sheath nematode causes 
swelling (galling) of root tips. The ground symptoms, the infected roots are thicker, darker, decayed and 
appear dirty. This is caused by soil particles sticking the gelatinous matrices which have been excreted by the 
females. The infected root systems due to the nematode damage lose the ability to absorb enough water 
and nutrients for normal growth. Yellowing of foliage, leaf curling and dieback are consequences of 
insufficient root development and decayed young roots.  

Pathogen 
The citrus nematode is caused by Tylenchulus semipenetrans. This 
pathogen is a semi-endoparasitic sedentary nematode. The juveniles 
and males are wormlike, but the female body is swollen irregularly 
behind the neck. The nematodes measure about 0.4 millimeters long 
by 18 to 80 micrometers in diameter, with the larger diameters 
being found only in the maturing and mature females. The females 
bury the front end of their body in the root tissue while the rear end 
remains outside and lays eggs in a gelatinous substance. The life 
cycle of T. semipenetrans is completed within 6 to 14 weeks at 24°C. 
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The male juveniles and adults do not feed and apparently do not play a role either in the disease or in the 
reproduction of the nematode. The second-stage female juvenile is the only infective stage of the nematode 
and cannot develop without feeding, but it can survive for several years. In the soil, the citrus nematode 
occurs as deep as four meters. The cortex and may reach as deep as the pericycle. The head of the 
nematode creates a tiny cavity around it and feeds on enlarged parenchyma cells known as nurse cells. Later 
on, cells around the feeding site become disorganized and break down. After invasion by secondary fungi 
and bacteria, the affected areas turn into dark, necrotic lesions. In severe infections, 100 or more females 
may be feeding per centimetre of root. The females, along with soil particles that cling to the gelatinous 
substance of the egg mass, result in dark, bumpy, and often decayed young roots. The nematodes reach high 
populations in infected trees, which begin to show decline 3 to 5 years after the initial infection. When the 
trees show advanced stages of decline, the nematode populations also decline. 
 
Life Cycle 
The life cycle of the female citrus nematode is 6-8 weeks long, whereas the male citrus nematode only lives 
for about 7-10 days. These nematodes reproduce by amphiximis and parthenogenesis. Tylenchulus 
semipenetrans is a dimorphic species that exhibits sexual dimorphism (male and female individuals) at both 
the juvenile and adult stage. The life cycle of Tylenchulus semipenetrans is typical of plant-parasitic 
nematodes beginning as an egg, which contains the first stage juvenile (J1). This stage molts in the egg into 
the second-stage juvenile (J2) that hatches and searches for host roots. The motile and vermiform J2 female 
molts into the vermiform J3 and J4, and finally into the sedentary adult. The development of female juveniles 
into adults requires feeding on the epidermis and superficial layers of the cortical parenchyma of the roots. 
The immature female begins to penetrate the outer surface of the root into the deep cortical layers, usually 
without reaching the central cylinder (or exceptionally the endodermis). It becomes sedentary and 
establishes a permanent feeding site consisting of specialized cells (nurse cells) which are the main source of 
nutrients. With maturation, the posterior portion of its body swells and protrudes from the root surface 
while its elongate neck and head remains embedded into the cortex. Mature females produce eggs that are 
embedded in a gelatinous matrix secreted through the excretory pore. The length of the female life cycle 
from egg to egg ranges from four to eight weeks (Van Gundy 1958). The development of the J2 male into 
adult is completed in seven days and does not require feeding. Consequently, the feeding apparatus (stylet 
and esophagus) of adult males is poorly developed and may be difficult to observe. Tylenchulus 
semipenetrans is a sexually reproducing species that can occasionally reproduce by facultative 
parthenogenesis without the need of males.   
 
Host-parasite interaction 
High population densities of the citrus nematode can result in severe damage on the citrus tree. Some above 
ground symptoms can be observed such as suppression of citrus tree growth, lack of vigor or decline 
symptoms, yellowing of foliage and small size of fruit. The young adult females penetrate into the cortex 
cells, become sedentary and form multiple‘nurse’ cells. The nematode feeding from these nurse cells 
reduces the amount of water and nutrients available to the growing plant.  
 
Management  

1. Good sanitation practices are essential to avoid nematode infestations.  
2. Use certified nematode-free material for planting.  
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3. Using a resistant rootstock is recommended whether or not nematodes are present. Trifoliate orange 
is known to be tolerant to citrus nematode. 

4. Rotation with annual crops for 1 to 3 years before replanting citrus helps to reduce citrus nematode 
populations.  

5. The control of the citrus nematode is based on preventing its introduction into new areas by growing 
nursery stock in nematode-free fields and by treating nursery stock with hot water at 45°C for 25 
minutes or with nematicides. Because of the great depth at which the citrus nematode can survive, 
soil fumigation is not always effective.  

6. All growers should avoid contaminated nursery rootstocks and use certified nematode-free soil and 
nematode-free rootstock. Nematodes can easily be removed from seedlings by dipping the roots in 
45 C water for 25 min, this kills the nematodes but does not harm the plant. 

7.  For cultural practices, the container-grown citrus can be treated with steam and soil solarization.  
8. Fumigation and nematicides are used to reduce initial population densities. Halogenated hydro-

carbons (MBr,1-3-D and chloropicin) are the most effective.  
9. In established orchards, treat when sampling indicates more than 400 female citrus nematodes are 

present in 1 gram of roots in February to April or more than 700 in 1 gram of roots during May and 
June.  

REFERENCE: 
[1]. Inserra, R.N. (1994). Citrus nematode biotypes and resistant citrus rootstocks in Florida. Nematology 

Circular No. 205. Florida Dept. Agric. and Consumer Services, Div. Pl. Industry.  
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post plant chemical treatment of replant citrus trees in an orchard infested with Tulenchulus 
semipenetrans. Plant Dis. 82, 1323-1327. 
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Different methods of sowing in wheat cultivation & their advantages 
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INTRODUCTION  
Wheat (Triticum spp.) occupies the prime position among the food crops in the world. In India, it is 

the second important food crop being next to rice and contributes to the total foodgrain production of the 
country to the extent of about 25%. Wheat has played a very vital role in stabilizing the food grain 
production in the country over the past few years. 
Classification of Indian Wheats: 
1. Emmer Wheat (Triticum dicoccum schub L.) : 

This type was reported to be grown in south i.e. Maharashtra, Tamil Nadu and Karnataka. This type is 
believed to be developed from T. diccoides koru., a wild form. It is also grown in Spain, Italy, Germany and 
Russia. 
2. Macroni Wheat ( T.durum Desf.) : The durum or macroni wheat, cultivation in India, is considered to be 
very old. It is a best wheat for drought conditions or under restricted irrigated conditions of Punjab, M.P., 
Karnataka, Tamil Nadu, Gujarat, West Bengal and H.P. It is used for semolina (suji) preparation. 
3. Common Bread Wheat ( T. vulgare Host) : 

It is a typical wheat of alluvial soils of Indo-Gangetic plains i.e.Punjab, Uttar Pradesh, Bihar and parts 
of Rajasthan. The bulk of the Indian crop, therefore, consists of this type. 
4. Indian Dwarf Wheat (T.spherococcum Mihi.) : 

This belongs to the club wheat of western countries. This is found in limited areas of M.P., U.P., of 
India and in Pakistan. These are characterised by very short and compact heads having a shorter grains. 
5. Triticum aestivum : 

This is the type presently grown in India in almost all the wheat growing zones. It is used mainly for 
bread purpose. 
Sowing: 
a) Sowing time: 

Based on above temperature requirement it has been found that for indigenous wheat last week of 
October, for long duration dwarf varieties like Kalyansona, Arjun, etc. first fortnight of November and for 
short duration dwarf wheats like Sonalika, Raj 821 etc. second fortnight is the best sowing time. Under 
exceptionally late sown condition it may be delayed to latest by 1st week of December beyond which if area 
is very small transplanting may be practiced. 
b) Seed rate: 

Generally, a seed rate of 100 kg/ha has been found to be sufficient for most of the varieties like 
Kalyan Sona, Arjun, Janak, etc.which have moderate tillering and medium sized grains. But a higher seed rate 
of 125 kg/ha is desirable for late sown wheat and normal sown for varieties like Sonalika, Raj 821 etc. which 
have bold grains and shy tillering habits. 
c) Spacing:  

For irrigated, timely sown wheat, a row spacing of 15 to 22.5 cm is followed, but 22.5 cm between 
the rows is considered to be the optimum spacing. Under irrigated late-sown conditions, a row spacing of 
15-18 cm is the optimum. For dwarf wheats, the planting depth should be between 5 and 6 cm. Planting 
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beyond this depth results in a poor stand. In the case of conventional tall varieties, the depth of sowing may 
be 8 or 9 cm. 
d) Seed treatment: 

The seed of loose smut-susceptible varieties should be given solar or hot-water treatment. If the 
wheat seed is used only for sowing, and not for human consumption or for feeding cattle, it can be treated 
with Vitavax. 
Application of Mannures and Fertilizer 

It is desirable that 2 to 3 tonnes of farmyard manure per hectare or some other organic matter is 
applied 5 or 6 weeks before sowing. The fertilizer requirement of the irrigated wheat crop are as follows: 
.With assured fertilizer supply: 
Nitrogen (N) @8- - 120 kg/ha  
Phosphorus (P2O5) @ 40- 60 kg/ha 
Potash (K2O) @ 40 kg/ha. 
 
Under fertilizer constraints:  
N @ 60-80 kg/ha 
P2O5 @ 30-40 kg/ha 
K2O @ 20-25 kg/ha. 

Total quantity of Phosphorus and potash and half the quantity of nitrogen should be applied at the 
time of sowing. Remaining quantity of Nitrogen should be applied at the time of crown root initiation.For 
the late sown irrigated wheat crop, the NPK fertilizer dose recommended is:  
N – 60-80 kg/ha 
P2O5 – 30-40 kg/ha 
K2O – 20-25 kg/ha. 
Irrigation: 

The high yielding wheat varieties should be given five to six irrigations at their critical growth stages 
viz. Crown root initiation, tillering, jointing, flowering, milk and dough which come at 21-25 days after 
sowing (DAS), 45-60 DAS, 60-70 DAS, 90-95 DAS, 100-105 DAS and 120-125 DAS respectively. Off these 
irrigation at CRI stage is most important. 

SOWING METHODS  
1. Broadcasting 

Broadcasting is otherwise called as random sowing. Literally means ‘scattering the seeds’.  
Broadcasting is done for many crops. Broadcasting is mostly followed for small sized to medium sized crops. 
This is the largest method of sowing followed in India, since; it is the easiest and cheapest and requires 
minimum labours. To have optimum plant population in unit area certain rules should be followed. 
• Only a skilled person should broadcast the seeds for uniform scattering. 
• The ploughed field should be in a perfect condition to trigger germination. 

The seeds are broadcasted in a narrow strip and the sowing is completed strip by strip. To ensure a 
good and uniform population, it is better to broadcast on either direction. This is called  criss-cross sowing. If 
the seed is too small, it is mixed with sand to make a bulky one and for easy  handling. Ex. Seasame seeds 
are mixed with sand at 1:15 or 1:10 ratio and sown.  

In certain cases the person sowing will be beating the seeds against the basket for uniform 
scattering. Ex. Sorghum, pearl millet. After broadcasting, the seeds are covered gently either using a country 
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plough with a very shallow ploughing or some wooden planks (boards / levelers) are used to cover the 
surface. In some cases, tree twigs or shrub branches are used. If the seeds are large, levelers collect the 
seeds and leave in the other side. Comb harrow is the best used one. 
 
Disadvantages 
• All the seeds broadcasted do not have contact with the soil. 100% germination is not  possible. 
• Enhanced seed rate is required. 
• Seeds cannot be placed in desired depth. Desired depth ensures perfect anchorage. Lodging  (falling down) 
is common in broadcasting. 
 
2. Dibbling 

This is actually line sowing. Inserting a seed through a hole at a desired depth and covering  the hole. 
Dibbling is practiced on plain surface and ridges and furrows or beds and channels. This  type of sowing is 
practiced only under suitable soil condition. Rice fallow cotton is dibbled on a plain surface. The seeds are 
dibbled at 2/3rd from top or 1/3rd at bottom of the ridge. Before sowing,furrows are opened and fertilizers 
are applied above which seeds are sown. The seeds do not have contact with the fertilizers. This is done for 
wider spaced crops and medium to large sized seeds.Ex. Sorghum, maize, sunflower, cotton are dibbled on 
ridges and furrows. Both beds and channels;and ridges and furrows come under line sowing. While earthing 
up, the plant occupies middle of the ridge. Earthing up is essential for proper anchorage of the root system 
Advantages of line sowing are, (i) uniform population, (ii) better germination, (iii) reducedseed rate. 

3. Sowing behind the plough 
Sowing behind the plough is done by manual or mechanical means. Seeds are dropped in  the 

furrows opened by the plough and the same is closed or covered when the next furrow is  opened. The 
seeds are sown at uniform distance. Manual method is a laborious and time  consuming process. Seeds like 
redgram, cowpea and groundnut are sown behind the country  plough. Major sown crop is ground out. 
Seeds are sown by mechanical means by Gorus – seed drill. A seed drill has a plough share and hopper. 
Seeds are placed on hopper. Different types of seed drill are available, e.g., simple Goru – Guntakas. 
Advantages:  
i) The seeds are placed at desired depth covered by iron planks, ii) except very small,  very large seeds most 
of the seeds can be sown, e.g. maize, sorghum, millets, sunflower, etc. 

4. Drill sowing (or) Drilling 
Drilling is the practice of dropping seeds in a definite depth covered with soil and  compacted. In this 

method, sowing implements are used for placing the seeds into the soil. Both animal drawn Gorus and 
power operated (seed drills) implements are available. Seeds are drilled continuously or at regular intervals 
in rows. In this method, depth of sowing can be maintained and fertilizer can also be applied simultaneously. 
It is possible to take up sowing of inter crops also. It requires more time, energy and cost, but maintains 
uniform population per unit area. Seeds are placed at uniform depth, covered and compacted. 
 
5. Transplanting 

This method of planting has two components, a. nursery and b. transplanting. In nursery, young 
seedlings are protected more effectively in a short period and in a smaller area. Management is easy and 
economical. 
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Advantages 
• Can ensure optimum plant population 
• Sowing of main field duration, i.e., management in the main field is reduced 
• Crop intensification is possible under transplanting 
Disadvantages 
• Nursery raising is expensive 
• Transplanting is another laborious and expensive method 
 

Age of seedlings is 1/4th of the total duration of the crop. If the total duration is 16 weeks, four week 
period (1 month) is under nursery beds. Nursery age is not very rigid, e.g., thumb rule – 3 months crop 
nursery duration 3 weeks, minimum 4 months – 4 weeks minimum period; 5 months – 5 weeks. After the 
nursery period, seedlings are pulled out and transplanted. This is done on the main field after thorough field 
preparation or optimum tilth. The seedlings are dibbled in lines or in random. Closer spaced crops are mostly 
raised in random method even after nursery, Ex. rice and finger millet. For vegetables, desired spacing is 
required during transplanting. Transplanting shock is a period after transplanting, the seedlings show no 
growth. This is mostly due to the change in the environment between root and the soil. The newly planted 
seedlings should adjust with new environment. It is for a period of 5-7 days depending upon season, crop, 
variety, etc. At higher temperature, dehydration is possible and leaves dried out. Area required for nursery 
normally is 1/10th of the total area. 
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Type of vegetable gardens 
Artice id: 22217 
Sriom 
Research Scholar, Department of Vegetable Sci., NDU&T Kumarganj Ayodhya (U.P.) 

Kitchen garden or nutrition garden Kitchen garden or home garden or nutrition garden is primarily 
intended for continuous supply of fresh vegetables for family use.  A number of vegetables are grown in 
available land for getting a variety of vegetables.  Family members do most of works.  Area of garden, lay 
out, crops selected etc. depend on availability and nature of land.  In rural area, land will not be a limiting 
factor and scientifically laid out garden can be established.  In urban areas, land is a limiting factor and very 
often crops are raised in limited available area or in terraces of buildings.  Cultivation of crops in pots or in 
cement bags is also feasible in cities.  The unique advantages of a kitchen garden or home garden are:  

• Supply fresh fruits and vegetables high in nutritive value • Supply fruits and vegetables free from toxic 
chemicals  

• Help to save expenditure on purchase of vegetables and economize therapy • Induces children on 
awareness of dignity of labour  

• Vegetables harvested from home garden taste better than those purchased from market. Sites selection 
and size Choice for selection of site for a kitchen garden is limited due to shortage of land in homestead.  
Usually a kitchen garden is established in backyard of house, near water source in an open area receiving 
plenty of sunlight.  Size and shape of vegetable garden depends on availability of land, number of persons in 
family and spare time available for its care.  Nearly five cents of land (200 M2) is sufficient to provide 
vegetables throughout year for a family consisting of five members.  A rectangular garden is preferred to a 
square plot or a long strip of land. Layout   Layout of garden and selection of crops suited to each season 
depends on agro-climatic conditions prevailing in the area.  Depending on climatic and seasonal changes, 
modifications are to be done in layout and crop allotment.  General features / principles to be followed in 
the layout are follows:  

• Perennial vegetables like drumstick, curry leaf and bilimbi should be allotted to one side of the garden so 
that they may neither shade remaining plants nor they interfere with intercultural operations.  Shade loving 
vegetables like water leaf may be planted in perennial plot.  One or two compost pits may be provided on 
one corner of kitchen garden for effective utilization of farm / kitchen waste.  

• Fences on all sides should be made with barbed wire or with live stakes.  Fencing on four sides may be 
planting chekkurmanis, ivy gourd, dolichos bean, trailing cowpea and ridge gourd.  Fence may be made 
strong by planting agathi (Sesbania grandiflora) at 1.0 m. distance along the fence.  An arch made of red or 
green Basella may be erected at entry point or gate of kitchen garden.  

• After allotting areas for perennial crops, remaining portion is divided into 6-10 equal plots for raising 
annual vegetable crops.  By following scientific crop rotation, three annual crops can be raised in the same 
plot.  Companion cropping or accession cropping, inter cropping and mixed cropping can be followed for 
effective utilization of space.  
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• Provide walking path at centre as well as along four sides.  Path can be made attractive by planting red and 
green amaranth or indeterminate tomato on either side.  

• Utilize ridges, which separate individual plots for growing root and tuber crops.  

• As intensive and continuous cropping is done in a kitchen garden, fertility and texture of soil may be 
maintained by applying adequate quantities of organic manure frequently.  Organic farming should be given 
thrust for a kitchen or home garden.  However, in order to harvest good crop, chemical fertilizers are also 
essential.  

• Since fresh vegetables are directly utilized, follow clean cultivation, mechanical removal of pest / disease 
affected plants, planting of resistant varieties, biological control, and use of bio-pesticides or bio-fungicides 
for pest and disease control in a kitchen garden.  

• In a kitchen garden, preference should be given to long duration and steady yielding varieties than high 
yielding ones, which require constant care.  

• Crop arrangement: While allotting or arranging crops in each sub-plot, care should be taken to plant 
varieties / crops at ideal time of planting or season.  Principles of crop rotation also should be followed in 
continuous cropping.  

• A bee-hive may be provided for ensuring adequate pollination of crops besides obtaining honey.  

Market garden: Market gardens are established within 15-20 km of city to supply fresh vegetables to 
nearby local market.  Cropping pattern in a market garden depends on demands of local market.  Mostly 
high value crops, early varieties and varieties or crops which do not stand long distance transport (amaranth, 
yard long bean, bitter gourd etc.) are grown on an extensive manner in market garden.  High cost of land 
and labour is compensated by high price of produce, low transport cost and availability of municipal 
compost.  Due to increasing cost and pressure on land near big cities and fast developing transportation 
facilities, market vegetable gardens in big cities are on verge of extinction.  

Truck garden: Truck gardens are usually established in rural areas for supplying a few vegetable crops 
to a distant market.  Here cultivation of a few specialized crops is done on an extensive scale in large area 
under ideal soil and climatic conditions.  Relatively cheap labour and land, mechanical cultivation and high 
yield result in low production cost in a truck garden.  However, involvement of middlemen in marketing and 
cost of transportation reduce net income. Vegetable garden for processing  Vegetables like tomato, peas, 
potato, sprouting broccoli, spinach, lima bean, gherkin and onion are utilized by processing industries for 
canning, dehydration, freezing, pickling and for making other processed products in developed countries.  
For regular supply of specialized varieties and crops to processing industries, vegetable gardens are 
established near processing factories.  In India, this type of gardens is found in Punjab and a few other states 
for supplying tomato for processing industries.  Varieties meeting processing requirements only are 
cultivated here and supply of seeds for sowing, cultivation practices and supply of vegetables to processing 
industry are mostly based on some agreement between factory owners and farmers. Vegetable garden for 
seed production Annual seed requirement of major vegetables in India is around 51,000 tonnes.  Major 
share of requirement is met with home saved seeds of farmers.  With advancement of technologies, 
especially development of improved varieties and hybrids, seed production has become a specialized job 
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requiring great expertise.  Vegetables for seed production are grown in idea soil, climate and disease-free 
conditions.  Each crop / variety is grown in specified isolation distance meeting all the field and crop 
standards.  Timely inspection and rouging are also done to maintain seed purity.  Handling of seed crop 
curing, threshing, cleaning, package and storage are specialized jobs requiring thorough knowledge.  Since 
pests and diseases affect seed field more than that of vegetable field, timely crop protection measures are 
to be taken, especially for control of seed borne diseases. Special Systems of Vegetable Farming Vegetables 
are cultivated during specific seasons in areas where soil and climatic conditions are ideal and water is 
available in plenty.  It is also grown as rainfed crop depending on receipt of rain.  Specific regions and villages 
scattered throughout the country are famous for cultivation of specific vegetables.  To meet increasing 
demand of vegetables cultivation is also undertaken in adverse climatic conditions by adjusting time of 
planting or creating favourable situations for growth of plants under natural conditions or by constructing 
temporary or permanent structures.   

Special systems of cultivation followed in India are:  

1. Cultivation in protected structures like glass houses, poly houses, rain shelters etc.  

2. Hydroponics  

3. Floating type of cultivation  

4. River bed cultivation 

5. Organic farming  

Cultivation in protected structures  In developed countries, vegetables are grown under protected 
structures like green houses to tide over unfavourable weather conditions like extremely low temperature, 
snow fall during winter and frequent rains during summer. Green houses are framed or inflated structures 
covered with transparent or translucent materials, large enough to grow crops under partial or fully 
controlled environmental conditions, to get optimum growth and productivity. They allow solar radiation to 
pass through it but traps the long wave thermal radiation emitted from inside and increases inside-
temperature by 10-12oC. This “greenhouse effect” helps for vegetable forcing in cold climate.  Evaporation 
from soil and plants also raise humidity inside. Carbon dioxide released by plants inside increases rate of 
photosynthesis during daytime. Optimum CO2 concentration in a greenhouse atmosphere is between 700-
900 ppm. CO2 enrichment to 1200 ppm increases photosynthesis Hence, CO2 is supplemented in green 
house through natural CO2 generators kept in green house or directed through pipes or by use of liquid CO2.  
A comparison of productivity of different vegetables under open and green house conditions furnished in 
‘table 1 is self-explanatory.  In addition to manifold increase in productivity, green house cultivation also 
results in long fruiting span, high quality and less incidence of pests and diseases. 
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Vegetable and human health 
Article id: 22218 
Sriom 
Research Scholar, Department of Vegetable Sci., NDU&T Kumarganj Ayodhya (U.P.)  

INTRODUCTION 
Some of the natural sources for nutraceuticals are fruits, vegetables, pulse, cereals, fish etc. Among 

them vegetables are unique in many aspects. They are the unique source of various nutraceuticals like 
vitamins, trace elements, antioxidants, dietary fibers, PUFA which not only improve the state of health and 
wellbeing, they also reduce the risk of various degenerative diseases such as cancer, cardiovascular disease, 
macular degeneration and ageing. Besides they are the part of our normal food pattern and consumed in 
various occasions as fresh, cooked, dried, juice and other processed form. They are also relatively cheap and 
easily accessible throughout the year. Thus in the present context of nutritional insecurity vegetable could 
play a major role in alleviation of nutrition related lifestyle disease. 

Bioactive nutritional compounds  
Knowledge regarding health benefits of vegetables is not new. From time immemorial many 

vegetable has been used to recover or reduce many physiological malfunction. However during the last few 
decades as a result of rigorous scientific investigation many nutraceuticals have been identified which is 
directly or indirectly linked with reduction of degenerative diseases and improvement of state of health and 
wellbeing. The major nutraceuticals found in vegetables are vitamins, trace element, glucosinolates, 
phenolics, carotenoids, PUFA, dietary fiber, prebiotics, etc.  

Vitamins  
The most important nutraceuticals present in vegetables are vitamins. They are the organic 

compounds required in minute quantity for maintaining basic physiological functions. Besides some of them 
possess potent antioxidant activity and play a critical role in human disease prevention. Vegetables are good 
sources water soluble as well as lipid soluble vitamins. Although vegetables are not good sources of ascorbic 
acid but they are fair supplier of vitamin B-complex. Green leafy vegetables like spinach, amaranth, 
fenugreek, drumstick etc. are rich source of vitamin B-complex. Presently vitamin B complex is drawing 
much attention due to its effect on improving cognitive performance and mental health in elderly people 
(Penninx et al., 2000; Duthie et al., 2002). In the B-complex group, folates (Folic acid and tetrahydrofolate) 
receiving special attention due to its specific health benefit properties. Folates are involved as cofactor in 
carbon transfer reactions in DNA biosynthesis. In vegetables major source of folates are yard long bean, 
green leafy vegetables, broccoli, brussels sprout (Scott et al. 2000).Deficiency of folates is lead to neural tube 
defect i.e. spina bifida in foetus and neurotoxicity, cognitive defect, colon cancer risk. Most of the green 
vegetables are good source of lipid soluble vitamins. Carrot, pumpkins, pepper, green peas, beans are good 
sources of provitamin A. Green leafy vegetables are good sources of vitamin E  and Vitamin K. These lipid 
soluble vitamins played a major role in improvement in immune response, bone health and age related 
degenerative disease.   

Minerals and trace element  
Wide ranges of minerals and trace element are present in vegetables. Leafy vegetables and crucifers 

are rich source of minerals and trace element. Calcium, phosphorus and iron are important minerals have 
major role in bone health and prevention of anaemia. The important trace element found in vegetables are 
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Zn, Cu, Mn, Se played an important role in immune function, body defence against oxidative stress. Interest 
in selenium as a nutraceuticals has increased dramatically in the last three decades as a results of several 
studies that demonstrated that increased risk of cancer with low selenium intake. Two important 
vegetables, broccoli and garlic are rich source of selenium when grown on high selenium rich soil (Finley and 
Penland, 1998). Chromium is another trace element which may be effective in optimizing insulin metabolism 
and lowering plasma cholesterol levels.   

Glucosinolate   
Glucosinolates are the major organosulfur compounds found in cruciferous vegetables like 

cauliflower, cabbage, broccoli, knolkhol, brussels sprout, kale, radish, turnip etc. Epidemiological studies 
revealed that a diet rich in cruciferous vegetable can reduce several type of cancer like lungs cancer, colon 
cancer. Cancer inhibition property of glucosinolate is due to its effect on Nrf2, polymorphism, anti-
inflammatory, inhibition of histone deacetylase activity and influence on estrogen metabolism (Manchali et 
al., 2012). Nutraceuticals in cruciferous vegetables helps in maintenance of good heart health mainly 
through their ability to reduce low density lipoprotein (LDL), combat free radicals and up-regulate 
glutathione-S transferase activity (Manchali et al., 2012). Intact Glucosinolate have no biological activity 
against cancer, however the breakdown product have been shown to stimulate mixed-function oxidases 
involved in detoxification of carcinogens. This break down takes place through the action of endogenous 
myrosinase enzyme that is released by disruption of the plant cell through harvesting, processing and 
mastication as well as by the microflora present in stomach (Campbell et al., 1995).   

Carotenoids   
Another major group of bioactive compounds found in vegetables are carotenoids. Among different 

carotenoids lycopene and lutein have significant role in human health protection.Lycopene is unsaturated 
-ionone ring structure responsible for no vitamin A activity. Tomato and water melon are 

two important source of lycopene. Besides these two, carrot and Momordica chochinchinensis are also 
potential source of lycopene. Cherry type tomato contain higher amount of lycopene than normal tomato 
(George et al, 2004). Processed tomato product contains 2-40 times higher lycopene. The consumption of 
tomato and tomato product containing lycopene has been shown to associate with lower risk of cancer and 
cardiovascular disease (Minorsky, 2002). Disease preventing mechanism of lycopene is due to its strong free 
radical quenching activity. Scientific investigation revealed that high amount of lycopene intake is associated 
with reduce risk of prostate cancer. Tang et al. (2005) reported increase concentration of lycopene reduce 
the viability of prostate cancer cell pc-3. Lutein is nonprovitamin A Xanthophylls which is transported by 
lipoprotein and selectively accumulated in macular region on retina. In that region it absorbs blue light, 
quench photochemically induce singlet oxygen and prevent our eye from photo oxidation. Thus lutein 
protects the lens and macula from development of cataract and age related macular degeneration 
(Olmedilla et al., 2001). Principle lutein rich vegetables are kale, parsley, spinach, broccoli, collard other 
green leafy vegetables. 

Phenolics  
Among the major antioxidants present in vegetables phenolics in particular have received renewed 

focus (Neuhauser, 2004; Chun et al., 2005). This is due to strong antioxidant properties exhibited by 
chelating metal ions, inhibiting lipid oxidation, inhibiting radical forming enzyme or quenching free radicals. 
Moderate intake of phenolic rich beverages reduces the risk of cardiovascular, cerebrovascular and 
peripheral vascular diseases. Phenolic compounds appear to interfere with the molecular processes 
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underlying the initiation, progression and rupture of atherosclerotic plaques (Szmitko and Verma, 2005). A 
more recent area is the emerging role of phenolic compounds in the treatment of neurodegenerative 
diseases, such as Alzheimer’s and Parkinson’s found to have clear association with oxidative stress. 
Increasing numbers of studies demonstrate the efficacy of phenolic antioxidants to reduce or to block 
neuron death. In addition to intrinsic antioxidant properties, phenolics also seem to exert beneficial effects 
through different pathways such as signaling cascades, anti-apoptotic processes or the 
synthesis/degradation of the amyloid β peptide (Ramassamy, 2006). Several reports suggest the 
involvement of natural phenolics in the prevention of skin damage (Svobodova et al., 2003; Hsu, 2005). In-
depth studies have dealt with phytoestrogen properties of different sources of polyphenols: isoflavonoids, 
stilbenes, coumestrans and lignans (Cornwell et al., 2004).  The strongest body of evidence supports the 
view that soy isoflavonoids may be effective in preventing osteoporosis. In this context phenolic and 
flavonoids assumed the status of “Guardian of Health” and are being commonly referred as “Star Nutrient of 
the Millennium” (Trewavas and Stewart, 2003). 

Common source of polyphenolic compound in vegetables 
Phenolic group-  Principle source 
Anthocyanin- Red cabbage, purple broccoli, brinjal, rhubarb, radish, black carrot, onion. 
Flavonoids- Onion, lettuce, endive, horse radish, tomato, beans. 
Flavones-  Celery, tomato, brinjal, garlic, onion. 
Isoflavone-  Soybean, pea, broccoli, asparagus, alfalfa, okra. 

Polyunsaturated fatty acid (PUFA)  
Polyunsaturated fatty acid is one of the important bioactive compounds which have profound 

influence on human health. There are two series of polyunsaturated fatty acids that are deemed essential: 
the ω-6 and ω-3 series. Animal meat and vegetable oil are good source of ω-6 fatty acids. Although 
vegetables are not good sources of ω-6 fatty acid, they are excellent source of ω-3 fatty acid in particular 
alpha linolenic acid (ALA) which have major role in prevention of coronary artery disease, hypertension, 
diabetes, and other inflammatory and autoimmune diseases. Green leafy vegetables, broccoli, kale, 
vegetable soybeans, radish sprouts are good sources of ALA 

(Simopoulos, 2002). Other important ω-3 fatty acids are docosahexanoic acid and eicosapentanoic 
acid which are generally not detected in vegetables. However they can be synthesized inside the human 
body from sufficient intake of ALA. Besides quality of fatty acids, balance between ω-6 and ω-3 is very 
important. Studies indicate that a high intake of omega-6 fatty acids shifts the physiologic state to one that is 
prothrombotic and proaggregatory, characterized by increases in blood viscosity, vasospasm, and 
vasoconstriction and decreases in bleeding time, whereas omega-3 fatty acids have antiinflammatory, 
antithrombotic, anti-arrhythmic, hypolipidemic, and vasodilatory properties. As green leafy vegetables are 
good sources of ALA, regular intake of them lead to balance the ω-6 and ω-3. 

Dietary fiber  
Dietary fiber is the edible plant or animal material not hydrolysed by the endogenous enzymes of the 

human digestive tract. Based upon fermentation dietary fibers are classified into two major groups: partially 
fermented and low fermented. Vegetables are good source of well fermented dietary fiber are chicory, 
onion, jerujalem artichoke, guar where corn, legumes are good sources of partially or low fermented dietary 
fiber. Consumption of dietary fiber is associated with reduction of cholesterol, increasing stool bulk, 
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attenuating glyceimic and in insulin response and improving laxation (Schneeman, 1999) thus reduced risk of 
cardiovascular disease, certain type of diabetes, colon cancer etc. 

Thiosulphides  
Thiosulphides are organo-sulfur compounds mainly found in onion, garlic, shallot, chive, leek etc. 

Alliin, Methiin, are major thiosulphides in intact tissue of Allium species. Thiosulphides are highly unstable. 
When the tissue are cut, chewed, cytosolic allin is rapidly lysed by vascular enzyme alliin lyase or allinase 
into highly unstable diallyl thiosulphinate (Allicin) which is again converted into alkyl alkane thiosulphinates. 
These compounds are related to reducing cancer mainly stomach cancer, cardiovuscual disease. 
Thiosulphides reduces cholesterol and other fatty acid synthesis, prevent lipid peroxidation of LDL, enhance 
fibrinolysis and improve fluidity of erythrocyte, increase antioxidant status and inhibit angiotension 
converting enzyme (Rahman and Lowe, 2006). Thiosulphides have also been shown to stimulate the immune 
system, by activating T cell proliferation and reducing blood glucose level in diabetes by stimulating insulin 
secretion by the pancreas (Augusti and Sheela, 1996). 

Saponine   
The major saponins are found in vegetables is cherantin which have hypoglycemic properties or 

other action of potential benefit against diabetes mellitus (Shrivastava et al. 1993). Bitter gourd is the 
excellent sources of cheratins. Other hypoglycemic compounds found in bitter gourd which have same 
property are Insulin like peptide and Alkaloids. These compounds prevent glucose absorption from intestine, 
regenerate insulin producing cell and potentiate the effect of insulin and thus prevent diabetes. 

Phytosterol and stanol   
Phytosterol and stanol are alcoholic derivatives of cyclo pentano perhydro phenanthrene & essential 

constituent of cell membrane. Over 40 plant sterol identified β-sitosterol, compesterol, stigmasterols are 
most abundant. Among vegetables soybean and sweet corn are good source of phytosterol and stanol. They 
reduce blood cholesterol by inhibiting cholesterol absorption and thus prevent cardiovascular disease. 
(Makhal et al., 2006). 

CONCLUSIONS  
Naturally occurring nutraceuticals have potentiality to overcome growing problem of non-

communicating diseases like cancer, cardiovascular disease, alzheimer, diabetes and so on through there 
multiple health promoting function. Vegetables are rich sources of diverse group of nutraceuticals with 
specific health benefit. With the increasing epidemiological support on benefit of vegetable consumption on 
health ICMR recommended 300 g vegetable consumption (125 g leafy vegetable, 100 g root and tuber and 
75g fruit vegetable) per capita per day.   

REFERENCES 
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Rapid multiplication of tuber crops 
Article id: 22219 
Kamalkumaran. P.R. & M. Anand 
Horticultural Research Station, TNAU, Yercaud 

 

Elephant foot yam 
Elephant foot yam (Amorphophalluspaeonaiifoius), an underground stem tuber, is one of the most popular 
tuber crops, extensively used as a favourite vegetable by millions of people in India, Gulf and South East 
Asian countries. 

Propagation: 
Amorphophallus is usually propagated by offsets of corms. The offsets are miniature tubers which grow out 
of the parent corm and are called daughter corms. In some types the daughter corms are not produced in 
which the mother corm is cut vertically into pieces of 750 – 1000 g weight in such a way that each piece has 
a portion of central bud from where the future bud initiates after planting. Whole corms of 500 g size can 
also be used as a planting material.  

Use of cormels and minisett transplants of 100 g size as planting material at a closer spacing of 45 x 
30 cm is also suggested. There are also projections with tender buds called “Arumbu”. These are removed 
before planting as they do not give vigorous growth.  

Minisett production: 

 

Multiplication ratio is extremely poor in this crop and hence in order to enhance the multiplication 
ratio, minisetts of 100 g size was found to be the optimum. By this technique the multiplication ratio was 
enhanced to 1:15 from the traditional 1:3.While making minisetts enough care should be taken to see that a 
portion comprising of buds from the central ring of Amorphophallus is retained in each minisetts. On and 
average, about 15 minisetts could be made from a corm weighing 1.5 kg, which may be treated with 
Trichoderma mixed in cowdung slurry. They are then spread under shade cover for one day, prior to planting 
in the main field. This treatment would protect the crop against attack from Schlerotiumrolsfi, a soil borne 
fungus which causes collar rot. Such minisetts could be planted in a closer spacing of 60 x 45 cm. Minisetts 
may be planted straight in to the main field, after ensuring sufficient moisture presence in the soil. A small 
layer of soil is packed over the minisetts which are further covered with sufficient quantity of dry or green 
mulch. 

A total of 37,000 minisetts could be planted in a hectare of land while by the traditional method only 
12, 345 setts would be accommodated in a hectae. 
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Field preparation and Planting 

The land is prepared by ploughing two to three times. Pits of size 50 cm x 50 cm x 30 cm are dug at a 
spacing of 75 cm x 75 cm or 90 x 90 cm. An ordinary sized yam gives about 6 to 8 bits for planting. The cut 
pieces of corms are dipped in cow dung slurry, dried in shade and then planted in these pits at a depth of 20 
cm. to prevent evaporation of moisture from cut surface. In some places, the small round daughter corms 
are also planted. The pit should be filled with top soil and farm yard manure (2kg/pit) prior to planting. The 
pieces are planted in such a way that the sprouting region (the ring) is kept above the soil. About 3500 kg of 
corms will be required to plant one hectare. Sprouting takes place in about a month.  

COLOCASIA/TARO (Colocasia esculenta) 
Colocasia (Colocasia esculenta) is a crop of tropical and sub-tropical regions and requires a warm humid 
climate. 

Propagation: 
Use side tubers each of 25-35 g for planting. About 37,000 side tubers weighing about 1200 kg are required 
to plant one hectare. Plough or dig the land to a depth of 20-25 cm and bring to a fine tilth. Make ridges 60 
cm apart. Plant the side corms at a spacing of 45 cm on the ridges. 
 
 
 
  
 
 
 
 
 
In minisett technique, mother corms are selected from healthy plants at harvest. Such selected mother 
corms are first cut into cylindrical pieces and then cut horizontally into minisetts of about 10 g weight. The 
minisetts are then directly planted in the main field at a spacing of 45 x 30 cm. by adopting minisett 
technique the multiplication ratio can be enhanced to 1:120 from 1:20. 
 
Dioscorea: Dioscorea esculenta L. Dioscorea alata L.; 
Season and planting: March - June. 
       Use mature tubers or pieces of 250-300 g tubers taken from the previous crop as seed material at the 
rate of 1875 – 2500 kg/ha. For planting lesser yam, medium sized tuber of 100-150 g is sufficient. Planting is 
done in beds or in ridges or in mounds or in rows 75 cm apart either way. 
      Mini setts of 25-30 g are recommended for planting directly in the field or raising a nursery and planting 
plants after 60 days. By reducing the size of planting material to 30 g, a multiplication ratio of 1: 24 could be 
obtained (conventional 1:6). 
       Buds are spread all over the periderm (body surface) of yam tuber. Hence any portion of yam tuber is 
capable of sprouting and producing a new plant. For preparing minisetts, the tuber is first cut into small 
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cylindrical pieces of about 5 cm length. From these pieces, minisetts of about 30 g weight are prepared. 
Adequate care should be taken to see that each minisett has a surface layer of periderm. 
 
 

 
 
      
 
 
 
 
 

 
Minisetts are planted in the nursery with cut surface facing up, so as to prevent drying up of periderm. 
Spacing between two rows is 5 cm. after planting, they are covered with a thin layer of soil-sand mixture. 
 Preparation of field: Plough the field to a fine tilth and form ridges and furrows at 75 cm spacing 
for raising lesser yam. Ridges and furrows at 75 cm spacing  or pits of 45 x 45 x 45 cm for planting greater 
yam at 90 x 90 cm. Fill the pits with top soil and FYM. 
Method of planting: To plant greater yam 3000-3700 kg and for lesser yam 1800-2700 kg of seed material is 
required. 
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VERMICOMPOST 
Article id: 22220 
Pooja 

PhD Scholar, Department of Agronomy, College of Agriculture, Junagadh Agricultural University, Junagadh-
362001 

INTRODUCTION- Vermicomposting has gained popularity in both industrial and domestic settings because, 
as compared with conventional composting, it provides a way to treat organic wastes more quickly. In 
manure composting, it also generates products that have lower salinity levels. It is a system of composting in 
which organic wastes are decomposed using biological agent, earthworm, for making vermicompost for use 
in agro-ecosystem and aquaculture for sustainable production. Earthworms along with soil microorganisms 
play a vital role in degrading organic wastes and thus maintain a nutrient flux in the system. Earthworm is 
physically an aerator, crusher, mixer, chemically a degrader and biologically a stimulator in the decomposer 
system. The entire biodegradation process of organic wastes by earthworms and microorganisms is called 
vermicomposting and end product is called vermicompost. 
                        It contains almost all micronutrients, hormones like auxins and cytokinins, enzymes, vitamins 
and several useful bacteria, actinomycetes, fungi etc. in India, two species of earthworms (Erudrilus 
eugeniae and Eisenia foetida) are used for vermicomposting. It contains 1.2 to 1.6 percent N, 1.8 to 2.0 
percent P2O5 and 0.75 percent K2O. Vermicompost contains water-soluble nutrients and is an excellent, 
nutrient-rich organic fertilizer and soil conditioner. It is used in farming and small scale sustainable, organic 
farming. Containing water-soluble nutrients, vermicompost is a nutrient-rich organic fertilizer and soil 
conditioner in a form that is relatively easy for plants to absorb. Worm castings are sometimes used as an 
organic fertilizer. Because the earthworms grind and uniformly mix minerals in simple forms, plants need 
only minimal effort to obtain them. The worms' digestive systems create environments that allow certain 
species of microbes to thrive to help create a "living" soil environment for plants. The fraction of soil which 
has gone through the digestive tract of earthworms is called the drilosphere.  

Soil treated with vermicompost had significantly higher electrical conductivity in comparison to 
unammended pots. Whereas addition of vermicompost in soil resulted in reduction of soil pH. The physical 
properties such as water holding capacity, moisture content and porosity were improved when soil was 
amended with vermicompost. The vermiproduct treated plants exhibited faster and higher growth rate and 
productivity than the control plants. Among the treated group, the growth rate was high in the mixture of 
vermicompost and vermiwash treated plants, than the vermicompost and vermiwash un-treated plants 
(Tharmaraj et al., 2011). 
 
How is vermicompost produced ? 
A wide range of organic residues, such as straw, husk, leaves, stalks, weeds etc can be converted into 
vermicompost. Other potential feedstock for vermicompost production are livestock wastes, poultry litter, 
dairy wastes, food processing wastes, organic fraction of MSW, bagasse, digestate from biogas plants etc. 
Earthworms consume organic wastes and reduce the volume by 40–60 percent. Each earthworm weighs 
about 0.5 to 0.6 gram, eats waste equivalent to its body weight and produces cast equivalent to about 50 
percent of the waste it consumes in a day. The moisture content of castings ranges between 32 and 66 
percent and the pH is around 7. The level of nutrients in compost depends upon the source of the raw 
material and the species of earthworm. 

https://en.wikipedia.org/wiki/Salinity
https://en.wikipedia.org/wiki/Organic_fertilizer
https://en.wikipedia.org/wiki/Organic_fertilizer
https://en.wikipedia.org/wiki/Drilosphere
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 There are nearly 3600 types of earthworms which are divided into burrowing and non-burrowing 
types. Red earthworm species, like Eisenia foetida, and are most efficient in compost making. The non-
burrowing earthworms eat 10 percent soil and 90 percent organic waste materials; these convert the 
organic waste into vermicompost faster than the burrowing earthworms. They can tolerate temperatures 
ranging from 0 to 40°C but the regeneration capacity is more at 25 to 30°C and 40–45 percent moisture level 
in the pile. The burrowing types of earthworms come onto the soil surface only at night. These make holes in 
the soil up to a depth of 3.5 m and produce 5.6 kg casts by ingesting 90 percent soil and 10 percent organic 
waste. 

 
 How to collect earthworms? 

Identify worm-inhabited soils marked by visible earthworm castings on the soil surface. 
Dissolve 500 g jaggery (native sugar) and 500 g fresh cattle dung in 2 litres of water and sprinkle on an area 
1m × 1m surface soil.Cover with straw lumps and cover with an old gunny bag. Keep sprinkling water for 
about 20 to 30 days.Native worms will aggregate in the spot and can be collected and used. 

 Preparation of compost pit 
Compost pit of any convenient dimension can be constructed in the backyard or garden or in a field. It 

may be single pit, two pits or tank of any sizes (manageable size is 2 m x 1m x 0.75 m) with brick and mortar 
with proper water outlets. To combat the ant menace, have a water column in the centre of the parapet wall 
of the vermipits. The ‘four chamber’ pit will facilitate easy and continuous movement of earthworms from 
one chamber with fully composted matter to the one with the pre-processed waste in the chambers. 

 Preparation of vermibed 

 Vermibed is the layer of moist loamy soil placed at the bottom, about 15 to 20 cm thick above a thin 
layer (5 cm) of broken bricks and coarse sand. 

 Earthworms are introduced into the loamy soil, which the worms will inhabit as their home. 

 150 earthworms may be introduced into a compost pit of about 2m x 1m x 0.75m, with a vermibed of 
about 15 to 20 cm thickness. 

 Handful-lumps of fresh cattle dung are then placed at random over the vermibed. 

 The compost pit is then layered to about 5 cm with dry leaves or preferably chopped hay/straw or 
agricultural waste biomass. 

 For the next 30 days the pit is kept moist by watering it whenever necessary. 

 The bed should neither be dry or soggy. 

 The pit may then be covered with coconut or Palmyra leaves or an old jute (gunny) bag to discourage 
birds. 

 Plastic sheets on the bed are to be avoided as they trap heat. 

 After the first 30 days, wet organic waste of animal and/or plant origin from the kitchen or hotel or 
hostel or farm that has been pre-digested is spread over it to a thickness of about 5 cm. Repeat this twice a 
week. 

 All these organic wastes can be turned over or mixed periodically with a spade. 

 Regular watering should be done to keep the pits moist. 

 If the weather is very dry, it should be checked periodically. 
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 When will the compost be ready? 
The compost will be ready in 60 to 90 days and the material becomes moderately loose, crumbly with dark 

brown colour. It will be black, granular, lightweight and humus-rich. Presence of earthworm castings 

(vermicompost) on the top of the bed is also an indicator and vermicompost can be harvested. Stop 

watering two to three days before emptying the beds to facilitate separating the worms from the compost 

(80 per cent of the worms will move to the bottom of the bed). The harvested material should be placed in a 

heap in the sun so that most of the worms move down to the cool base of the heap. In the two or four pit 

system, watering should be stopped in the first chamber so that worms will automatically move to another 

chamber where the required environment for the worms are maintained in a cyclic manner and harvesting 

can be done continuously in cycles. 

Advantages of vermicomposting 
 Organic wastes can be broken down and fragmented rapidly by earthworms, resulting in a stable nontoxic 

material with good structure, which has a potentially high economic value and also act as soil conditioner for 
plant growth. 

 Vermicompost supplies a suitable mineral balance, improves nutrient availability and could act as complex-
fertilizer granules. 

 Vermicomposting involves great reduction in populations of pathogenic microorganisms, thus not differing 
from composting from this point of view. 

 Vermicomposting also leads to decrease the environmental problems arising from their disposal, without 
needing in many cases to complete the process. 

 It should be realized that vermicomposting can be a useful cottage industry for the underprivileged and the 
economically weak as it can provide them with a supplementary income. 

 If every village can formulate a cooperative society of unemployed youth/women group, it could be a wise 
venture for them to produce vermicompost and sell it back to the village at a recommended price. The youth 
will not only earn money, but also aid society by providing excellent quality organic manure for sustainable 
agro-practices. 

CONCLUSIONS 

Vermicomposting is a process based on earthworms and microorganisms, whose joint action provides 
degradation and detoxification of organic waste as well as conversion into a product to be used for 
agronomic purposes. This eco-friendly method is cost effective and is the best among other remediation 
processes. In the earthworm gut, enzymatic activities lead to toxic metal immobilization, which suggests that 
vermitechnology is as efficient process for the remediation of heavy metals from industrial organic 
wastes/sludges. It can be concluded that vermiremediation potentially converts sugar industrial sludges to 
nutrient-rich organic manure for agricultural applications with reduced toxicity. 
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Commercial cultivation of  Gerbera under  Protected condition  
Article id: 22221 
M. Anand  and P.R. Kamalkumaran   
Horticultural Research Station ,Yercaud-636 602, Tamil Nadu 
 
 Gerbera is one among the top ten cut flowers which are in demand and traded in the world market.  
Commonly called ‘Transvaal daisy’, ‘Barberton daisy’ or ‘African daisy’ is also ideal for beds, borders, pots 
and rock gardens besides as cut flowers  since cut flowers have long  vase life and suite very well for floral 
arrangements. It is botanically called as Gerbera jamsonii. It belongs to the family Asteraceae and is native to 
South African and Asiatic region and is mostly inhabited in temperate and mountainous regions.  
    Plants are stem less, tender perennial herbs.  Flower heads are solitary, many flowered with conspicuous 
ray florets in 1 or 2 rows.  The daisy like flowers are in wide range of colours including yellow, orange, cream 
white, pink, red and various other intermediate shades.  The flower stalks are long, thin and leafless.  Based 
on flower heads, they are grouped into single, double and semidouble cultivars. Commercially, doubles are 
more in demand than the singles.  

Importance of growing under cover 
 Gerbera was hitherto grown under open conditions.  But as it requires partial shade for its optimum 
growth its cultivation under 50% shade net has become popular.  However with the advent of new exotic 
and hybrid cultivars which require more care in their management, it has become difficult to get high 
productivity of superior quality blooms even under partial shade.  Hence to meet the quality standards of 
export or even of upcoming domestic market, one has to go in for its cultivation under naturally ventilated 
low cost poly / green houses for making its cultivation a profitable venture.  

Cultivars 
 A wide range of cultivars are available for commercial cultivation.  It is important to select exotic high 
yielding hybrid varieties with desirable characters such as large sized flowers, long stalk length, double types 
of various colours having black center and which are in demand in the market.  Some of the cultivars grown 
for commercial purpose are Thallasa, Tara Sangriana, Sunset, Ornello, Lyonella, Diablo, Whitsun, and Twiggy. 
 

Propagation 
 Gerbera can be propagated by both sexual and asexual methods.  Seed propagation, however is not 
desirable due to great deal of variation and relatively longer period to produce flowers.  Among the 
vegetative means, propagation through division of clumps (in June) is the most common method.  Recently, 
propagation through tissue culture is gaining  lot of popularity for rapid and large scale multiplication.  Shoot 
tips, inflorescence buds, flower heads, capitulum and midribs have been employed as explants for 
micropropagation and modified Murashige and Skooge’s medium has been found to be best suited culture 
media. 

Soil and Climate 
 A well drained, rich, light, neutral or slightly alkaline soil is most suitable for gerbera cultivation.  The 
presence of an impervious layer within 50cms of the surface in any type of soil, affects the growth of the 
crop adversely.  While gerberas can be grown in the open in general, for protection from frost, severe sun 
and incidence of pests and diseases they are best cultivated in greenhouse.   Day temperature of 22-25oC 
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and night temperature of 12oC to 16oC is ideal for growth and flower production. Ooty (Tamil Nadu) and 
midhills of Himachal Pradesh are ideal for round the year cultivation of Gerbera. 

Land preparation and sterilization 
 The land should be ploughed deep 2 to 3 times and brought to a fine tilth.  Raised beds of 30 cm 1.2 
cm height,  1 m width and convenient length should be prepared leaving 30 cm passage between the  two 
beds.  Well decomposed farm yard manure, sand and coconut coir pith/paddy husk in 2:1:1 proportion 
should be added to the beds and mixed well with the soil. Before starting gerbera cultivation, disinfection of 
the soil is absolutely necessary to minimize the infestation of soil borne pathogens like phytophthora, 
fusarium and pythium which could otherwise destroy the crop completely.  The beds should be drenched / 
fumigated with 2% formaldehyde (100 ml formalin in 5 litres of water / m2 area) or methyl bromide (70 g / 
m2) and then covered with a plastic sheet for a minimum period of 2 to 3 days.  The beds should be 
subsequently watered thoroughly to drain the chemicals before planting. 

Planting 
 Gerbera planting is normally done in two seasons viz., (Jan, Feb and March) and summer (June, July 
and August), Planting in autumn and early winter is less profitable due to high heating costs and low light 
intensity (during Nov and Dec) in temperate areas.  Planting during late August or September could be 
avoided as the crop will not have sufficient time to develop to enter and pass winter.  A two year culture is 
not common in western countries as during the second year its production will slightly reduce and the 
quality of flowers will also be not that good.  However in India its cultivation for atleast two years is 
desirable from the point of view of economic returns of the crop. Growing of gerbera in raised beds 
improves drainage and aeration.  At the time of planting it is important that the plants are not planted too 
deeply.  The heart of the plants should be in level with the soil or somewhat above it.   When planted deep, 
incidence of fungal diseases will be too common and if planted shallow, the shoots should  be pulled loosely 
while harvesting. The spacing between the rows should be 30-40 cms and 25 – 35 cms wihtin the row 
accommodating (6-7 plants / sq.m).  However, this can be varied based on variety and duration of culture.  

Manures and fertilizers 
 Gerbera requires plenty of organic matter (7.5 kg/m2) and ample nutrients in the form of major and 
minor nutrients for proper growth and production. Application of 10:15:20 g NPK/m2/month during first 
three months of planting and 15:10:30 NPK/m2/month from fourth month when flowering starts in two 
splits are 15 days intervals was found to be desirable for good growth and increased flower production. 
Apart from this spraying with micronutrients like boron, calcium, magnesium  and copper @0.15% (1.5 
ml/liter water) once a month was found to be better for getting quality blooms. It is found that fertigation 
with 80 per cent of the recommended dose (15:10:30 m2/month) through straight fertilizers was most cost 
effective in cv. lbiza with benefit cost ratio of 2.48 to obtain higher returns and good quality cut flowers.  
Studies have shown that for good flower yield leaves should contain 2.7 – 3.13% N, 0.19 – 0.35% P, 3.06 – 
3.64% K, 1.66 – 2.18% Ca and 0.3 – 0.48 % Mg.  

Pinching  
      Pinching is an important operation for the successful production of quality Gerbera flowers. Pinching of 
buds should be done till the plant attains 15 leaf stage.  

Flower regulation 
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     The main objective of a grower is to produce maximum number of excellent quality flowers at the time 
when the prices are high. Gerberas produce flowers in flushes, as each set of lateral buds extends and 
terminates in a flower. A heavy flush of flowers over a shorter period is not desirable unless it is intended for 
a specific date such as Diwali, New Year and Valentine's Day. A steady supply of flowers from hills is most 
profitable during mid-May to mid-November and December to February from plains. Time of flowering, 
duration of flush and subsequent flower production may be controlled by the growers. Under mid hill 
conditions of Himachal Pradesh, flowers can be produced throughout the year.  

Irrigation  
          Water requirement is directly related to the soil radiation received by the plant. The growing medium 
for Gerbera needs to be kept near field capacity. So regular watering is required at least 2-3 times a week in 
summer and 2-3 times in a fortnight during winter. Rooted cuttings need watering immediately after 
planting. Overhead sprinkler system is quite effective and economical than soil surface irrigation. The 
overhead system, if employed, should be discontinued when the flower buds appear and replaced by soil 
surface irrigation system. The optimum moisture for the medium should be between 0.3 and 0.5 bar. Low 
light levels (i.e.) tension less than 0.3 bar produces soft elongated growth and low quality flowers. Water 
tension greater than 0.5 bar under high light intensities results in poor quality flowers. Open crop yields 150-
200 flowers/m2 area, whereas greenhouse crop yields 300-400 flowers/m2.  

Harvesting 
 Gerbera starts flowering in about 3 months after planting. The average yield under greenhouse is 
around 175-200 flowers/m2/year of which 85% of 1 grade quality while it is 130-160 flowers/m2/year under 
open condition with only 15-20% of flowers being of 1 grade. Harvesting is done when outer 2-3 rows of disc 
florets are perpendicular to the stalk. The heel for the stalk should be cut about 2-3 cm above the base and 
kept in fresh chlorinated water. 

Harvest and post harvest management 
 Gerberas are highly responsive to post harvest treatments. Longevity of flowers can be increased 2-3 
times with various post harvest treatments.  

Harvesting stage 
      Harvesting of flowers starts from fifth month after planting. The bud size and petal growth are generally 
used to judge the stage of harvesting. Flowering starts after three months of planting and the flowers are 
harvested when they are fully opened. Flowers should be harvested with a sharp knife. Three to four 
harvests can be done in a week. The crop can be kept in the field for period of two years. 
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In-situ crop residue management 
Article id: 22222 
1Barkha and 2Neha Joshi  
1 Ph. D. Scholar, Dept. of Agronomy, NAU, Navsari (Gujarat) 
2 Ph. D. Scholar, Dept. of Agronomy, NAU, Navsari (Gujarat) 

Indian economy is one of the fastest growing ones and is predominantly agrarian based. So, a major 
portion of our land is used for cultivation of crops. As a result of this, it is natural that a large quantity of crop 
residues are generated, both on-farm and off-farm. These crop residues are used for different purposes like 
feeding animals, as bedding material for animals, soil mulching, bio-gas generation, biocomposting, 
thatching for rural homes, mushroom cultivation, biomass energy production, fuel for domestic and 
industrial use etc. Thus, they are of great value to the farmers. In spite of this, a large portion of unused crop 
residues are burnt on the fields mainly with the objective of cleaning and preparing the field for cultivation 
of the next crop. This practice of burning is more prevalent in the areas where rice-wheat cropping system is 
followed. Also, shortage of farm labour, use of combine for harvesting and additional cost to remove the 
residues encourage farmers to burn the residues. The burning of residues poses a major threat to 
environment and has many adverse effects which are as follows:  

 Emission of greenhouse gases and other toxic gases 

 Loss of nutrients 

 Adverse impact on soil properties due to increased temperature 
Thus, utilization and management of the crop residues in a cost-effective and eco-friendly way is important 
and this is where in-situ crop residue management comes into picture.  
 
Generation of crop residues: 

It has been estimated that India produces approx 686 MT gross crop residue biomass annually (Table 
1) (Hiloidhari et al.). At state level, Uttar Pradesh produces the highest amount of crop residue amongst all 
the 28 states followed by Punjab and Maharashtra. Cereals produce maximum residues among various crop 
groups but amongst all the crops, sugarcane produces the highest amount of surplus residue followed by 
rice.  
 
Table 1: Gross and surplus crop residue generation potential of various crops in India 

Crop Group  Gross potential (MT)  Surplus potential (MT)  

Cereals  367.7  90.1  

Oilseeds  48.8  13.7  

Pulses  17.9  5.1  

Sugarcane  110.6  55.7  

Banana  41.9  10.2  

Cotton  75.9  46.9  

Horticulture  19.5  12.3  

Other  3.9  0.4  

Total  686.0 234.5  
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Gross residue potential is the total amount of residues produced while surplus residue potential is 
the residue which is left after using for various purposes like cattle feeding, animal bedding, heating and 
cooking fuel, organic manuring etc. This surplus fraction is the one which farmers generally burn on the 
farms to get rid of it and so, this needs to be managed. 

There are many methods to manage and utilize the surplus crop residues such as bio-energy 
generation, bio-fuel and bio-oil production, bio-methanation, gasification and biochar production. However, 
due to more labour requirement and high cost of collection and transportation of residues, these techniques 
are not being adopted widely. 
 
In-situ crop residue management: 

In-situ crop residue management is the management of the residues on their site of generation or on 
the field itself. The best way to manage the residues in-situ is either incorporation of residues into the soil or 
adoption of conservation agriculture. Incorporation of residues into the soil requires energy and time and 
also adds to the cost of cultivation for farmers. Therefore, conservation agriculture is the better alternative. 
It is a type of farming system based on the following three inter-linked principles: 

 Minimal mechanical disturbance to the soil 
In this system, practices like zero tillage and no till farming are adopted which creates minimum soil 
disturbance and seeding is done directly into the untilled soil. Mechanical preparation of seedbed is 
completely avoided. 

 Retention of crop residues on soil surface 
One of the important aspects of conservation agriculture is the maintenance of soil cover or 
retention of crop residues on the surface (At least 30%). This protects soil from erosive actions of 
water and wind. Surface cover also acts as mulch and prevents evaporative moisture losses.  

 Crop diversification 
Rotation of crops or crop diversification is needed in this system to facilitate the efficient utilization 
of resources and make the system more resilient. 

 
As under conservation agriculture system the surplus crop residues generated on the farm are left on the 
field itself to maintain the soil cover, it is the best approach for in-situ management of residues. In addition 
to this, there are multiple benefits of adoption of conservation agriculture which includes: 

 Reduces the use of power machinery as well as labour 
 Improves crop yield and productivity 
 Has positive impacts on soil health and properties 
 Crop diversification reduces pest outbreak 
 Helps in fighting climate change by increasing carbon sequestration 
 Provides small scale farmers with diversification opportunities  
 Aids in restoring ecological balance and sustainability 

 
Effect of crop residues on yield and soil properties: 

 Retention of crop residues on the soil surface positively affects crop yield owing to improved soil 
conditions, more organic matter, more availability of nutrients, reduced moisture loss from the 
surface and increased infiltration rate.  

 Likewise, soil properties are also positively influenced. Soil bulk density is reduced and physical 
properties like water holding capacity, hydraulic conductivity and aggregate stability is enhanced. 
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 Residue mulch on the surface regulates soil temperature; it reduces temperature in summer due to 
shading whereas, during winters it increases soil temperature by reducing upward heat flux from soil. 

 Due to minimum disturbance, soil channels formed due to plant roots and earthworm activities 
remain intact which increases infiltration, thus reducing runoff and soil erosion. 

 Gradual decomposition of residues adds organic matter into the soil which acts as a reservoir for 
plant nutrients and increase CEC of soil. This also improves microbial growth which aids in the further 
mineralization and availability of nutrients to the plants. 

 Addition of crop residues with higher C:N may ameliorate soil acidity by releasing hydroxyl ions 
during decomposition. On the other hand, residues with lower C:N reduces alkalinity. 

 
Scope of mechanization for in-situ management of crop residues: 
One of the main reasons that farmers go for burning of residues instead of conservation tillage in our 
country is the unavailability of proper machinery for the seeding of next crop in presence of residues over 
the soil surface which becomes a bit problematic for them. But nowadays, various machinery and 
equipments are available like happy seeder, rotary mulcher, paddy straw chopper/shedder, zero till seed-
cum-ferti drill and super straw management system (to be attached with combine harvester).  

 
Fig. 1: Various machinery to be used under conservation agriculture 
 

There are many conservation agriculture based Resource Conserving Technologies (RCTs) which are 
already being practised like, raised bed planting, zero or reduced tillage, direct seeding/drilling of seeds, 
precision laser land levelling, unpuddled mechanical transplanting of rice etc. To mitigate the environmental 
pollution caused due to burning of residues, our government is keen on the promotion of in-situ residue 
management and so, they are providing these machinery and other equipment on subsidised rates, 
especially in the regions of Punjab, Haryana, Delhi and NCR. With the aim of promoting adoption of 
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conservation agriculture amongst indian farmers, Dept. of Agriculture and Coopreation, Ministry of 
Agriculture, Govt. of India has formulated a National Policy for Management of Crop Residues (NPMCR), too. 
If a farmer is not willing to purchase these machineries, there is even provision for them to hire the 
equipments on subsidised rates from custom hiring centre/agriculture service centre at the time of 
harvesting. 
 
CONCLUSION: 

Crop residues are generated in sufficient quantity in our country but they are not used efficiently. 
Several technologies are available for the efficient utilization of crop residues under the conservation 
agriculture system. The only need is to popularise them and create awareness among the farming 
community to discourage the practice of burning residues. In-situ management of crop residues by 
conservation agriculture plays a vital role in curbing environmental pollution, waste management, 
promoting long-term sustainability as well as making indian agriculture more resilient. 
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INTRODUCTION- 
The methods of hydroponic fodder production date back to the 1800s (Kerr et al., 2014), or earlier, from the 
‘Hanging Gardens of Babylon’ era, when European dairy farmers fed sprouted grains to their cows during 
winter to maintain milk production and improve fertility (Anonymous, 2008). There is renewed interest in 
this technology due to shortage of green fodder in most of the Middle East, African and Asian countries. 
Fodder production cannot easily be increased due mainly to ever increasing human pressure on land for 
production of cereal grains, oil seeds and pulses. To meet this increasing demand for green fodder, one of 
the alternatives is hydroponic fodder to supplement the meager pasture resources. The word hydroponics is 
derived from two Greek words: 'hydro' meaning water and 'ponos' meaning labour i.e. water working. 
Hydroponic green fodder can be produced both in large, sophisticated, automated commercial systems with 
environmental control, or in low cost systems, where the ambient environment is suitable for fodder 
production. Fodder seeds utilize tap water, or nutrient-enriched solutions for plant nourishment in the 
absence of soil. Hydroponic fodder is also called fresh fodder biscuits, sprouted fodder or sprouted grain or 
alfaculture. Today, hydroponics are used in harsh climates such as deserts, areas with poor soil or in urban 
areas where high land costs have driven out traditional agriculture. Hydroponic fodder production is 
probably best-suited to semi-arid, arid, and drought-prone regions of the world, suffering from chronic 
water shortages or in areas where irrigation infrastructure does not exist. Hydroponic fodder production is a 
boon for farmers whose soil is rocky and infertile. It is a viable farmer friendly alternative technology for 
landless farmers for fodder production. Fodders including maize, barley, oats, sorghum, rye, alfalfa and 
triticale can be produced by hydroponics. Others, including cowpea, horse gram, sun hemp, ragi, bajra, 
foxtail millet and Jowar have also been grown successfully by the use of hydroponics (Rachel Jemimah et al., 
2015). 

Efficiency: By providing the optimal environment the efficiency of fodder production is increased 
remarkably. Hydroponic systems minimize water wastage since it is applied directly to the roots and is 
often recycled and used several times. However, the water should be clean because bacteria and fungi 
proliferate during recycling during the growth cycle. It is, therefore, suggested to go for infrared filtering of 
the water before recycling (FAO, 2015). It has been reported that about 1.5-2 liters are needed to produce 
1 kg of green fodder hydroponically in comparison with 73, 85, and 160 liters to produce 1 kg of green 
fodder of barley, alfalfa, and Rhodes grass under field conditions, respectively. Under hydroponic systems 
this equates to only 2-5% of water used intraditional fodder production (Al-Karaki and Al-Momani. 2011; 
Naik, 2014; Rachel Jemimah et al., 2015; Yvonne Kamanga, 2016). This is especially important in areas 
suffering from chronic water shortages or where the infrastructure for irrigation does not exist. 

Space: Hydroponic systems require much less space and time than conventional systems, which makes the 
former ideal for urban dwellers with limited yard space. The plant root systems of hydroponic fodder are 
much smaller than in a traditionally grown fodder, which means higher numbers of plants per unit of 
space. It is also easy to start a hydroponic system indoors, wherein number of racks with multiple tiers 
(vertical farming) are used, minimizing land requirement thereby resulting in land preservation. Crop 
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rotation is not necessary in hydroponics, the same fodder species can be grown throughout the year. Using 
hydroponics technology, about 600-1000 kg maize fodder can be produced daily in 7-8 days growth cycle, 
in only 45-50 m2 area compared with one ha required in traditional farming (Naik and Singh, 2013; Rachel 
Jemimah et al., 2015). Another study revealed that only one square meter space is required to produce 
fodder for two cows per day and the milk yield was increased by 13% (Yvonne Kamanga, 2016). 

Use of pesticides, insecticides and herbicides: Traditional outdoor farming must rely on herbicides, 
fungicides and/or insecticides for optimum production. Hydroponic fodder is grown in a controlled 
environment without soil and, therefore, is not susceptible to soil-borne diseases, pests or fungi, there by 
minimizing use of pesticides, insecticides and herbicides. An outbreak of pests or infections in 
hydroponically grown fodder can be quickly controlled by spraying the crops with appropriate pesticides or 
fungicides. Fresh and clean water should be used for irrigation as water-borne plant diseases spread 
quickly. 

Fodder yield: Fodder production is accelerated by as much as 25% by bringing the nutrients directly to the 
plants, without developing large root systems to seek out food. Plants mature faster and more evenly 
under a hydroponic system than a conventional soil based system . One kg of un-sprouted seed yields 8-10 
kg green forage in 7-8 days (Sneath and McIntosh, 2003; Naik et al., 2013; Reddy, 2014; Anonymous, 2015; 
FAO, 2015; Yvonne Kamanga, 2016). The hydroponics maize fodder yield on fresh basis is 5-6 times higher 
than that obtained in a traditional farm production, and is more nutritious (Naik et al., 2014). 

Fodder quality: The crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and Ca 
content increased, but organic matter (OM) and non-fibrous carbohydrates (NFC) content decreased 
(P<0.05) in the hydroponic green forage compared with the original seed on a DM basis (Abdullah, 2001; 
Fazaeli et al., 2012; Kide et al., 2015; Mehta and Sharma, 2016). Hydroponic fodder is a rich source of 
vitamin A, vitamin E, vitamin C, thiamin, riboflavin, niacin, biotin, free folic acid, anti-oxidants like β-
carotene (Finney, 1982; Cuddeford, 1989; Naik et al., 2015) and minerals (Bhise et al., 1988; Chung et al., 
1989; Fazaeli et al., 2012). Shipard (2005) and Naik et al. (2014) found that hydroponic fodder is also a rich 
source of bioactive enzymes, with the highest activities in sprouts being generally between germination 
and 7 days of age (Chavan and Kadam, 1989). The fatty acid concentration showed a significant (P<0.05) 
positive relationship with the growth period. The concentrations of linoleic, linolenic and stearic acids 
increased (P<0.05) linearly with sprouting time (Peer and Leeson, 1985). Besides, helping in the elimination 
of the anti-nutritional factors such as phytate in the grains, hydroponic fodders are good sources of 
chlorophyll and contain a grass juice factor that improves the performance of livestock (Naik et al., 2015). 
The crop is free from antibiotics, hormones, pesticides, or herbicides (Naik, 2014). 

 The in sacco degradability of barley grain (BG) and hydroponic barley sprouts (HB) was comparable 
(Dung et al., 2005). These findings were confirmed when HB were supplemented to herbage-based or 
haylage-based diets evaluated by a dual-flow continuous-culture fermentor system. In addition the 
methane output and bacterial protein synthesis were also comparable with those obtained by using BG 
supplemented diets (Hafla et al., 2014: Mehta and Sharma, 2016). The availability of metabolizable energy 
(ME) in hydroponic barley was lower than the original barley grain (Fazaeli et al., 2012). 

Impact on animal production: Because hydroponic fodders are highly succulent, their intake varied 
between 15 to 25, 0.25 to 2.0, 1.5 to 2.0 and 0.1 to 0.2 kg/animal/day in large ruminants, small ruminants, 
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adult pigs and rabbits respectively (Naik et al., 2013; Rachel Jemimah, 2015), or 1.0 to 1.5% of body weight 
(Starova Jeton, 2016). Saidi and Abo Omar (2015) reported that hydroponic barley fodder (HBF) had no 
effect on feed intake, body weight change, milk yield, and milk composition; however, HBF had positive 
effects on ewe’s health, mortality, conception rate and abortion. Hydroponic fodders are highly digestible, 
palatable and relished by the animals. Feeding vitamin-rich hydroponic green barley fodder did not 
increase bioavailability of nutrients for fattening calves. There was no effect of the fodder on average daily 
gain (ADG), but feed cost was increased by 24% (Fazaeli et al., 2011). Rachel Jemimah et al. (2015) found 
no adverse effects on ADG and feed conversion ratio (FCR) in goat kids and rabbit kittens fed hydroponic 
horse gram or sunn hemp fodder replacing 50% of a concentrate mixture. A 90-day feeding trial on 3-
month-old weaned Awassi ram lambs showed that feeding hydroponic barley fodder improved (P<0.05) 
feed intake, ADG and FCR significantly compare to those fed a ration containing barley grains (Mysaa Ata, 
2016). Feeding hydroponic fodder to beef cattle resulted in leaner meat containing more omega-3-fatty 
acids and vitamins (Maxwell Salinger, 2013). 

Reddy et al. (1988) observed significant increases in the digestibility of nutrients in lactating cows fed 
hydroponic fodder compared to those fed Napier bajra (NB-21) green fodder. Feeding of a total mixed 
ration (TMR) containing either hydroponic maize fodder (HMF) or Napier bajra hybrid green fodder (NBH) 
for 68 days to lactating dairy cows did not have any significant effect on digestibility of nutrients, except 
that the digestibility of CF and NFE was higher (P<0.05) in the HMF fed group (Naik et al., 2014). The daily 
milk yield was 8.0-14.0% higher in animals fed TMR containing hydroponic maize or barley fodder than 
those fed conventional green fodder (Reddy et al., 1988; Naik et al., 2014; Rachel Jemimah et al., 2015; 
Yvonne Kamanga, 2016). Naik et al. (2017b) further reported that feeding of hydroponic maize fodder by 
replacing 50% maize grains in the concentrate mixture did not have any adverse effect on nutrient 
utilization and performance of low yielding lactating cows. Besides increased milk yield, conception rate, 
herd health and longevity were also improved (Naik et al., 2015). Furthermore, it must follow that 
improved animal health stemming from higher quality hydroponic fodder will reduce veterinary costs. 

Hydroponic fodder heavily infested with Aspergillus clavatus should not be fed to dairy/beef cattle. 
Animals may develop posterior ataxia, knuckling of fetlocks, dragging of hind legs, high stepping in the hind 
limbs, stiff gait, tremors, progressive paresis, hypersensitivity, recumbency, clonic convulsions, decreased 
milk yield and possibly death (McKenzie et al., 2004). 

Consistency of feed: One of the major obstacles being faced by many beef producers is the 
variability/inconsistency of plant species within their pasture, due mainly to seasonal fluctuation. By 
feeding hydroponic fodder, one is assured of the quality and quantity of fodder that is being consumed. 
This consistency of feed can lead to better-tasting end products of consistent quality, which is one of the 
major goals of the beef producers. Similarly consistency in feed can also increase the quality of meat and 
other products of swine and poultry. Hydroponic fodder production is a way to substantially improve the 
quality of animal products (Maxwell Salinger, 2013). 

Reduced carbon footprints: Hydroponics are more environmentally friendly than traditional agriculture, 
because fertilizers are rarely used. This reduces greenhouse gas emissions considerably (Anonymous, 
2016). In traditional farming, run-off can lead to the degradation of the surrounding environment (Naik, 
2014). Hydroponic systems help in reducing the fuel consumption for transportation of product from 
distant agricultural farms and carbon emissions in turn. 
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Major disadvantages of hydroponics 
Loss in total dry matter: A number of studies reported that sprouting resulted in 7-47% loss in DM from 
the original seed after sprouting for a period of 6-7 days of growth, mainly due to respiration during the 
sprouting process (Sneath and McIntosh, 2003; Dung et al., 2005; Fazaeli et al., 2012; Putnam et al., 2013). 
Seed soaking activates enzymes that convert starch stored in endosperm to a simple sugar, which 
produces energy and gives off carbon dioxide and water, leading to loss of DM with a shift from starch in 
the seed to fiber and pectin in the roots and green shoots. 
Availability of nutrients: Sneath and McIntosh (2003) showed that sprouted barley fodder was 3.4 times 
more expensive per kg of DM than the original barley grains. Similarly ME (cents/MJ), CP ($/kg DM) and 
FCR (feed cost/kg live weight gain) were 3.7, 2.2 and 2.5 times costlier using hydroponic fodders than the 
original grains, respectively (Sneath and McIntosh, 2003), confirming the earlier report of Appleman (1962) 
who found that hydroponic oat and barley grass may be 2.1 and 3.8 times costlier than rolled oats and 
barley in terms of food energy. Decades of research and farmer experience indicate that the costs 
associated with hydroponic fodder production are 2 to 5 times those of the original grain (Tranel, 2013). 

Economics of hydroponics 

Traditional fodder production requires a major investment for the purchase of land, in addition to 
investment in agricultural machinery, equipment, infrastructure required for pre- and post-harvesting, 
including handling, transportation and conservation of fodder. It also requires labour, fuel, lubricants, 
fertilizers, insecticides, pesticides, and weedicides. On the other hand, hydroponic fodder production 

 

Hydroponics fodder production 
 

Fodder by hydroponics 

 

Tray stack for growing fodder. 
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requires only seed and water as production inputs with modest labour inputs. Hydroponics minimises 
post-harvest losses, with no fuel required for harvesting and post harvesting processes. Moreover, in 
hydroponic systems it takes only 7-8 days to develop from seed to fodder while it takes 45-60 days under 
traditional systems. However, the initial investment required for setting up hi-tech, sophisticated, 
automated commercial hydroponic fodder production systems, with environmental control, plus 
operational costs are much higher than traditional soil-based fodder production farming. Such hydroponic 
systems require much more specialized equipment and technical knowledge than is required in traditional 
farming. Mold is highly likely and thus prevention or treatment could further involve investment. 
Therefore, even if there are benefits of feeding hydroponic fodder, the benefits are usually outweighed by 
the costs (Tranel, 2013; Reddy, 2014). 

The feed cost/kg milk was higher when animals were fed maize fodder produced from a hi-tech 
hydroponic system, mostly due to higher cost of hydroponic fodder production [INR 4.0 to 4.50/kg; 1 US $ 
= 65 INR] than green fodder produced by traditional farming (INR 1.50/kg; Reddy et al., 1988; Naik et al., 
2014). However, farmers of the Satara district of Maharashtra found that the cost of milk production of 
hydroponic fodder was reduced remarkably to INR 2.0-3.50 per kg (Naik et al., 2013) in a low cost shade 
net system with home-grown or locally purchased seeds. Accordingly when fodder was produced in low 
cost hydroponic system, the feed cost/kg milk was reduced remarkably (25 to 30%) and net profitability 
was improved considerably (Boue et al., 2003; Naik et al., 2013; FAO, 2015; Rachel Jemimah et al., 2015). 

CONCLUSION 
In developed countries where there is no dearth of quality feed and fodder, the hydroponic 

production of fodder is less competitive than traditional fodder production when compared on per kg dry 
matter basis. High initial investment on fully automated commercial hydroponic systems and high labour 
and energy costs in maintaining the desired environment in the system adds substantially to the net cost 
of hydroponic fodder production. Such systems are not successful in developing countries. 

Conversely, low cost hydroponic systems have been developed by utilizing locally available 
infrastructure where there is an acute shortage of fodder and water; local irrigation systems are not well 
established; transportation and fuel costs are high; and seasonal variations of fodder prices are extreme. 
Typical lean periods of fodder production are the norm, investment in controlling temperature and 
humidity are low, and so is the cost of labour. Under such situations the cost structure is often shifted in 
favour of hydroponic fodder production, and it may find a niche in increasing livestock production. 
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Cultivation practices and economic importance Garlic 
Article id: 22224 
Bhosale S. S., Virkar A. M. and Dhadge S. R. 
 
Botanical Name:–Allium sativum 
Family :-               Alliaceae / Amaryllidaceae 
Origin:-                  Central Asia 
 
Economic Importance of garlic :- 

 India ranked second in area and third in production. 

 Egypt ranked first in productivity. 

 Garlic is sexual sterile diploid. 

 Garlic is frost Hardy crop. 

 In India mostly short day types are grown. 

 Allicin is antibacterial substance in garlic. 

 Allin water soluble amino acid present in garlic. 

 Garlic is produced only in one season which is winter. 

 Harvesting period for garlic is March – April. 

 Puring is done to remove excessive moisture. 

 Pungency of garlic is due to DiallylDisulphide. 

 Longer the day length due to variety, higher the yield. 
 
Soil :- 

 Well drained soil is suitable for garlic cultivation. 

 Well fertile soil is required for garlic cultivation. 

 Reach in humas is best suitable. 

 Heavy soil helps to produce bulb. 

 pH for garlic is ranging between 6.5 – 7.5 
 Climate :- 

 Garlic is hot season crop. 

 It requires warm and humid climate. 

 Garlic crop can be grown well at 1000 –1300 m above the main sea level. 

 Moderate temprate summer and winter season. 

 Optimum temperature for garlic is 20 – 27 0c. 
 
Important Varieties :- 

1) Godavari 
2) Sweta 
3) Yamuna Safedh– 38 – 40% Tss 
4) Agri found White 
5) G- 41 
6) Agri found Parvati– it is big size clove, Long day type variety, can be grown only in northern hills. 
7) G – 282 -      Early mature variety. Suitable for export variety. 

Planting:- 
A. Planting Methods :-  
Dibbling and furrow method is use for planting of garlic. 
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B. Propagation Method :- 
Clove or bulb planting is the best suitable planting method for garlic cultivation. 
C. Spacing :-  
5×10 cm or 7.5×15 cm is suitable spacing for planting of garlic. 
D. Planting season :-  
In kharif season = June – July. 
E. Seed Rate :-  
150 – 200 kg cloves/ ha is recommended seed rate. 
Manures and Fertilizers :-  
1.  25 tones FYM is applied as a basal dose along with 60 kg Nitrogen and  
     50kg  P2O5 and 50Kg  K2O. 
2.  45 days after planting 60 kg Nitrogen is applied again as top dressing. 
3.   Under Karnataka condition 75 kg Nitrogen and 40 kg P2O5 and 40 kg  
      K20 is applied per hactor is recommended. 
Irrigation :- 
1.  First irrigation is given after sowing. 
2. Then field is irrigated every 10 - 15 days depending upon the soil moisture availability. 
3. The last irrigation should be applied 2 to 3 days before harvesting for 

making it is easy without damaging the bulbs. 
Intercultural operation :- 
(1). Weeding - I. First hand weeding is done one month after sowing. 
II. Second hand weeding is done one month after the first hand weeding. 
2. Hoeing -     Hoeing the cropjust before the formation of bulb. 
 
Harvesting :-  
                    Garlic is a crop of 4 to 5 months duration. When the leaves colour changes to brownish or yellowish, and 
shows sign of drying up then crop is ready for harvesting. The plants are pulled out or uprooted with a country plough 
and are tied into a small bundles which are then kept  in the field or in the shade for the 2-3 days for curring and 
drying so the bulb become hard and there keeping quality is improved. The bulb be stored on hanging them on Bambu 
sticks by keeping them on dry on floor for taking the bulb to the market the dried stalks are removed bulbs are 
cleaned. 
Physiological Disorder :-  
1. Sprouting :-  

Due to excessive soil moisture and nitrogen supply. 
2. Splitting :-  
Delay harvesting or irrigation after long spell. 
3. Rubberization :-  
Control by application of the microneutrients. 
Plant Protection :-  
Pest :-   
(1). Thrips :- It is controlled by the application of the dimethoate  30 EC @ 1ml/lit. water. 
Disease :-  
(2). Leaf spot :- It is controlled by application of dithane M.45 @ 2.5g/lit.water. 
Yield :-      6-8 tones/ha. 
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Bio fortified varieties of Rice- A pathway to secure nutrition India 
Article id: 22225 
Pattam Keerthi 
Department of Agronomy, CCS Haryana Agricultural University, Hisar-125001 

INTRODUCTION 
Nutritious diet is vital for proper growth and development in humans. It helps preventing diseases, besides 
maintaining the body metabolism for physical and mental well being. Food provides energy, protein, 
essential fats, vitamins, antioxidants and minerals to meet our daily metabolic requirement. Most of them 
cannot be synthesized in human body, therefore are to be supplemented through diet. Further, anti-
nutritional factors present in edible parts of the food exert adverse affects on human health. Consumption 
of unbalanced foods affects billions of people worldwide, and leads to poor health and socio-economic 
conditions. So far, the focus has been on the development of high yielding varieties primarily to feed the 
ever increasing populations. Indian Council of Agricultural Research (ICAR) has improved the nutritional 
quality in high yielding varieties of cereals. These biofortified varieties assume great significance to achieve 
nutritional security of the country. 
Definition: 
Fortification is the practice of deliberately increasing the content of an essential micronutrient, i.e. vitamins 
and minerals (including trace elements) in a food, so as to improve the nutritional quality of the food supply 
and provide a public health benefit with minimal risk to health. Rice fortification is the practice of increasing 
the content of essential micronutrients in rice and to improve the nutritional quality of the rice. 

Why Rice Fortification? 
Around 65 % of Population in India consumes rice (NSSO, 68th round) Rice forms a large source of calories 
forming the mainstay of diets across large of Asia and Africa. Milling of rice removes the fat and 
micronutrient rich bran layers to produce the commonly consumed starch white rice. Polishing further 
removes 75-90% of Vitamin B- 1, Vitamin A, Vitamin B-6, Vitamin-E and Niacin, Vitamin B12, Folic Acid, Iron 
and Zinc. 
Food fortification in India: Food Safety and Standards Authority of India (FSSAI) has formulated a 
comprehensive regulation on fortification of foods namely ‘Food Safety and Standards (Fortification of 
Foods) Regulations, 2016. These regulations set the standards for food fortification and encourage the 
production, manufacture, distribution, sale and consumption of fortified foods. The regulations also provide 
for specific role of FSSAI in promotion for food fortification and to make fortification mandatory. This sets 
the premise for the national summit on fortification of food. 
Some Popular Fortified Rice varieties: 
1. Rice: CR Dhan 310: It was developed in the back ground of the popular rice variety Naveen by using one 

protein high protein germplasm ARC,-10075, collected from Assam.  The variety bears long panicles, 
grains are medium slender and the plant height (semi-dwarf) of 110-115 cm and matures in 120-125 
days. This protein rich rice variety is moderately tolerant to leaf blast, brown spot, sheath rot, stem 
borer, leaf folder and gall midge biotype. The average yield of this variety is about 4-5 t/ha. It contains 
high protein (10.2%), 15 ppm of zinc and 24.7 % amylase. It contains higher amounts of essential amino 
acids, lysine and threonine which exemplify its high nutritional quality. 

2. Rice DRR Dhan 45 (IET 23832):  It was a  biofortified semi-dwarf, medium duration (125 days) variety 
with non-lodging plant type with long slender grains under irrigated conditions. It is the first high zinc 
rice variety notified at national level with over all mean zinc content of 22.6ppm in polished rice, 
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developed through conventional breeding without compromising yield using the material from 
HarvestPlus. Based on high zinc content and yield performance over 5 t/ha, it is released for the states of 
Tamil Nadu, Andhra Pradesh and Karnataka. It showed the bioavailability of the zinc was 50% more than 
the control IR 64. It has good cooking quality with desirable amylose content (20.7%). It is moderately 
resistant to blast, sheath rot and rice tungro virus. The variety is a proof of concept for Biofortfication 
and can address the hidden hunger or mineral malnutrition, thus targeting nutritional security of the 
nation 

3. Mukul (IET 24722:CR2829-PLN-100): It has been released by SVRC for Odisha as nutrient rich rice with 
high protein (10.1%) and moderately high Zn content (20 ppm). 

4. Zinco Rice (R-RHZ-LI-23 (IET 25477): It was  medium slender grain developed by IGKV and identified by 
VIC 2018 for west Bengal, Chattisgarh and Odisha 

5. DRR Dhan 48 (IET No. 24555): It was developed in the back ground of the popular rice variety by cross 
combination of RpBio 2261 and CSr 27.  The variety bears long panicles, grains are medium slender and 
matures in 110 days. This protein rich rice variety is resistant to bacterial leaf blight (BLB), medium 
resistant to rice tungro disease, sheath rot, neck blast. It is suitable to grow in AP, Karnataka, Kerala and 
Tamilnadu. 

6. Golden rice: It is a new type of rice developed through genetic engineering and produces two new 
enzymes that complete the beta-carotene expression in the rice grain. It contains beta carotene (pro 
vitamin A) which is converted into vitamin A as needed by the body and gives its golden color  

Biofortification of rice is a promising strategy for sustainable long-term approach in 
combating micro- nutrient deficiency, to alleviate malnutrition capitalizing the regular daily intake of 
nutrient –enriched cereals in the diet, but successful biofortification at the cost of the environmental 
damage is not acceptable. Consumer acceptance on biofortified crops is not easy and achievable in a 
short duration of time but it can be accomplished through thoroughly planned strategies such as 
spreading knowledge among the people, raising awareness of micronutrient deficiency, creating new 
market opportunities, and creating a demand on biofortified variety Biofortified food crops will help 
India address the malnutrition problem with minimum investment in research and have a significant 
impact on the lives and health of millions of needy people of the country. Golden rice is intended to 
complement current strategies to fight against vitamin A deficiency and is deliberately to supply up 
to 30-50% of the estimated average requirement for vitamin A for pre-school age children and 
pregnant or lactating mothers. On the contrary, the success of iron and zinc biofortification would 
results in improved nutritional value of micronutrient-deficient affected areas in developing 
countries and as a first step toward improving nutritional status worldwide. 
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EDIBLE VACCINES 
Article id: 22226 
Tanya Dandotiya , Suraj Singh Bisariya, Shruti Choudhary, Neeraj Yadav and Rita Sharma  
Department of Life Science, School of Science, ITM University, Turari, Gwalior (M.P) 
 
Throughout their life, all the organisms are vulnerable to different kinds of infectious and non infectious diseases. 
Human beings discovered some vaccines which is an immune-biological substance to prevent infections of different 
microorganisms .Development of newer, safer and highly effective vaccines, recombinant vaccines, peptide 
vaccines and DNA vaccines have made it possible to develop the field of medicine and healthcare. These vaccines 
have certain advantages over traditional conventional vaccines, but there are some disadvantages also like they are 
very expensive, their storage and transportation is also very difficult because refrigeration is required for many of 
them. So to overcome these difficulties, some alternatives were considered to foresee that plants can be used as an 
effective and safe production system for vaccines and therefore the concept of edible vaccines was originated. 
There are many advantages of edible vaccines like decrease in toxic compounds and provide long lasting immunity 
without risk of relapse reaction to both plants and animals. 

Concept of edible vaccines:- 
Arntzen developed the concept of edible vaccines in the 1990s. Edible vaccines are transgenic plant and 

animal based agents that triggeranimal’s response or we can say that edible vaccines are plant or animal made 
pharmaceuticals. Making of edible vaccine involves the incorporation of chosen desired genes into plants and 
then using these remodelled plants to construct the encoded proteins. (Twyman et al 2012). This phenomenon is 
known as transformation and the remodelled plants are known as transgenic plants. An edible vaccine such as 
traditional subunit vaccines is composed of antigenic proteins and lacks pathogenic genes. Regardless of this 
supremacy, traditional subunit vaccines are expensive and technology determined, need purification, cold-chain 
maintenance and produce deprived mucosal reaction. Instead, edible vaccine would remove the demand of 
trained medical personnel required for oral administration in children. Edible vaccines can be easily produced. 
They have various advantages for instance; they have good genetic and heat stability and do not need 
refrigeration. 

Edible vaccines can be kept at the area of use therefore, avoiding long distance transits. Usage of syringes 
and needles is prohibited case of edible vaccines, thus declining the risk of various infection (Webstar et al 
2002).If we give edible vaccines to mothers, it will be helpful in immunizing the foetus-in-utero by transplacental 
movement of maternal antibodies or the infant through breast feeding. Edible vaccine plays an important role in 
safeguarding children against infections like group B Streptococcus, Respiratory Syncytial Virus (RSV). Nowadays, 
edible vaccines are manufactured for treating various human and animal diseases like Measles, Cholera, Foot and 
mouth disease etc. Edible vaccines are also used to impede some diseases like Dengue, Hookworm, Rabies etc. 
Numerous edible substances which are under investigation for use in edible vaccines comprises banana, potato, 
tomato, lettuce, rice etc. 

Developing an edible vaccine 
Desired gene of interest is incorporated into the specific to produce proteins encoding for the similar gene (Doshi 
et al 2013)  

Various technologies to move transgene into plant cells are as follows:- 
1. Biolistic method: - gene gun is used to fire gene containing DNA coated metal (Gold, Tungsten) on the plant 
cells (William2002). The plant cells that consume the DNA are enabled to grow and multiply in new plants and 



AGRICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                                Volume 1 – Issue 11 – November 2019 

 

- 94 - 
 

they are cloned to process tremendous amount of genetically similar crops. This method is highly unique and 
useful but there is a limitation i.e., we need the costly device particle gun for this method. 
2. Agrobacterium tumifaciens: -This bacterium occurs naturally in soil and has potential to get inside the plants 
through any wound, scratch etc. The circular ‘Ti Plasmid’ (tumor inducing) of this bacteria allows it to 
contaminate the plant cell by combining with their genome which results in the formation of hollow tumor 
(crown gall tumor), where it survives. This potential can be used to insert foreign DNA into plant genome (Hooper 
et al 2015). Initially, the plasmid is made powerless by removing the genes of auxin and cytokinin synthesis, to 
remove its tumor causing property. Genes for antibiotic resistance are used to pickup the transformed cell which 
holds the foreign gene; and the required product is produced from them. The DNA combines randomly into plant 
genome giving different antigen expression level for each independent line, by this 50-100 plants are modified 
simultaneously. From these modified plants anyone can select the plant showing the highest level of antigen and 
lowest number of unfavourable outcomes.  
3. Electroporation: - In this method we commence DNA into cells by exposing them for long period to high 
voltage electrical pulse which may cause transient pores in plasmalemma. The cell wall works as a barrier for 
DNA so to permit the entry of DNA into cell cytoplasm we need to detoriate the cell wall by mild enzymatic 
treatment (Taylor and Fauquet 2002) 

Important factors while selecting a plant for developing an edible vaccine:-  
(a)Plant should be tough. 
(b)Plant should be eatable and well relished. 
(c)It should be native of a particular place and should be easily accessible. 
(d)Modification can be done without any difficulty  

Few examples of edible vaccines:  
Tobacco: - Tobacco is the most frequently used plant for protein expression because of its transforming 
capability. Transgenic plants are used as production systems for animal and human vaccine antigens as they 
provide easy delivery of immunizing antigen which facilitates mass immunization programmed against different 
infectious diseases can be attained in time bound fashion.  
Banana: - Bananas can be suitably grown in tropical climate. Most of the developing countries have this climatic 
condition that’s why we mostly use banana as vector of edible vaccines. They can be eaten raw without cooking. 
The banana tree requires 2-3 years to become mature and modified tree take approximately 12 months to bear 
fruits. And the fruit spoils quickly after ripening. 
Rice: - We can use genetically engineered rice as edible vaccine in treating cholera. Japanese researchers have 
developed a strain of rice which acts as vaccine and could possibly last for more than 18 months at room 
temperature. Needles, purification or refrigeration is not required for this vaccine. But it grows slowly and may 
require exclusive glasshouse environment. 
Maize: - A protein is produced by maize plants which can be used to treat Hepatitis B. It is affordable and it does 
not require refrigeration and there is no need of professional individual and needles to deliver the vaccine. Its 
only demerit is that it needs to be cooked before use and it takes time to perform . 
Potato: -Norwalk virus, which is spread by contaminated food and water can be treated by vaccine made by 
potato. It is safe and it triggers antibodies. It is cheap and effective. Its only demerit is it requires cooking which 
may cause denaturation of antigen which ultimately decreases immunogenicity. 
Tomato: - Vaccines for Anthrax, Rabies and HIV/AIDS can be made by using tomato as a vector. Its advantages 
are they multiply quickly, can be broadly cultivated and are good in taste but they are spoiled easily (Ruf et al 
2001) 
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Applications of edible vaccines:- 
1. Birth Control: - In Mousezonapellucida, a protein (ZB3 protein) is produced by the administration of TMV. This 
protein has the ability to avert fertilization of eggs in mice due to formation of antibodies. 
2. Rabies: - Rabies antigen expressed by Tomato plants could induce antibodies in mice. TMV can also be used an 
alternative. By using CaMV, the transformed tomato plant with the glycoprotein (G-protein) gene of rabies virus 
(ERA strain) was revealed to be immunogenic in animals. 
3. Chloroplast transformation: -Due to its nature of maternal inheritance, the chloroplast genome is not 
transmitted with in crops through cross pollination. This may furnish its transmission plus accumulation in 
adequate quantities in the form of transgenic protein. 

Limitations of edible vaccines:-  
1. A person should establish immune tolerance to the particular vaccine. 
2. The dose of the vaccine given to the individual may differ from generation to generation, plant to plant and it 

also depends on the protein content, patient’s age, weight, ripeness of the fruit and the quantity of the fruit 
taken. 

3. Functioning of the edible vaccine can be hindered due to huge dissimilarity in the glycosylation pattern of 
plants and animals. 

4. Edible vaccines are susceptible to microbial infection. 
5. To avoid mishandling of vaccine there should be proper separation between “vaccine fruit” and “normal 

fruit”. 
6. The stability of vaccines may vary from plant to plant. 

CONCLUSION:- Vaccines derived from edible plants could lead to secure future and more efficient immunization. 
Traditional vaccines had many complexities which can be defeated by edible vaccines. These edible vaccines are 
affordable and can be transported easily and do not require refrigeration like many other vaccines. Edible 
vaccines could be grown in third-world countries where they are more useful (Giddings et al, 2000)A day will 
come when we will pluck a fruit from garden, eat it and be safe from infections making needles. 
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Agronomic practices for mid-season drought management 
Article id: 22227 
P.B. Ghodake1, Shaikh Wasim Chand2 and A.D. Pandagale3 
3M.Sc Scholar, Department of Agronomy, College of Agriculture, Pune, MPKV, Rahuri. 
2Ph.D Scholar, Department of Agronomy, VNMKV, Parbhani-431402 
1Assistant Professor, Cotton Research Station, Nanded, VNMKV, Parbhani-431402. 

 Drought differs from other hazards as it has slow onset, months to years, affect a large spatial extent 
and cause little structural damage. Its onset and end and security are difficult to define. Drought impacts 
social, economic and environmental sectors. 
 In India drought occurs in the area of high rainfall as well as in the area of low rainfall. Water scarcity 
in the Himalaya region is also not uncommon. Drought is   not related with the absence of rainfall or its 
absence, but also refers to inefficient water resources management. This leads to the necessity of drought 
management with the agronomical practices when the crop is standing in the field and is called as mid-
season drought management this can be achieved by following agronomical practice tools; 
 
1. Selection of proper variety and crop: 
 Drought stress is one of the  premier limitations to the global agriculture due to the water limiting 
environment  plant have developed a series of mechanisms to mitigate the drought stress on this basis 
drought tolerant crops can be classified on the following types, drought avoidance, drought tolerant, 
drought escape and drought recovery. The crop type and variety must be selected according to the climatic 
conditions of the specific area so that the scarce water resources are used. 
 

2. Weed management: 
  Weeds have comparatively very high water usage for their physiological activity. They deplete the 
soil water at very faster rate which cause scarcity of water which makes the main crop to suffer and 
increases the risk of crop failure. This could be avoided by using effective weed control in drought prone 
areas which could be achieved by proper use of soil applied of herbicide, rotatory hoeing, proper cultural 
practices which can mitigate the drought stress. 
 

3.  Mulching: 
 Mulching is proved to be effective to reduce the evaporation loss of moisture from the upper layer of 
soil by making a barrier for water loss between the soil and absence of environment. There are various kinds 
of mulches that have been proved effective against drought viz., Organic mulch, polythene mulch, stubble 
mulch, fine dust mulching. 
 

4. Thinning of plants: 
 During the drought condition the soil moisture land depletes considerably and water runs short for 
the plant to compete its life cycle so thinning of crop plants proves to be effective. The plant population is 
reduced to optimum land so that the moisture with soil is sufficient for compete the life cycle of the crop. 
 
5. Hoeing: 
 Hoeing in the standing crop in the drought prone areas is helpful in two ways, as it helps to reduce 
the loss of water by breaking the capillaries of pores so as there is no further water loss and helps to 
conserve the moisture. Hoeing also helps to control the weeds and improves the soil structure. 
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6. In situ moisture conservation: 
 Moisture conservation in drought areas has been a boon for raising crops in areas of water scarcity 
the moisture stored in situ provides water during the scarcity. The in situ moisture conservation can be done 
by agronomical and mechanical measures like circular and ‘V’ ditches, saucer basin, broad bunds, furrows 
and contour bunds. 
 
7. Removing of Lower leaves: 
 Lower leaves of crop plants add very less to the crop yield and have a considerable transpiration 
which makes considerable loss of moisture from the soil. This can be achieved by removing the lower leaves 
of crop plants. This reduces the moisture loss. 
 
8. Spraying of Urea and MoP: 
 Studies were carried out to investigate the effect of foliar spraying of urea with or without urease 
inhibitor on maize. Under the drought stress foliar applied urea resulted in increase in plant dry weight, 
relative water content and photosynthetic pigments under stress conditions.  
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Bitter Gourd: Hidden treasure for nutritive and Medicinal Values 
Article id: 22228 
*1S. P. Mishra 2A. K. Padhiary,3A. Nandi 
*1Krishi Vigyan Kendra, Jajpur, Odisha, India 

2Krishi Vigyan Kendra (OUAT) Chiplima, Sambalpur 768026 Odisha, India  
3Dept. of Vegetable Science, OUAT, Bhubaneswar, Odisha, India 
 
Bitter gourds are very low in calories but dense with precious nutrients. It is an excellent source of vitamins 
B1, B2, and B3, C, magnesium, folic acid, zinc, phosphorus, manganese, and has high dietary fiber. It is rich in 
iron, contains twice the beta-carotene of broccoli, twice the calcium of spinach, and twice the potassium of 
a banana. Bitter melon contains a unique phyto-constituent that has been confirmed to have a 
hypoglycaemic effect called charantin. There is also another insulin-like compound known as polypeptide P 
which have been suggested as insulin replacement in some diabetic patients. 
 

In depth analysis of nutrients: 
Bitter gourd or Bitter melon (Momordica 

charantia), 
fresh, raw, Nutritive value per 100 g 

(Source: USDA National Nutrient data base) 

Principle 
Nutrient 

Value 
Percentage of 

RDA 

Energy 17 Kcal <1% 

Carbohydrates 3.70 g 3% 

Protein 1.00 g 2%  

Total Fat 0.17 g  0.5% 

Cholesterol 0 mg 0% 

Dietary Fiber 2.80 g 7% 

Vitamins 
  

Folates 72 µg 18% 

Niacin 0.400 mg 2.5% 

Pantothenic acid 0.212 mg  4% 

Pyridoxine 0.043 mg 3% 

Riboflavin 0.040 mg  3% 

Thiamin 0.040 mg 3.5% 

Vitamin A 471 IU 16% 

Vitamin C 84 mg 140% 

Electrolytes 
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Sodium 5 mg <1% 

Potassium 296 mg 6% 

Minerals 
  

Calcium 19 mg 2% 

Copper 0.034 mg 4% 

Iron 0.43 mg 5% 

Magnesium 17 mg 4% 

Manganese 0.089 mg 4% 

Zinc 0.80 mg 7% 

Phyto-nutrients 
  

Carotene-ß 190 µg -- 

Carotene-α  185 µg 
 

Lutein-
zeaxanthin 

170 µg -- 

 
HEALTH BENEFITS 
Bitter Gourd offer high medicinal properties for these ailments like 
Blood disorders:  Bitter gourd juice is highly beneficial for treating blood disorders like blood boils and itching 
due to toxemia. Mix 2 ounces of fresh bitter gourd juice with some lime juice. Sip it slowly on an empty stomach 
daily for between four and six months and see improvement in your condition. 
Cholera: In early stages of cholera, take two teaspoonfuls juice of bitter gourd leaves, mix with two teaspoonfuls 
white onion juice and one teaspoonful lime juice. Sip this concoction daily till you get well. 
Diabetes mellitus: Bitter melon contains a hypoglycemic compound (a plant insulin) that is highly beneficial in 
lowering sugar levels in blood and urine. Bitter melon juice has been shown to significantly improve glucose 
tolerance without increasing blood insulin levels. 
Energy: Regular consumption of bitter gourd juice has been proven to improve energy and stamina level. Even 
sleeping patterns have been shown to be improved or stabilized. 
Eye problems: The high beta-carotene and other properties in bitter gourd makes it one of the finest vegetable-
fruit that help alleviate eye problems and improving eyesight. 
Hangover: Bitter melon juice may be beneficial in the treatment of a hangover for its alcohol intoxication 
properties. It also help cleanse and repair and nourish liver problems due to alcohol consumption. 
Immune booster: This bitter juice can also help to build your immune system and increase your body's resistance 
against infection. 
Piles: Mix three teaspoonfuls of juice from bitter melon leaves with a glassful of buttermilk. Take this every 
morning on empty stomach for about a month and see an improvement to your condition. To hasten the healing, 
use the paste of the roots of bitter melon plant and apply over the piles. 
Psoriasis: Regular consumption of this bitter juice has also been known to improve psoriasis condition and other 
fungal infections like ring-worm and athletes feet. 
Respiratory disorders: Take two ounces of fresh bitter melon juice and mix with a cup of honey diluted in water 
Drink daily to improve asthma, bronchitis and pharyngitis. 
Toxemia: Bitter gourd contains beneficial properties that cleanses the blood from toxins. Sip two teaspoonfuls of 
the juice daily to help cleanse the liver. Also helpful in ridding jaundice. 
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Cultivation practices and economic importance Cluster Bean 
Article id: 22229 
Bhosale S. S. and Virkar A. M.  
 

Botanical Name:-Cyamopsis tetragonoloba 
Family:-Fabaceae 
Origin:- India and Pakistan 
Chromosome No.:- 2n=14 
Economic Importance:- 
                 Among Pulse crops cluster bean has a special contribution. It is grown in Rajasthan, Gujarat, 
Haryana, Uttar Pradesh. In India Rajasthan stands first in terms of area and production of Cluster bean.The 
crop produces gum which is called guar gum and is exported in foreign countries. Its seeds contain protein-
18% and Fibre-32 % and about 30-33 % gum in the endosperm. 
Climate:- 
                  Cluster bean is a tropical plant. It requires warm growing season. The crop requires 30 to 
350Ctemperatures at the sowing time for proper germination and 32 to 380C temperatures encouragesgood 
vegetative growth, but high temperature at flowering stage photosensitive andindeterminate crop. 
Atmospheric humidity encourages the infestation of many diseases likebacterial leaf blight, root rot etc. 
Soil:- 
               The Cluster bean is grown in medium to light textured soil having a pH of 7.0 to 8.5. Water logged 
conditions affects the crop growth. Heavy loam soils are not suitable for cultivation of cluster bean. Also the 
crop growth is affected in the high moisturized area. 
 
Land Preparation:- 
                After harvesting of rabi crop one deep ploughing from mould board plough or disk harrow followed 
by 1-2 harrowing or ploughing and planking. Properly leveled field is required for good drainage. 
Improved Varieties:- 

 For seeds and Gum- HG-365, HG-563, RCG- 1066, RCG- 1003 

 For vegetables       - DurgaBahaar, PusaNavbahaar, PusaSadabahar 

 For Fodder              - HFG-119, HFG- 156 
Time of Sowing:- 
                     The crop is sown in the first week of July to 25th July. Where irrigation facility is there the crop 
can also be grown in the last week of June or after the onset of monsoon. During summer it can be grown in 
the month of March. 
Seed Treatment:- 
                      To prevent crop from soil borne disease seed can be treated by 2 g Thiram and 1 g Carbendazim 
/kg seed. Seeds can be treated 2-3 day before sowing. After fungicide seed treatment the seed isinoculated 
with suitable Rhizobium culture @ 600g / 12-15 kg seed. 
Planting distance:- 
Row to Row- 45 cm (normal), 30 cm (single stem variety) 
Plant to Plant- 15-20 cm 
Intercropping- Cluster bean can be grown with Bajra in intercropping system 
Crop rotation - 1. Guar-Wheat; 2. Guar- Chickpea; 3. Guar- Mustard 
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Irrigation and Drainage:- 
                For good production of the crop one irrigation can be given at the time of flowering and pod 
formation if crop suffers moisture stress. Cluster bean cannot tolerate water logging condition therefore 
proper drainage is required in the field 
Weed Management:- 
                In cluster bean two manual weeding given at 20-25 and 40-45 days after sowing are sufficient 
tokeep the crop weed free. However, sometimes due to non –availability of labour chemical weedcontrol 
can be done. Before germination of the crop application of Pendimethalin 0.75 kg/ha a.i.as pre emergence 
and for post emergence application Imazehtapyr 40g/ha a.i. in 600 litres ofwater is applied at 20-25 DAS is 
suitable for weed control. Wheel hoe and Hand Hoe is used forInter Culture operation to reduce the 
expenditure. Flat Fan Nozzle should be used for spraying. 
Crop Protection:- 
a) Insect 
1. Sucking insect: Jassids, Aphids and While fly are sucking insect. For controlling these 
insectapplyImidacloprid @ 0.2 ml/liter or Dimethoate @ 1.7 ml/liter of water. 
2. Termite: Termites damage plants by eating away root and stem, which cause poor plant stand. 
Control Measures:- 
i) Use well decompose FYM; ii) Seed treatment with Chlorpyrifos @ 2 ml/kg seed; iii) 
Application of Chlorpyrifos dust @ 20kg/ha at the time of last ploughing before sowing. 
 Disease:- 
1. Bacterial blight 
Control measure 
i) Use resistant/tolerant varieties and certified seed; ii) Seed treatment with Streptocycline for 
that soak the seed in 200 ppm (0.2g/liter) solution of Streptocycline for 3 hours; iii) In 
standing crop spray of Copper oxychloride @2.5g/liter of water can be use for controlling 
disease. 
2. Anthracnose & Alternaria leaf spot 
Control measure 
For controlling these disease foliar sprays of Mancozeb 75 WP @2g/liter of water can be 
used and repeat the spray at 15 days interval if needed. 
Harvesting & Threshing:- 
For grain purpose crop, harvesting is done when leaves become dry and 50% pod turn brown & 
dry. After harvesting crop should be sun drying then threshing is done by manually or thressure. 
For fodder crop, crop cut when crop at flowering stage. 
Yield:- 
By adopting improved package of practices, crop can produce 10-15 q seed yield/ha. If crop 
grown for fodder purpose 250- 300 q green fodder/ha can be achieved. 
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Plastic in Teabags: An Alarming Concern 
Article id: 22230 
Pooja Bhatt1, Smriti Singh2 and Beenu Singh3  
1&3Department of Clothing and Textiles, College of Home Science, 2Department of Agricultural 
Communication, College of Agriculture, G. B. Pant University of Agriculture and Technology Pantnagar, U. S. 
Nagar, Uttarakhand. 

 

INTRODUCTION 
Teabag is a small pouch or sealed bag containing tea leaves. The teabags 
are generally made from food grade plastic, nylon, silk or filter paper. It 
consists of a small pouch attached with a sting, secured through staple 
and a paper label at the end to hold the teabag comfortably.  The paper 
label comprises of the brand of the teabag. The function of the teabag is 
same as tea infusers. The teabag is used to infuse the tea leaves when it 
is steeped into hot water. The porous surface of the teabags allows 
penetration of hot water into the teabag, which enables the essence of 
tea leaves reach the hot water. The teabags can be used till the tea 
extract is left in the it. Most of the teabags available in the market contain around 25 percent plastic 
content. Plastic has been used since few decades at drastically increasing rate. It is used in food, cosmetics, 
industries, home and ultimately is dumped into the oceans. The plastic is deteriorating the natural flora and 
fauna and also negatively influencing the aesthetic beauty of the environment.  

Advent of Teabags 
The teabag was invented accidently by an American merchant Thomas Sullivan when he chose to sell 

tea in small silk pouches. People started to dip the tea pouches in the hot water like the traditional metal 
infusers and since then the idea of teabags became a widespread reality. The silk pouches were very fine so 
were replaced by gauge. The widespread mass production led to use of paper instead of cloth. The teabags 
offered to reduce the work load in the household so it gained popularity. The companies like Tetley and PG 
Tips use abaca fiber as teabags. The average quantity of paper used in square shaped teabag is around 50 
cm2. The different designs of the teabags like pyramid shaped use around 70 cm2 paper. 

Need for adding plastic in teabags 
 The teabags need to be placed in hot liquids, therefore a substance that can tolerate high 
temperature and can maintain its shape is required. Thus, a substance or a plastic polymer called 
polypropylene is added in the teabag to acquire the desired properties. Despite the protest for using the 
plastic teabags some of the teabag manufacturers claim that the plastic material is less costly and other 
materials if used, can increase their product cost which would severely affect their position in marketplace.  

Major Concerns 

 One major problem associated with the use of plastic is that it takes time to disintegrate and some of the 
plastic tea bags take subsequently long period of time to degrade.  

 Polypropylene can adversely affect the endocrine system of the body which can lead to variety of health 
issues and ultimately can develop chronic body conditions.  
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 The content of polypropylene is very less but when the quantity of teabags consumed on a daily basis 
are collectively analyzed it seems to be a big concern.  

 When the teabags are dipped into the hot water and the tiny bubbles or froth is observed then it can be 
due to the presence of coating of epichlorohydrin which is a carcinogen. 

  Some of the teabags are also composed of polyvinyl chloride and food grade nylon which can behave 
differently in high temperature conditions of liquid. 

 Another concern is that a majority of teabags are found to have residual pesticides and they are not 
wash thoroughly before packaging. 

 The teabags are generally made from thermoplastic materials like polyvinyl chloride, polypropylene, etc, 
which have high melting point but they can also produce harmful residual chemical compounds in 
contact with hot liquid. 

 Food and Drug Administration in United States found the presence of illegal residues in imported tea like 
permethrin, DDE, heptachlor acetamiprid which are cancer causing agents. 

 Often the teabags are bleached with chlorine to remove the grey colour of fiber or wood pulp which is 
not aesthetically appealing. The teabag industries claim that they use a small quantity of bleaching 
chemicals which would not affect the consumer. But the small quantities can also lead to serious health 
issues in near future like hormone disorders, cancer, etc. 

 Teabags contribute to the largest amount of food waste of the household. Most of the teabags are not 
biodegradable and consist of polypropylene which takes years to disintegrate and are also not 
compostable.  

Solution 

 Use stainless steel refillable pod or cups and dip into warm liquids. 

 Stainless steel or metal tea infusers is also a helpful solution and better alternative for teabag users.  

 Buy loose leaf tea instead of teabags which can reduce the purchase cost and cut the expenses incurred 
in buying teabags.  

 Use the teabags of brands which don’t use plastic teabags, e.g., tea tonic, Nature’s Cuppa, Clipper tea 
and other such brands. 

 Use tea crystals which dissolves immediately in hot or cold water. These tea crystals are cold brewed 
crystallized crystals and no teabag id required to dissolve the tea and strain it later. Some brands are 
White Peony, Organic Jasmine Green, etc. 

 The Food Safety and Standards Authority of India has taken an initiative to reduce the harmful impact of 
the teabags by imposing ban on the staple pins used in these bags by June 2019. 

CONCLUSION 
 Teabags are a useful invention but its increased use has led to serious environmental issues and 
human physiological concerns. The teabags have acquired the market with the advent of different brands of 
teabags like green tea, black tea and their different variants. People are not aware about the components of 
teabags and light needs to be thrown on such subjects so that they can contribute to reduction of such 
waste and use suitable alternatives. The government and non-government organizations need to put their 
step forward to encourage the general masses to reduce the use of plastic teabags. Also, the manufactures 
should be provided with strict guidelines to use biodegradable alternatives and contribute towards welfare 
of the environment.  
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Importance of Rotavator and Gyrovator for Efficient Operations in Indian Agriculture 
Article id: 22231 
1Maddali Anusha 
1Ph.D. scholar, Dept of Farm Machinery & Power Engineering 
CTAE, MPUAT, Udaipur-313001 

 Rotavator means use of rotary power for doing work. It is a tractor mounted PTO operated machine which 
is used for both primary and secondary tillage operations. It uses the tractor engine power directly to the soil by 
means of PTO with reduced slippage. The all in one rotary tiller does several operations at a time. It helps in 
opening up of any type of land (dry, wet, sticky), pulverizes the soil to provide good tilth and leveling the soil at the 
same time. Gyrovator is enhanced version of rotavator which helps in better pulverization for different field 
conditions. It works well in the soil conditions where rotavator do not work satisfactorily. Rotavator and Gyrovator 
works effectively for puddling operation due to better churning of soil and simultaneously reduces the slip when 
compared to puddlers. 

INTRODUCTION 
 Rotavator is used for opening up of any type of land (dry, wet, sticky) and for preparation of good 
seed bed. It provides better pulverization to the soil by mixing of the soil without overturning. It also helps in 
controlling of weeds. It saves fuel, labor, time and maintenance cost. Wear and tear of the blades are 
minimum as the operation completes within one or passes. The operation with rotavator is speedy when 
compared with other implement and machineries used for land and seed bed preparation. 

Types of rotavator 
 There are mainly two types of rotavators 
  1. Power tiller type 
  2. PTO operated rotavator 
Types of blades 
There are mainly five types of blades used for different field operations 
  1. L-type blades 
  2. C-type blades 
  3. J-type blades 
  4. Long shanked blade 
  5. Straight knife blade 

Principle of operation 
 Rotavator works by means of rotary power which is generated by the blades used on each flange 
clamped together to the rotor shaft for generating the required power. These blades are rotated by means 
of the power available to the rotary shaft from the PTO shaft. As the rotor shaft rotates, the blades mounted 
on the flange also rotates which results in cutting of soil from the land. The area of cutting portion of the soil 
depends on the depth of cut, tractor forward speed and speed of the rotor. Two or three pairs of blades are 
generally used on each flange. More the number of blades on the flange and less the distance between the 
blades results in efficient pulverization and better crushing of clods of the soil.Based on the different field 
conditions, the working width of the rotavator can be increasedby increasing the number of blades on the 
rotor shaft. The speed of the rotor can be reduced or increased by the changing the size of the gears 
available within the gear box according to different field conditions.Different working widths of Rotavator 
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and Gyrovator are available for different field conditions. Matching the horse power of the tractor with 
working width gives efficient work. Change in working width of the machine also changes the number of 
blades on the rotor shaft. An example table for matching the machinery (Gyrovator) is given below. 
 

SNO SPECIFICATION  

1. Working width (m) 1.25 1.45 1.65 1.85 2.05 

2. Tractor HP required 30-60 35-60 40-60 45-60 55-60 

3. Tractor PTO (rpm) 540 540 540 540 540 

4. Number of blades 36 42 48 54 60 

5. 
Transmission 

System 
Gear/Chain 

drive 
Gear/Chain 

drive 
Gear/Chain 

drive 
Gear/Chain 

drive 
Gear/Chain 

drive 

6. Type of blade L/J/C type L/J/C type L/J/C type L/J/C type L/J/C type 

 The transmission system used in rotavator and Gyrovator is chain drive or gear drive transmission. 
The gear drive is most common in rotavators. The chain drive mechanism has high maintenance cost and 
less precise in alignment when compared to gear drive 

How Gyrovator differs from Rotavator 
 Gyrovator is the enhanced version of rotavator for superior pulverization of the soil and better soil 
tilth condition. The following features makes Gyrovator different from rotavator 
 1. It consists of more number of blades per flange for better pulverization of the soil. 
 2. The spacing between the blades on rotor shaft is less for better crushing of clods 
 3. The size of rotor shaft is bigger than the rotavator shaft. 
 4. The blade size is bigger for better crushing and mixing of soil 
 5. Anti-loosening of nuts and bolts for safe operations 
 6. Strong and reliable in operation. 
 7. Works satisfactorily in both wet and dry field conditions. 

8. Multi depth operations for different field conditions. 
9. Rotor speed can be varied as per the tilth quality required and the soil conditionavailable. 
10. Reduced noise during operation.  

CONCLUSION 
 Rotavator and Gyrovator can be best suitable for almost all types of field condition. Instead of using 
two different implements/machineries for seed bed preparation, it is desirable to use a single machine 
which works satisfactorily in desired depth and soil conditions in single or two passes. It reduces labor, time, 
fuel and increases efficiency of the operation. But the right thing to achieve desirable field conditions is to 
match the available tractor horse power with the rotavator size and the blades required for different field 
conditions. 
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Cultivation practices and economic importance Mustard 
Article id: 22232 
Bhosale S. S., Virkar A. M. And Dhadge S. R. 
 
Botanical Name            : Brassica spp. 
Local Name                   : Mustard 
Family                           : Brassicaceae 
Origin                            : Europe 
Soil and its preparation: 
                    Mustard can be grown in all types of soil from sandy to heavy soils, loam, silt loam and clay loam 
soils are considered best for getting higher yield. Soil pH between 5.5 to 6.7 is favourable for its cultivation. 
The land should be prepared thoroughly, River bed cultivation of this crop is also carried out.  
Climate: 
                  The Mustard is a warm season crop and grows best at a temperature between 18 ⁰C and 24⁰C.It 
does not withstand even light frost. 
 
Sowing of seeds: 

 Sowing time : 
The Mustard is cultivated both as a summer and rainy season crop and the seed is sown according to type of 
crop. 
Summer crop     :          January to February. 
Rainy crop          :          June-July. 
The seed of Mustard is sown in April in the hills. 

 

 Seed Rate:  
The seed rate is 4 to 6 kg/ha. 

 Method of Sowing: 
              The seed is sown by dibbling method at a distance of to cm 
 45 to 20 cm. (Plant to plant).. 

Important Varieties : 
1) Pusa Agrani 
2) Kranti 
3) Pusa vijay 
4) Pusa Karishma 
5) Sangam 

 
Manures and Fertilizers:  
                     The doses of manures and fertilizers depend upon the soil type, climate, soil rest value and 
variety. About 250 to 300 quintals of farmyard manure should be added during soil preparation. Besides this 
60 kg nitrogen, 80 kg phosphorus and 60 kg potash per hectare should be applied in the form of chemical 
fertilizers. 
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Intercultural Operations: 
                   Shallow cultivation should be given during the early stages of growth to control the weeds. 
Herbicides (such as Glyphosate, Paraquat and Chloramben @ gm per acre) may be used to control weeds.         
Irrigation: 
       The summer crop cultivated as an irrigated crop requires enough soil moisture during its growth and 
development. So irrigation should be given as and when needed. No irrigation is given in rainy season crop. 
In summer season need frequent irrigation at 5-7 days interval.                                                                                            
Harvesting: 

 Leaves of plant start yellow. 
 Harvesting start after 4 to 6 weeks after sowing. 

 
Yield:  The average yield is about 350 to 400 kg/ha. 
             High yield var. 100 to 140 kg/ha. 
INSECTS & PESTS: 

1.  Flea Beetles 
2. Caterpillar 
3. Aphids 
4. Jassids  

Diseases  
1. Powdery Mildew: 

The leaves are covered with white mouldy growth and the plants are stunted and weakened. The fruits dots 
not reach the proper size. 
Control measures  

 Spraying the with Sulphur at @ 10 to 15 kg per hectare. 

 Spraying the crop with 0.06 % solution of Karathane. 
2. Mosaic: 

         It is caused by Mustard mosaic virus. The young leaves of the plants are stunted, deformed and mottled 
with yellow and light green colour.        
The fruits get mid shaped and mottled in colour. 
Control measures: Spray the crop with 0.15 % solution of Metasytox to check its spread. 
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Seed Potato inspection 
Article id: 22233 
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*1Krishi Vigyan Kendra, Jajpur, Odisha, India 

2Krishi Vigyan Kendra (OUAT) Chiplima, Sambalpur 768026 Odisha, India  
3Dept. of Vegetable Science, OUAT, Bhubaneswar, Odisha, India 
                     
Potato, largely being a vegetative propagated crop, is subjected to large number of seed-borne diseases 
responsible for yield degeneration. Hence, it is imperative to use good quality healthy seed for sustainable 
and economic production of potato. The aim of seed growers is to produce disease-free seed. To ensure 
good seed health, diseases and other pests must be controlled and the crop must be stored and handled 
carefully. Successful production of high-quality disease-free seed potatoes requires good management and 
strict disease-control procedures. Although the potato certification regulations list the disease tolerances for 
seed, growers should strive to produce seed with disease levels well below the tolerances. This will enhance 
their reputations as seed growers, increase the value of their crops and minimize potentially costly disease 
outbreaks. 
                  The person or agency applying for inspection of a crop to produce Pre-Elite, Elite 1, Elite 2, must 
have successfully grown seed potatoes for five consecutive years. New seed growers will only be accepted 
where the inspector has verified adequate control measures to prevent bacterial ring rot before the arrival 
of new seed. All land used for planting must have been free from potato production in the previous two 
years.  
 

Seed potatoes may also be imported for re-certification from the United States providing that:  
 prior authorization has been obtained from the program officer for seed potato certification,  
 the source, all lands and buildings have been free of bacterial ring rot for at least five year,  
 post-harvest test results and summer field readings are available,  
 field and storage inspection records show no presence of PSTV in the crop,  
 the winter test records verify the absence of PSTV,  
 the number of generations removed from the disease-free clonal selection or nuclear stock is known. 

The above information must be completed and signed by the head of the State Certification Program. 
Any imported seed planted without approval will be considered non-certified and may put the farm's entire 
production in jeopardy. In addition to the above, a 1,000-tuber sample must be collected and tested for 
bacterial ring rot. Should the test read positive for BRR and the seed already planted, the entire seed 
operation would be considered contaminated and no inspection would be performed on the farm, thereby 
eliminating all seed lots from certification. To avoid complications, a grower should refrain from planting the 
imported lot until all tests have been completed. All equipment used to plant, cultivate or harvest the crop 
must be thoroughly disinfected and free from pathogens. Crop inspection or a growing crop certificate will 
be refused if an inspector suspects that equipment used might be contaminated and would adversely affect 
the crop. Any community equipment used must be disinfected under the supervision, and to the 
satisfaction, of the inspector. 

 

No crop inspection will be made if:  
 potato seed plots equal to, or less than, 0.25 acres (0.1 ha) in size are not totally planted in tuber units,  
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 an inspector is unable to conduct a visual inspection as a result of late planting, lack of cultivation, lack of 
vigor, the existence of weeds, leaf injury or pesticide injury,  

 the crop is growing on a farm where commercial potato stock (non-certifiable) is planted,  
 seed is growing on a farm where potatoes infected with BRR were produced or found in the previous 

year (or until the farm is no longer considered infected),  
 the crop is planted in a field where non-certified or BRR-infected potatoes were grown in the previous 

two years. (Any field where there has been an occurrence of BRR must be kept free of any potatoes 
including volunteers for a full two years),  

 the crop is located within 60 metres of other potatoes which show viral disease levels exceeding the 
limits specified for the certified class,  

 The crop has been treated with or exposed to a sprout inhibitor.  
Subject to the above, the growing crop will be inspected two or three times during the growing season 
(depending on the class of seed) by an Agriculture Canada inspector. A growing crop certificate will be 
issued for all crops that meet the requirements. However, it will not be issued when the crop, or 
another crop derived from the same parent stock is suspected to be contaminated with bacterial ring 
rot. BRR found at any time in the inspection process will disqualify all of the grower's seed from 
certification. PSTV found at any time will disqualify only that lot (field) of seed in which is it found.  
 

Tuber inspections and storage:  
 

Inspections will be made to determine adequacy of storage facilities and procedures. Each variety and class 
of seed potatoes must be stored in such a manner as to prevent any mixtures. Non-certified potatoes must 
be kept completely separate from certified classes. At shipping, tubers must be graded to standards and 
have been tested for bacterial ring rot before tags or bulk certificates will be issued. In any lot, the number 
of tubers that are affected by light and moderate scab and rhizoctonia combined shall not exceed 10 per 
cent of the total number of tubers in the lot. The following definitions for scab and rhizoctonia are as 
follows:  

 "light scab" - 1 to 5 per cent of the tuber surface is covered with common scab lesions,  
 "light rhizoctonia" - 1 to 5 per cent of the tuber surface is covered with rhizoctonia sclerotia,  
 "moderate scab" - 5 to 10 per cent of the tuber surface is covered with common scab lesions,  
 "moderate rhizoctonia" - 5 to 10 per cent of the tuber surface is covered with rhizoctonia sclerotia.  
 Tubers in a lot of any class that show symptoms of leaf roll necrosis shall have the presence of the 

disease confirmed by laboratory tests and shall not exceed the percentage permitted for viral disease for 
that class.  

 In any lot, the number of tubers in the aggregate that is affected by disease and defects, not including 
light scab, light rhizoctonia and stem-end discoloration, shall not exceed 5 per cent of the total number 
of tubers in the lot.  
At the point of shipping, not more than 5 per cent of the tubers in a lot shall be affected by pressure 
bruising on over 10 per cent of their surface.  
At the point of shipping, not more than 10 per cent of the tubers in the lot shall have sprouts longer than 
2 cm.  
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 In any lot, at least 98 per cent of the tubers shall be firm and well shaped.  
No tubers in any lots shall be washed.  
Re-inspection of any lot of certified seed potatoes will be made at the buyer's request providing the 
request is submitted within two working days of receipt of the lot.  

*Disease Standards for Certified Seed Potatoes  
The following are the final inspection tolerance levels for Elite 1, Elite 2, Elite 3, Elite 4, Foundation and 
Certified class seed: Nuclear and Pre-Elite class seed have a 0.0% tolerance for all diseases on final 
inspection. Finally, a random tuber sample of Elite 2, Elite 3, Elite 4 and Foundation seed lots are subjected 
to a laboratory test and must be found NOT POSITIVE for the presence of Clavibacter michiganensis subsp 
sepedonicus (Bacterial Ring Rot) before it can be sold Where an inspector has inspected crops in a seed 
potato farm and finds they meet the standards set out in the regulations, a "Growing Crop Certificate" will 
be issued to the grower. The Growing Crop Certificate specifies the following for each crop:  
1. Class and variety 
2. Number of hectares that passed inspection 
3. Certificate number 

Crop certificates will not be issued or may be revoked in the following cases:  
1. An inspector learns that any one of the lots are infected with Clavibacter michiganensis subsp 

sepedonicus (Bacterial Ring Rot.) 
2. An inspector has determined that the crop does not meet the standards for any class of seed. 
3. An inspector has determined that the crop has been infected with the potato spindle tuber viroid. 
4. The crop has been treated with or exposed to a sprout inhibitor. 
5. Any one of the lots has come into contact with used, shared or custom equipment that was used in the 

harvesting, storing or grading of a lot that was infected with ring rot bacteria. 
6. The seed potatoes have lost their identity. 
7. The seed has lost its ability to propagate. 
8. The inspector determines that non-certified potatoes from another farm are stored with the certified 

seed potatoes or that the certified seed potatoes were stored, graded or handled with common 
equipment. 
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Food insecurity as a situation that exists when people do not have adequate physical, social or economic access to 
food. Sorghum is the more tolerance to drought and hot temperatures, diseases, pests various soil types and have 
higher water use efficiency, higher production capacity from unit area. The plant has for a long time been noted to 
be the most important cereal for human consumption surpassed only by maize, wheat, rice and barley. Sorghum is 
a globally cultivated cereal unique due to its tolerance to drought, water logging and saline-alkali infertile soils and 
high temperature. It has for a long time been considered as a crop of the resource-poor small-scale farmers. Despite 
the potential of sorghum to improve household food security and promote regional development, the sorghum sub-
sector is faced with numerous challenges. Interventions are necessary to enhance enhance food security in semi-
arid areas through increased sorghum production to accrue to the economy at large 

INTRODUCTION 
Food security is defined as food systems when ‘all people, at all times, have physical and economic access to 
sufficient, safe and nutritious food to meet their dietary needs for an active and healthy life’ (FAO, 1996). 
Food systems encompass three components: (i) food availability (production, distribution and exchange) (ii) 
food access (affordability, allocation and preference) and (iii) food utilization (nutritional value, social value 
and food safety) (Gregory et al., 2005). Food insecurity has been noted to be the main cause of the rising 
poverty levels. Food security is diminished or a state of food insecurity occurs when any one of the three 
components of the food systems are diminished. Concurrently, the declines in agricultural production from 
about 3.6 % during 1985–1995 to less than 2% in the decade 1995–2005 have given rise to renewed 
concerns about future food security. Major areas of concern are production and availability of food grains. 
The globalization of agricultural trade in the 1990s led to changes in some of the macro policies that 
supported agriculture and also subjected the Indian farmer to significant market risks. All of these have led 
to a steady decline in farm incomes and rural distress in recent years, affecting both access to food and its 
utilization. With the limited availability of land and water resources emerging at this time, the national policy 
goal of 4% growth in agriculture to ensure food security can be achieved only by increasing productivity 
through use of natural resources. 

In India, three components of food security, namely availability, access and utilization are governed 
by the vulnerability of the production base of agriculture, the scope for increasing rural incomes and the 
nutritional quality of food respectively. The primary determinants of agricultural production are the genetic 
productivity of the crops, and the quality of the natural resource base determined by the soil health and 
vulnerability of water resources. Together these determine the total quantity of food available for 
consumption, storage and distribution. If any of these are vulnerable, the food availability is affected.  

Sorghum is the fifth most important cereal crop after maize. It is moderate drought tolerant, grown 
in arid and semi-arid tropics of Asia and Africa for centuries (Fetene et al., 2011).  It is an important source of 
energy, protein, vitamins and minerals for millions of the poorest people in the world. It is grown in harsh 
environments where other crops grow or yield poorly. Therefore, and because it is mostly consumed by 
disadvantaged groups, regarded to as "coarse grain" or "poor people's crop". All of the sorghum cultivars 
taken into cultivation are belong to Sorghum bicolor (L.) Moench sp. which is commonly cultivated 
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incorporated with animal husbandry. Sorghum is the more tolerance to drought and hot temperatures, 
diseases, pests various soil types and have higher water use efficiency, higher production capacity from unit 
area. Plants having the ability to increase root growth into regions with more available soil water have better 
chances of survival under drought situations, since increased root growth re-establishes the soil-root contact 
and facilitates water uptake. 

Potential of Sorghum for Improving Food Security 
The arid and semi-arid lands of the world make up to over 40 % of the earth’s surface on which over 

one billion people depend for their livelihood. Communities in arid and semi-arid lands of the country were 
particularly vulnerable to food insecurity because of the recurring natural disasters of drought, livestock 
diseases, animal and crop pests and limited access to appropriate technologies, information, as well as credit 
and financial services (Kinyua, 2004). Grain sorghum is mainly used as a principal food in tropical areas and 
often used as raw material for alcoholic beverages, sweets and glucose. Broom sorghum on the other hand 
is for making brooms while sweet and grass sorghum is used to make sweetener syrup and green feed (U.S 
Grain Council, 2010). The plant has for a long time been noted to be the most important cereal for human 
consumption surpassed only by maize, wheat, rice and barley (Akram et al., 2007). It is reported to be one of 
the main staple food crops for the world’s poorest and food insecure people (Timu et al., 2012). Sorghum is 
a globally cultivated cereal unique due to its tolerance to drought, water logging and saline-alkali infertile 
soils and high temperature. It has for a long time been considered as a crop of the resource-poor small-scale 
farmers.  

The potential of sorghum to catalyze regional development and improve food security is considerably 
high. Sorghum is thinly traded due to low production volumes and poor marketing channels; only an 
estimated 30% of domestic production is marketed. Trade statistics from FAO indicate that in total Africa 
imports up to 1 million tonnes of sorghum per year (USAID). Of concern, however, is the fact that despite 
the growing population which mainly depends on cereal grains as their main diet, the sorghum sub-sector’s 
economic contribution at the micro and macro level is well below its potential. The reasons for the low 
performance include: low processing capacity, lack of ready market, low processing efficiency levels, and the 
crop being labour intensive. Farmers in the semi-arid areas often prefer to grow maize since it is less labour 
intensive and there is often a ready market even in the rural areas. There is also inadequate government 
support in promoting the production of sorghum inspite of its potential to improve food security and 
enhance economic development. 

Production of sorghum has been on the increase due to the introduction of improved sorghum 
varieties. Over the years, research institutions including KARI and ICRISAT have produced suitable dryland 
crops. This has resulted in the development of genetically superior cereal and legume crops in terms of 
yields, early maturity and drought tolerance or drought escaping and higher water use efficiency. Among the 
cereals, several varieties of sorghum have been developed and released. The low current production is due 
to the low adoption of these improved varieties, low use of fertilizers to boost soil fertility, dietary 
preferences, and low prices (Miano et al, 2010). 

Constraints to Sorghum Production 
Despite the potential of sorghum to improve household food security and promote regional development, 
the sorghum sub-sector is faced with numerous challenges. The problems are further compounded by 
inefficiencies in input and output marketing including poor market infrastructure, lack of marketing support 
services and limited market information. The other problem facing the sorghum sub-sector is an image 
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problem where it is considered to be a food crop for the poor and vulnerable communities. Interventions are 
necessary to expand the market and increase acceptance of sorghum among the more financially endowed 
middle class residing in urban areas. Lessons on improving food security through increased sorghum 
production can be drawn from India where the government launched the vision 2030 for sorghum. 

CONCLUSION 
The foregoing shows that sorghum has the potential to enhance food security in semi-arid areas where 
maize performs poorly. It is demonstrated that not enough is being done to tap into the potential of this 
crop in terms of government support to research, dissemination of research findings and promoting 
sorghum markets. As a way forward, policies promoting sorghum production should be viewed beyond just 
enhancing household food security to also include other benefits that accrue to the economy at large. 
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INTRODUCTION: Soil borne pests can be controlled in vegetable and fruit crops by applying different types 
of pesticides, including the fumigants methyl bromide, chloropicrin, and metham sodium. The use of these 
materials, however, is often undesirable due to their toxicity to animals and people, their residual toxicity in 
plants and soils, the complexity of soil treatment, and their high cost. Furthermore, restrictions on the use of 
soil-applied pesticides seem imminent as existing environmental legislation is implemented. As a result, 
there has been an increased emphasis on reduced-pesticide or non pesticidal control methods. The 
sensibilities of farmers to use pesticides have brought an old fashion to cultivate organically and of course an 
alternative method of controlling the damaging nematodes, soil borne fungi and bacteria. Therefore, soil 
solarization is another alternate approach to disinfect the soil from all pathogens present in soil.             
                   Soil solarization is a non pesticidal method of controlling soilborne pests by placing plastic sheets 
on moist soil during periods of high ambient temperature. The plastic sheets allow the sun's radiant energy 
to be trapped in the soil, heating the upper levels. Solarization during the hot summer months can increase 
soil temperature to levels that kill many disease-causing organisms (pathogens), nematodes, and weed seed 
and seedlings. It leaves no toxic residues and can be easily used on a small or large scale. Soil solarization 
also improves soil structure and increases the availability of nitrogen (N) and other essential plant nutrients. 
The soil solarization concept over a period of several weeks to few months in hot summer months can 
increase soil temperature to levels that kill many disease-causing organisms (pathogens), nematodes, and 
weed seed and seedlings up to the depth of nearly 20 cm. This approach will not eradicate the problem 
completely but can reduce the population or level of damage in plough zone to the minimum extent. 

How to solarize soil:  

 Preparation of soil: The selected field or area should be of a smooth surface so that the plastic film can 
lie flat over the surface. Preparation of the soil begins by disking, rototilling, or turning the soil by hand 
to break up clods and then smoothing the soil surface. Remove any large rocks, weeds, or any other 
objects or debris that will raise or puncture the plastic. 

 Plastic Mulch: The UV stabilized sheets of polyethylene, polyvinyl chloride or ethylene vinyl with the size 
of 0.5 to 4.0 miles thick are quite usable for soil solarization. Among these, transparent polyethylene is 
ideal for soil solarization because it is transparent to solar radiation and reducible in escaping the heat 
from the soil. 

 Soil Moisture: Wet soil conducts heat better than dry soil and makes soil organisms more vulnerable to 
heat.  This is a hydrothermal process. Before, spreading sheet or trap, make sure moisture level is 
adequate. If the soil is dry, water the area before laying the plastic mulch, because most soil pests are 
more sensitive to high temperatures in wet soil than in dry soil. Soil may be irrigated either before or 
after the plastic sheets are laid. If the soil is irrigated beforehand, the plastic must be applied as soon as 
possible to avoid water loss; if heavy machinery is used to lay the plastic, however, the soil must be dry 
enough to avoid compaction. Drip irrigation line under the tarp/plastic mulch to maintain moisture levels 
inside the soil throughout the treatment period.   
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 Duration of treatment: with the effective and intensive sunny day, 4 to 6 weeks are enough to control 
weed seed, and other soil born plant pathogens. To control the most resistant species, leave the plastic 
in place for 6 weeks. 

Benefit of Soil Solarization 

 Increase Soil Temperature: This effect is greatest at the surface of the soil and decreases with depth. 
The maximum temperature of soil solarized in the field is 40 to 55°C a depth of 5 cm. Control of soil pests 
is usually best in the upper 4 to 12 inches (10-30 cm). Higher soil temperatures and deeper soil heating 
may be achieved inside greenhouses or by using a double layer of plastic sheeting. 

 Improved Soil Physical and Chemical Properties: Solarization initiates changes in the physical and 
chemical features of soil that improve the growth and development of plants. It speeds up the 
breakdown of organic material in the soil, resulting in the release of soluble nutrients such as nitrogen 
(N03-, NH4+), calcium (Ca++), magnesium (Mg++), potassium (K+), and fulvic acid, making them more 
available to plants.  

 Control of Pests: This practice helps in killing many harmful plant pathogens, nematodes, weed seed and 
seedlings. This may also kill or weaken some beneficial organisms. Changes in the soil chemistry during 
solarization may also kill or weaken some soil organisms. 

 Encouragement of Beneficial Soil Organism: Although many soil pests are killed by soil solarization but 
many beneficial soil organisms are able to either survive or recolonize the soil very quickly afterwards. 
Important among these beneficial are the mycorrhizal fungi and fungi and bacteria parasitize plant 
pathogens and aid plant growth.   

Earthworms: The effect on earthworms has not received much attention, but it is thought that they retreat 
to lower depths and escape the effects of soil heating.   
Fungi: Beneficial fungi, especially Trichoderma, Talaromyces and Aspergillus spp., survive or even increase in 
solarised soil.   
Bactria: Bacteria such as Bacillus and Pseudomonas spp. are reduced during the process but recolonize the 
soil rapidly afterward. Population of Rhizobium spp., which fix nitrogen in root nodules of legumes, may be 
greatly reduced by solarization and should be reintroduced by inoculation of leguminous seed. Population of 
actinomycetes are not greatly affected by soil solarisation.   

 Increased Plant Growth: Plant often grow faster and produce both higher and better-quality yields when 
grown in solarized soil. This can be attributed, in part, to improved disease and weed control; but 
increases in plant growth are still when soil apparently free of pests is solarised. 

 
Pathogen unpredictably controlled by soil solarization 

S.No. Pathogen Disease 

1. Fusarium oxysporum f. sp. pini Fusarium wilt (pines) 

2. Macrophomina phaseolina charcoal rot (many crops) 

3. Rhizoctonia solani Seed rot or seedling disease 

4. Plasmodiophora brassicae Club rot of crucifers 

5. Psuedomonas solanacearum bacterial wilt (several crops) 

6. Meloidogyne incognita root knot disease 

7. Clavibacter michiganesis Canker (tomato) 
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Factors that limit effectiveness of solarization: The most limiting factor for adoption of soil solarization is 
climatic condition of the particular area. Weather and timing of soil solarization is also a limitation. The soil 
heating effect may be limited on cloudy days. Wind or air movement across the plastic will rapidly dissipate 
the trapped heat. Also, strong winds may lift or tear sheets. Duration of Treatment in which heating of soil is 
also very important factor for soil solarization. A smooth seedbed is ideal for solarization. Solarization will be 
ineffective if the seedbed is not smooth and the plastic does not rest directly on the soil. 

Economics of solarization: The cost of soil solarization depends on the thickness of the plastic used, the area 
of soil covered, the method of irrigation, and the method of plastic application, connection, and removal. 
These costs should be balanced against alternative methods of pest control, and in some cases should be 
viewed over a period of more than one year or growing season. In general, the greatest economic return 
from soil solarization will be obtained from high-value crops grown in soils infested with pathogens, 
nematodes, or weed. 

CONCLUSION: Integrated pest management, i.e., the combined use of multiple control methods to maintain 
pest damage below an economic threshold, is one of the fundaments of sustainable agriculture, as choice of 
pest management tactics specifically addressed to cropping systems and technical conditions optimizes 
performances of existing tactics and eliminates unnecessary pesticide applications. Soil solarization 
demonstrated a large suitability for integrated pest management strategies, as adaptable to most cropping 
systems and compatible or synergistic with a large number of chemical, biological, and cultural control 
methods. Integration of solarization with biocontrol agents may represent a further alternative for an 
improved management of soil pests. However, this practice requires patience and proper planning, it is 
suggested to the farmer to use this practice in the field to efficient management of the pest.  
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Important physiological disorders and their management in fruit crops 
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 How to Identify: 
               Physiological or abiotic disorders are distinguished from other disorders in that they are not 

caused by living organisms (viruses, bacteria, fungi insects etc), but are caused by non-living, abiotic situations 
and cause a deviation from normal growth. They are physical or chemical changes in a plant from what is normal 
and generally caused by an external factor. Some non-infectious disorders are easy to identify, but others are 
difficult or even impossible. Most of them are not reversible once they have occurred. To help in identifying 
physiological disorders it important to know that: 

 Physiological disorders are often caused by the lack or excess of something that supports life or by the 
presence of something that interferes with life. 

 Physiological disorders can affect plants in all stages of their lives. 

 They occur with the absence of infectious agents therefore cannot be transmitted. 

 Plant reactions to the same agent vary widely, from little reaction to death. 

 Dealing with physiological disorders often means dealing with the consequences from a past event. 

 There is generally a clear line of demarcation from damaged and undamaged tissue. 

 Physiological disorders are serious in themselves but often serve as the ‘open door’ for pathogens to 
enter. 

 

     
 FRUIT DISORDERS: 

                 In order to manage the physiological disorders of fruits and vegetables one should have a good 
comprehension of the causes and biology behind the injury. A concise account of the nature injury, 
symptomatology, developmental biology and predisposing factors of specific physiological disorders are 
presented below.  

1) Freezing Injury: 
Freezing injury occurs when the temperatures of the tissue falls below its freezing point. Because of the 

‘freezing point depression’ fruits and vegetables have slightly lower freezing points as compared to the freezing 
point of water (Table 1). 
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Table1. Freezing points for some common fruits and vegetables 

Commodity                        Freezing point range 0C 

Apple  -2-2 - -1.7 

Pear  -1.5   

Asparagus  -1.4 - -1.1 

Sweet cherry  -4.3 - -3.8 

Sour cherry  -1.0   

Citrus fruits  -1.5   

Cucumber  -0.9 - -0.8 

Grape  -5.3 - -2.9 

Lettuce  -0.6 - -0.3 

Onion  -1.3 - -0.9 

Orange  -2.3 - -2.0 

Potato  -1.8 - -1.7 

Tomato  -1.0 - -0.7 

Freezing may occur before harvest during frosty weather in the orchard, or after harvest as a result of 
improper conditions of carriage or storage. Most fruits and vegetables cannot endure even mild freezing. There is 
evidence that apples frozen on tree suffer less residual damage than fruit detached from the tree and exposed to 
the same conditions. Both temperature and duration of exposure determine the extent of damage. If fruit 
remains frozen for a longer period, because thawing time is extended to days or weeks, freezing damage may be 
increased. Other factors that influence freezing are rate of air movement, degree of protective cover within the 
tree; light within the tree and fruit size (large fruit has higher heat content and less susceptibility to freezing).  

 

 

Symptoms: Minor freezing injury on the surface of the fruit results in a brown discoloration of skin. Internal 
freezing injury results in brown discoloration of the vascular strands, which, through desiccation, may develop 
cavities in the damaged areas during subsequent cold storage. During storage the lesion may remain intact or 
become sunken, depending on the extent of injury to the sub-epidermal tissue, which losses moisture more 
rapidly after freezing damage. Skin injury and internal injury may occur independently or coincidently in the same 
fruit. Fruits affected with freezing injury may also fail to ripen. Even in the absence of obvious symptoms, fruits 
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which have been exposed to freezing temperatures are weakened and their storage life is curtailed. The volume 
of a frozen fruit can be reduced by as much as 10 per cent, and the skin becomes noticeably wrinkled. Fruit that is 
thawed by water immersion can imbibe enough water to split open. When fruit thaws, bruised areas are likely to 
be conical, with the apex extending deep into the flesh below the point of impact. In severe freezing ice crystals 
may protrude from the tissue. Cells are killed and release fluid on thawing, leaving the fruit wilted and often 
discoloured. Loss of weight on thawing provides the basis foe separation by floatation of freeze damaged citrus 
fruits. Apples soften and become mealy. In mandarins crystals also formed in the pulp, and in grape fruits the 
pulp takes on a milky appearance. Freezing injury in stone fruits is characterized by a translucent, water-soaked 
appearance of the flesh. Severely frozen fruit tends to break down on thawing, the injured tissue becoming soft, 
brown and watery.  

Biology: The freezing point of fruits vary with sugar content and other factors, however, some times the flesh 
temperature may fall below freezing point without the onset of freezing. This phenomenon, known as super-
cooling, is a useful safety factor in the event of a temporary fall in the store temperature. However, the super-
cooled solution eventually freezes either by prolonged exposure to low temperature or by a sudden vibration. 
Tests on Delicious apples show two freezing points (exotherm) at 2.1 and 4.7 0C. Freezing through exotherm 1 
involves ice formation in the intercellular spaces; freezing through exotherm 2 causes ice formation within the 
cells. Since freezing injury varies in intensity and in type of symptom, the extent of injury is probably related to 
the size and location of ice crystals formed within the flesh. Susceptibility to injury is determined not only by the 
degree and duration of freezing conditions but also by the physiological stage of the fruit; thus susceptibility 
tends to increase as the season progress. 

During a radiative frost, when the air is fairly still, the fruit losses most heat from its upper surface (the 
stem-end) by radiation to the sky; subsequent injury leads to be concentrated in this region of the fruit. During a 
windy freeze individual fruits may be damaged on one side only; fruits on the leeward side of the tree may 
escape injury entirely. More extensive freezing cause large ice crystals to form, which rupture cell membranes 
and walls that result perfuse enzymatic browning and ultimate cell death. When it is thawed, severely frozen fruit 
is brown, soft and wet. Moderate freezing injury may kill vascular elements, which become prominently brown in 
contrast to less damaged cortical tissue. If freezing occur during carriage or storage, the most damage is likely to 
be in fruits nearest the air delivery vent or those exposed to ambient air. In contrast to chilling injury, freezing 
has a worse effect on the pulp than on the peel. Ice formation in intercellular spaces gives tissue a water soaked 
appearance but does not cause tissue injury. Such fruit, however, is likely to have a higher respiration rate, to be 
more susceptible to decay, to soften more rapidly than normal fruit, and to become mealy. It is the membrane 
and juice sacs which are particularly vulnerable and there may be considerable internal distortion. There is 
enhance evaporation of moisture through the peel and even if this is prevented the damaged pulp suffers 
dehydration and shrivelling. Freezing damaged fruits show an increased tendency to decay in store. 

Control: Among the various means of protecting trees from frost, application of irrigation water is a better 
alternative than use of orchard heaters in the orchards. Protective measures are not always effective, however, 
and it may be necessary to cull freeze-damaged fruits from the harvested crop. There being no external signs, the 
process relies on the fact that damaged fruits tend to be less dense than sound fruits, and can thus be separated 
by floatation in a specially prepared solution. It is important to have accurate and well positioned thermostats in 
fruit stores, so as to ensure that the air delivery temperature does not fall too low. Pears are especially 
vulnerable, being stored at temperatures only marginally above their freezing point. Care is also necessary during 
transport. Fruit that is suspected of being frozen should be moved carefully, because bruising damage is 
intensified in frozen tissue. Frozen fruit that shows no apparent injury should be marketed promptly or processed 
soon after the freezing was noted. 

2) Chilling Injury or Low Temperature Breakdown: 



AGRICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                                Volume 1 – Issue 11 – November 2019 

 

- 121 - 
 

Chilling injury is quite different from freezing injury, since it occurs at temperatures well above freezing 
point. It may occur in certain fruits and vegetables at temperatures between 00 and 15 0C (Table 2). Tropical fruits 
like bananas, pineapples, mango, papaya, sweet potato, pomegranate, olive and yams are especially susceptible 
to chilling temperatures. A few temperate fruits e.g. apple, pear asparagus are also susceptible to relatively lower 
chilling temperatures. In general grape fruits lemons and limes are most susceptible, oranges least, while 
mandarins are intermediate. 

 

 
 

Table2: The critical temperature of some important fruits below which chilling injury may occur 

Commodity Critical 
temp.(0C) 

Commodity Critical temp.(0C) 

Grape fruits, lemons and 
limes 

10- 15 0C Mangoes 7- 13 0C 

Oranges and mandarin 1- 5 0C Papaya 7- 10 0C 

Avocadoes unripe:  Pineapple 5- 8 0C 

Lula and Taylor 4-5 0C Apple 2- 3 0C 

Fuerte and Hass 5-8 0C Cherries 0- 1 0C 

Fuchs, Pollock and Waldin 10- 13 0C Guava 5- 10 0C 

Avocadoes ripe:  Custard apple 5- 10 0C 

Fuerte and Hass 2- 5 0C Melons 5- 14 0C 

Persimmons 1-1 5 0C Litchi 4- 9 0C 

Olives 2- 5 0C Jackfruit 10-15 0C 

Pomegranate 5-6 0C Pears  0-2 0C 

Banana 12- 14 0C Apricot 0-1 0C 

The critical temperature below which there is a risk of injury, lies between 100C and 150C for grape fruits, 
lemons and limes and between 10C to 50C for oranges and mandarins. However, a cultivar grown in one climatic 
zone may differ in susceptibility from the same cultivar grown elsewhere. The critical temperature below which 
injury may occur depends not only on commodity and cultivar but also on maturity and the conditions under 
which the crop was grown. Injury results from disruption of normal metabolism and the severity of damage is 
determined both by the temperature at which the produce is held and by the duration of exposure. Injury may 
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not be apparent when the produce is removed from cold storage but symptoms develop rapidly in warm 
conditions. 

Symptoms: The first external signs are dark patches on the skin. Other symptoms in various commodities include 
water soaking, surface pitting, internal discoloration, failure to ripen, accelerated senescence and increased 
susceptibility to decay. Severely affected fruit possesses an off-taste, and is predisposed to decay. Symptoms 
peculiar to lemons include albedo browning, a discoloration of the white spongy rind tissue which may show 
externally as a slight darkening of the peel and membranous stain in which the tissue between the segments is 
discoloured brown. If the fruit is cut in half, a general greyish discoloration of the pulp may be apparent. Cutting 
the fruit transversely permits examination of the vascular strands which in chilled avocadoes appear as dark 
brown dots in the pulp. The distal end of the fruit is usually affected before the stem end. 

Low temperature breakdown in Cox’s Orange Pippin and Jonathan begins as a diffuse browning of the 
outer cortex. The affected area is often well defined, usually moist rather than dry and mealy, and in the early 
stages is separated from the skin by an area of healthy tissue. Both normal and affected tissues may have a 
fermented flavour. Vascular elements become browner than the cortex tissue. No external symptoms of the 
disorder may be evident, but the fruit is likely to be spongy when compressed. The healthy tissue may remain 
crisp and juicy and unlike senescent breakdown, the disorder tend not to progress when fruit temperature is 
increased. Senescent breakdown, however, may follow or accompany low temperature breakdown, and thus it is 
not always apparent which disorder prevails (as in Jonathan or Cox’s Orange Pippin). Since there are no external 
signs the fruit should be cut in half longitudinally for examination. The earliest symptom is a watery (and later 
brownish) spot at the base of a fruitlet where it arises from the core tissue. As more lesions develop they 
coalesce and in severely affected fruits much of the core and surrounding tissue is discoloured brown or even 
black. 

Biology: The nature of chilling injury is complex and is still being elucidated: basically the affected tissue is still 
alive but the biochemical changes are proceeding along abnormal pathways. Chilling injury stimulates respiration 
and ethylene production rates of fresh fruits. Low temperature prevents normal metabolism of fruit tissue, and 
the complex biochemical reactions associated with respiration proceed along alternative pathways. Changes in 
Isoprenoid metabolism and higher levels of abscisic acid, acetic acid, and acetate esters have been implicated in 
low temperature breakdown. External and internal browning is related to oxidation of phenolics by polypherol 
oxidase. Brown substances (polyphones) accumulate in the vascular tissue within the peel. The disorder is 
favoured by light crops, large fruit, and advanced fruit maturity, cool weather in the later part of the growing 
season, and high levels of humidity and CO2 in the storage atmosphere. Low oxygen (<1.25%) can enhance the 
development of the disorder in Cox’s Orange Pippin. 

Control: The primary means of control is to ensure that susceptible cultivars are stored at temperatures above 
the critical value. If storage at a lower temperature is required (for example to comply with plant quarantine 
regulations for fruit fly control) certain measures can be taken to lower the chill threshold. These include the 
reduction of moisture loss by applying the oil, wax or film and conditioning of the fruit to chilling temperatures by 
prior storage for a few days at a higher temperature. Some fungicides (e.g. biphenyl) may increase susceptibility, 
while others (e.g. thiabendazole) decrease it. 

The appropriate storage temperature is determined by such factors as cultivar and intended duration of 
storage. However, since growing conditions also exert an influence; local trials should be carried out if possible. 
Controlled atmosphere storage permits the use of slightly lower temperatures or longer storage periods. Similar 
benefits are obtained with the use of sealed polyethylene bags. Removal of ethylene from the storage 
atmosphere may help to reduce chilling injury. On the other hand, ethylene at ambient temperature can be used 
to ensure uniform ripening in a batch of avocados, which may then be held for a limited time at below chilling 
temperatures without injury. In the cooler growing areas ‘bagging’ the developing bunches can provide insulation 
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against low temperature in the in the banana. Chilling injury can be prevented by the use of an oil-based dip or a 
coating which reduces moisture loss; a storage atmosphere close to saturation has the same effect. Susceptibility 
of the crop can be reduced by certain cultural measures such as irrigation during dry weather. Harvesting at 
optimal maturity is also important. Fruits stored in controlled atmosphere may need to be kept at a temperature 
slightly higher than that suitable for the same cultivar stored in air. Giberellic acid (GA3) can also reduce the 
incidence of the disorder when used as a pre-harvest spray or post-harvest dip. 

3) Heat Injury: 
Heat injury may occur before harvest due to high temperatures or radiant energy for example sun burn 

and sun scald of apple, sun scorch of tomato. Sunscald is a common form of heat injury in apple. Certain post 
harvest treatments like hot water washing or hot air drying can also result in heat injury of fruits. High 
temperatures after harvest are likely to lead to respiratory disorders. Sun scald can occur to some extent in all 
apple growing regions but is especially a problem where temperatures are high and skies are clear. Found more 
frequently on fruit on the southwest quadrant of the tree. Heavy crops that cause branches to bend over mid-
season can increase sunburn incidence as a sudden exposure to heat and sun promotes sunburn development. 
Water stress can increase the incidence of sunburn. Granny Smith and other light skinned apple varieties are 
more sensitive to sunburn. Also, sensitivity may be associated with low calcium concentration in the fruit. 

Hot water treatment can be used to inhibit scald development and fungi growth but the temperature and 
exposure time must be carefully controlled to avoid injury. Heat damage occurred on apples from the hot water 
wash used before waxing and from the hot air used in drying the waxed fruit. Contact with water at 55 0C for 30 
second can cause latent damage to the skin of apples. The injury appears after several weeks of storage as a 
diffuse browning of the skin, similar to common scald, and as in scald, the unblushed portion are preferentially 
affected. Prominent calyx lobes of Delicious apples are quite susceptible because they rise in temperature more 
quickly than the rest of the apple when exposed to hot air or hot water (380C-400C). Apples given heat treatment 
before storage retain quality more effectively and have a reduced incidence of disorders. However, exposure to 
460C for 24 h or to 420C for 48 – 96 h results in patchy skin-browning and flesh browning near the vascular 
bundles.                                           
 

 
 

Symptoms: Initial symptoms are white, tan or yellowed patches found on the sun exposed side of the fruit. With 
severe skin damage, injured areas can turn dark brown on the tree. White, tan or yellow patches often turn 
brown within a few weeks in cold storage. During unusual hot weather following cool or moderate conditions, 
and especially when accompanied by water stress, injury to the skin and flesh can occur. Injured cortex tissue is 
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brown and firm and may become spongy and sunken. Fruit exposed to the sun after removal from the tree, 
either on the orchard floor or in field bins, can develop severe sunburn. Sun burn of apple appears as a bleached 
or bronzed area or some times as a blackish area on the exposed surface of red fruit. On yellow or green cultivar, 
such as Newtown, Golden Delicious and Granny Smith, sunscald may cause bronzing or a reddish blush. In most 
instances the heat-damaged area becomes considerably darker during and after removal from storage. Injury 
hardly apparent at harvest may become quite obvious after several months of cold storage. 
 Damage from sunscald may be confined exclusively to the skin or it may affect cortex tissue to varying 
depths. Injured tissue is brownish, usually very firm and bitter tasting, a consequence of high levels of phenolics 
in the tissue. In extreme cases heat damage turns the flesh brown, which may sometimes result in a water 
soaked appearance. In this fruit the affected area is sunken and brown. Apples develop a tolerance for high 
temperature but can be damaged by a sudden hot spell, by exposure to the sun of fruit on shaded branches that 
are soon weighted down by a heavy crop load or by exposure to the sun after harvest. 

Biology: Sunburn results from heat stress to the fruit leading to injury of the affected cells. The temperature of 
the surface of the fruit can be as much as 18°C (32°F) above air temperatures when the fruit is exposed to solar 
radiation and 8 to 9°C (14 to 16°F) warmer than the shaded side of the fruit. The transpiration or evaporation of 
water from the apple fruit helps to cool the fruit while it is attached to the tree. Upon harvest from the tree or 
during periods of water stress on the tree, fruit surfaces and flesh can increase too much higher temperatures 
resulting in greater sunburn. The greatest problem occurs when fruit are suddenly exposed to high temperatures 
and intense sunlight such as when the weather rapidly shifts from being cloudy and cool for many days to sunny 
and warm. The shifting of branches during the season due to heavy fruit loads can suddenly expose fruit to the 
sun. A gradual increase in temperature and solar radiation could allow the fruit to adapt whereas a sudden 
change does not allow for adaptation and often results in injury. Injury is easier to spot after a few weeks of 
storage because of the change in color from yellow to brown. 

Control: The best method of control is to avoid sudden exposure of fruit to intense heat and solar radiation. 
Proper tree training and pruning are critical. Summer pruning must be carefully accomplished to avoid excessive 
sunburn. While some reports indicate that overhead sprinkling reduces sunburn, the potential benefit must be 
weighed with potential increases in apple scab and fire blight. Avoid water stress in cropped orchard trees to 
reduce heat stress. Once injury has occurred, there is no treatment to prevent browning in storage. The browning 
which occurs in storage as a result of sunburn cannot be prevented with diphenylamine (DPA) drenches. Careful 
sorting to remove affected fruit upon packing is the only solution once the injury has occurred.  

4) Bitter Pit or Corky Spot: 
The disorder is evident in apples and pears. Bitter pit reduces the fresh market quality of fruit of apples. It 

was first described in Germany and is recognized as an abiotic disorder found in all areas of the world where 
apples are grown. This physiological disorder is influenced by climate and orchard cultural practices. Depending 
on the geographical location and the cultivar, various names (stippen, Baldwin spot, York spot, crinkle, crinkle pit, 
cork spot, storage pit, tree pit, and lenticel blotch) have been given to disorder that resemble bitter pit. Although 
some what different symptoms and etiology provide some justification for different terms, the anatomical 
features and a common association with mineral nutrition and other contributory factors indicate that they are 
variations of the same disorder. Older trees, which are less vigorous and produce larger crop loads reduce their 
susceptibility to bitter pit except in the very sensitive cultivars.  

Symptoms: Small brown lesions of 2-10 mm in diameter (depending on the cultivar) develop in the flesh of the 
fruit. The tissue below the skin becomes dark and corky. At harvest or after a period of cold storage the skin 
develops depressed spots on the surface. These most often start to appear as water soaked spots on the skin 
near the calyx. These spots generally turn darker and become more sunken than the surrounding skin and are 
fully developed after one to two months in storage. Fruit located on vigorous, leafy, upright growing branches 
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have a greater potential to develop bitter pit than does fruit that develops from spurs or on horizontal wood near 
the tree’s main frame. Young trees that are just coming into bearing are the most susceptible. Immature fruit are 
more susceptible to bitter pit than fruit harvested at the proper harvest maturity. 

                            
 

Biology: The cause for bitter pit is a mineral imbalance in the apple flesh, low levels of flesh calcium and relatively 
high concentrations of potassium and magnesium. Low levels of calcium impair selective permeability of cell 
membranes and lead to cell injury and necrosis. Analysis of the pitted tissue relative to normal tissue in the same 
apple shows much higher concentration of minerals, including calcium, and sugars. This finding may appear to 
contradict the explanation of calcium deficiency, but it is not unusual for necrotic tissue to loss carbohydrates 
and minerals (by leakage) to adjacent tissue. Dissolution of the middle lamellae by oxalic and succinic acid, and 
changes in proton secretion and potassium permeability, are other explanations for the development of bitter 
pit. To prevent bitter pit in Cox’s Orange Pippin, at least 5 mg of calcium per 100 g of fresh weight of apple tissue 
is needed. 

Initiation of symptoms may begin four to six weeks after petal fall when affected tissues have a higher 
rate of respiration and ethylene production. This is a period of greater protein and pectin synthesis with greater 
migration of organic ions into the affected areas. Affected areas retain starch grains not seen in healthy tissue. A 
mineral imbalance in the apple flesh develops with low levels of calcium and relatively high concentrations of 
potassium and magnesium. Low levels of calcium impair the selective permeability of cell membranes leading to 
cell injury and necrosis. Other explanations for the cause of bitter pit include the dissolution of the middle 
lamellae by oxalic and succinic acid, and changes in proton secretion and potassium permeability.  

Control: Cultural practices that reduce the incidence of bitter pit are annual bearing, moderate tree vigour, 
smaller fruit size, calcium sprays, summer pruning and harvesting mature fruit. Avoid nitrogen and magnesium 
summer sprays fertilizer treatments that result in lowering the soil pH or induce excess vigour, and fluctuating 
soil moisture. Early thinning and over thinning can increase bitter pit. Do not over dormant prune, which would 
result in a light crop and large fruit. Nitrogen and magnesium sprays should not be applied in the summer. 
Fertilizer practices that result in low soil pH and high nitrogen should be avoided. Ammonium based fertilizers are 
not recommended, because they tend to increase the incidence of bitter pit. Liming of soils with calcitic lime 
reduces bitter pit slightly but can also depress magnesium level in tree. Irrigation practices should be scheduled 
so as to avoid excessive fluctuations in soil moisture. If these orchard practices fail to control bitter pit, then 
summer sprays of calcium chloride, calcium nitrate, or comparable proprietary preparations and postharvest dips 
are recommended. Summer sprays of calcium chloride (CaCl2), calcium nitrate (Ca (NO3)2) and/or a postharvest 
dip in a calcium solution are recommended. Summer sprays of both CaCl2 and Ca (NO3)2 are effective in reducing 
the incidence of bitter but the response varies with the cultivar and both may cause russeting and leaf burn 
under certain conditions. Apply sprays under conditions of rapid drying to prevent russeting. Orchards with a 
history of severe bitter pit should receive four to six sprays or more at two week intervals. Fruit coverage is 
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mandatory. Use 2-3% by weight CaCl2 in the drench water. Storage conditions that minimize bitter pit include 
prompt cooling, low temperature, high relative humidity, and controlled atmospheres. 

The potential for the development of bitter pit during storage can be determined by sampling of fruits 
before harvest. Two weeks before harvest select large fruit from upright limbs of light cropped, vigorous trees. 
Dip the fruit in a solution of 2,000 ppm ethephon in water (about 1 ½ teaspoons of ethephon to one gallon of 
water) to hasten the ripening process. Hold the fruit for two weeks at room temperature (200C). A more recent 
method involves infiltrating the fruit with magnesium and holding it after treatment at 200C for two weeks. The 
resulting incidence and the severity of bitter pit-type lesions are a predictive index of fruit susceptibility to bitter 
pit or to calcium related disorders. 

5) Water core: 
The disorder distresses all apple growing regions but especially arid or semi-arid climates. Susceptible 

varieties include Jonathan, Delicious, Stay man, Wine sap, Granny Smith and Fuji. Water core is associated with 
high maturity fruit. Low night temperatures in fall hasten maturity and promote water core development. Water 
core is promoted by large fruit, high leaf to fruit ratio, high fruit nitrogen and boron, low fruit calcium, excessive 
thinning, high light exposure, ethrel sprays, and girdling of trunks and limbs. Another type of   which is unrelated 
to maturity may occur during unusually hot weather. This water core is found more on the exposed side of the 
apple and may be associated with sunscald. Affected fruit must be marketed rapidly. Incidence varies season to 
season but incidence can be very high.  

Symptoms: A pre-harvest disorder resulting in water soaked regions in the flesh, hard and glassy in appearance, 
only visible externally when very severe. Water soaked areas are found near the core and around the primary 
vascular bundles but may occur in any part of the apple or involve the entire apple. Symptoms often increase 
rapidly as fruit become over mature but does not increase after harvest. If symptoms are mild to moderate, they 
may disappear completely in storage. However, when watercore is severe, internal breakdown can develop.  

Biology: The water soaked appearance of watercore affected fruit results from the accumulation of sorbitol-rich 
solutions in the intercellular spaces. Sorbitol is the carbohydrate source translocated into the fruit from the tree. 
Sorbitol must be converted to fructose by the apple fruit. The reason for accumulation in the intercellular spaces 
is not known. It is speculated that sorbitol may be translocated to the fruit faster than it can be assimilated 
perhaps due to an inability of the apple tissue to convert sorbitol to fructose. The browning and breakdown that 
results from severe water core is likely due to reduced gas diffusion in the affected tissue and may involve an 
accumulation of ethanol and acetaldehyde.  
Control: The most effective way to reduce the incidence of water core is to avoid delayed harvests. As fruit 
approach harvest maturity, samples of fruit from the southwest quadrant of the tree should be cut to look for 
water core. Fruit should be harvested before water core develops extensively. A subsample of fruit at harvest 
should be cut prior to storage. Lots with moderate to severe water core should not be placed in CA storage but 
should be marketed quickly. 

6) Russeting: 
Russet is a common problem of apple and pears which greatly reduce the market value of the fruit.  

Symptoms: Russet is a condition in which phellogen (cork) tissue appears on the surface of an apple. The 
disorder may be of a slight nature or one in which the entire surface is covered by a network of corky tissue. Thin 
cuticles, irregular cell division, and fruit cracking are factors involved in the development of russet. The disorder 
is initiated 11- 30 days after the petal fall. 

Biology: High temperatures at night and high humidity are conducive to russet initiation. Mechanical injury from 
frost, hail, or wind also predisposes the fruit to russet. Mineral content does not appear to influence the 
disorder. Russet is more prevalent on lateral than on terminal fruit, on exposed than on shaded fruit, and on 
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fruit from lower-altitude growing areas. Russeted fruit has higher levels of sucrose, glucose, total sugars, and 
acids, but phenolic concentration is lower than in nonrusseted fruit. Leachates of the flowers of apples cause 
russet, and it is thought that rainfall leaches these substances from flowers and deposits them on the fruit 
surface. Russet may also be genetic in nature, and cultivars such as Golden Russet apple are often heavily 
russeted by harvest time. Some fungicidal and chemical sprays (e.g., ZnS04), as well as spray surfactants, can be 
phytotoxic and cause russeting of fruit. A severe case of powdery mildew can also cause russet on apples. The 
powdery mildew fungus produces obvious leaf symptoms that point to its probable culpability as the principal 
cause of russeted fruit.   
Control: Preventive procedures include the use of dimethoate, wettable sulfur, silicone preparations, and 
fungicides as foliar sprays. The preferred treatment is GA4+7, applied at 5 10-day intervals during full bloom. 
Gibberellic acid encourages elongation of epidermal cells, which are better able to withstand internal pressures 
within the fruitlet. The gibberellin is not registered for russet control in North America. Russet is often reported 
in Cox's Orange Pippin, Discovery, Dunn's Seedling, Golden Delicious, Newtown, Rome Beauty, Stark, and 
Stayman's Winesap. However, some strains of Golden Delicious are russet-free. 

7) Storage Scald: 
Storage scald (also known as common scald or superficial scald) has been a serious concern for apple 

growers for as long as apples have been stored and marketed commercially. Susceptibility to this disorder varies 
with the variety of apple, environment and cultural practices. Incidence and severity of storage scald is favoured 
by hot, dry weather before harvest, immature fruit at harvest, high nitrogen and low calcium concentrations in 
the fruit, and inadequate ventilation in storage rooms or in packages.  

Symptoms: Irregular brown patches of dead skin which can become rough when severe, developing within 3 to 7 
days upon warming of the fruit following cold storage. The warm temperatures do not cause the scald but allow 
symptoms to develop from previous injury which occurred during cold storage. Symptoms may also be visible in 
cold storage when injury is severe which may intensify upon warming the fruit. Scald is usually not evident until 
after 3 months of storage. Storage scald can involve only the skin or extend 6 mm (¼-inch) into the flesh 
depending on the variety. Scald can be more severe on the greener side of the fruit.  

Biology: Scald is a type of chilling injury. The general theory is that α-farnesene (a naturally occurring volatile 
terpene in the apple fruit) is oxidized to a variety of products (conjugated trienes). These oxidation products 
result in injury to the cell membranes which eventually result in cell death in the outermost cell layers of the 
fruit. Ethylene promotes the formation of α-farnesene and oxygen is required to oxidize α-farnesene to 
conjugated trienes. Both ethylene scrubbing and low-oxygen storage reduce the incidence of storage scald. 

Control: For many years, proper harvest maturity, ventilation in cold storage and 15% mineral oil wraps were the 
only methods available for scald control and control was incomplete. Mineral oil wraps were shown to absorb the 
volatile α-farnesene and ventilation also prevented accumulation of α-farnesene in the storage room air. Today, 
the most common method used to control scald is application of an antioxidant (Diphenylamine, DPA) 
immediately after harvest. Ethoxyquin is also effective for some varieties, but can cause damage to some apple 
varieties. Antioxidants should be applied within one week of harvest for maximum control. Low oxygen 
controlled atmosphere storage can provide a non-chemical control method in some cases. Oxygen 
concentrations between 0.5 and 1.0% can significantly delay the development of scald. Fruit tolerance to such 
low oxygen levels as well as their effectiveness for scald control must be tested prior to use. 

8) Senescent Scald: 
It is also a storage related disorder and affects pear fruits which have been stored beyond their 

postharvest life. Bartlett and Bosc pears are susceptible cultivars.  
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Symptoms: Brown to black discoloration of the skin associated with fruit which have become yellow in storage 
and lost their capacity to ripen normally. Browning is initially restricted to the skin but progresses rapidly into the 
flesh, particularly upon transfer of the fruit to warm temperatures. Browned skin becomes weak and is easily 
sloughed off in later stages of senescence. The disorder is often associated with core breakdown. Decay may 
follow secondarily. Taste and odor of the fruit are very disagreeable even before discoloration begins.  

Biology: Fruit have reached the end of their postharvest life. Tissue begins to die and fermentative metabolism 
occurs resulting in alcoholic odor and off-flavors.  

Control: Avoid storing the fruit beyond its postharvest life. To extend the postharvest life maximally, harvest fruit 
at optimum maturity, cool fruit rapidly and thoroughly after harvest, and store at the lowest, non-freezing 
temperature (often -1 to -2°C, 28 to 30°F). Controlled atmosphere storage can extend the postharvest life of the 
fruit up to twice that achievable in air storage. Watch for change in fruit color from green to yellow. Yellowing is 
an indication that the fruit's storage life is nearing the end.  

9) Husk Scald: 
Husk scald is a serious disorder of pomegranates. This disorder limits opportunities to store and market 

pomegranates. Susceptibility varied with variety and growing conditions. 

Symptoms: A brown superficial discoloration restricted to the husk. There are no internal changes of the arils or 
the white segments as occurs with chilling injury. At advanced stages, the scalded areas became moldy. The scald 
symptoms became evident after 8 weeks storage at 2°C(36°F) on the cultivar ‘Wonderful'. Symptoms appear 
earlier at higher storage temperatures.  

Biology: Husk scald development of pomegranate may be due to phenolic oxidation.  

Control: Late harvested fruit is less susceptible than earlier harvested fruit. Scald development may be delayed 
up to 6 weeks on ‘Wonderful' stored at 2°C(36°F). Other potential treatments must be evaluated under particular 
conditions before commercial recommendations can be made.  

10) Internal Browning (Brown Heart) 
Internal browning (IB) Occurs on certain varieties of apple, Asian, Chinese and Korean pear and stone 

fruits like apricot, peach, nectarine, plum and fresh prune. It is the main consumer complaint of Asian pears and 
stone fruits. The disorder is associated with later harvested, large, and over mature fruit and with CO2 

concentrations in storage. Higher concentrations of CO2 result in greater incidence and severity of internal 
browning. Incidence and severity of this disorder varies season to season and orchard to orchard. It is associated 
with cool, wet weather and high nitrogen fertilization. Because internal browning is not detectable externally, 
except in very severe cases, affected fruit can be discovered by buyers or consumers thereby affecting future 
confidence in the product. Considerable losses of controlled atmosphere-stored fruit can result from this 
disorder. 
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Symptoms: Brown to dark brown water-soaked (firm) areas in the core and/or flesh occur during storage. Brown 
areas have well defined margins and may include dry cavities resulting from desiccation. Symptoms can range 
from a small spot of brown flesh to nearly the entire flesh being affected in severe cases. When the entire fruit is 
affected, a margin of healthy, white flesh usually remains just below the skin. Symptoms develop early in storage 
and may increase in severity with extended storage time. There is no visible external indication of internal 
browning. 

Internal browning symptoms normally appear after placing fruit at room temperature while some 
ripening is occurring, following cold storage. For this reason, this problem is usually experienced by the 
consumer, not the grower and/or packer. Stone fruit cultivars vary greatly in susceptibility to IB injury and some 
of them show no apparent susceptibility when grown under California climatic conditions. Among peaches and 
nectarines, early season cultivars are least susceptible and late-season cultivars are most susceptible. Among 
plum cultivars there is no seasonal pattern of susceptibility. 

Biology: Internal browning occurs as a result of CO2 injury to the apple. Injury incidence and severity increase 
with increasing concentrations of CO2 in the storage atmosphere. Variability in susceptibility of apple varieties 
and in apples of different maturities may be due to anatomical differences (cell size, size of intercellular spaces) 
rather than biochemical differences. Later harvested fruit generally have greater susceptibility to internal 
browning because diffusivity of CO2 decreases as fruit mature and ripen. A reduction in the ability of CO2 to 
diffuse out of the apple fruit would result in higher internal CO2 concentrations and thus more chance of injury. 
Internal browning can be more severe in fruit when watercore is also present. The accumulation of sorbitol in the 
intercellular spaces would result in reduced gas diffusion in the affected tissue. IB injury is more severe at 0°C 
(32°F) than at 2.2°C (36°F). CO2 solubility is greater at lower temperatures; however, the influence of temperature 
requires additional study before warmer storage temperatures could be safely recommended. Apple fruit can 
accumulate acetaldehyde and ethanol as well as various organic acids during exposure to high CO2 

concentrations; however, it is not known if these are causal agents of fruit injury.  

Control: Avoid harvesting over mature fruit. Harvest at the optimum maturity, especially for controlled 
atmosphere storage. Maintain CO2 concentrations below 1% in controlled atmosphere storage and air storage. 
CO2 concentrations of less than 0.5% are recommended for Fuji apples in California. Assure good air circulation in 
storage rooms to prevent pockets with higher CO2 concentrations. CO2 can develop to damaging levels in air 
storage or marine containers if fruit temperature is 3°C or warmer and ventilation is not good. Proper 
temperature management and good ventilation will prevent build up of CO2. Avoid heavy wax coatings and 
thoroughly and rapidly cool fruit after waxing and packaging. The fruit should be picked when most of the pears 
on the tree are still green, although a few at the top may begin to develop some light-yellow spots. Fruit picked 
when the skin is completely yellow will develop internal browning within one month after harvest. Prompt 
cooling of fruit is recommended as delays in cooling increase the incidence of internal browning in pears that are 
beginning to turn yellow. 

11) Core Breakdown: 
Affect mostly Bartlett, Bosc, and Comice pears. Increased incidence in fruit harvested beyond optimum 

maturity. Injury increased by delays in cooling after harvest, warmer storage temperatures than recommended 
and extended storage period. High fruit calcium content correlated with reduced susceptibility. Stone fruits are 
also affected with this disorder. 

Symptoms: A senescent disorder, resulting from storing fruit beyond its postharvest life. There is a brown, soft 
breakdown of the core and surrounding tissues. Symptoms develop in storage or soon after transfer to warm 
temperatures. In Bosc pears symptoms may be preceded by vascular browning as the fruit ripens. In Bartlett, the 
watery, brown tissue separates easily from the healthy tissue. In stone fruits flesh browning, flesh lack of 
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juiciness due to leatheriness or mealiness, black pit cavity, flesh translucency, red pigment accumulation 
(bleeding), and loss of flavor are the symptoms of internal browning.  

Biology: A part of the normal sequence of ripening and senescence where fruit become ripe, then overripe and 
then core breakdown occurs. In freshly harvested pears, the time between the ripe stage and the occurrence of 
breakdown is approximately one week. The longer fruit are in storage, the shorter this time becomes. In fruit 
which are overstored these changes occur so quickly that at no time is the pear fit to eat, and the breakdown 
may occur before the fruit becomes ripe. Yellowing in storage is a good indication of susceptibility to core 
breakdown. Higher concentrations of CO2 in the core area prior to core breakdown incidence has been reported 
and acetaldehyde may accumulate in overstored fruit and may contribute to core breakdown.  

Control: Avoid storing pears beyond their postharvest life. To extend postharvest life, fruit should be rapidly 
cooled and stored at the lowest non-freezing temperature (generally -2 to -1°C, 28 to 30°F). Controlled 
atmosphere storage can extend the postharvest life as much as two-fold. Use of controlled atmosphere (CA) 
conditions in combination with temperatures close to 0°C (32°F) has shown beneficial effect in extending the 
postharvest life of plum, nectarine and peach cultivars. Monitor fruit color as it approaches its typical storage life. 
Market any fruit that begins to yellow.  

12) Chemical Injury: 
During handling and storage, fruit may be exposed to chemicals that may lead to fruit injury if they are 

misused or if the fruit is sensitive. A phytotoxic vapor or solution enters the fruit through open lenticels, causing 
localized injury, the severity being dependent on concentration of the agent and length of exposure. Injury may 
also occur with substances precipitating out of solution (wettable powders or emulsions that break down), which 
then adhere to the surface of the fruit.  

Current postharvest practices for apples include the use of scald-inhibiting chemicals, fungicides, calcium 
salts to control breakdown and bitter pit, detergents to clean fruit, and waxes to enhance appearance. The 
advantages of combining some of these materials in a single treatment are obvious, but the possibility of 
phytotoxicity is always a threat.  

a) Ammonia: Ammonia is used as the refrigerant in many cold-storage facilities, but it injures fruit if it 
escapes into the storage room. The degree of injury depends on concentration of ammonia, length of exposure, 
fruit species, and cultivar. Olfactory detection occurs at about 50 ppm, but 700 ppm causes immediate eye 
irritation. Apples are injured by 0.2% ammonia. 

Symptoms and Biology: The initial indication of ammonia injury in apples is a change in pigmentation around 
the lenticels. Anthocyanins, the main contributors of red color in apples, change to dark blue as the pH of the 
cells becomes more alkaline in the presence of ammonia. Lenticels on the red skin areas of some apple cultivars 
may appear as prominent white spots surrounded by a dark ring 1-2 mm in diameter. In other apples, for 
example, McIntosh, ammonia may cause the red area of the skin to take on a purple cast, but the lenticels are 
highlighted only marginally. If only an anthocyanin color change has occurred, the fruit may appear to have 
extensive injury, but it recovers quickly without permanent injury when placed in fresh air immediately. Injury in 
the vicinity of lenticels is usually permanent and assumes a circular sunken brown spot as dehydration proceeds 
in the injured cells.Yellow or orange apples have anthoxanthins in the skin, which turn brown or tan in the 
presence of ammonia. The color change is not as reversible as that of anthocyanins. Because most apples are 
sensitive to ammonia vapors. 

Control: Ammonia detectors are recommended for storage rooms. 

a) Calcium salts: Calcium salts (calcium chloride or calcium nitrate) are often used in pre harvest sprays or 
postharvest dips to control bitter pit and breakdown in apples. Calcium chloride is less likely to cause injury than 
calcium nitrate but tolerance depends on concentration, cultivar, adjuvant, method of treatment, and growing 
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conditions.  

Symptoms and Biology: Injury from calcium solutions in dips often occurs at the lenticels and is probably caused 
by plasmolysis of cells in the presence of high salt concentrations. The tissue darkens through oxidative reactions 
and becomes depressed from dehydration. In other instances, injury may develop on the sepals and skin in the 
calyx basin. Desiccation of damaged tissue often results in small cracks around the calyx, particularly in the calyx 
basin; exposed tissue in the cracks is vulnerable to rots. When calcium solutions are introduced into the fruit by 
vacuum or pressure, the damage to cultivars with open calyx tubes or permeable skin may be extensive, 
externally and internally.  

Golden Delicious, which sometimes have an open calyx as well as permeable skin, are subject to injury by 
vacuum or pressure calcium treatment, but cultivars such as McIntosh, Delicious, Spartan, and Cox's Orange 
Pippin are less prone to damage by these procedures. Growing conditions appear to have a strong influence on 
whether apples have an open calyx. Foliar applications of CaCl2 can be phytotoxic; treated Golden Delicious in 
South Africa develops necrotic spots during subsequent storage. Late sprays increase the potential for such 
injury. High concentrations of CaCl2 (4% w/v) induce red halos around the lenticels in Golden Delicious. Evidence 
indicates a greater susceptibility of fruit to calcium injury when growing conditions are cool and dull and if fruit 
within the tree is poorly colored.  

Adding ethoxyquin or benomyl to a calcium solution may increase the risk and severity of phytotoxicity. 
Diphenylamine, however, appears to have a beneficial role in the uptake of calcium. Lecithin has a synergistic 
effect in calcium chloride solutions on the control of calcium-related disorders. Calcium levels in the flesh can be 
significantly increased when xanthan gum is added to the calcium solutions. Gums increase the viscosity of the 
solution and enable a thicker layer of solution to adhere to the skin of the fruit. Delicious apples dipped in a 
solution of CaCl2, ethoxyquin, and guar gums develop severe discoloration of the skin during subsequent storage.  

Control: It is imperative to evaluate any postharvest dip solution for efficacy and phytotoxicity. 

b) Diphenylamine: Scald control with diphenylamine (DPA) usually causes more injury to fruit than 
ethoxyquin, particularly when wet table powder preparations are used.  

Symptoms and Biology: DPA may produce dark skin lesions similar to those caused by ethoxyquin In addition, the 
DP A solutions may break down, and crystals can precipitate on the fruit, causing skin injury while the fruit is in 
cold storage. Injury consists of a black lesion on the skin and in some instances may penetrate into underlying 
tissue. In other instances, injury may be accompanied by a bluish discoloration of cortical tissue remote from the 
skin lesion. Because Golden Delicious may develop a bluish discoloration of the skin when exposed to DPA, 
ethoxyquin is preferred for scald control of this cultivar. DPA appears to be more compatible than ethoxyquin 
with calcium salts in postharvest treatments and has been reported to enhance calcium effects on breakdown 
and bitter pit.  

Control: Safe use of this combination is probably influenced by cultivar tolerance as well as  
by concentration of calcium salt and should not be used until limitations are established.  

c) Ethoxyquin: Fruit injury is likely to occur in bins that retain liquid in the bottom portion after drenching.  

Symptoms and Biology: The ethoxyquin becomes more concentrated as the water evaporates during subsequent 
cold storage, and fruit in contact with this liquid develops a blackened ring of necrotic tissue. Tissue in the centre 
of the ring may be unaffected because firm contact with the bottom of the bin prevents the liquid from reaching 
it. No injury from liquid retained in the calyx or stem cavities, or at contact points between apples, has been 
reported to date. Severe discoloration occurs in Delicious apples dipped in a solution of ethoxyquin, CaCI2, and 
guar gum. 

Control: Appropriate quantity should be standardized for each variety and type of fruits.  

d) Freon: In addition to ammonia, several chlorofluorocarbons (CFCs), known commercially by various 
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names including Arcton, Freon, Frigen, and Genetron, are used as refrigerants, in particular CFC-12. These 
refrigerants are clear, colorless gases that have a slight sweetish odor if present in high concentrations. Injury has 
been observed in stored McIntosh apples that were accidentally exposed to CFC-12. It is therefore possible for 
CFC-12 escaping into the storage room to injure the fruit, depending on the concentration and the exposure 
time.  

Symptoms and Biology: As CFC-12 penetrates through the skin it kills the cells in the cortex, starting with the 
sub epidermal cells first. As these cells die the cellular contents leak out, and the tissue darkens through 
oxidation and collapses from dehydration. The damaged tissue has a dry corky texture. Desiccation of the 
damaged tissue can be seen as slightly depressed areas on the fruit surface.  

Control: Removing the CFC-12 through ventilation of the storage should stop further damage to the fruit. 

 CONCLUSION: 
 Physiological disorder refers to a wide array of plant problems that are not caused by the biological agents like 
insects, mites or pathogens but rather by climatic factors (temperature, rain, humidity, light etc.) and 
management practices (training, pruning, irrigation, fertilization, harvest procedure etc.) that change the 
microclimate endured by the plant/ plant part. These defects are the result of plant responses to abnormal 
environmental conditions occurred during the pre and/ or post harvest seasons that lead to undesirable changes 
in the cell physiology and fruit quality and are also known as abiotic disorders. Although they are non-infectious 
in nature but provide an easy access to the opportunistic organisms and cause serious concerns. These disorders 
may be caused by a single extreme environmental event such as one night of severe cold following a warm spell 
or by a complex of interrelated factors or events. They can also be caused by chronic conditions such as a 
prolonged drought or plant selection inappropriate for the existing site conditions (e.g., planting an acid-loving 
species in an alkaline soil). The cumulative and subtle nature of many physiological disorders can often make 
them difficult to diagnose. Physiological disorders of fruits and vegetables are results of adverse environmental 
conditions during growth in fields or orchards or during harvest, storage, and marketing and result in greater 
economic loss. A sizeable amount of fruits and vegetables are lost due to physiological disorders which impose a 
serious threat and challenge to the industry Therefore, it needs to be diagnosed and managed appropriately. 
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Cultivation practices and economic importance Watermelon   
Article id: 22237 
Bhosale S. S., Virkar A. M. and Dhadge S. R.                                                                                          
                                                         
Scientific name: Citrullus lanatus 
Family name: Cucurbitaceae 
Chromosome No:-2n=22 
Origin and distribution:- 
                              Watermelon is now widespread in all tropical and subtropical regions of the world and is 
mostly grown for fresh consumption of the juicy and sweet flesh of mature fruit. Locally known in the 
country as legapu (Setswana) it is one of the most popularly grown fruit vegetables in the country today 
during summer. The culture of watermelons goes back to prehistoric times. The watermelon was cultivated 
in ancient Egypt and verified by David Livingstone (the noted missionary explorer) in the 1850s when he 
found great tracts of watermelon (called kengwe) growing wild in the Kalahari Desert and semitropical 
regions of Africa. Even today, in semi-desert districts of Africa watermelons are cultivated as an important 
source of water during dry periods. Watermelon was widely distributed throughout the remainder of the 
world by African slaves and European colonists. It was carried to Brazil, the West Indies and Eastern North 
America, the islands of the Pacific, New Zealand and Australia. Written records indicate that watermelons 
were cultivated in Massachusetts as early as 1629, before 1664 by the Florida Indians, in 1673 in the 
Midwest, in 1747 in Connecticut (from seeds that originated in Russia), in 1799 by Indian tribes along the 
Colorado River and in 1822 in Illinois. Watermelons are currently grown on all continents throughout the 
warm regions of the world. 

Climatic requirements:- 
Temperature:- 
Watermelons are sensitive to cold temperatures and even a mild frost can severely damage the crop. The 
best average temperature range for watermelon production during the growing season is between 18°C and 
35°C. Temperatures above 35°C or below 10°C will slow the growth and maturation of the crop. 
Soil requirements:- 
                               Watermelons grow best on non-saline sandy loam or silt loam soils. Light textured fields 
warm up faster in the spring and are therefore favored for early production. Very sandy soils have limited 
water-holding capacities and must be carefully irrigated and fertilized to allow for high yield potential. Clay 
soils are generally avoided for watermelon culture, but they can be productive if irrigated with care to 
prevent prolonged saturation of the root zone (a condition that favours the development of root rot 
pathogens) and to allow good drainage between irrigations. The soil should have a pH of 5.8 to 6.6. 

CULTIVATION PRACTICES:- 
Propagation:- 
                           Watermelon transplants can be planted into the field after all danger of frost has passed and 
when the soil temperature is at least 15°C. Transplants can be planted with a tractor-pulled mechanical 
transplanted or by hand. 
Soil preparation:- 

Fields should be prepared thoroughly by plowing and harrowing and removing the different types of 
plant debris. It should also be pulverized and leveled; furrows are made 2 m apart. Watermelon is known to 
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be sensitive to manganese toxicity, a frequent problem in low pH soils. Further research studies indicate an 
association between high leaf manganese concentration and poor growth and yield of watermelon. Seedling 
watermelons react to manganese toxicity with stunted growth and yellowish, crinkled leaves. Older plants 
generally exhibit brown spots on older leaves that may be mistaken for symptoms of gummy stem blight. 
Manganese toxicity is usually associated with soils having a pH below 5.5. However, in wet seasons the 
condition may occur at higher pH levels when the soil has been saturated for a period of several days. This 
condition has been noted in several watermelon fields with pH ranges at 5,8 or slightly higher when the crop 
was planted flat. Planting watermelons and other cucurbits on a bed is good insurance against manganese 
toxicity during a wet season. The best solution to manganese toxicity is to apply lime in autumn at rates 
based on the results of a soil test. A pH of 6.0 should be maintained for maximum yields. 
Planting:- 
Planting period:- 
                   In the winter rainfall area it is planted in September and October, in the Limpopo and 
Mpumalanga Loved from June to August, and in the rest of the country from August to October. The crop 
matures three months after planting, and the yield varies from five to 72 t/ha. 
Days to maturity:- 
                  It is usually 80 to 90 days for baby bush varieties and 90 to 100 days or more for the larger 
varieties. 
Spacing:- 
              In large-scale production, few seeded varieties are currently grown. Watermelons are planted on flat 
beds 2 m wide and 20 cm to 30 cm high. In direct-seeded plantings, seed is placed 1.2 cm to 1.9 cm deep. 
After thinning and side-dressing, furrows are re-formed to the condition prior to furrow irrigation. For 
transplants, a single drip irrigation tape is laid 15 cm to 20 cm below the bed surface. Black plastic film, 1.8 m 
wide, is then laid flat on 2-m beds to heat the soil and reduce weeds. Seeds or transplants are then planted 
directly through the plastic. Transplants are set 60 cm to 90 cm apart. About 15 cm of the plastic is covered 
with soil at the edges to hold the mulch in place. 
Seeding rate:- 
The seeding rate is 16 to 25 seeds per 10 m2 (1.0–3.0 kg/ha). 
Fertilization: 
Field fertilization:- 

Watermelon has moderate nutrient requirements compared to other vegetable crops, and because 
of its deep rooting it is efficient in extracting nutrients from the soil. A high-yield watermelon crop will 
typically contain less than 180 kg/ha of nitrogen (N) in its biomass, and, because most soils supply some 
nitrogen, the application of nitrogen beyond this quantity is 
seldom warranted. The phosphorus (P) fertilizer requirement is a function of soil test phosphorus level and 
soil temperature at the time of planting. Soils with greater than 20 ppm bicarbonate extractable phosphorus 
require little or no phosphorus fertilization. Soils below this level may require as much as 168 kg/ha of P2O5, 
with phosphorus requirement increasing in colder soil and with lower soil test value. Soils with more than 
120 ppm exchangeable 

Potassium (K) can support high-yield watermelon production without fertilization, although a 
maintenance application of up to 168 kg/ha of K2O can be used to maintain long-term soil fertility. Soils 
below 120 ppm exchangeable potassium should be fertilized with up to 68 kg/ha of K2O to ensure peak 
production. Phosphorus should be applied pre plant. Potassium application can be made pre plant, after 
planting, as a side-dress application, or delivered in 
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Irrigation water (fustigation). Nitrogen application is typically split between a small pre plant and one or 
more in-season applications. In drip-irrigated culture, small weekly nitrogen fustigations may be used to 
time nitrogen delivery to crop uptake rate. 
Irrigation:- 
                Although watermelon is a deep-rooted crop able to tolerate a significant degree of soil moisture 
stress, peak production requires timely irrigation. After crop establishment (either by seed or transplant), 
irrigation may be withheld for a period of several weeks to encourage deep rooting. However, irrigation 
should be managed to minimize water stress throughout the fruit set and fruit-sizing periods. Water stress 
during early fruit development can result in small, misshapen fruit and the occurrence of blossom-end rot (a 
physiological disorder in which the blossom end of a fruit ceases to grow and becomes dark and leathery). As 
harvest time approaches care must be taken to avoid large fluctuations in soil moisture content, as heavy 
irrigation (or rainfall) can result in fruit splitting. In the past, watermelon was usually irrigated by the furrow 
method; irrigation was applied based on soil moisture status. In recent years, many Growers have adopted 
drip irrigation. Drip irrigation lines are typically buried in the centre of the soil beds. The irrigation system 
may be renovated each production season or left in place for a number of years, depending on the grower’s 
management scheme and crop rotation. Drip irrigation scheduling is determined by potential 
evapotranspiration (ETo) estimates and crop growth stage; frequency of irrigation can vary from once a 
week early in the season to daily during times of peak water demand. Some growers use drip irrigation lines 
placed in every other furrow after crop establishment. While this approach may not provide the full yield 
potential of a buried, in-row system, it does provide improved irrigation control compared to furrow 
irrigation, and the system is portable, which eliminates management issues, associated with crop rotation. 
Regardless of irrigation technique, care must be taken to minimize wetting of the bed tops. Fruit in contact 
with moist soil may develop unsightly ground spots and fruit rots. 
Weed control:- 
                     Shallow mechanical cultivation and hand hoeing are needed to control weeds before plants have 
veined. Pruning roots and vines with cultivating equipment slows melon development and reduces yield. 
Several reemergence herbicides are available that will control germinating broadleaf weeds and grasses in 
seeded and transplanted watermelons if used properly. Chemicals are economical when used as narrow-
band applications In the planted row. Other chemicals can be used as a lay-by application between the rows 
before vines begin to run. Herbicides are applied with shallow incorporation and transplants are Placed with 
the roots below the treated zone. Post-emergence herbicides are used to control grasses. Methyl bromide 
was commonly used in the past in field fumigations, but currently metam sodium is used for pre plant weed 
suppression. 
Pest:- 

 Seed corn maggot 

 Striped and spotted beetles 

 The silver leaf whitefly 
Diseses:- 

 Verticillium wilt 

 Fusarium wilt 

 Powdery mildew 

 Charcoal rot 
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Harvesting:- 
Determining optimum maturity of a watermelon can be difficult. Watermelons reach harvest 

maturity five to six weeks after pollination, depending upon variety and season. Varieties may differ in 
certain characteristics that indicate maturity. An experienced person can identify a ripe melon just by 
glancing at the glossy rind surface. Other indications of ripeness include a change in the colour of the ground 
spot from white to light yellow; a change of tendrils nearest the fruit from green to brown and dry; 
thumping the fruit, a metallic, ringing sound indicates immaturity and a more muffled or dull sound indicates 
maturity or over maturity. Thumping is a reliable method to detect over maturity in round-shaped melons. 
The best method is to cut a few melons in various parts of the field. Harvesting and marketing green or 
overripe melons lessens the demand by the consuming public. Sugar content does not increase after 
harvest; however, a red colour will continue to develop after a slightly immature melon is picked. 
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INTRODUCTION: 
More than 95% in sub- Saharan Africa; 90% in Latin America; 60, 65 and 75 % farmland of South Asia; East Asia 
and Near East and North Africa is rainfed (Anon., 2019a). In India, the dryland agriculture has a crucial role in 
the national economy as well as food security.  Rainfed agriculture is practiced on 60% of India’s cultivated 
area which accounts for 40% of the country’s food production and supports 40% of the human population and 
two thirds of the livestock population. Coarse cereals (87.5%), pulses (87.5%), oilseeds (77%), rice (48%) and 
cotton (65.7%) are predominantly grown in rainfed regions (Anon., 2019b). In order to meet the ever 
increasing demand for feed, fiber and fodder, the next Green Revolution in Indian agriculture will have to come 
from the development in technology and application in rainfed farming. Agriculture in dryland economy 
remains to be a gamble and farmers of this region faces several uncertainties like aberrant weather, lack of 
timely inputs and credit leading to low and unstable productivity and profitability. The intrinsic risks are high 
because i) rain is undependable in timing and amount, ii) soils are degraded and poor in fertility, iii) farmers’ 
economy is fragile with little resilience, and iv) holdings are small and scattered. Against this backdrop, drought 
occurs as a recurring phenomenon. Low yields and crop failures often lead to food and fodder scarcity and 
unavoidable economic losses. Use of modern biotechnological tools to impart drought tolerance in crop 
genotypes and strategic research for drought management is the key future needs of these regions. In this 
context Donald (1968) postulated “ideotype” that is instead of breeding exclusively for grain yield, breeders 
should define an ideal plant type for a specific environment. “Ideotype is a biological model, which is expected 
to perform or behave in a predictable manner within a defined environment”.  
 
Type of ideotypes:  

1. Isolation ideotype:  It performs best when space-planted.  
2. Competition ideotype: It performs well in genetically heterogeneous population 
3. Crop ideotype: This ideotype perform best at commercial crop densities because it is a poor competitor. 
4. Market ideotype: It includes traits like seed colour, seed size, cooking and baking quality etc.  
5. Climatic ideotype: It includes traits important in climatic adaptation such as heat and cold resistance, 

maturity duration, drought resistance etc. 
6. Edaphic ideotype: It includes salinity tolerance, mineral toxicity/ deficiency tolerance etc.  
7. Stress ideotype: This ideotype shows resistance to both biotic and abiotic stress disease/pest resistance 

ideotype, drought resistance etc. 
  
 
 
 
 
 
 
 



AGRICULTURE & FOOD:  e- Newsletter          
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                                Volume 1 – Issue 11 – November 2019 

 

- 139 - 
 

Basic steps in Steps in Ideotype breeding: It is presented in Figure 1. 

(Figure 1.) 
Steps in Ideotype breeding 
(Source: Subbarao et al., 2005) 

 ↓  
Delineate the target drought-prone environments and the crop species 
 ↓  
Outline the possible morphological, physiological, phenological, and developmental traits 
 ↓  
Develop the working hypotheses with respect to the combinations of traits required for a given target 
environment 
 ↓  
Identify the genetic stocks for various putative constitutive and inducible traits in the germplasm 
 ↓  
Identify appropriate screening methodologies and protocols for characterizing selected genetic stocks 
Develop genetic markers for traits that are of critical nature for drought tolerance. 
 ↓  
Incorporate some of the components of relevant physiological traits into various elite agronomic genetic 
backgrounds to provide a range of materials with specific traits of interest 

 
Ideotypes of some important crops: The desirable traits for ideotype of rice and some cereals and legumes 
under limited water condition are presented in Table 1 and 2, respectively. 

Table 1: Desirable traits for drought tolerance in rice 

Traits Proposed function  Comments  Reference  

Osmotic 
adjustment (OA)  

To allow turgor maintenance 
at low plant water potential  

Indica types have high OA, japonica types 
have low OA.  

Lilley et al. 
(1996)  

Deeper, thicker 
roots  

To explore a greater soil 
volume  

There is evidence from MAS that increasing 
root mass below 30 cm results in greater 
yield under stress  

Yadav et al. 
(1997)  

Membrane 
stability  

Allows leaves to continue 
functioning at high 
temperature  

Genotypic differences are clear. Has been 
linked to heat tolerance in several species;  

Tripathy et al. 
(2000)  

Leaf rolling score  Reduce transpiration  Used during vegetative stress; high  
heritability  

Courtois et al. 
(2000)  

Leaf relative 
water content  

Indicates maintenance of 
favorable plant water status  

13

C discrimination provides an integrated 
measure  

Specht et al. 
(2001)  

Root pulling 
resistance  

Root penetration into deeper 
soil layers  

Is correlated with a large root system.  Pantuwan et al. 
(2002) 
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Table 2: Ideotype traits for identification of drought tolerance in certain cereals and legumes  

Crop Establishment 
/seedling/Vegetative 

vegetative Pre-anthesis  Post-anthesis 

Maize High establishment 
Count; high seedling 
vigour.  

Reduced leaf senescence 
under severe stress; high 
relatives stem and leaf 
extension ratio  

Reduced days to 
anthesis reduced 
anthesis-silking 
interval. high grain 
moisture   content   
good seed set 

High Grain 
yield 

Rice, wheat 
and barley 

High establishment 
count, high seedling 
vigour 

high tiller count 
Possession of awns 
(Wheat/Barley) 

Reduce days to 
anthesis 

goods seed set 
/seeds size. 

Grain legumes High establishment, high 
seedling vigour 

reduced leaf area; 
reduced stomatal 
conductance. Short fruit 
development period 

reduced  days to 
anthesis;  closure of 
stomata 

flower 
retention 
capacity; 
good seed size 

 
Drought tolerance in wheat (Proposed by Reynold et al., 2005) 
 Seed size & coleoptile length improve early crop establishment 
 Early ground cover & pre-anthesis biomass (reduce  evaporation of soil moisture),  
 Stem reserves / remobilization & spike photosynthesis  
 Stomatal conductance (indicative of roots which are  able to extract soil water at depth),  
 Osmotic adjustment (maintains cell functions  at low  water potential), 
 Accumulation of abscisic acid (pre-adapts cells to stress),  
 Leaf anatomical traits waxiness pubescence, rolling, thickness  (reduce risk of photo-inhibition),  
 High tiller survival and stay-green (easily observed integrative traits indicative of good drought 

tolerance). 

Traits for drought tolerance in maize 
An increase in anthesis–silking interval (ASI) and a concomitant increase in the number of barren plants is 

observed in maize under drought. A short ASI is considered an indication of the diversion of an increased 
fraction of the plant’s current photosynthesis to the ear, since it is associated with rapid ear growth. 
Secondary traits for selecting drought tolerance include reduced barrenness on ears, ASI, stay-green, and to 
a lesser extent, leaf rolling (Banziger et al., 2000). Other traits such as root growth are only useful when they 
have been field-tested and have met the criteria prescribed for an ideal secondary trait. Roots have a very 
important role in water acquisition and a significant component of tolerance to water-deficit stress (McCully, 
1999). 

Desirable traits for water limited situations: 
 Higher dry matter of roots, rooting depth, root : shoot ratio and photosynthetic rate, better plant water 

status and cooler canopy temperature  
 Leaf surface properties: Plant surface help to avoid dehydration by two channels: improving reflectance 

of incoming radiation and by improving cuticular hydraulic resistance. 
 Glaucousness: This increase in reflectance may result in a reduction in leaf temperatures.  
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 Leaf pubescence: increases reflectance from the leaf within the range resulting in lower leaf 
temperatures under high irradiance. It also increases the leaf boundary-layer resistance by up to 50%.  

 Yellow’ cultivars: perform relatively better under drought stress as compared with the normal green. 
Yellow leaves are more reflective and their temperature is relatively lower than that of green ones.  

 Stay-green (SG): SG genotypes are important in sustaining green leaf area under stress  
 Osmotic adjustment (OA): strongly depends on the rate of plant water stress. OA requires time, and fast 

reduction in plant water status does not allow time for adjustment.  

Merits of ideotype breeding for water limited environments 
 Ideotype breeding it exploits both morphological and physiological variation.  
 It provides solution to several problems at a time and it is an efficient method of developing cultivars for 

specific situation or environment. 
 Genes for specific traits are introgressed from unimproved into the elite gene pool.  

Demerits of ideotype breeding for water limited environments  
 Ideotype breeding is a slow method of cultivar development.  
 It has not been possible to identify individual traits that enhance yield universally or in limited 

genetic and environmental situations.  

CONCLUSION: A better understanding of the genetic basis of drought tolerance and shift to this new 
paradigm will provide an alternative means of identifying novel 
physiological/biochemical/morphological/phenological traits that contribute towards the improvements in 
adaptation of crops to drought which ultimately helps in improving the crop productivity. 
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INTRODUCTION 
The cultivated groundnut (Arachis hypogaea L.) belongs to family Fabaceae, subfamily Papilionaceae. is a 
major legume and an important oil seed crop in India, covering nearly half of the area under oilseeds. It is 
grown in over 100 countries with a total estimated area of 21.8 million ha and with production of 28.5 
million tons. In India, it is grown over an area of 4 lakh ha, with an annual production of 5.5 million tons and 
productivity of 1007 kg ha in the year 2009-10 (Economic Survey, 2010-11). In India, it cultivated on 5.31 
million ha with production of 6.93 million tone (Anonymous 2012). In India it is grown mainly in Gujarat, 
Maharashtra, Andhra Pradesh, Uttar Pradesh, Tamil Nadu, Rajasthan, Karnatka and Madhya Pradesh. The 
groundnut contains more protein (25-36 %) than meat, about two and a half times than in eggs, and far 
more than any other vegetable food except soybean and yeast. Groundnut seeds contain 46-52% oil content 
which is used for cooking purposes. It contains resveratrol, a polyphenol antioxidant, which has been found 
to have protective function against cancer, heart disease, degenerative nerve disease and viral infections. 
This signifies the importance of groundnut for human use and thus encourages for increasing its production 
and productivity Groundnut is grown under both subsistence and commercial systems. Under commercial 
cultivation, it is grown mainly as a sole crop with high levels of inputs whereas under subsistence conditions 
both sole crop and mixed or intercropping can be seen. Several factors are responsible for low productivity 
among which diseases like leaf spot, collar rot, stem rot, bud necrosis, etc., are very important. Out of all, 
stem rot caused by Sclerotium rolfsii Sacc. is a major problem and is an economically important soil-borne 
pathogen. 
 
Pathogen 

Sclerotium rolfsii produces abundant white mycelium on infected plants and in culture. Advancing 
mycelium and colonies often grow in a distinctive fan-shaped pattern and the coarse hyphal strands may 
have a somewhat ropy appearance. In culture, mycelium appears smooth at first, but some cultures may 
develop aerial mycelia that cover all or part of the culture after a few days. The fungus produces at least two 
types of hypae, large diameter (5 to 9 µm) main branch hyphae and smaller diameter (2 to 4 µm) branch 
hyphae. (Aycock, 1966). Cells are hyaline with thin cell walls and sparse cross walls. Main branch hyphae 
may have clamp connections on each side of the septum (Aycock, 1966 and Mullan, 2001). In agar plate 
culture, sclerotia are not formed until the mycelium covers the plate. In vitro or in vivo, sclerotia begin as 
small tufts of white mycelium that form spherical sclerotia 0.5 to 1.5 mm in diameter. Sclerotia darken as 
they mature, becoming tan to dark brown in color. Young sclerotia often exude droplets of clear to pale 
yellowish fluids. Mature sclerotia are hard, slightly pitted, and have a distinct rind. Although most sclerotia 
are spherical, some are slightly flattened or coalesce with others to form an irregular sclerotium. S. 
rolfsii does not form asexual fruiting structures or spores (Mullan, 2001).  

 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 143 - 
 

Host, sign and symptoms 
Sclerotium rolfsii causes disease on a wide variety of plants, including field, vegetable, fruit, and ornamental 
crops. It is a major pathogen of  Groundnut wherever the crop is grown. 

Early symptoms of southern stem rot include wilting or yellowing of individual branches or the main stem. 
Stem lesions usually are formed near the crown of the plant, usually starting at points of contact with the 
soil or previously infected stems. Lesions are the color of a brown paper bag and may have a canker-like 
appearance. As the disease progresses, lesions may extend into the crown of the plant, killing it. Colonized 
stems and crowns are dark brown, brittle, and shredded. Brown, shredded pegs may rot without producing a 
pod, or pegs may separate from pods that have already formed, causing them to shed. Distinct lesions may 
be formed on pods during early stages of infection, but later pods are completely consumed with a dry 
brown rot. Rotted pods are thin and brittle and seeds may be stained, rotted, or absent. Pod shedding and 
rot is a major cause of yield loss. 

 

 
Management practices 
Crop rotation: Crop rotation, the successive planting of different crops in the same area is one of the oldest 
and most widespread cultural practices. It may also include a fallow period in which land is 'rested' from 
cultivation. Crop rotation improves soil fertility, moisture and texture and assists in weed and pathogen 
control. The most successful rotations employ intervals between susceptible crops which are longer than the 
known survival period of pathogens. Probably the most widely used rotations are for the control of soil-
borne pathogens of groundnut. Rotation of groundnut with non susceptible crops such as corn, cotton, and 
wheat can greatly reduce stem rot incidence and severity (Wokocha 1988).  
 
Summer deep ploughing: As the fungus has high oxygen demand, the sclerotia survive very well at or near 
the soil surface but their survival decrease when buried in deep about 8-10 cm from soil surface. Deep 
ploughing of all undecayed organic matter and plant debris to at least 8-10 cm greatly reduced stem rot 
incidence in groundnut (Garren 1961). 
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Water management: Groundnut is a rainfed crop generally requires 500 mm rainfall throughout the crop 
season to raise a healthy groundnut crop. Excessive irrigation at different stages of crop growth may 
promote soil-borne diseases resulting losses in yield. It was observed that incidence of stem rot was lower 
on raised beds than sowing on flat bed. Therefore, drainage system with proper arrangements should be 
made to reduce stem rot incidence in groundnut. 
 
Organic manures: Soil with adequate organic matter can house uncountable numbers of organisms such as 
beneficial bacteria, fungi, nematodes, protozoa, arthropods and earth worms that deter harmful bacteria, 
fungi, nematodes and arthropods from attacking plants. These beneficial organisms also help to create a 
healthy plant that is able to resist pest attack. Addition of compost, oat or corn straw to soil can reduce 
disease incidence (Garren 1959), probably because of the release of toxic ammonia, or increases in 
populations of resident antagonistic soil microorganisms. Soil application of castor cake @ 750/ha in furrow 
before sowing reduces stem rot incidence in groundnut (Anonymous 2008- 09). 
 
Biological control: Biological control has been proved to be a promising disease management technology 
especially against soil-borne plant pathogens. There are several soil fungi (Trichoderma harzianum, T. viride, 
T. longibrachiatum) bacteria (Pseudomonas fluorescens, Bacillus subtilis) and mycorrhizal fungi found to be 
highly antagonistic to S. rolfsii and other soil-borne pathogens of groundnut. Trichoderma harzianum was 
the most effective isolate against S. rolfsii with 82.40% growth (Mahajan, 2018). Among the organic 
amendments tested in greenhouse, Mahua cake with T. viride each @ 5 g/kg of seed resulted in 3.75% stem 
rot incidence as against 39.98% in control (Karthikeyan et al. 2006). Seed treatment with Trichoderma viride 
or T. harzianum @ 10 g/kg seed and soil treatment @ 4 kg/ha with 250 kg castor cake helps in managing 
stem rot and other soil-borne diseases (Anonymous 2011). This showed a great potential for use of these 
microorganisms as bio-control agents for controlling stem rot and other soil-borne pathogens. 

Chemical control: Application of fungicides gives effective control of stem rot in groundnut. The 
effectiveness of fungicides use is dependent upon the method of application, time of application, optimum 
dose and weather factors. Stem rot is a seed and soil-borne disease so that it is important to treat the seed 
with Vitavax @ 2 g/kg or Tebuconazole @ 1.5 g/kg and spray Hexaconazole (Contaf) 5%EC, Difenconazole 
(Score) 25%EC, Tricyclazole (Baan) 70% WP, Propiconazole (Tilt) 25% EC and Tabuconazole 250 SC 1 ml/Lit 
water at 45 and 60 days after sowing for effective control of stem rot (Anonymous 2011, Manu et al. 2012,  
Sunkad, 2012 and Deepti and Eswara Reddy, 2013). Application of Tebuconazole 2 % DS @ 1g/kg seed 
before sowing provide excellent control of stem rot of groundnut (Gururaj, 2012). 

Growing of resistant/tolerant cultivars: Sclerotium stem rot has wide host range, and is capable of 
producing several non-specific metabolites, oxalic acid and several cell wall degrading enzymes, it is logical 
to predict a low probability for success in finding useful levels of host resistance. This may be one of the 
reasons for the relatively low emphasis placed on breeding groundnuts for resistance to S. rolfsii (Mehan et 
al. 1994). Growing of tolerant groundnut varieties like GG 16 (JSP 39), Dh 8 and OG-52-1 may be found 
effective to stem rot under field conditions. 

Conclusion 
Stem rot is a major soil-borne disease of groundnut causing serious pod loss at harvest resulting great 
economic losses in groundnut growing countries including India. The emphasis should be given on an 
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integrated management approach including crop rotation, sanitation, tillage practices, use of organic 
manure, soil solarization, water management, use of bio-control agents, growing of tolerant cultivars, use of 
fungicides etc., for effective control of stem rot disease of groundnut. 
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CROP DIVERSIFICATION: A step towards sustainability 
Article id: 22240 
Alisha Kumari1*, Sudeepa Kumari Jha2, Rashmi Priyadarshi3, 
1 Department of Agronomy, 2 Department of Entomology, 3Department of Soil Science 
1,3Dr. Rajendra Prasad Central Agricultural University, Pusa, Bihar-848125 
2Birsa Agricultural University, Kanke, Ranchi-834006  

INTRODUCTION: 
After independence, the structure of Indian agriculture achieved a great changed. Earlier, India was deficit in 
food production thus its main purpose was to make us surplus in food production which was achieved with 
the advent of green revolution. In last few decades, a shift in the consumption pattern has been noticed. It is 
found that not only shift in the consumption pattern occur but along with this changes in the climatic 
parameters also occur. These changes make our farmer to shift from traditionally grown less remunerative 
crop to more remunerative crop. Crop shift also occur due to changes in government policies and thrust on 
some crop. Change in consumption pattern includes decline in cereals consumer and increased in consumer 
of nutritional diet like fruit, vegetable, milk, fish, mushroom, poultry product etc. Climate change is 
considers as the major agriculture problems of twenty one century. The climatic extremes include flood, 
drought, untimely rain, cyclones, heat and cold wave. These climatic extremes not only changes the sown 
area and time of crop but also affect the germination, growth and development of crop which ultimately 
influence the overall production and productivity of crop. 

Diversification aims is to produce a variety of crop which fulfil the trending demand of consumer and 
reduce the risk of crop failure under changing climatic condition. Crop diversification also reduces the 
drawback of current agriculture practices like lowering water table, soil erosion, land degradation, 
environmental pollution, reducing fertility status of soil, increasing problematic soil, resurgence of weed, 
insect, pest and diseases. It has been recognised as effective strategy for achieving sustainable agriculture 
along with increasing income of farmer and preventing pollution of environment.   

Crop diversification: 
Diversification is condition of being varied or more diverse. With regard to agriculture, diversification at 
cropping level is shift from mono cropping or one enterprises to multiple cropping or diverse enterprises in a 
given area at a particular time. It is not only shift from traditional and less remunerative crops to more 
remunerative crops but is must be demand driven, need based, situation specific, continuous, dynamic and 
involve spatial, temporal, value addition and resources complementary approach.   

Causes of diversification: 
1. Changing consumer preferences 
2. Risk of crop failure 
3. Environmental pollution 
4. Reducing ill effects of climate change 
5. Increasing demand of nutritional food 

Challenges of crop diversification: 
Major challenges of crop diversification are as follow: 
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1. Small land holding: More than 50% of Indian farmers have small land holding which prevent them to 
adopt mechanised agriculture. 

2. Rainfed agriculture: Indian agriculture depends upon rainfall. About 65% of Indian agriculture is 
rainfed farming, depend upon rainfall for germination, growth and development of crop. 

3. Non availability of input: agriculture input like seed, fertiliser, weedicides, farm machinery etc are not 
available at proper time and at proper place. 

4. Week agro-based industry 
5. Socio-economic condition of the farmer   

Method for measuring of crop diversification: 
Researcher uses various methods for measuring crop diversification. Extent of crop diversification at a 
particular time is examined by various indices (Pal and Kar. 2012). These indices are as follow: 

 Bhatia’s method 
 Jashbir Singh’s method 
 Herfindahl Index (HI) 
 Ogive Index (OI) 
 Entropy Index (EI) 
 Simpson Index(SI) 

Among the above indices Herfindahl Index and Simpson index are widely used in crop diversification. 

Herfindahl Index: It is calculated by taking sum of squares of area proportion of each crop in the total 
cropped area. Mathematically, it is expressed as:   

𝐻𝐼 =  ∑ P

𝑛

𝑖=0

ᵢ² 

Where N is the number of crops and Pi represents area proportion of the ith crop in the total cropped area. 
Its ranges vary from zero to one. Herfindahl index is decreasing with increasing in diversification. 

Simpson Index: Simpson index is uses to measure the horizontal diversification. Horizontal diversification is 
basic approach of crop diversification obtained by crop substitution and crop intensification.  

                               SI = 1 - (Proportionate area of food grain in the grossed cropped area). 

Approaches of crop diversification: 
Horizontal diversification: It is a primary approach towards crop intensification. Here diversification is 
obtained through crop substitution and crop intensification. Crop substitution is obtained by replacing a low 
value cereals crop to high value oilseed and pulses, on the other hand crop intensification obtained by 
adding a new high value crop to the existing cropping system. Its objective is to utilise the space of the fields, 
bunds etc. Kumari et al. (2018) reported that intercropping of winter vegetable in mango orchard is highly 
beneficial. In zone III of Bihar, intercropping of onion as intercrop in mango is highly remunerative towards 
doubling farmer incomes. Barod et al. (2017) concluded that intercropping of Pearl millet and Mung bean in 
Pigeon pea, irrespective of Pigeon pea spacing and number of rows of intercrop was more remunerative as 
compare to sole Pearl millet, Mean and Pigeon pea. Based on the experiment of 6 year, Baishya et al. (2016) 
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concluded that under irrigated condition of Assam. Winter Rice-Cabbage-Green gram followed by Winter 
Rice-Chilli-Black gram cropping system is more productive and efficient. Inclusion of pulses in the cropping 
sequence improved the soil properties as compared to Winter Rice-Fallow-Autum Rice and Winter Rice-
Toria-Fallow sequence traditional system. 

Vertical diversification: 
In vertical diversification, the value of product is enhanced through processing, regional branding, packaging 
so that it market values get improved. 

CONCLUSION:  
Diversification in agriculture creates tremendous impact on agro-socio-economic condition of the farmers. 
Through diversification, existing farming system can be profitably intensified and sustainably improved by 
maintaining and improving natural resources.  

Future thrust:  
1. Inclusion of high value crops through horizontal and vertical diversification approach.  
2. High potential cropping systems need to identified and it should be evaluate both on station and on 

farmers field. 
3. High potential short duration variety should be developed.  
4. For arid and semi arid areas, sustainable crops and cropping systems should be identified.  
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Sirohi goat farming for raising income of small, marginal and landless labours under arid 
and semi- arid condition in Rajasthan 
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Vinod Bhateshwar  
Ph.D. Scholar, Department of Animal Husbandry & Dairying, Institute of Agricultural Sciences, Banaras Hindu 
University, Varanasi - 221005 (U.P.) India 
Corresponding author email: vinodbhu0883@gmail.com 

INTRODUCTION 

The Sirohi goat is an Indian breed, which is native to the Sirohi district of Rajasthan. The name Sirohi derived 
from the home tract. The breed is also known as Ajmeri, Devgarhi and Parbatsar. Sirohi goat is a hardy 
animal adapted to harsh agro-climatic conditions of Rajasthan. Sirohi goats can be found over the Ajmer, 
Bhilwara, Japipur and Tonk districts. Usually Sirohi goats are raised under extensive grazing system in 
commercial farms, and most of the flocks are kept confined. Some rural farmers used to migrate their large 
sized flocks seasonally to nearby areas for the search of foods and water. The flock size varies from place to 
place. And a flock of 10-200 Sirohi goats can be found in different places of Rajasthan and Uttar Pradesh. But 
today the Sirohi goat is very popular as a meat goat breed in India. And is well distributed throughout India 
and some other South Asian countries. Now the goat breed is found in almost every state of India. 

Characteristics 
Sirohi goat is a medium sized animals. It has predominantly brown colored coat with dark or light brown 
patches. On occasion, the color of a very few goats may be completely white. The body is covered with fairly 
dense soft and coarse hair. The hair grows at the rate of about 2 centimeter per year. Sirohi goats have 
medium sized flat dropping ears (much like leaf), and most of the goats are wattled. Both Sirohi buck and 
doe have small horns which is curved upward and backward. Their tail is curved upward and medium in 
length. Their legs are long and very strong. The udder of Sirohi doe is small and round, with small teats 
placed laterally. On average, the birth weight is about 2.0 Kg. The age at first kidding is 18-20 months and 
litter size is one kid per birth. Sirohi bucks are much heavier than the does. And the average body weight of 
an adult buck is up to 50 kg and doe is up to 30 kg. The breed is well suited to stall feeding. 

Performance 
Sirohi goat is a meat producing breed, and mainly raised for meat production purpose rather than milk. The 
breed is also raised for commercial meat production in some large farms. The milk yield is relatively small, 
about 0.5 Kg. per day, with an average of 81 Kg. over a 150 days lactation period. 

Special Consideration 
 Sirohi goat is popular for it’s weight gain capability, even under poor quality rearing conditions.  
 They are easily adaptable to different climatic conditions and are resistant to major goat diseases.  
 They are also well adapted to the hot and dry climatic conditions.  
 Like most other goat breeds, Sirohi goats also love grazing but they are also well suited to the stall 

fed goat farming system, and grow rapidly if provided the right nutritional feed concentrate.  
 They should be fed with a concentrate mixture of barley and channa gram along with 1 percent 

common salt and 2 percent mineral mixture.  

mailto:vinodbhu0883@gmail.com
http://www.roysfarm.com/meat-goat-breeds/
http://www.roysfarm.com/commercial-meat-goat-farming/
http://www.roysfarm.com/goat-diseases/
http://www.roysfarm.com/goat-breeds/
http://www.roysfarm.com/stall-fed-goat-farming/
http://www.roysfarm.com/stall-fed-goat-farming/
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 An adult Sirohi goat will require about 3-5 kg green fodder daily.  
 The first kidding age is 18-20 months.  
 Usually a Sirohi doe kids twice a year and on an average, gives birth to single in most cases and twins 

sometimes, triplets are very rare.  
 Usually one Sirohi buck can service about 30-35 does in a single breeding season. You should take 

good care of the buck for getting healthy and productive kids.  
 The gestation period of Sirohi does is about 150 days.  

 

Breed Profile of Sirohi Goat 

Breed Name Sirohi 

Other Name Ajmeri, Devgarhi, Parbatsari 

Origin Name derived from Sirohi district of Rajasthan 

Comment on Breeding Tract Arid and semi arid region along with most part of the Arawali hills 
and districts of central and southern Rajasthan. 

Breed Purpose Mainly raised for meat production 

Breed Size Large 

 Male    Female 

Body Weight (Avg. Kg) Up to 50 kg    Up to 35 kg 

Body Length (Avg. cm) 80    60 

Chest Girth (Avg. cm) 80    62 

Birth Weight (Avg. kg) 2.29    2.22 

Litter Size Born 1 

Dressing Percentage 58% 

Horns Shape and Size Horns are slightly twisted and curved, directed upward and 
backward. Small in size (<15cm). Some polled animals are also 
present. 

Adaptability to Environment Sirohi goat is a hardy animal adapted to harsh agro-climatic 
conditions of Rajasthan. 

Coat Color Coat colour is predominantly brown with light or dark brown patches. 

Visible Characteristics Flat and leaf like drooping ears. 

Good for Stall Fed Yes 

Rarity Common 

Age at First Parturition(Avg. 
Months) 

26 

Parturition Interval(Months) 10 

Milk yield per Lactation(kg) 81 

 

http://www.roysfarm.com/goat-breeding/
http://www.roysfarm.com/goat-gestation-and-kidding/
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Plate 1: A Male Sirohi Goat 
 

 
Plate 2: A Female Sirohi Goat 
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Apical Root Cutting (ARC): A low cost technology for the production of quality seed potato 
material for the farmers 
Article id: 22242 
Tanuja Buckseth, Rajesh K Singh, Clarissa Challam, Jagesh K Tiwari and SK Chakrabarti 
ICAR-Central Potato Research Institute, Shimla (HP)-171001, India 
 
 
India is the second largest producer and consumer of potato in the world. In the past five decades, potato 
production has steadily increased from around 8.3 million tonnes in 1980 to 48.6 million tonnes in 2017, an 
increase of more than 500 percent. In the past ten years, the production has increased more than 60 
percent with both area and yield contributing to the increase. The national average potato yield in 2017 was 
around 24 tonnes per hectare. However, there are wide variations in yield level within India, ranging from 
31.5 tonnes per hectare in Gujarat to 10 tonnes per hectare in Assam. Among different constraining factors 
for yield growth, the limited availability of quality seed material is considered as the most important factor 
for lower yield levels in eastern states. The high cost of seed (Rs. 60,000-75,000 per hectare), which accounts 
for 40-50 percent of the total cost of production, has been a key deterrent for small farmers to take up 
production in many of these states. 
 

In India, potato seeds are produced in Punjab using seed plot technique and aeroponic technology 
and transported up to 2,000 km to potato growing states of eastern and southern India. The high 
transportation cost is borne by the poor farmers who have to pay high seed prices as well. To make matters 
worse, the high price does not guarantee high quality, thus making it difficult for small and marginal farmers 
to invest such a large sum in seed purchases which accounts for nearly half of the total cost of production. 
The spread of aeroponic technology has been limited to Punjab because of its high capital requirement and 
long gestation period of nearly four years before any return comes in. If a low-cost technology can be made 
available to produce seed potato at cheaper price then these eastern and southern states have immense 
potential to increase potato production by improving productivity and lowering cost of production. Potato 
Vegetable & Flower Research Centre (PVFC) in Dalat, Vietnam is a leader in apical rooted cuttings for 
producing mini tubers and seed tubers. Recently, this technology has been standardised at ICAR-Central 
Potato Research Institute Shimla, India for the very first time. The results were remarkable which suggests 
that the technology can be used for production of quality planting material at low cost by the farmers. The 
soil and environment in many parts of the eastern and southern regions are suitable for cultivating potato 
seed in rabi season (October-March) and in some areas like Hassan in Karnataka and Koraput in Odisha it can 
be grown in kharif season (July-October) also. Specifically, the north eastern states could be potato seed hub 
supplying seeds to West Bengal, Odisha and Bihar.  
 
Introduction to apical cuttings 
Apical cuttings are rooted transplants produced in a glasshouse from tissue culture 
plantlets. Rather than allowing tissue culture plantlets to mature and produce 
minitubers, cuttings are produced from the plantlets. Once rooted, the cuttings are 
transplanted into the field to produce seed tubers. In aeroponic, tissue culture plantlets 
are used to produce mini tubers using capital intensive aeroponic technology in screen 
houses, whereas in apical cuttings the tissue culture plantlets are used as mother plants 
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in coco peat for producing cuttings. Apical cuttings are an alternative to minitubers in current production 
seed systems for potato.  
 
Principle 
When the apical bud is removed, the lowered IAA concentration allows the lateral buds to grow and produce 
new shoots. Once the apical dominance has been lifted from the plant, elongation and lateral growth is 
promoted and the lateral buds grow into new branches which are further used to increase the multiplication 
rate. 
 
How does it work? 
The healthy micro plants are used as a mother stocks which are planted either in trays and nursery beds. The 
first rounds of cuttings can be either used to expand parent material in the first months of production with 
the remaining months dedicated to commercial production of rooted cuttings or can be directly used for the 
production of rooted cuttings. Mother plants are used as a stock up to ~ 3-4 weeks until the first cuttings will 
be planted in the field. Thus, any new shoots forming after this cut off time will be placed into plugs for 
transplanting – the commercial product which will continue to be produced over a 1-2 month period. Thus, 
apical cuttings involve: 
i) Production of rooted cuttings (transplants) originating from tissue culture plantlets in the glasshouse. 
ii) Production of seed tubers in the field from transplants. 
 

 
 
 
 
Fig: Procedure of Apical Rooted Cuttings Production 

Healthy microplants Mother plants in nursery        Apical cutting 

Planting of apical cutting in 
pro-tray 

Series of cuttings in pro-tray Apical rooted cutting ready 
for transplanting in the field 
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Transplanting tissue culture plantlets in the glasshouse 
The variety used for the standardization was Kufri Chandramukhi. The initial tissue culture plants were 
planted in nursery beds or crates at a spacing of 5-15 x 5-15 cm. The spacing depends whether one will 
collect minitubers from the residual mother plants, and the size of the minitubers to be produced. In crates, 
fill the bottom of the crate with cocopeat, vermiculite, sterile sand or soil or mixture thereof, depending on 
what is available, deep enough to plant the tissue culture plantlets that will serve as mother plants. After 10 
days depending upon the plant growth, the first apical cutting was taken which was 2-3 cm long with two 
true leaves. These cuttings were planted in irrigated pro-trays filled with cocopeat. Once the apical 
dominance was lifted, the lateral buds grow into new branches which were further used to increase the 
multiplication rate. In 4-5 weeks, 5 cuttings were taken which increased the multiplication rate at 1:7-8 
times respectively. These rooted apical cuttings are ready for transplanting in the field.  
 

a.     b.  
 

a. Initial tissue culture plantlet ready to remove apical stem to avoid apical dominance; b. 
Multiple shoots development which increases the multiplication rate 

 
Cuttings ready for transplanting/ commercial sale 
Cuttings can be transported in the trays they were produced in. Alternatively, they can be planted in the 
field. The same package of practices of hi-tech seed potato production can be followed for the minituber 
production. 
 
Suggested Readings: 

[1]. Parker, M. 2019. Production of apical cuttings of potato. International Potato Center. Lima (Peru). 9p. 
[2]. https://www.outlookindia.com/website/story/apical-rooted-cuttings-could-revolutionize potato-

seed-production-in-india/331839 
 
 

 

 

 

 

 

 

 

 

 

https://www.outlookindia.com/website/story/apical-rooted-cuttings-could-revolutionize


AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 155 - 
 

NUTRITIONAL AND MEDITATIONAL VALUE OF WILD FRUIT KACHARI (CUCUMIS CALLOSUS) GROW IN 
BUNDELKHAND AREA 
Article id 22243 
Hradesh Rajput and Pratistha Srivastava 
Department of food technology, ITM, University, Gwalior 

Desert area is gifted with valuable natural resources particularly arid fruits and vegetables. Arid fruits are 
used by native people as a prime source of food with some traditional value attached to it. Processing of 
traditionally important arid foods into more functional and convenient product can improve livelihood 
security of the people worldwide. The study demonstrated Kachri the arid fruits of Rajasthan and 
Bundelkhand area also to be rich in fat, ascorbic acid, proteins, carbohydrates and pectin content. Fruits 
and vegetables are important sources of essential dietary nutrients such as vitamins, minerals and fibre. 
Since the moisture content of fresh fruits and vegetables is more than 80%, they are classified as highly 
perishable commodities. Keeping the product fresh is the best way to maintain its nutritional value, but 
most storage techniques require low temperatures, which are difficult to maintain throughout the 
distribution chain. It is noted that over 20% of the world perishable crops are dried to increase shelf-life 
and promote food security. 

INTRODUCTION: Kachri (Cucumis callosus ) is a wild variety of cucumbers. There are very few foraged foods 
that find their way into the urban markets sometimes and one of those is Kachri or Kaachri (Cucumis callosus 
or Cucumis melo sp agrestis) that looks like miniature watermelons. The similarity to watermelons ends here 
and once you cut these tiny melons you see numerous seeds and very little flesh inside. The seeds impart 
excellent protein content to this melon along with potent antioxidants and immunity boosting properties, 
Kachri is definitely a super food that can be found growing wild even on Delhi roadsides sometimes, but 
getting it from where it grows in the jungles and around the agricultural fields on it's own is a better option. 
Kachri vines are hardy and once planted the plant grows by self seeding every year. The size of this kachri 
fruit varies so much that it can easily be named as a Chameleon melon to the colour of the skin can vary 
from green, grey, brown whitish to all the shades in between the size also can vary so much that once can 
sometimes get confused about the identity. You would know it if you have tasted it, the aromatic tart 
flavour is so unique to this melon. Kachri powder is a great meat tenderizer too and is used generously in 
Rajasthan. The sun dried kachri slices are mostly used to make chutney along with loads of chillies, garlic and 
may be some herbs and seeds of the season.  

Since fresh kachri is also available in Bundelkhand area, the use of kachri is popular. It is the real 
earth food growing wild, and becoming a protein rich vegetable for people living in the harsh arid areas of 
Western India, where it is hard to grow conventional vegetables. These are a wild melon called "kachri" or 
"sane" found in various parts of South Asia. You'll often see these for sale at markets in both rural villages 
and urban markets in Northern India. They range in color from green to yellow and can be as nearly as big as 
a football to about the size of a walnut. Kachri is available only for a short duration. During this short period, 
a very little part of total produce is being used profitably that too mostly in form of vegetable preparation. 
Rest of the produce get spoiled either due to over ripening or due to lack of knowledge about different 
processing techniques. The post harvest losses in kachri vary from 30 to 40% due to its perishable nature 
and glut during harvesting time, which also reduces the market value of the fruits. In times of scarcity, 
preserved foods can be sold for a good price. 
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Cucumis callosus (Kachri) belongs to family Cucurbitaceae. Both are very important ingredient of 
royal and famous dish of Rajesthan, India. Aqueous extract of Cucumis callosus seeds inhibit free radicals of 
DPPH (Chand et. al., 2012). Thus, the study on C. deciduas and Cucumis callosus is carried out to characterize 
various nutritional, phytochemicals and antioxidant activity of Kair and Kachri fruit and their use as a 
potential source of natural antioxidants in order to understand their nutritional and other health benefits. 

 A much branched perennial, prostrate herb, common in sandy areas, mostly on fallow fields. Stem is 
angular with rougb hispid bairs. Young part of stem is densely bairy with simple tendrils. Leaves 3-5 lobed 
have dentate margins and hairs on both sides. Male and female flowers are solitary and yellow in colour. 
Fruits obovoid, rounded, ell ipsoid and variegated with green stripes consisting of white elongated seeds. 
Flowering and fruiting in August to November. Ripe fruits are eaten as vegetable, dried fruits digestive. 
Seeds have cooling action and useful in bilious disorders. 

Nutritional composition of fresh kachri 
The fresh as well as dehydrated fruit of kachri were mainly used for the preparing vegetable, pickle and 
chutney. It has high nutrional value and work as mean of the food seasoning or relish of the diet. Kachri fruit 
has very good amount of nutrients like vitamins, minerals, carbohydrates, etc. The 100 gm of fresh edible 
portion of kachri has 88.8% water/moisture, 7.45% carbohydrate, 47-54 kcal energy, 0.28% protein, 
1.28%fat, 1.21% fibre, 1.46% total ash, 0.09mg calcium, 0.182mg iron, 0.052mg zinc and 29.81mg vitamin C 
(Samadia D. 2007). The kachri was mainly consumed as a vegetable in the desert of the Rajasthan Bikaner 
but it has good herbal therapeutic value too. The kachri fruits were used as a cooling light cleanser for the 
skin. They were also used as a first aid treatment for burns and abrasions. The flowers of kachri were used as 
expectorant and emetic while fruits were used as diuretic and emetic. 
 
Table1. Nutritional composition of Fresh kachri 

Parameters  Fresh kachri 

Moisture (%) 88.8 

Crude Protein (%) 0.28 

Crude Fat (%) 1.28 

Total Ash (%) 1.46 

Carbohydrate (%) 7.45 

Crude Fibre (%) 1.21 

Ascorbic Acid (mg/100g) 29.81 

Calcium (mg/100g) 0.09 

Iron (mg/100g) 0.18 

Zink (mg/100g) 0.052 

Energy (kcal) 47-54  

Thirteen non-conventional foods including fruits, leaves and grains consumed in various parts of the 
Indian subcontinent were analyzed for their nutritional value. Kachri was rich in fat (13%). It contains high 
protease activity and has been used as meat tenderizer in the Indian subcontinent. A 67 kD a serine protease 
from Kachri fruit was purified by DEAE-Sepharose and CM-Sepharose chromatography, whose optimum 
activity was at pH 11 and 70°C. Its activity was strongly inhibited by PMSF, but not by EDTA, pepstatin, or 
cysteine protease inhibitors. The substrate specificity of the purified protease towards synthetic peptides 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 157 - 
 

was comparable to cucumisin, the first characterized subtilisin class plant protease from the sarcocarp of 
melon fruit (Cucumis melo). These characteristics, along with the N-terminal amino acid sequence, indicated 
that the isolated protease from Cucumis trigonus Roxburghi is a cucumisin homologue, which belongs to the 
serine protease family (Nathawat et. al., 2013). 
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Major devastating pests and their organic management 
Article id: 22244 
Pooja Gaikwad1 and Soundhiriyan P V2 

INTRODUCTION: 
Pest is devastating organism which causes damage to crops and considerable yield loss. Some pests 

are insects but all insects are not pests. The category of beneficial insects also present in nature which are 
called as beneficial organisms or natural enemies of pests. For example, some predators like Spiders, Lady 
beetles, Lacewings, Syrphid flies and parasitoids like Trichogramma spp., Telenomus wasp, Tachinid flies etc.  

Pests cause damage to crops directly by feeding on them and also act as a vector of some pathogens 
and viruses which cause damage in different ways. The entry holes of the pests acts as a secondary infection 
sites for pathogens. The common symptoms include crinkling and twisting of leaves, bore holes on different 
plant parts, scrapping of leaves and fruits, stunted growth etc. The stage of crop, cropping pattern, cropping 
history, general agronomy practices, planting material plays a major role in the pest survival and damage.  
 
Major group of pests: 

1. Sucking pest complex- This group includes common pests like Thrips, Aphids, Whiteflies, Jassids, 
Mites, Mealy bugs etc. The nature of damage is similar, as they aggregate on different plant parts 
and sucks the cell sap, secrete sticky substance and promote the development of black sooty mould 
which will interfere with the normal photosynthesis process of the plant. These categories of insects 
are vectors of major viruses like Leaf curl virus, Mosaic virus etc. Because of this type of damage, 
plants become weak, growth will be stunted. The other common symptoms caused by sucking pest 
complex are, yellowing of leaves, falling of leaves, shriveling and crinkling of leaves etc.  

2. Borers- Borers is another category of the pests which includes stem borers, shoot borers, fruit borers 
etc. The name itself implies the nature of damage caused by these pests. The pests will infect the 
different plant parts by making bore holes. The damaging stage is larva. Larvae bore inside the plant 
parts and feed on the inner content. The entry hole of larva serves as a site for secondary infestation 
by pathogens. The major symptoms are hollow stem, fruit drop etc. 

3. Leaf eating caterpillars and leaf miners- These caterpillars will damage the crop at early vegetative 
stage by scrapping the leaves. At initial stages caterpillars feed on the vegetative plant parts. The 
common symptoms include bite holes on the leaves, cutting of the leaves etc. While, the leaf miner 
larva makes zig zag white coloured thread like galleries on the leaves.  

 
Current scenario of major pests in India: 

Nowadays pest has become a major threat to agriculture food production. Currently the major 
devastating pests which comes in focus are Thrips, White grub, Pod borer (Helicoverpa armigera), Pink 
bollworm (Pectinophora gossypiella), and Fall armyworm (Spodoptera frugiperda). 
 

1. Thrips 
● Host crops- Chilli, Tomato, Cotton, Onion, Okra etc. 
● Damaging stage of insect- Adult (Flies) 
● Stage of crop at which infestation occurs- Early vegetative stage 
● Preventive measures- 
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➢ Install Blue sticky traps 10 per acre. Traps should be installed 30 cm above the crop canopy. 
Change the position of traps as plant height increases. 

➢ Uproot the infested plants and destroy them. 
● Organic or biological management strategies 
Spray Azadirachtin or Neem extract @ 2 ml per liter water. 
Or 
Spray Beauveria bassiana @ 2 gm per liter water 

 
2. White grub 

● Host crops- Turmeric, Ginger, Sugarcane, Maize, Potato, Groundnut etc. 
● Damaging stage of insect- Larva (Grub) 
● Stage of crop at which infestation occurs- All stages of crops 
● Preventive measures- 

➢ Before field preparation over irrigate the field and allow the water to stagnate in the 
field. The grubs will come to the upper surface of the water. Then remove the water 
from field. 

➢ Install Light traps to traps the adults @ 1 trap per ha after first monsoon rain 
➢ Use well decomposed manure, as poorly decomposed manure is a best source for 

whitegrub feeding and development 
● Organic or biological management strategies 

Apply Neem cake @ 100 kg per acre at the time of field preparation. 
 

3. Pod borer/ Fruit borer/ American Bollworm (Helicoverpa armigera)  
● Host crops- Chickpea, Pigeon pea, Rice, Sorghum, Cowpea, Soybean, Tomato, Cotton (Bollworm) 
● Damaging stage of insect- Larva 
● Stage of crop at which infestation occurs- All stages of crops. 
● Preventive measures- 

➢ Deep ploughing before the start of the season to expose and kill pupa 
➢ Install Pheromone traps containing Helilure @ 2 traps per acre during early vegetative 

and flowering stage of the crop to trap adults 
● Organic or biological management strategies 

Spray products containing HaNPV @ 2 ml per liter water 
Or 
Spray Bacillus thuringensis @ 1.5 ml per liter water 
 

4. Pink bollworm (Pectinophora gossypiella) 
● Host crops- Cotton (Monophagous pest) 
● Damaging stage of insect- Larva 
● Stage of crop at which infestation occurs- Flowering and boll formation stage 
● Preventive measures- 
➢ Install Pheromone traps @ 2 traps per acre during early vegetative and flowering stage of the crop to 

trap adults 
➢ Treat the seeds with Beauveria bassiana @ 4 gm per kg seeds 
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● Organic or biological management strategies 
Spray Entrust formulation of Spinosad @ 0.25 ml per liter water 
Or 
Spray Beauveria bassiana @ 2 gm per liter water 
 

5. Fall armyworm (Spodoptera frugiperda) 
● Host crops- Maize, Sweetcorn, Groundnut, Sorghum etc. 
● Damaging stage of insect- Larva 
● Stage of crop at which infestation occurs- All stages of crop 
● Preventive measures- 

➢ Treat the seeds with Beauveria bassiana 2 gm + Metarhizium anisopliae 2 ml per kg 
seeds 

➢ Deep ploughing before the start of the season to expose and kill pupa 
● Organic or biological management strategies 

Spray Metarhizium anisopliae @ 2 ml per liter water 
 

Various approaches to forestall pests organically: 

 At the time of land preparation Neem cake should be added @ 100 kg per acre. This will help 
for the management of pests like nematodes, white grub, white ants etc. organically. 

 Treat the seeds with Beauveria bassiana @ 2 gm per kg seeds for the management of soil 
borne insects. 

 Dip the roots in solution of Beauveria bassiana 2 gm + Metarhizium anisopliae 2 ml per liter 
water before transplanting. This will help to minimize the attack of soil dwelling insects. 

 Just after transplanting install yellow sticky traps @ 10 per acre for the management of 
Aphids, whiteflies etc. and blue sticky traps @ 10 per acre for the management of Thrips. 

 After flower initiation install Pheromone traps @ 2 per acre to trap the adult stages of insects. 

 During vegetative stage install Light traps @ 2 per acre for the management of pests like 
Armyworm, Cutworm, Stem borers etc. 
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Insect Pests of Millets and Their Integrated Pest Management  
Article id: 22246 
*Abhishek Yadav1, D. V. Chandrasekhar Reddy1 Mayank Chaudhary2 
Research Scholar, Department of Entomology, SVPUA&T, Meerut-250110 
2 Research Scholar, Department of Genetics and Plant breeding, SVPUA&T, Meerut-250110 

 
Millets are the prime cereal crop in Indian subcontinent. It includes different crops such as, sorghum, bajra, 
maize ragi etc. Amongst the pest complex of millets Chilo partellus (Swinhoe), Sesamia inferens (Walker) and 
Atherigona soccata (Rondani) are of major importance during different seasons in India. An overview of the 
insect pest problems indicates that there has been a gradual change in the pest scenario, pest status and 
pests hitherto unknown in millets have started posing a serious threat to its cultivation. 
 

Insect pest of sorghum:- 
1. Sorghum shoot fly  
Scientific name:- Atherigona soccata Rondani,  
Family:- Muscidae,  Order:- Diptera 

Mark of identification 
Adult:  

 They are dark grey in colour and looks like a small housefly. 

 Abdominal segments of male and female shoot fly bear 6 and 4 dark spots respectively, arranged in two 
rows. 

  Maggot: Maggots of sorghum shoot fly are pale yellow in color. The maggot creeps down within the leaf 
sheath till it reaches the bases of the seedlings.  

Nature of damage:- 
The newly hatched maggot migrates to the upper surface of leaf, moves along the margin towards leaf 
sheath. On entering between the leaf sheath and axis, it nibbles the tissues and makes a horizontal cut. 
Young seedling dries and exhibits the dead heart symptoms. 

2.  Stem borer  
Scientific name: Chilo partellus Swinhoe,  
Family:- Pyralidae, Order:-  Lepidoptera 
Mark of identification:- 

Adult:  

 The mature adult is straw coloured with pale yellow about 25mm having grey forewings with black specks 
along caudal margin. 

 In males, hind wings are pale straw coloured and in females, hyaline. 
Caterpillar: 

 The full grown caterpillar is dirty white with brown head having many dark spots on the body. 

 The full grown larva of the last generation hibernate in stubbles or stalks etc. 

Nature of damage:- 
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Initially, larvae feed on leaves causing shot holes. Later, larvae bore into the stem and cause dead heart as 
such young plants can be easily pulled out. The larva also feed on grains in the comb. In sorghum the midribs 
are attacked by the young larvae. They do not emit foul smell. 

3.  Earhead bug:   
Scientific name:- Calocoris angustatus Leth,  
Family:- Miridae, Order:- Hemiptera 

Mark of identification:- 

Adult: 

 Well developed adult are yellowish green and long legged. 
Nymph: First instar nymphs tiny with a mixture of yellow and orange red colour. 

Nature of damage:- 
Both nymphs and adults suck sap from the developing grains. Grains become shriveled and discoloured. 

4.  Aphid: 
 Scientific name:- Rhopalosiphum maidis Fitch,  
Family:- Aphididae, Order:- Hemiptera 

Adult: 

 Black/ green with dark green legs, winged or wingless. 
Nymph: 
The nymph is yellowish-brown in color. 
Nature of damage:- 
Both nymphs and adults suck sap from leaves and ear heads. Infested leaves exhibit mottled appearance 
with yellow patches. Grains do not develop in the affected ear heads. Sooty mould develops on infested 
parts due to the excretion of honey dew. 
5.  Midge: 
Scientific name:- Contarinia sorghicola Coquillet 
Family:- Cecidomyiidae, Order:- Diptera 

Mark of identification:- 

Adult: Slender and abdomen bright red. Wings when folded extend just beyond the tip of the abdomen. 

Maggot: Newly hatched maggot creamy white, later turn to red. 

Nature of damage:- 
Maggots suck the contents of the developing ovaries which result in the production of chaffy florets/ grains. 
6. Mite:  
Scientific name:- Oligonychus indicus Hirst,  
Family:- Tetranychidae, Order:- Acrina 

Adult: 
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 The well developed adult are grayish green in color and minute in size. 
Larva: 

Spherical and light amber coloured larva later becomes greenish and elongate. 

Nature of damage:- 
Mites spin delicate webs on the lower surface of leaves and live inside the web. Nymphs and female adults 
suck sap from leaves. Infested leaves show characteristic red spots which enlarge and coalesce making the 
whole leaf reddish. Leaves and stem dry up in case of severe infestation. 
 
7. Ragi pink borer 
Scientific name: Sesamia inferens 
Family: Noctuidae, Order:- Lepidoptera 
Mark of identification:- 
Adult: Straw coloured with a white band along the tip of each wing. 

Caterpillar: Pink, dark headed with glossy surface, body distinctly segmented with two conspicuous 
posterior appendages. 
Nature of damage:- 
Newly hatched larva bores into the stem and feeds on the tissues. It results in the formation of dead heart or 
white ear during tillering and flowering stages respectively. 

Management:- 
 Deep summer ploughing to eliminate quiescent pupa. 
 Use of a higher seed rate of 12 kg/ha instead of normal rate of 10 kg/ha and removal of affected and 

extra plants at the time of thinning four weeks after sowing since shootfly affects only young plants 
of 4-5 weeks age. 

 Adopt crop rotation. 
 High seed rate  are effective against shoot fly 
 Collect and destroy larvae and adults to the extent possible. 
 Grow resistant varieties. 
 Use balance dose of fertilizers, avoid application of excess nitrogen. 
 Install Bird perches @ 50/ha. 
 Setting of light traps (1 light trap/5 acre) to kill larva population. 
 Control is achieved by releasing of Trichogramma chlionis at weekly intervals @1.5 lakh/ha 
 Use Bt @ 600 g, neem oil/ pungum oil 80 EC @ 2.5 ml/lit. 
 Application of carbofuran 3 G granules @ 2 g/one metre row length in furrows at 
 sowing time 
 Spray NSKE 5% twice followed by triazophos 0.05%. 
 Spray of Methyl demeton 25 EC 500 ml/ha found to be effective against sucking pests. 
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Kodo (Varagu) Millet 
Article id: 22246 
Deep P. Patel1  
1Ph.D Scholar, Department of Processing and Food Engineering, CTAE, MPUAT, Udaipur-313 001 
 
INTRODUCTION 

Kodo Millet (Varagu) (Paspalum scrobiculatum) is well known minor millet belonging to the family 
Gramineae. This coarse millet is highly resistant to drought and can also be cultivated in the areas with 400 - 
500 mm annual rainfall. Kodo millet is native to the tropical and sub-tropical regions of South America and 
domesticated in India 3,000 years ago. Kodo millet is extensively grown on the poorest of soils throughout 
India but is probably not cultivated to any extent elsewhere. It is reputed to be extremely hardy, drought 
resistant and grows on stony or gravelly soils which would not support other crops. But its cultivation in very 
fertile soils can boost its production and productivity to a great extent. It is relatively long in duration 
requiring four to six months to mature compared with two to four months for the other millets. Short 
duration varieties have now been developed. Kodo is an annual tufted grass that grows up to 90 cm high. 
The grain is enclosed in hard, corneous, persistent husks that are difficult to remove. The grain may vary in 
colour from light red to dark grey.  

Origin  
Kodo millet is a native of South Africa and is in cultivation since time immemorial. Greater diversity of 

Paspalum species was observed in the Hindustan centre. The crop was domesticated in southern Rajasthan 
and Maharashtra some 3000 years ago. The crop is known to be spread throughout the tropical regions of 
the world.  

Adaptation  
Kodo millet (Paspalum scrobiculatum) is grown throughout Asia and Africa, but is only cultivated as a 

minor grain crop in India, where it is of great importance in the Deccan Plateau. Its cultivation as grain crop 
in India is generally confined to Gujarat, Karnataka, and parts of Tamil Nadu. In other parts of the world it is 
grown as a forage crop.  

Botany  
Kodo millet is an annual herb with adventitious root arises from lower nodes with numerous thin 

roots. Branched roots spread laterally and profusely, remain functional throughout the life. Stem is erect, 
rarely ascending with 60-90 cm height, tufted on a very short rhizome. Glabrous stem with swollen nodes 
and fully sheathed internodes. Nodal bands become purple at later stage. First node is hairy and the other 
nodes are glabrous with solid internodes. 

The length of internodes increases gradually from bottom to top in any tillers. The number of tillers 
varies from 5 to 18 according to genotypes.  

The Leaf is simple, alternate, bifarious, erect or sub-erect, finely acuminate, glabrous or sometimes 
soft hairy. Sheaths long, compressed, loose, the mouth hairy with very short membranous ligule.  

Crop specific issues  
Kodo is an annual tufted grass that grows to 90 cm high. Some forms have been reported to be 

poisonous to humans and animals, possibly because of a fungus infecting the grain. The grain is enclosed in 
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hard, corneous, persistent husks that are difficult to remove. The grain may vary in color from light red to 
dark grey. Compared to other small millets, it has a long-crop cycle, ranging from 105 to 120 days.  

Kodo millet is one of the hardiest among the small millets and grows well in shallow as well as deep 
soils; it is also adopted to water logged soils. The seeds can remain dormant and be stored for many years. It 
can produce grain yields of 850 kg/ha without fertilizer and up to 1600 kg/ha with application of N and P.  

Production 
In India, it is grown in Rajasthan, Uttar Pradesh, Tamil Nadu, West Bengal, Madhya Pradesh and 

Andhra Pradesh. In India it is cultivated over an area of 1.96 lakh ha with total production of about 0.84 lakh 
tonnes and with productivity of 429 kg/ha during the year 2016-17.  

Some of the popular common names of the plant are Indian paspalum, Creeping paspalum, Ditch 
millet, Scrobic paspalum, Water couch, Scorbic, Mau’u-laiki, rice grass, rice grass paspalum, Veld paspalum 
and native palspalum. Kodo is a popular fast or upvas food in some parts of India. The millet is certainly 
superior to rice, gluten free and rich in fiber, vitamins and minerals. It has large potential to provide 
nourishing food to subsistence farmers in Africa and elsewhere.  

Health Benefits of Kodo Millet  
Kodo millet is a good substitute to rice or wheat. Protein, fibre and mineral content are much higher 

than the major cereals like rice. It can be cooked just like rice or ground into flour. It provides balanced 
nutrition, unlike polished white rice. Listed below are some of the popular health benefits of Kodo millet: 

Uses and benefits of Kodo Millet 
 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. 

 Kodo Millet helps hydrate your colon to keep your system regular and keep you from being constipated. 

 Kodo Millet helps in controlling Blood sugar and Cholesterol. 

 It is easy to digest, contains a high amount of lecithin and is excellent for strengthening the nervous 
system. 

 It is rich in photo chemicals, phytate that helps in reduction of cancer risks. 

 It helps to reduce the body weight and beneficial for postmenopausal women. 

 It is good for those suffering from signs of cardiovascular disease, like high blood pressure and high 
cholesterol levels. 

 Also, it is good for diabetics, its anti – diabetic compounds like quercetin, ferulic acid, p – 
hydroxybenzoic acid, vanillic acid and syringic acid from Varagu prevents obesity. 

 Kodo millets contain no gluten and are good for people who are gluten intolerant. 

 Kodo millets can be used for traditional as well as novel foods. 

 Unprocessed or processed grain can be cooked whole or decorticated and if necessary ground to flour 
by traditional or industrial methods. 

 In tribal sectors, it is cooked as rice also and out of flour tribal population prepares different recipes. 

 Traditionally the grains of Paspalum scrobiculatum are used in the management of diabetes mellitus. 
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 Grains are also useful in the treatment of inflammation, hemorrhages and general debility. 

 

Culinary uses 
 It is eaten as a famine food in Africa. 

 Kodo millet is ground into flour and used to make pudding in India. 

 In Africa it is cooked like rice. 

Nutrient Composition of Kodo Millet (Per 100 g) 

This cereal is also known as varagu, kodo, haraka and arakalu. It forms the main stay of the dietary 
nutritional requirements. It has high protein content (11%), low fat (4.2%) and very high fibre content 
(14.3%). 

Sr. No. Nutrients Quantity 

1. Moisture  11.6 g 

2. Protein  10.6 g 

3. Fat  4.2 g 

4. Fibre 10.2 g 

5. Calorific value 346 kcal 

6. Carbohydrate 59.2 g 

7. Minerals 4.4 mg 

8. Calcium 27 mg 

9. Phosphorous 188 mg 

10. Iron 0.5 mg 

 

Harvesting: Harvest is done once the earheads are physiologically mature. Normally crop is ready for harvest 
in 100 days. Physiologically mature earheads will turn from brown to green colour. Plants are cut close to 
the ground level, bundled and stacked for a week before threshing. The earheads are threshed by trampling 
under the feet of bullocks. The threshed grains are further cleaned by winnowing.  

Drying and storage: The cleaned seeds should be sun dried to attain a safe moisture level of 12%. Care 
should be taken while drying to avoid mechanical injury to the seeds and contamination. Seeds can be 
stored up to 13 months under proper storage conditions.  
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Processing Methods/Technologies: 

 

Some Value added products from kodo millet are: 
1) Idli 
Method: 

 Soak kodo millet rice and black gram dhal separately for 4 hoursand grind coarsely. 

 Add salt, mix it thoroughly and allow it to ferment overnight. 

 Pour batter into idli plates and steam cook for 10 – 15 minutes. 

 Serve hot with chutney. 
2) Dosa  
Method: 

 Soak kodo millet rice and black gram dhal separately for 4 hours and grind into fine batter. 
 Add salt, mix it thoroughly and allow it to ferment overnight. 
 Apply oil on the hot plate and pour batter and cook till crisp dosa is obtained. 
 Serve hot with chutney or sambar. 

3) Pakoda 
Method: 

 Add Kodo millet flour, Green chillies, Cumin seeds, Curry leaves, Salt, Oil all the ingredients and water 
to the flour and make it into thick dough. 

 Deep fry the dough in different shapes in hot oil. 
 Serve hot. 
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Time to Fight: Molecular Mechanisms of Age-Related Resistance 
Article id: 22247 
Ranjan Kumar Chaubey1 and Stuti Krishna2 

1Research Scholar, Department of Mycology and Plant Pathology, I.A.S., Banaras Hindu University, Varanasi-
221005 
2Research Scholar, Department of Genetics and Plant Breeding, N.M.C.A., Navsari Agricultural University, 
Navsari-396450 
 
INTRODUCTION 

Plant age is a crucial factor in determining the outcome of a host-pathogen interaction. In successive 
developmental stages throughout their life cycles, plants face dynamic changes in biotic and abiotic 

conditions that create distinct ecological niches for host_pathogen interactions. As an adaptive strategy, 
plants have evolved intrinsic regulatory networks that integrate developmental signals with those from 
pathogen perception and defense activation. As a result, amplitude and timing of defense responses are 
optimized, so as to balance the cost and benefit of immunity activation. The gain of disease resistance 
against a certain pathogen when plants reach a relatively mature stage is described as “age-related 
resistance”. This is a common phenomenon for resistance against viruses, bacteria, fungi, oomycetes 
pathogens, and insects on fruits, vegetables and row crops. This article focuses recent advancement in 
molecular mechanisms of how plants coordinate developmental timing and immune response. An innate 
immune system protects plants from most pathogens in the environment.  

Surface localized pattern recognition receptors (PRRs) in plant cells can detect conserved microbial-derived 
molecules, such as flagellin from bacteria, fungal chitin, and b-glucans from oomycetes, to activate pattern-
triggered immunity (PTI). PTI leads to a spectrum of physiological and biochemical responses to counteract 
pathogen invasion, including the fortification of cell wall, accumulation of reactive oxygen species (ROS), 
synthesis of antimicrobial com- pounds, and transcriptional reprogramming of the phytohormone crosstalk. 
Successful pathogens can subvert PTI by proteinaceous virulence effectors. To execute their virulence 
function, effectors are delivered into plant cells or the apoplastic space where they interact with and further 
interfere with or redirect the function of host cellular components, resulting in compromised defense 
responses, and eventually, pathogen multiplicatio. To counteract the effector-triggered susceptibility, plants 
have evolved a class of intracellular innate immune receptors known as nucleotide binding–leucine-rich 
repeat (NLR) receptors, which can recognize the presence of effectors either through direct binding or 
effector-triggered modifications of host proteins. The recognition of effectors by NLRs activates effector-
triggered immunity (ETI), which often result in a rapid programmed cell death, known as the hypersensitive 
response (HR), as well as many outcomes that are shared with PTI. 

Molecular connections between defense response and developmental timing 

In Arabidopsis, resistance against Pseudomonas syringae is established between two and six days after 
germination. In 2-day-old seedlings, high levels of TARGET OF EARLYACTIVATION TAGGED 1 and 2 (TOE1 and 
TOE2) proteins suppressed the transcription of FLAGELLIN- SENSITIVE 2 (FLS2) by binding to the A/T rich 
motif in its promoter, TOE binding site in the FLS2 promoter (TBSF). FLS2 encodes a leucine-rich repeat 
serine/threonine protein kinase that acts as a PRR to activate plant immunity after recognizing the bacterial 
PAMP flg22, a 22 amino acid epitope in a flagellin protein. In 6-day-old seedlings, increased expression of 
microRNA172 (miR172) repressed TOE1/2 transcripts, thereby relieving the suppression of FLS2 by TOE1/2. 
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Hypersensitivity to flg22 was observed in the toe1 toe2 double mutant and in plants overexpressing 
miR172, confirming their roles in regulating FLS2- mediated PTI. Another PRR, EF-TU RECEPTOR (EFR), which 
recognizes the bacterial elongation factor EF-Tu, was also suppressed by TOE1/2, suggesting that 
these two transcription factors regulate PTI triggered by multiple PAMPs. Importantly, MIR172 precursors 
were activated by flg22 treatment. Therefore, the miR172-TOE1/2 module acts as an integrator of 
environmental and developmental cues to control the onset of PTI during cotyledon ontogenesis. The 
miR172-TOE1/2 module is well documented as a regulator of vegetative phase change and flowering .  
MiR172 was induced by flg22 in both 2-day-old and 8-week-old plants. However, no changes in miR172 
accumulation was found after flg22 treatment (Li et al. 2010) or Pseudomonas syringae infection  using 4- 
to 5- week-old plants, suggesting that the upregulation of miR172 by PAMP is probably age-dependent in 
previous studies. Pathogen- induced alteration of miR172 accumulation has been observed in mulberry 
infected with yellow dwarf disease, grapevine infected with grapevine leafroll disease and rice infected 
with the blast fungus, Magnaporthe oryzae. 

SUMMARY: 

Age-dependent defence response has been area of interest for many researchers and studies conducted so 
far have provided insights into the molecular mechanisms involved in it. Plant age dependent resistance 
and the regulatory cascades have pursued to decipher this complex phenomenon with key genes involved 
and understanding the crosstalk between the development and immunity could be involved in future 
studies.  
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One of the biggest announcements in Budget 2019 was to promote zero budget natural farming (ZBNF) 
on a massive scale. Terming it as ‘going back to basics’, the Finance Minister made a strong pitch for the 
implementation of ZBNF. However, the response to this proposal has been mixed, with some experts hailing this 
as a historic decision of that would rejuvenate the beleaguered farm sector.Last year, NITI Aayog Vice-Chairman 
stated that ZBNF is one of the most potent methods to double farmers’ income by 2022. Welcoming the 
proposal, NABARD Chairman said that the move will help millions of farmers cut down their input cost and 
practice sustainable agriculture.However, there are a few experts who question the efficacy of ZBNF and have 
dismissed the measure outright, saying ZBNF helping improve farmers’ income, let alone double it, is far-fetched. 

Zero Budget Natural Farming (ZBNF) is a set of farming methods, and also a grassroots peasant 
movement, which has spread to various states in India. It has attained wide success in southern India, especially 
the southern Indian state of Karnataka where it first evolved.  The movement in Karnataka state was born out of 
collaboration between Mr SubhashPalekar, who put together the ZBNF practices, and the state farmers 
association Karnataka RajyaRaithaSangha (KRRS), a member of La ViaCampesina (LVC). 

According to Mr. Palekar, all knowledge created by agricultural universities is false. He calls Liebig as “Mr. 
Lie Big”. He labels chemical fertilizers and pesticides as “demonic substances”, cross-bred cows as “demonic 
species” and biotechnology and tractors as “demonic technologies”. At the same time, Mr. Palekar is also critical 
of organic farming. For him, “organic farming” is “more dangerous than chemical farming”, and “worse than [an] 
atom bomb”. He calls vermicomposting a “scandal” and Eiseniafoetida, the red worm used to make 
vermicompost, as the “destructor beast”. He also calls Steiner’s biodynamic farming “bio-dynamite farming”. His 
own alternative of ZBNF is, thus, posed against both inorganic farming and organic farming. 

Palekar said that about 50 lakh farmers have started practicing his method of farming. He was conferred 
with Padma Shri by the Government of India in 2016. Presently, Andhra Pradesh, Chattisgarh, Himachal Pradesh, 
Uttarkhand, Kerala and Karnataka governments have asked him to train their farmers in ZBNF. 

Important principles of ZBNF: 
1. Intercropping – This is primarily how ZBNF gets its “Zero Budget” name. It doesn’t mean that the farmer is 
going to have no costs at all, but rather that any costs will be compensated for by income from intercrops, 
making farming a close to zero budget activity. Palekar explains in detail the crop and tree associations that work 
well for the south Asian context.  
2. Contours and bunds – To preserve rain water, Palekar explains in detail how to make the contours and bunds, 
which promote maximum efficacy for different crops. 
 3. Local species of earthworms. Palekar opposes the use of vermicompost. He claims that the revival of local 
deep soil earthworms through increased organic matter is most recommended.  
4. Cow dung- Accroding to Palekar, dung from the Bosindicus (humped cow) is most beneficial and has the 
highest concentrations of micro-organisms as compared to European cow breeds such as Holstein. The entire 
ZBNF method is centred on the Indian cow, which historically has been part of Indian rural life. 
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The four-wheels of zero budget natural farming require locally available materials: 
1. Water vapour condensation for better soil moisture. 
2. Seed treatment with cow dung and urine-based formulations. 
3. Mulching and soil aeration for favourable soil conditions. 
4. Ensure soil fertility through cow dung and cow urine-based concoctions 

Zero Budget Natural Farming in India 

 ZBNF is a set of farming methods, and also a grassroots peasant movement. 

 It has attained wide success in southern India, especially the state of Karnataka where it firstevolved.  

  Farmers in Andhra Pradesh have practised ZBNF and have witnessed good results. 

 Himachal Pradesh Government has launched ZBNF project which aims to increase agriculture 

 produce and the income of farmers by the year 2022. 

Features of Zero Budget Natural Farming  

 It is a farming practice that believes in natural growth of crops without adding any chemical fertilizers and 
pesticides.  

  The four wheels of ZBNF are Bijamrita, Jiwamrita, Mulching and Waaphasa. 

 Bijamrita is a natural way of seed treatment using local cow urine and cow dung. 

 Jiwamrita is made using water, local cow dung, local cow urine, jaggery, dal flour and soil. 

 Waaphasa is the aeration in the soil. 

 ZBNF is different from organic farming. 

  Intercropping is an important feature of ZBNF. 

 Practising composting on the farm itself, so that soil organic matter increases. 

  Storing water in the farm ponds for use in adverse conditions. 

  Insects and pests are managed using neem leaves, neem pulp and green chillies. 

  Establishing farmers’ federations and self-help groups, and placing farmers at the forefront of knowledge 
creation and dissemination. 

Advantages of Zero Budget Natural Farming 

 Promote regenerative agriculture, improve soil biodiversity and productivity.  

  Ensure decent livelihoods to smallholder farmers. 

  Restore ecosystem health through diverse, multi-layered cropping systems. 

 Anyone who is having half an acre of land can start ZBNF. 

  Using ZBNF techniques, one can convert even the most infertile land into a fertile one. 

 Women’s empowerment and nutrition. 

CONCLUSION   

 Agricultural scientists in India have to rework their strategy so that farming is in consonance with nature.  

  We need a global transition to a more resilient and sustainable agriculture that is less dependent on 
agrochemicals and draws more on natural biological and ecosystem processes. 
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INTRODUCTION 
Gladiolus is a very popular bulbous ornamental plant. Its magnificent inflorescence with florets of dazzling 
colours, varying forms and sizes and long keeping quality makes it an attractive cut flower. Gladiolus spikes 
can be kept in the vases for 8-10days depending on the variety and the ambient conditions prevailing in the 
room. Gladiolus is a component of most flower arrangements including bouquets. 

Importance and uses 
     Gladiolus is an important flower crop, most popular as cut-flower in the domestic and International 
market. In Netherlands, it ranks next only to tulip in commercial importance. It is relatively easy to grow and 
also suitable for bedding and exhibition. The fascinating spikes bear a large number of florets which exhibit 
varying sizes and forms; with smooth, ruffled, deeply crinkled or laciniated tepals. The flower spikes are used 
in flower arrangements, in bouquets and for indoor decoration. Grandiflorus and Primulinus types look very 
attractive in mixed flower borders. Spikes of gladiolus have good keeping quality and can be transported to 
long distances. Its flowers open in acropetal succession, one by one and spike lasts for 1 to 3 weeks in 
ordinary vase water, depending upon the season and variety. Gladiolus natalensis, G. cardinalis, G. 
communis, G. callianthus, G. arneus, G. tristis. 

 
Fig: 1 Bouquets 

 
Health benefit 
There are some medicinal health benefits of dried bulb which is ground into a powder. 

 Gladiolus flower bulb powder may help in curing common cold. 
 Gladiolus flower bulb powder may relieve from diarrhea. 
 Gladiolus flower bulb powder may alleviate constipation. 
 Gladiolus flower bulb powder may reduce pain during menstruation in women. 
 Gladiolus flower bulb powder may help in curing fungal infections. 
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 Gladiolus flower bulb powder may help in relieving ulcers. 
 Gladiolus flower bulb powder may help in curing meningitis. 

Origin & distribution 
     There are around 200 species scattered throughout Tropical and South Africa and Mediterranean region. 
It is said to be in cultivation since 1578. It was first introduced into France & soon after, it spread to England, 
Germany, Holland & North America. No species is known to be native of India. In India it was introduced 
during British period. 
Genetics 
     Gladiolus L. belongs to the family Iridaceae. Basic chromosome number is n=15. Ploidy in the genus 
ranges is diploid (2n=30). The modern garden gladiolus is a complex of at least 12 species and most of the 
cvr’s are tetraploids (2n=60) & highly heterozygous, they will not breed true to the type if grown from seeds. 

Floral biology 
     Inflorescence is simple spike consisting of 10-25 florets all facing one side arranged in rows. The florets 
are protandrous in nature, the anther dehiscing before the stigma of same flower becomes receptive.  2-3 
flower open in the morning hours & later the anthers dehisce along the longitudinal sutures. After about 24 
hours of flower opening, the stigma becomes receptive. Ray Choudary reported that the gladiolus flower 
bud takes 16 days to reach the full bloom stage. The unfurling of the petals starts early in the morning & 
complete opening of florets takes 22-24 hours. The dehiscence of anthers occurs between 8.00 and 9.30 
a.m. following anthesis. And stigma receptivity stays for 24 hours. Gladiolus is cross pollinated crop. 

Agro-Climate 
     Gladioli require full exposure to sunlight for better crop, otherwise blasting may occur or plants may 
remain blind. The long day conditions of 12 to 14 h photoperiod increase number of florets, spike length and 
percentage of flowering. Low light intensity causes failure in flowering. High light intensity without proper 
temperature also affects growth adversely. Corm storage at 3 to 7oC is good for better growth and flower 
production. 
Soil condition 
Gladioli can be grown in a wide range of soils. The soil should have proper drainage facilities. It should also 
contain sufficient organic matter. The soil should be sandy-loam, silty soil, heavy soil and slightly acidic with 
pH 5.0 to 8.0. 
Field preparation 
     The first ploughing is done to a depth of 30cm two month before planting and left as such for another 2-3 
weeks. Second ploughing is done followed by rolling for a fine tilth hand remove weeds and stubbles 
thoroughly before planting. 
Suitable Varieties for C.G. plain 

1. Arka Amar                        6.  Arka Gold  
2. Arka Bindiya                    7. Advanted 
3. Mohini                               8.  Samar Sunsine 
4. Novalux                             9. Candyman 
5. Surya Kiran                       10. Dalqueen 
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Gladioli Propagation 
(i) Through Corms 
Propagation of gladiolus through corms is a commercially used method. A single corm produce on an 
average of 1 to 3 flowers along with daughter corms in a season depending upon its size and the variety. 10-
50 cormels can be obtained from a single corm.  
 

 
Fig: 2 Corms 

(ii) Through Cormels 
Cormels from corms are used as planting material. The multiplication of gladiolus through cormels is an 
inexpensive and rapid method which enables build up of large stocks with minimum cost. The cormels also 
tend to escape diseases of viruses even if the parent corm is infected. 
 
Time of planting of corms 
In plains C.G. planting time is first fortnight October. Staggered planting can, however, be done at 10-15 day 
intervals from mid-September to mid-December to get continued supply of spikes over a longer period and 
to match the market demand. In temperate climates, the corms are planted after the winter, i.e. in February 
and March when frosts are over and climate becomes warm. 
Planting of corms 
     Only the non-dormant corms should be planted. The emergence of root buds at the base of the corms 
shows that the corms are ready for planting. The corms should be suitably treated with fungicides such as 
Mercuric chloride solution for 12 hrs before planting. When planting, the lower portion of the corm should 
be placed on the soil such that the bud at the top lies straight above. It is done to make sure that the stem 
grows erect and does not show crooked growth. At planting time, the soil should contain sufficient moisture 
to facilitate uniform sprouting of corms. The depth of planting depends more on the size of the planting 
materials. The medium and smaller sized corms are generally planted up to 7 cm deep while large or jumbo 
corms to a depth up to 15 cm. Planting is carried out during October in plains. The row to row distance is 
normally 40 cm while plant-to-plant is 15 cm. The requirement of the corms per hectare is roughly 1, 50,000-
2, 00,000. 
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Fig:3 Sprouting of corms 
Irrigation 
     Gladiolus requires water in plenty but does not grow well under water-logged conditions. Frequency of 
irrigation depends upon the soil type, weather conditions and rainfall. Normally in sandy soils, the crop 
should be irrigated at 7-10 day intervals, whereas in heavy soils, at less frequent intervals. Irrigation should 
be withheld at least 4-6 weeks before lifting of corms. 

       
 

Fig: 4 Irrigation 
 
Staking practices 
    Especially large-flowered varieties of gladioli grown outdoors are susceptible to lodging, hence need 
staking. The stems should be tied with strings to thin but strong supports 
Nutrition 
     Commonly a 12:12:18 N: P: K compound fertilizer is applied prior to planting at 1 ton per hectare. 
Gladiolus can be damaged by fluorine and phosphatic fertilizers containing fluorine should not be used. The 
crop can be top dressed as required with calcium nitrate at an application rate of 200-300 kg per hectare. 
Care of Gladioli  

 Weed control 
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     Pre-emergence herbicides reported for gladiolus are diuron (0.9 kg/ha) (or) linuron (3.0 kg/ha) Post-
emergence herbicides, 2, 4-D @ 1.5-3.0 kg/ha has been found to reduce weed population. 

 Protection measures 
(a) Insects - 1. Thrips – Spray Dimethoate 30EC @ 2ml/l 

                            2. Semi looper – Methyl Demeton 25EC 
(b) Diseases – 1. Leaf spot – Foliar application of Carbenadazim @1g/l 

                                2. Spongy rot - Foliar application of Benomyl @ 1kg/ha 
 

Harvesting of Spikes 
     Gladiolus takes 60-120 days to produce spikes. The spikes of gladiolus 
generally exhibit vase life of about 7-15 days. The spikes should be 
harvested in the morning or evening hours when temperatures are mild. 
Spikes should preferably be cut with sharp knives or secateurs. While 
harvesting, at least four basal leaves should be retained on the plant to 
ensure proper development of corms and cormels. The stage at which 
the spike is to be cut should depend upon the transportation distance, 
consumer requirement and prevailing temperature conditions. 

Fig: 5 Spikes 

Yield  
     Gladioli spike and corm yield would be around 1.80,000 – 2, 00,000 and 2, 00,000 – 2, 50,000/ha 
respectably depending on planting density, cultivars, corm size, manure & fertilizes and management 
practices. 

Harvesting and storage of corms 
     It generally takes 6-8 weeks after harvesting of spikes for the corms to become mature and ready for 
lifting. Plant growth stops at this stage. Irrigations should normally be withheld at least 2-3 weeks before 
harvesting of corms. In India, lifting of corms is carried out manually with small garden forks or ‘khurpi’. 
After lifting the corms from the soil, the upper leafy portions should be removed by twisting and breaking 
the stalk. The old withering mother corms attached to the bottom of the newly-formed corms should also be 
removed similarly with the thumb. The cormels should also be separated simultaneously and handled 
separately. The corms usually get damaged or bruised during harvesting and cleaning operations. The corms 
should be cleaned, dipped for 30 min in 0.3% Captan 50 WP and shade-dried at an aerated place for about 
15 days. Corms are then packed in crates or in net bags and cold-stored at 3-7oC. From cold storage, these 
corms should be taken out one month prior to planting and kept at ambient conditions at an aerated place. 
The corms or cormels of different cultivars must be handled separately and labeling properly so that they do 
not get mixed up Before planting, these are once again dipped for one hour in 0.3% Captan Solution 
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Fig: 6 Digging of corms 

Storage of corms 
     Storage of corms at low temperature (4-5oC) is an established commercial practice. It serves three main 
purposes: It helps to break dormancy of corms raised under warmer climates, it helps to overcome warm 
and dry conditions of summer months that intervene between lifting or corms and their planting in the 
subsequent season, and it prevents premature sprouting of corms. 
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INTRODUCTION 
Chillies are the most important and worthwhile commercial crop that plays a vital role in the world 

economy since it is widely grown spice amongst all the spice crops. Usually, they are also known as “Chili Pepper” 
throughout the world. Generally, this crop is mostly grown to obtain the fruits to use them as a major ingredient 
of many kinds of curries, chutneys, and also as a culinary. 

They are used as a spice, vegetables, sauces, condiments, fruits and in preparation for various pickles. 
Chillies are so popular that they are being used by everyone, all over the world. These are mostly eaten for their 
excellent spicy taste and flavoured pungency. The active element “Capsaicin” one kind of alkaloid present in 
chillies is also extracted from them and is used as a medicinal ingredient. 

Currently, commercial chilli farming is pretty successful and anyone can earn an excellent profit with 
instant income because there is always a great demand in the local and international market. In India area under 
chilli crop raised during last three decades for ripe-red-dry fruits varies from 634 to 921 thousand hectares, with 
a total production of 364 to 895 thousand tons of dry fruits with an average yield of 574 to 957 kg per hectare. 
The important chilli growing states are Andhra Pradesh (Composite), Maharashtra, Karnataka, Orissa and Tamil 
Nadu forming more than 70 per cent acreage of India.  

Climate Required for Chilli Cultivation 
Basically chilli is a crop of the tropical and sub-tropical region. It thrives best in warm/hot and humid 

climatic conditions. The ideal temperature for its growth is 20 to 30°C. Temperatures below 15°C will result in 
reduced crop yield. Constant moisture in the soil during blossom development and fruit formation is very 
important for a good yield. This crop requires an annual rainfall of 25 to 30 inches. Excessive rainfall or flooding 
will damage the crop. 

Soil Requirement for Chilli Cultivation 
Chilli can be grown in a wide range of soils. However, the sandy loam, clay loam and loam soils are best 

suited for its cultivation. The soil should be rich in organic matter, well-drained and well aerated. The ideal soil pH 
value for the best growth of chilli is 5.5 to 6.8. Avoid acidic soils as these are not suitable for chilli cultivation. 

Land Preparation for Chilli Cultivation 
Land should be prepared by giving 3 or 4 deep ploughings and followed by harrowing to bring the soil fine 

tilth stage. Make sure to crush any clods after each ploughing. After bringing the soil to fine tilth stage, level the 
land with the help of the tractor blade. Making raised beds would be useful for the rainy season to drain out the 
water and also helps good aeration. During the land preparation, it is recommended to supplement the soil with 
well-decomposed farmyards like cow-dung of 25 tonnes/ha or any other equivalent compost. Application of 
manure should be done at least 2 weeks before of sowing. In order to protect the chilli crop from ants and soil-
borne pests, Heftaf @ 10-15 kg per acre should be applied in last ploughing. Form ridges and furrows at a spacing 
of 60 cm. Apply 2 kg/ha of Azospirillum and 2 kg/ha of Phosphobacteria by mixing with 20 kg of farmyard manure 
(FYM). Irrigate the furrows and transplant 40 days old seedlings, with the ball of earth on the ridges. 

Season of Sowing in Chilli Cultivation 
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Chilli can be grown all around the year provided enough irrigation facility is available. In some Asian 
countries, sowing will take place in January-February, June-July and September-October. 

Seed Rate and Seed Treatment in Chilli Cultivation 
Seed rate depends on cultivar and soil type. However, on an average, 1 to 1/2 kg seed required to cover 

the 1 hectare land. Treat the seeds with Trichoderma viride @ 4 grams/kg of seeds and cover with sand. Drench 
the nursery with Copper oxychloride @ 2.5 grams/litre of water at 2 weeks interval against damping-off disease. 
Apply Carbofuran 3 G at 10 grams/sq. meter at sowing. 

Irrigation in Chilli Cultivation 
Generally, chilli crop is grown as a rainfed and irrigated crop. If the crop is grown as rainfed one, a well 

distributed annual rainfall of 80 to 100 cm is required for better growth and yield. Chilli plants are shallow rooted 
and cannot tolerate drought and flooding but need uniform and constant moisture in the soil. In water scarcity 
areas, drip irrigation method is advised. However, the furrow method can also be adopted when enough water is 
present. Overhead irrigation should be avoided as this will promote diseases in chilli cultivation. In case of heavy 
rains, make sure to drain out the soil quickly. If the plants grown on raised beds, there is a good chance of 
draining of water quickly. First Irrigation should be carried out after transplanting seedlings from nursery to the 
main field. Subsequent watering should be provided once in 5 to 6 days in summer and once in 10 to 12 days in 
winter. Again, irrigation depends on soil type and climatic conditions. Flower and fruit drop occurs in chilli 
cultivation if the uniform moisture level is not maintained. 

Manures and Fertilizers in Chilli Cultivation 
Chilli crop responds very well to manures and fertilizers. If the crop is grown on large scale, make sure to 

conduct soil test to find out the N: P: K values. Based on the results of test, any nutrient gap should be filled. 
During the land preparation, supplement the field with 20 to 25 tonnes of well decomposed farmyard manure 
(FMY)/ha. In case of rain fed crop, 25 kg of “P” in full dose, 50 kg “N” in 1/2 dose should be applied at the time 
transplanting seedlings in the field. Remaining 1/2 dose of ‘N’ should be applied 1 month after transplanting the 
seedlings. In case of irrigated crop, N: P: K should be applied in the ratio of 100 kg: 50 kg: 50 kg/ha. Fertilizers 
should be applied in 4 equal doses. First applied at the time transplanting remaining doses are applied at fourth, 
eleventh, and thirteenth week after transplanting the seedlings. 

Harvest in Chilli Cultivation 
Maturity of the chilli depends on variety. Usually it takes about 60 to 65 days after flowering for fruits to 

fully ripen. Harvesting of chilli crop depends on the purpose and market demand. Immature and fully grown 
green chillies can be harvested for fresh markets and at red stage for canning purpose. For red dry chilli purpose, 
crop should be harvested at fully ripen stage. The harvesting can continue for several months and harvesting of 
chilli should be carried out weekly once or as market demands. For dry chilli, it is important to preserve the red 
colour of matured fruits. 

Marketing of Chilli 
Fresh green chillies can be transported to local markets based on market demand or weekly basis. 

However, if the crop is grown for red dry chillies, better contact an any chilli powder making company for bulk 
sale. There are huge profits in dry chilli cultivation as the demand is very for this produce. 
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Rice (Oryzasativa L.) is one of the most important food crops in Asia, where 90% of this crop is grown and 
consumed. In India, it contributes to about 40 per cent of the total food grain production. It provides 43 per 
cent of calorie requirement for more than 70 per cent of Indian population. The rice production in India in 
2015-16 was 104.32 MT (Directorate of Economics and Statistics 2016-17). India has to produce about 130 
MT of rice by 2025 to feed the ever growing population (Hugar et al., 2009), which is a challenging task. Rice 
yield is affected by several factors viz., weeds, insects, diseases and other management practices. Among 
several production constraints, weeds are most important, causing enormous losses in yield and quality of 
rice crop (Kropff, 1993; Raju and Reddy, 1995; Singh et al., 2003). Weeds not only cause huge reductions in 
crop yield but also increase cost of cultivation, reduce input efficiency, interfere with agricultural operations, 
impair quality, act as alternate hosts for several insect-pests and diseases and above all affects human and 
animal health. 

Weed control in overpopulated areas of Asia has mainly been carried out through a combination of water 
management and hand-weeding, but the latter is becoming less common in areas with an increasing labour 
shortage problem; furthermore, this method affects transplanting. For these reasons, many farmers in 
several regions of the world, including Asia, have shifted from transplanting to direct seeding rice; less 
labour is required but herbicides must be used for weed control. Farmers are then faced with no option 
other than the application of herbicides, despite their lack of knowledge concerning the proper use of these 
chemicals. 

Herbicide-based weed management is becoming the most popular method of weed control in rice. However, 
while herbicide application certainly controls several weeds, it does not eliminate others, thereby provoking 
a weed shift of tolerant species. In some areas it is believed that herbicide use will solve all weed problems. 
Experience shows, however, that although herbicide use alleviates the problem of labour for weeding, 
incorrect use of herbicides may bring about other environmental problems. The advent of herbicide-
resistant species is an increasingly worrying problem for farmers, extension workers and policy-makers in 
many rice-producing areas in Asia and Latin America. 

Critical period of weed competition  
The competition period up to 45 DAS had the greater impact on yield of wet seeded rice. (Sathyamoorthy 
and Kandasamy, 1998).Chinnusamy et al. (2000) reported that maintaining a weed free period up to 45 DAS 
was essential to augment the yield of medium duration rice. Critical period for crop weed competition in rice 
was up to 40 days after transplanting (Thapa and Jha,2002).In rainfed lowland rice, 30-60 days after sowing 
period was considered as critical period for crop weed competition to avoid grain yield losses (Moorthy and 
Saha, 2005).  
 
Integrated weed management 
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Critical period of  weed control 20-30 DAT 

Cultural method 1). Hand weeding 
2). Hand pulling 
3).Puddling 
4). Flooding  

Mechanical method 1). Weeder (Float) 
2). Conoweeder/Rotary weeder 

Chemical method Butachlor (1-2 kg ai/ha) 
Alachlor (1-2 kg ai/ha) 
Thiobencarb + 2, 4D 
Isopropyl (0.75) ester (0.5 kg ai/ha) 
Metsulfuron methyl (20 WP) (0.008 kg ai/ha) 
Benthiocarb (1.5 – 2.5 kg ai/ha) 
Propanil (2-3 kg ai/ha) (only pest emergence) 

Biological method 1). Hirsch– Manniellaspinicaudata is arice root nematode which 
controls most upland rice weeds 
2). Azolla 

Remarks 1). Substitution and preventive method: 
a). Stale seed bed technology 
b). Land preparation 
c). Water management 

 
Weed control methods 
A sound weed management system involved utilization of all feasible methods of prevention and control in a 
harmonious combination to keep weed population below threshold level and at the same time keep the cost and 
harmful effects at minimum. In order to achieve higher benefits from applied inputs, weeds must be kept under 
check with the use of any of the weed control measures. Weed control vary from situation to situation and it also 
vary from season to season. Different weed control methods include cultural, manual, mechanical and chemical 
weeding. The integrated weed management is very effective and low cost it includes use of weed control 
methods in combination with each other to check weed population. In general upland situation control measures 
should be adopted quite early period of crop life cycle and in case of rainfedlow land situation control measures 
should be apply at critical period of crop growth. However, some common control measures should be adopted 
during both the condition. 
A) Cultural methods 
Transplanting is the most old and popular method of rice establishment which is effective in reducing weed 
density. Puddling and submerged conditions under transplanting reduce weedgermination. Moody (1980) 
reported that the better weed control could be ascertained if flooding occurs soon after crop establishment. it 
also observed that in the early stage of crop growth if heavy infestation of weeds occurs and left uncontrolled, 
the submergence later on will not effective in controlling weeds. Continuous submergence of the crop effectively 
suppressed the weed population and weed seed germination under transplanted rice (Subramanayam et al., 
2007). 
B) Manual weeding 
Tripathi et al. (2000) found that hand weeding twice recorded the highest grain yield and weed control efficiency. 
Rekha et al., (2002) stated that significantly higher weed control efficiency and lower weed index were recorded 
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with hand weeding twice. Higher yield attributes and higher grain yield was observed with hand weeding twice at 
30 and 40 DAT on clay soil. (Lakshmi et al., 2006). Manual weeding is very effective but it is tedious, time 
consuming and expensive in large scale cultivation. Continuous rains in rainy season and unavailability of man 
power make manual weeding difficult (Puniya et al., 2007). Pal et al. (2009) opined that hand weeding on 20 and 
40 DAT recorded highest grain yield of 5.08 t ha-1 in Gangetic alluvial soil because it gave little scope to weeds to 
flourish and to compete with the crop preferably at the critical stage of crop weed competition. 
C) Mechanical weeding  
Mechanical weeding is accomplished through incorporation of weeds insitu may help in effective recycling of the 
depleted nutrients. Rotary weeder was effective in controlling the weeds present in inter row space, but failed to 
control the weeds in intra row space or those in the vicinity of the crop. Randriamihariosa (2002) noticed that the 
mechanical weeding using rotating hoe with small toothed wheels increased the soil pores so that roots and 
microbes could more easily gain access to oxygen and also significantly increase the tiller production. 
D) Chemical weed control  
In general, cultural and mechanical methods of weed control are time consuming, cumbersome and laborious 
apart from being less effective because of chance of escape and regeneration of weeds from roots or rhizome 
that are left behind. The morphological similarity between the crop and certain grassy weeds makes hand 
weeding difficult. The use of herbicides therefore, appears to be the only alternative. In present context it is most 
preferable and farmer can easily go for it because day by day increases labour problems. Under puddle sown rice 
culture, chemical method of weed control is the efficient method for controlling grasses, sedges and broad-
leaved weeds, and reducing the labour cost and achieving higher grain yield. 
E) Integrated weed management  
Sanjay et al., (2006a) stated that application of pre emergence herbicide pretilachlor + safener @1 litre ha-1 fb 
one hand weeding at 30 DAS resulted in significantly higher grain yield (5333kg ha-1 ) of rice irrespective of 
method of establishment. Subramanian et al. (2006) registered higher grain yield (5744 kg ha-1 ) with application 
of pretilachlor with safener + diancha intercropping + azolla dual cropping on 30 DAS in wet seeded rice. 
Mishra and Singh (2007) opined that pre emergence application of Pretilachlor @ 750g ha-1 followed by one 
hand weeding at 30 DAS significantly reduced the weed population compared to weedy check during kharif 
season. Ravisankar et al. (2008) noticed that the pre emergence application of pretilachlor plus @ 0.30 kg ha-1 at 
2DAS + hand weeding at 45 DAS registered lower weed density and higher weed control efficiency. Lakshmi et al. 
(2009) concluded that supplementation of hand weeding at 20 DAS to pre emergence herbicides were found to 
be superior in reducing weed density and weed dry matter.  

CONCLUSION 
It can be concluded that weed effectively compete with the crop up to 40-45 DAT/S and reduce grain yields 
ranging from 10 to 83 per cent. Chemical weed control is getting importance in areas, where labour is scarce and 
costly. Some of the herbicides either alone or their combinations at lower dose have been proved economically 
viable alternative to hand weeding in management of weeds in rice field. However presently new concept 
integrated weed management is comes in to existence. In this use of all suitable management technique are 
utilized in such a compatible way as to reduce weed population below economic threshold levels without 
deteriorating environment quality 
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Post harvest handling and packaging materials of commercial flower crops 
Article id: 22252 
Khiromani Nag1 and Vivek Kumar Singh2 
1Ph.D. Scholar, Deptt. of FLA, CoA, IGKV Raipur (C.G.) India, 492012 
2Sectional Officer (Horticulture) DDA, MUD Govt. of India, New Delhi 
 
INTRODUCTION 
Post harvest handling is the stage of crop production immediately following harvest, including cooling cleaning, 
sorting and packing. Post harvest treatment largely determines final quality, whether a crop is sold for fresh 
consumption, or used as an ingredient in a processed food product. Packaging materials are used to keep the 
product cool, to avoid moister loss and slow down undesirable chemical changes and avoiding physical damage 
such as bruising. Packaging material also help in transporting flowers to market. Initial post-harvest storage 
conditions are critical to maintain quality 

Need for post harvest handling 
Flowers remain alive even after harvest and continue their metabolic activities causing  

 Depletion of carbohydrates  
 Rise in temperature and respiration rates  
 Rapid deterioration due to micro-organisms  
 Water stress  
 Increased accumulation of ethylene 

Factors effecting post harvest quality and Longevity of flowers  
1. Pre harvest factors  

 Stage of harvest 
 Time of harvest 
 Method of harvest 

2. Post harvest factors 
 Respiration rate  
 RH  
 Growth regulators  
 Preservative solutions  
 Pre-cooling and storage  
 Packing and transporting  

Critical factors involved in post harvest Handling of Commercial flowers  
1. Stage of Harvest  

 Post harvest treatments like pre-cooling  
 Pulsing  
 Grading  
 Packing  
 Storage  
 Transportation with cold chain  
 Vase  

Optimum stages of harvesting for different commercial flowers   
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 Harvest early in morning or in the late evening temperatures are mild to avoid faster respiration rate to 
excessive water loss. 

 Flowers are fully turgid due to low transpiration at night (Rose, Chrysanthemum, and Gerbera). 
 Evening harvest is advocated because of higher sugar level in the stem due to high rates of 

photosynthesis during day time.  
 Harvesting at an optimum maturity stage is important and stage of harvest varies from crop to crop 

varieties.  

Table 1.0 Optimum stages of harvesting for important flowers 

Sn. Flower Purpose Stage of harvest 

1. Rose Cut flower 1-2 petals beginning to unfold. At tight bud stage 

2. Jasmine Loose flower Matured unopened bud stage 

Oil extraction Fully opened flowers 

3. Anthurium Cut Flower 1/3rd of flowers on spadix mature , change of colour 

4. Carnation Standard Paint brush stage when flowers are half open 

spray At least two flowers fully open 

5. Gladiolus Cut Flower 1-5 florets show colour 

6. 
 

Chrysanthem Standard When outer florets fully expanded 

Spray Flowers open but before shedding of pollen 

Pompons and 
decorative 

Centre of the oldest flower fully open 

Anemones Open but before central disc florets begin to longate 

 
Pre-cooling and pulsing treatments 

 Removal of excess field heat  
 Methods- hydro cooling / refrigeration , forced air cooling  
 Brings down respiration rate- enhance post harvest quality Pulsing  
 Pre-storage / pre shipment treatment for short and prescribed  duration  
 Sugar is the main component in pulsing solution  
 To regain turgidity of flowers 

Grading of flowers 
 Damaged or infested flowers if any are discarded.  
 Good flowers are graded according to bud size and  stem length  
 Uniform buds of a particular grade are bunched for further process  

Table 2.0 Grades of gerbera 

Sn. Stem Length (cm) Flower diameter (cm) 

1. More than 60 cm More than 12 cm 

2. 50-60 11-12 

3. 40-50 10-9 

4. 30-40 9-8 

5. Below 30 8-7 

Importance of packaging 
1.   Protection-   
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 Mechanical injuries (cuts ,bruises, mechanical, punctures, abrasions) 
 Unfavourable environment. 
 Exposure to harmful gases. 
 Enables transport. 

2. Preservation- 
 Quality and shelf life (prevents moister loss) 

3. Presentation- 
 Display of info about the product /communication & advertising, trade mark. 
 Market penetration &competitiveness. 
 Value addition-silent salesman.  

Types of packaging 
1. Primary packaging – Container that directly holds the product.  E.g. wrapping materials (paper, 

polythene), vases,   bouquets, carton, crates etc. 
2. Secondary packaging - Any outer wrapping that help to store, transport, inform, display and protect 

the product. E.g. CFB’s, Decorated carton, Gift boxes, etc.  
3. Tertiary packaging – Grouping of products   for storage and transportation. E.g. Pallet boxes, CFB’s, 

Cartons, Plastic/wooden boxes.  
 
Packing Materials 

          
Fig 1.  Pallet boxes 

Packaging materials 

 
Fig2.  CFB boxes with holes 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 186 - 
 

 
Fig 3. Thermacol boxes 

 
Introduction of Rose Cap  

       
Fig 4. Rose capping at farmers’ level 

Cold chain 
 Includes the temperature regulation at all stages in  post harvest practices  
 Starting from pre-cooling to shipment the optimum  temperatures should be maintained  
 Increase the longevity of the flowers 

Holding solution 
1. Sucrose  

2. Gives nourishment  

 10-20 g/ ltr. is optimum  

 More we add the faster is the life cycle-so use  optimum concentrations  

3. Germicide 
 Chemicals which kills the micro- organisms  
 Retard bacterial growth  
 Ultimately increase water and nutrient uptake  

4. Acidifier 
5. Brings down the pH of the water we use Increased water uptake  
6. Boric acid     – 250ppm 
7. Al2 (SO2)3    - 50ppm 
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8. AgNO3         -  50ppm 
9. CaCl2            -  25ppm 
10. Citric acid   - 400ppm 

Affect of other growth regulators on flowers 
1. Cytokinin - Delay senescence. E.g. Kinetin in roses and BA in daffodils. 
2. Auxins - IAA promotes ethylene production in isolated carnation petals. 
3. Gibberelic acid - Increases the vase life and floret opening (Mukhopadhyay, 1982). 
4. Abscisic acid - ABA generally accelerates petal senescence. 

Table 3.0 Growth regulators used in preservative solutions 

Sn. Compounds Concentration 

1. Cytokinin’s (BA, Kinetin) 10-100PPM 

2.        Auxins (IAA) 1-100PPM 

3. Gibberellins (GA) 1-400PPM 

4. Abscisic acid (ABA) 1-10PPM 

5.   Growth retardant’s 
(Chlormequat (CCC)) 

10-50PPM 

6.    Ethylene inhibitors (amino 
oxyacetic acid (AOA)) 

50-500PPM 

Methods of storage 
1. Refrigerated storage - Most widely used method of storage of cut flowers 
a) Wet storage -   

 Flowers stored with their bases dipped in water or preservative solution 
 Good for short duration, day to day handling 
 stored at a temperature at 2-4℃ 

 
b) Dry storage – 

 Flowers sealed in plastic bags are stored to prevent loss of moisture 
  More laborious but hold the flowers for longer duration 
 Pre-cooling and pulsing before dry storage is important 
 Stored at 0.5to1.0℃ is ideal for most flowers 
 For tropical flowers like Anthurium, Cattleya and poinsettia is 10-15℃ and for subtropical 
flowers like Gladiolus, Strelitzia is 2-8℃.  

Table 4.0 Ideal storage temperature for important cut flower 

Sn. Flower Dry storage 0c tem. Wet storage oc tem. 

1. Rose 0-1 4 

2. Gerbera 2 4 

3. Carnation 0.5-0 4 

4. Chrysanthemum 0.5-0 - 

2. Controlled atmosphere storage (CA) 
 Low temperature storage in gas tight chambers under decreased levels of oxygen (o2) and increased 

levels of carbon dioxide (co2). 
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 Co2 levels higher than 4% and o2 level lower than 0.4% causes injury and anaerobic conditions 
respectively. 

 Different types of flowers cannot be store in the same room at the same time since the o2 and CO2 
required for storage vary for different flowers and it is the one major limitation in CA storage. 

3. Modified atmosphere storage (MA) 
 Less precise form of CA storage, the dry storage of flowers in sealed bags leads to reduction in o2 and 

increase in co2   levels due to respiration of the tissue. 
 Build up of very high levels of CO2   may cause damage of flower. 
 Flowers stored in partially permeable materials are beneficial. 

4. Hypobaric or low pressure storage (LPS) 
 Storage at low atmosphere pressure under refrigerated condition, continuous ventilation and high 

relative humidity. 
 Rapid loss of water from tissue is major disadvantage and cost of installation is also high.  

Transport 
 The flowers are usually transported by air and by refrigerated vans. 
 For short distance and local markets, transport through rail or non-refrigerated insulated trucks can 

be used. 
 The flowers such as gladiolus, snapdragon, antirrhinum, and freesia which show bending of tips 

should be hold vertically during transport.  

          
            Fig 5. Truck transportation                             Fig 6. Transported by air 

 
CONCLUSION 
     Post harvest handling and packaging are integral part of commercial floriculture industry. Without proper 
handling and packaging commercial floriculture is unprofitable. This part of commercial floriculture lacking in 
number of researches, and it’s lacking government support. In future integral support from both 
government and researchers is necessary. With the proper use of post harvest management and proper use 
of packaging materials, the market value of flowers can be increases. Ultimately farmers will get higher 
income benefit. 
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Soil Pollution and Prevention 
Article id: 22253 

Sushil*1, Manjit Kumar2 and Vikas Kumar1 

1Department of Soil Science 
2Department of Agrometrology 
Chaudhary Charan Singh Haryana Agricultural University Hisar-125004 
 

Soil is unconsolidated natural bodies or material which formed by natural action. Soil pollution may be 
defined as the change in physical, chemical and biological condition of soil through man’s or natural 
interaction so resulting in degradation of soil quality. 
 

Sources of soil pollution: 

 Industrial wastes 
Fly ash, organic compound, inorganic complexes, non-biodegradable material 

 Urban waste 
Domestic waste, solid waste-garbage and rubbish material, plastic material cans, fibers paper, fuel 

residues 

 Radioactive Pollutant 
Nuclear dust and radioactive wave, thorium, uranium, carbon (C-14) substance in soil water and air, 

nuclear fission, heavy water cause gamma radiation 

 Soil Erosion 
Natural process of detachment and removal of soil material (water, wind, ice or gravity), due to running 

water, geological agent, agriculture development, construction and mining activities. 

 Acid Rain 
Air pollution-motor vehicle, factory emission causes acid rain (HNO3,H2 SO4) 

 Other sources 
1. Absorption of toxic metal 
2. Soluble salts, mining  
3. Waste water applied soils 
4. Solid waste applied soils 
5. Sugarcane trash in field 
6. Municipal garbage and composed etc. 

 

Type of soil pollution 

 Agriculture soil pollution 
 Pollution of surface due to erosion, runoff, drainage etc. 
 Pollution of underground soil due to leaching of heavy metal and trace nutrient accumulation 
 Soil pollution by industrial effluents and solid waste 
 Pollution of surface soil, disturbance in soil profile 

 Agro-chemical soil pollutant 
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Pesticides, insecticides, weedicides and herbicides, lead arsenic, mercury, cobalt, cadmium, cyanide, 
Inorganic pollutant (Fe, Cu, Co, Zn, Hg, Ni, Cd, Pb, alkali acid rain etc. 

 
Prevention of soil pollution: 

 Reduce use of pesticides, insecticides and fungicides. 
 Manure and biofertilizers like rhizobium can be used to increase fertility of soil 
 Waste should be disposed of properly to avoid pollution 
 Acidic and alkaline waste should be neutralized before they are disposed off so they don’t contaminate 

the soil 
 Biodegradable waste should be broken down before disposing it off 
 Bioaugmentation is the practice of including contaminate soil with large no. of appropriate micro-

organisms 
 This may not work in some type of soil as it requires plenty of soil moisture and oxygen to work 

effectively. 
 Reforestation i.e planting more trees 
 Animals waste to be used as manure 

 

3R should be implanted i.e 
1) Recycling of paper 
2) Reuse of plastic wastes 
3) Reduce toxic waste 
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Insect Pests of Wheat and Their Integrated Pest Management 
Article id: 22254 
*Abhishek Yadav1, D. V. Chandrasekhar Reddy1, 1Pankaj Batham 
Research Scholar, Department of Entomology, SVPUA&T, Meerut-250110 
 
Wheat [Triticumaestivum (Linnaeus) Em. Thell] belongs to family Gramineae, believed to have originated 
from South West Asia. It is most important cereal cultivated crop in temperate area of the world. Wheat is 
second important staple food crop after rice. Its value in human diet, both as a source of carbohydrates 
and protein and its baking qualities make it relatively more important crop than other cereal grains. 
Wheat crop is attacked by various species of insect pests (Singh, 1998). Major insect pests of wheat are 
termite, Odontoterme sobesus (Rambur), gujhia weevil, Tanymecus indicus (Faust), cutworm, Agrotisi 
psylon (Hufnagel), brown wheat mite, Petrobia lateens (Muller), armyworm, Mythimna separata 
(Walker), pink borer, Sesamia inferens. 

Insect pest of Wheat:- 
1. Ghujia weevil 
Scientific name: Tanymecus indicus 
Family: Curculionidae, Order: Coleoptera 

Distribution:- 
 It is a common pest of young wheat and other crops in Uttar Pradesh, Bihar and Punjab. 

Mark of Identification:- 

It is grey or grayish dark brown weevil measuring 4-5 mm long. Adults hide during brighter part of the 
day and get active in the morning and evening hours.  
Adults are destructive. The weevil cuts and feeds on the plumule of the young seedlings. 
Nature of damage:- 

It is a specific pest of nursery. The major damage caused by the adult weevils. Seedling stems severed 
and wilting plant lying on ground. Adults become sexually mature by the end of October (4-5 months after 
emergence from soil during June-July). 

 
2. Termite 
Scientific name: Odontotermes obesus 
Family: Termitidae, Order: Isoptera 
Distrubution:-  

They are also known as white ants. These are the most important pests of wheat in India and are 
present wherever wheat is cultivated. O.obesus causes destruction of the germinating grains O. obesus 
includes both mound builders and subterranean forms. These termites are polyphagous. 
Importance: 

Soon after first monsoon showers winged forms (reproductive castes) leave colony for nuptial flight 
to select mates. Majority perish due to predations by birds and other natural enemies. Survivors alight again 
on the soil, shed wings and enter soil in royal pairs. They are confined to royal chamber at enormous depth, 
copulate several times and start a colony. 
Nature of damage:- 
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Workers are only members which causes injury to crops. They feed on roots, stem of growing plants, 
even dead tissues of plants feeding on cellulose.  Wilting and drying at all stages of wheat crop. 

 
3. Pink borer 
Scientific name:- Sesamia inferens 
Family: Noctuidae, Order: Lepidoptera 
Distribution:- 
It is a polyphagous pest infesting rice, wheat, maize besides other millet crops.  
Mark of identification:- 
Adult: Adult of this pest is straw coloured with a white band along the tip of each wing. 

Caterpillar: Full grown caterpillar is pink, dark headed with glossy surface, body distinctly segmented with 
two posterior appendages. 
Nature of damage:- 

On wheat, damage is caused by larvae which bore into the stem killing the central shoot and causing 
dead hearts. The young hatched larva bores into the stem and feeds on the tissues. It results in the 
formation of dead heart or white ear during tillering and flowering stages respectively. 
 
4. Army worm: 
Scientific name:- Mythimma separate 
Family: Noctuidae, Order: Lepidoptera 
Mark of identification:- 
 The freshly emerged larvae spin threads from which they suspended themselves in the air and reach 
one plant to another plant.  
Nature of damage:-  

Newly hatched larvae feeds on tender leaves in to a central whorl of the plants, but later caterpillars 
are able to feed on older leaves and skelerotized them totally. In severe case the whole field is look like 
grazed by the cattle. 
 
5. Mite: 
Scientific name: Petrobia lateens 
Family: Tetranychidae, Order Acarina  
Distribution:  

Brown wheat mite is another pest which has gained importance in recent years. The wide range of 
this pest has been recorded from Madhya Pradesh, Punjab, Rajasthan and Haryana. 
Nature of damage:-  
   They feed on lower surface of leaves by sucking sap by inserting two needle like stylets into the leaf 
there by withdrawing nutrients from the plants. Affected leaves become whitish and under severe 
conditions become reddish brown and bronzy Leaves wither and dry 
Aphid:- 
Nature of damage 

 The nymphs and adults suck the sap from plants, particularly from their ears. They appear on young 
leaves or ears in large numbers during the cold and cloudy weather. The damage is particularly severe in 
years of cloudy weather. 
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Management:- 

 Deep summer ploughing to eliminate quiescent pupa. 
 Adopt crop rotation. 
 Collect and destroy larvae and adults to the extent possible. 
 Grow resistant varieties. 
 Use balance dose of fertilizers, avoid application of excess nitrogen. 
 Should not be used of undecomposed green manure and FYM at termite susceptible field. 
 Install Bird perches @ 50/ha. 
 Setting of light traps (1 light trap/5 acre) to kill larva population. 
 Release natural enemies for the control of insect pest such as lady bird beetle, praying mentis.  
 Seed treatment with chlorpyriphos @ 6 ml/kg of seed, which is found to be effective against termite 
 Soil application of chlorpyriphos 50 EC @ 10 ml/l as a soil drench at sowing time in termite prone 

soils. 
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Macronutrients: Function, Deficiency and Control of Deficiency 

Article id: 22255 

Sushil1, Rahul2 and Deepak Kochar1 

 1 Department of Soil Science 
2Department of Agrometeorology 

CCS Haryana Agricultural University Hisar-125 004 

Plant nutrition is the study of the chemical elements and compounds necessary for plant growth, plant 
metabolism and their external supply. 

1. In the absence of the nutrients plant is unable to complete a normal life cycle. 
2. Or that the element is part of some essential plant constituent or metabolite. 

There are seventeen most important nutrients for plants. Plants must obtain the mineral nutrients from 
their growing medium. 
 
Macronutrients: Macronutrients are needed in larger quantities (in gram range). They normally include 
water, carbohydrates, fat and protein. Macronutrients (except water) are also called energy-providing 
nutrients. There are 9 macro nutrients which are essential for plant growth, some important macronutrients 
areas follow:  
Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca), Sulfur (S) and Magnesium (Mg) 
 
Functions of macronutrients in plants:- 
Nitrogen (N): 
Functions: 
(i) It is the major constituent of proteins, purines, pyrimidines, vitamins, cholorophyll and hormones 
(ii) It is also present as a component of coenzymes like FAD, NAD, NADP etc. 
(iii) Older leaves when turn yellow, their nitrogen passes to younger parts in the form of amines and amides. 
Deficiency Symptoms: 
(i) Stunted growth due to reduced cell division and dormant lateral buds 
(ii) Chlorosis (yellowing of leaves) 
(iii) Suppressed or late flowering 
(iv) Increase in starch content but decrease in protein content 
(v) Wrinkling of cereal grains 
(vi) Purple colouration appears in shoot axis. 
 
Phosphorus (P): 
Functions: 
It is a constituent of phospholipids (membrane lipids), nucleic acids, nucleotides, coenzymes, ATP, metabolic 
intermediates, sugar phosphates in photosynthesis etc. 
Deficiency Symptoms: 
(i) Purple or red pigmentation on leaves 
(ii) Premature fall of leaves and floral buds 
(iii) Delay in seed germination 

https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Magnesium
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(iv) Older leaves affected first and become dark brown 
(v) Stunted and slender stem in young plants 
(vi) Accumulation of carbohydrates in Glycine max (Soybean) 
(vii) Vascular tissues reduce in tomato plants. 
 
Potassium (K): 
Functions: 
(i) Essential for stomatal opening, translocation of sugar, protein synthesis, activation of enzymes and 
maintenance of cell turgor 
(ii) Determine anion-cation balance in cell. 
Deficiency Symptoms: 
(i) Mottled or marginal chlorosis followed by necrosis of leaf tips, margins and between veins 
(ii) Loss of apical dominance, leads to rosette or bushy habit 
(iii) Loss of cambial activity 
(iv) Disintegration of plastids 
(v) Rate of respiration increases 
(vi) Dieback of shoots i.e. progressive death from shoot tip towards base 
(vii) Increased tendency to lodging (bent to the ground) in corn. 
 
Calcium (Ca): 
Functions: 
(i) Used in synthesis of calcium pactate in middle lamella of cell wall 
(ii) Involved in normal functioning of cell membrane 
(iii) Used in formation of mitotic spindle 
(iv) Serve as a second messenger in action of phytohormones 
(v) Activates certain enzymes like ATPase, kinases and succinate dehydrogenase. 
Deficiency Symptoms: 
(i) Stunted growth 
(ii) Chlorosis, downward hooking and deformation in young leaves 
(iii) Necrosis of young meristematic regions such as root tips or young leaves. 
 
Magnesium (Mg): 
Functions: 
(i) Important constituent of chlorophyll 
(ii) Maintains ribosome structure and chromatin fibre 
(iii) Activates enzymes in respiration, photosynthesis and synthesis of DNA and RNA. 
Deficiency Symptoms: 
(i) Chlorosis between the leaf veins 
(ii) Necrotic or purple spots on older leaves 
(iii) Premature leaf abscission 
(iv) Extensive development of chlorenchyma and scanty pith formation. 
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Sulphur (S): 
Functions: 
(i) It is a constituent of amino acids like cysteine, cystine and methionine 
(ii) It is also the main constituents of Coenzyme A, Vitamins (thiamine and biotin) andferridoxin etc. 
(iii) It is essential for stabilizing the structure of protein by formation of disulfide bond (S-S) between two 
cysteine residues to form a cystine 
(iv) Characteristic pungent odour of mustard, onion, garlic etc. is due to presence of sulphur containing 
volatile oils. 
Deficiency Symptoms: 
The sulphur deficiency symptoms are similar to those of nitrogen deficiency because sulphur and nitrogen 
are constituents of proteins. 
Sulphur deficiency causes: 
(i) Chlorosis of younger leaves 
(ii) Stunted growth 
(iii) Accumulation of anthocyanin 
(iv) Terminal bud growth in inhibited 
(v) Lateral buds develop prematurely. 
 
Control of Deficiency: 
1. Nitrogen: 
Nitrogen deficiency can be corrected by the use of nitrogenous fertilizers like urea, ammonium sulphate etc., 
in the soil. The application of urea as foliar spray on the leaves also gives good responses. Other N-fertilizers 
cause scrotching of leaves. 
2. Phosphorus: 
Application of phosphatic fertilizers (super phosphate) in the soil. Phosphorus is capable of being utilised by 
the plant when it is sprayed on the leaves. Although the practice is not common. 
3. Potassium: 
Use of potassic fertilizers e.g., Muriate of potash in the soil may cure potassium deficiency. Application as 
foliar sprays has been made, using potassium sulphate fertilizer. Some leaf injury resulted and the 
conclusion was reached that soil applications are far more satisfactory. 
4. Calcium is seldom applied as a foliar spray because it can be efficiently applied to the soil. Calcium 
carbonate, calcium oxide, calcium hydroxide can be applied to the soil. 
5. Magnesium is now commonly applied to plant foliage as solutions of magnesium sulphate. Soil application 
of magnesium takes long time to correct deficiency. 
6. Sulphur: 
S-sprayed on leaves is readily absorbed by the plants. Soil application of sulphur in form of sulphate is 
equally effective. 
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Soil Testing: - When, why and how? 
Article id: 22256 
Sushil, K.K Bhardwaj and Paras Kamboj2 
1Department of Soil Science 
2Department of Agronomy 
CCS Haryana Agricultural University, Hisar 
 
The country's food demand is increasing due to increase in population. To meet that food needs, it is very 
important to enhance the agricultural production. To increase production of crops, farmers use many types 
of chemical fertilizers. This has a bad effect on soil health and many types of diseases are also encountered 
due to chemical residues in food grains. Therefore, we should use chemical fertilizers according to the soil 
requirements. To find out the essential nutrients of the soil, we should get the soil tested before using 
chemical fertilizers. 

Soil Testing: - Soil Testing is a chemical process in which we assess the fertile strength of soil by assessing 
soil nutrients. Soil investigation tells us both its potential and problem. On this basis, we use the same 
chemical fertilizers that the crop needs. 

Objectives of soil investigation: - 
1. For information and improvement of soil disorders caused by intensive farming 
2. Which nutrients are available in quantity in the soil 
3. The amount of nutrients needed for the crops sown in the soil and for information about its management 

Sampling Time for Soil Testing: - 
1. Take a soil sample from the summer after harvesting of the rabi crop to before the sowing of the 
kharifcrop. 
2. Where the crop is harvested continuously throughout the year, immediately after harvesting, a sample 
can be taken for soil testing. 
3. In addition, sampling should be done from a row of multi-year or standing crop plants. 

Important things while sampling soil: - 
 Sample should not be taken from the place where fertilizer or fertilizer is applied. 
 Sample should not be taken from under trees. 
 No sample should be taken from the irrigation drain. 
 if the sample is to be taken from standing crop in the field then it should be taken from the middle of 

the rows. 
 If taking a sample for the crop, it should be taken 15 cm depth. 
 If you want to take sample for gardening, then it should be taken up to 60 cm depth. 
 Send the sample to the sample laboratory about 15-20 days before sowing. 

 
Sampling method: - Farmers can use Auger, Khurpi, Kudal to sample the soil. Samples are taken from around 
5 locations from all over the field. Normally one sample is taken from the four corners and one sample is 
taken from the centre. The grass pallet present on the upper breast is removed before sampling. If there is a 
tree in the field, a sample is taken, leaving a circumference of 10 feet. For sampling, make a pitcher of the 
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letter V-shaped at the appropriate place and make a pit of 1.5 cm from it in such a way that the soil can be 
lifted uniformly from top to bottom. In this way, taking soil from five places and mixing it well, about half of 
the forts are taken from it. This represents the entire farm 1.80 m deep pit should be dug for sampling for 
gardening. It is marked on 15, 30, 60, 90, 120, 150 and 180 cm. Each depth should be sampled separately. 
The name of the farmer on the envelope, father's name, fort no., Murabba no., Depth of soilsample etc. and 
send the sample to the laboratory. 
 

Advantages of soil investigation: - 
1. Nutrient requirements for soil are known. 
2. The requirement of chemical fertilizer is low, as per soil analysis. 
3. Soil pollution is reduced due to proper use of fertilizers. 
4. Saves time. 
5. The soil friendly insects, bacteria and earthworms are not affected. 
 
Soil Testing Laboratories: - Farmers can send samples to the following places for soil testing. 
1. Soil Science Department, CCS HAU,Hisar. 
2. KrishiVigyan Kendra, Karnal. 
3. Center for Agricultural Sciences, Sirsa. 
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Single Use Plastics (SUPs) and its impact on environment  
Article id: 22257 
Ritika Joshi1 and Ashish Khandelwal2 

1Punjab Agricultural University, Ludhiana, Punjab 
2Indian Agricultural Research Institute, ICAR, New Delhi 
 
Large amounts of single-use plastics are improperly discarded in dumpsites, in the environment, or burned 
out of necessity as cooking fuel, especially in countries with inadequate waste management systems and 
limited public awareness. Only a small percentage is disposed of properly in sanitary landfills, and an even 
smaller portion is recycled. Transitioning to more eco-friendly alternatives can be a lengthy process. In the 
meantime, strengthening circular thinking and waste management systems can successfully help in 
reducing plastics pollution. 
 

Plastic isn’t the problem. Problem is what we do with it. It becomes an important asset for human life and 
used in many forms. It plays a vital role in safe storage of food and food products, saves countless of lives in 
health sector and provide benefits in many other fields. There is no need to blame the material. It is our 
misuse of the material as consumers, the ineffective recycling policies, lack of infrastructure and 
inappropriate waste management strategies are to be blamed. But the negative impacts of plastic use (due 
to our mismanaged strategies) on environment, marine life and our health cannot be overlooked. The 
plastics are usually non-biodegradable and remain as waste in the environment for a very long time, thereby 
posing risks to human and marine life as well as the environment. As per reports on the status of India, only 
60 per cent of this waste even gets recycled. Most of this waste is generated in Asia, while America, Japan 
and the European Union are the world’s largest producers of plastic packaging waste per capita (UNEP, 
2018) and Bangladesh was the first country to ban plastic bags in 2002. According to UNEP, Only nine per 
cent of the nine billion tones of plastic the world has ever produced has been recycled. So, there is a urgent 
need to shift from high waste generated to high waste recycled country. 

What is SUPs: Plastics is a kind of organic polymer, which has molecules containing long carbon chains as 
their backbones with repeating units created through a process of polymerization (Koushal et. al, 2014). 
Also, additives are usually added when manufacturing of commercial plastics is carried on, in order to 
improve the strength, durability or grant the plastic specific characteristics. SUPs are used only once before 
they are thrown away or recycled. These include plastic bags, cups, plates, aerated drinks' bottles, straws, 
stirrers, take-away food containers, processed food packers and wrappers. Of these, foamed products such 
as disposable cutlery, plates and glasses are considered the most dangerous to the environment. Much of 
the plastic we produce is designed to be thrown away after being used only once. As a result, plastic 
packaging accounts for nearly half of all plastic waste globally, and much of it is thrown away within just a 
few minutes of its first use. Much plastic may be single-use, but that does not mean it is easily disposable. 
When discarded in landfills or in the environment, plastic can take up to a thousand years to decompose. So, 
recycling of SUPs is an important problem for safe disposal of SUPs. 
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Impact on environment: SUPs are main environmental and health problem causing plastics particularly in 
the urban areas and it is one of the major toxic pollutants of present time. SUP bags are widely used because 
they are strong, cheap and hygienic ways to transport goods and one of the main sources of plastic waste in 
our country. SUPs are composed of non biodegradable substances with toxic chemicals which pollute earth 
and lead to air and water pollution. Disposing of SUPs by burning in open releases harmful gases like furan 
and dioxin and in some places, it is often burned for heat or cooking, exposing people to toxic emissions and 
leads to environmental pollution. Carcinogenic, neurotoxin, and hormone-disruptive chemicals are standard 
ingredients and waste products of plastic production, and they can take up thousands of years to 
decompose and ultimately find their way into our ecology through water, land, and air pollution. Some of 
the major compounds include vinyl chloride, dioxins, benzene, formaldehyde, and bisphenol-A. Many of 
these are persistent organic pollutants (POPs), some of the most damaging toxins on the planet, owing to a 
combination of their persistence in the environment and their high levels of toxicity; however, their 
unmitigated release into the environment affects all terrestrial and aquatic life with which they come into 
contact. Studies suggest that plastic bags and containers made of expanded polystyrene foam (commonly 
referred to as “Styrofoam”) and they slowly break down into smaller fragments known as micro plastics. 
When plastic breaks down into micro plastic particles, it becomes even more difficult to detect and remove 
from the open oceans and if ingested by fish or other marine life, can enter our food chain. Plastic bags in 
the ocean looks like jellyfish, ingested by turtles and dolphins and these bags blockage the breathing 
passages and stomachs of hundreds of different species. Biodiversity loss and food chain contamination are 
the major negative impact of SUPs.  
 
Standard guidelines for SUPs: These guidelines are issued by Ministry of Environment, Forest and Climate 
change, Government of India. 
1) Improve waste management systems: Promotion of eco-friendly alternative and prohibition on SUPs 

can effectively counter some of the challenges. Better and effective segregation of plastics from source 
materials is the first step in waste management. Safe storage and transport system should be 
standardized. Focus should also be placed on improving collection and transportation infrastructure and 
ensuring segregated waste is collected. Ultimate aim should be more recycling and less land filling and 
dumping in the environment. 

2) Promotion of eco-friendly alternatives to minimize use of SUPs: Techniques helps in recycling of SUPs 
and development of eco-friendly alternatives should be promoted by government. The Ministry of 
Environment, Forest and Climate Change, through a central sector scheme titled ‘Creation of 
Management Structure for Hazardous Substances’ provides financial assistance for innovative 
technologies and novel treatment options for different waste streams. 
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3) Awareness among consumers regarding environment: Raise public awareness about the harm caused 
by single-used plastics. Clearly explain the decision and any punitive measures that will follow. Events 
organized by government should be free of SUPs. Create awareness through radio/Tv talks, news 
channel debates, campaigns should be organized by state government. 

4) Action by Government Officials: Following actions should be taken by government officials: a) All govt. 
offices should be declared single-use plastic free by banning single-use plastic items like plastic bags, 
plastic/thermocol disposal cutlery including cups/glass, bowls, glasses, forks, spoons etc. b) All govt. 
offices shall discouraged to use plastic products including, Artificial flowers, banners, flags, flower pots. 

5) Extended Producer Responsibility (EPR): The Ministry of Environment, Forest and Climate Change, is 
currently formulating a national framework for implementing EPR under rule 9 of Plastic Waste 
Management Rules, 2016.Under the proposed framework, modalities will be fixed for producers/brand 
owners and importers of plastic products for implementing the EPR framework. Certain SUP products 
including PET/PETE bottles used for packaging beverages including water may not require prohibitive 
action and will come under the ambit of recycling/processing channels under EPR. 
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Tillage for Weed Control 
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 Tillage is a cultural practice done for making the soil physical condition suitable for crop establishment 
and growth but some tillage practices can be used to control the weeds. Tillage is a very strong factor in 
controlling the kind and intensity of weed flora present in different soils. The mostly helpful and widely used 
tillage practices for weed control are following:- 

1] Summer tillage: 
 The practice of summer tillage adopted by our forefathers had declined in recent past. This has also 
happened in response to increased cropping intensities adopted by the farmers after the expansion of irrigation 
facilities in the country. 

Summer tillage mainly include ploughing which results in desiccation of rhizomes, tubers and roots of 
perennial weeds leading to loss of their vigour and even complete killing initial tillage of the field in summer for 
these purpose should encourage clod formation. These clods upon desiccation drying desiccates the weed 
propagules. 

2] Stale seed bed: 
 A stale seed bed is one culture the initial 1-2 flushes of weed are destroyed before the planting of crop. 
This is achieved by soaking a well prepare field with either irrigation or allowing the weeds to germinate. At this 
stage a shallow tillage may be used to destroy the young flush of weeds seedlings. This may be followed 
immediately by sowing the desired crop. This technique allows to germinate the crop into almost weed free 
environment. Spike toothed harrow is very useful implement for destroying the emerging weeds during the 
preparation of seed bed. 
3] Intercultivation: 
 Or inter row tillage is largely conducted to remove the weeds in between the crop rows. But there are 
two serious limitations with intercultivation as physical method of weed control, a) Not workable when the field 
is either too wet or dry. b) Intercultivation cuts the surface roots of crop during the operation which may give a 
setback to crop. 
1) Hand weeding:- 
 Pulling out weeds by hand or uprooting weeds by using small hand tool is known as hand weeding. It is an 
effective method of weed control for most of the weeds. But is a time consuming and back breaking operation 
and may not be economical where labour is expensive. 
2) Hoeing:- 
 In this tillage operation entire layer of soil is dug to shallow depth with the help of different hoes and 
weeds are uprooted and removed. This method is generally adopted in irrigated upland crops. This controls 
weeds as well as improves physical condition of soil by facilating aeration and affects yield positively. 
3) Earthing up:- 
 In earthing up soil is pushed near the ridges and support is provided to the roots of crops like sugarcane, 
turmeric, ginger etc. This distributes the top layer of soil and uproots and buries weeds and help in irradiation of 
weeds.  
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Spectral monitoring 
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Climate change and global warming has become a worldwide concern over the past few years. It has 
resulted in increasing biotic and abiotic stress in plant especially disease, insect pest, water stress, nutrient 
stress, drought are the factors that reduce crop yield. Spectral monitoring mitigates these stresses by 
advanced prediction. Spectral monitoring in crop production are becoming popular due to increased 
pollution of surface and ground water due to over fertilization of agricultural lands and the need to 
compensate for spatial variability in a field. Crop monitoring and yield forecasting play a major role in 
anticipating supply anomalies. It allows well-informed timely policy action and market adjustment, 
preventing food crises and market disruptions. Reducing market speculation and contributing to overall 
increased food security. Spectral monitoring is a technique in which radiation from sun or artificial source 
falls on plant and reflected radition from plant is received by the sensor, which indicates the status of plant. 

Spectral signature / reflectance:  Difference in the reflectance/emittance characteristics with respect to 
wavelengths. Each object has a unique reflectance. Reflectance is of two types:  

 Specular reflectance 

 Diffused reflectance 

Spectral signature of crop depends on: 
 Pigmentation  
 Nutritional status  
 Leaf architecture and leaf area index 
 Internal structure of leaves 
 Water content of leaves 
 Crop stages 
 Infestation by pests and disease  

 

Fig: 1 Reflectance pattern from green plant 
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Spectral Reflectance characteristics of green plants   
• Crop plants absorb most of the visible radiations  (400-700nm)  
• Highest absorption occurs at blue  (400-500 nm) and red (600-700nm)  
• In the visible radiations, green light is reflected to greater extent  
• Healthy crop plants reflect more in IR range than most of other objects (900-1300 nm) due to the 

internal structure of leaves  
• Water content of the leaves affect reflectance at near and mid IR 
• Reflection of IR decrease due to loss of vigor, pest and disease and stress 
• Spectral reflectance is only 10-15 % in green band, Spectral reflectance is 40-60 % in IR band   

 
Need of spectral reflectance  

• Chlorophyll concentration in plant 
• Emergence of crop 
• Growth and yield assessment 
• Leaf pigmentation concentration 
• N,P,K recommendation in different crops 
• Determination of crop water stress and soil moisture 
• Leaf area index 
• Leaf water content and specific leaf weight  
• Assessing damage by insect disease and weed 
• Kernel hardness measurement in maize 
• Photosynthesis 

Indices used for crop studies  
1. Ratio Vegetation Indices  
2. Normalized Difference Vegetation Index (NDVI)  
3. Transformed Vegetation Index (TVI) = √NDVI+0.5    
4. Perpendicular Vegetation Index  
5. Differential vegetation Index (DVI)  
6. Green vegetation Index (GVI)  

Limitations under spectral monitoring of data 
• Collection of data under abnormal weather conditions is difficult 
• Sunny conditions required for spectral monitoring  
• Small farm size 
• Heterogeneity of cropping system 
• Market imperfection  
• Higher initial investment  
• Knowledge and technology   
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CONCLUSION 
Spectral monitoring is a technology being adapted for efficient utilization of resources to get good results. It 
is a specific technology and its application can help us in various purposes like monitoring the growth of 
crops, monitoring weather and detecting disease and pest infestation which helps the farmers in saving their 
crops through prior intimation of adverse conditions. However, technologies have their limitations. Spectral 
monitoring is a difficult task in India due to the small land areas of maximum farmers with undulated 
topography. Also, the weather is unpredictable giving a meagre chance to the farmers to avail these 
techniques. 
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Advances in Plant breeding through CRISPR/Cas9 
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INTRODUCTION 
Genetic alteration of crops is now emerging as one of the indispensable technologies for constant food 
supply in the world. Improvements in genome editing knowledge such as zinc finger nucleases (ZFNs) and 
transcription activator-like effector nucleases (TALENs) has made scientists to target specific gene of 
interest. These technologies are expensive and time-consuming with complicated steps requiring protein 
engineering. Contrast to above mentioned, CRISPR/Cas genome editing requiressimple designing and cloning 
methods.The CRISPR/Cas system is an immune system in bacteria that purposes to eliminate virus 
RNAs/DNAs and exogenous plasmids that invade bacterial cells. The CRISPR/Cas system comprises of RNA-
guided nucleases (RGNs) and a noncoding guide RNA that identifies the target DNA sequence. Prokaryote 
genomecontains repeated sequences called CRISPR (Clustered Regularly Interspaced Palindromic Repeats) 
arrays, which are separated into spacer sequences. These sequences are known to be highly polymorphic, 
and are consistent with the corresponding sequences of virus and plasmids. Upon infection by phages, 
bacteria integrate part of the phage genome into the spacer sequence in a CRISPR array, i.e. some part of 
the phage genome is acquired as a spacer sequence in the bacterial genome. The spacer sequence functions 
as a guide RNA for the RGNs of the bacteria. 

CRISPR/CAS9 
Based on their functions and its mechanism of action CRISPR/Cas has been divided into 5 different types i.e. 
TypeI, II, III, V, and VI (Mohanraju et al., 2016).Type II CRISPR/Cas9 and type V CRISPR/Cpf1 systems have 
been proved useful as genome-editing tools, althoughCRISPR/Cas9 is more widely used as a genome-editing 
tool in wide-rangingorganisms. The CRISPR/Cas9 systems are present in various bacteria and archaea species 
and arewell characterized in Streptococcus and Staphylococcus (Doudna and Charpentier, 2014).In the 
CRISPR/Cas9 system, Cas9 is a single-component RGN with an artificially designed guide RNA.The Cas9 
protein is a triplicate with crRNA and noncoding RNA called transactivatingcrRNA (tracrRNA), which has a 
stem-loop structure and a sequence complementary to that of crRNA(Jinek et al., 2012). Also crRNA and 
tracrRNA can function as chimeric single-guide RNA (sgRNA)—a fusion of crRNA and tracrRNA.These 
triplicate comprising of Cas9-crRNA-tracrRNA, binds to the target DNA through a sequence called the 
protospacer adjacent motif (PAM). Cas9 protein identifies the target DNA harboring PAM sequence. Then, 
the Cas9 and sgRNA complex recognizes the target, which matches spacer sequence. After the sequence 
recognition, the DNA double-strand break at the target site is produced by HNH domain and RuvC domain of 
Cas9(Fig. 1). Cas9is potentially available for use with different guide RNAs targeting multiple sites in the 
genome. 
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Fig 1: Genome editing with CRISPR/Cas9. 
 
Molecular plant breeding with Crispr/Cas9 
The earliest examples of genome editing using CRISPR/Cas9 for genome modification was observed in 
arabidopsis, rice, and tobacco (Li et al., 2013; Nekrasov et al., 2013; Shan et al., 2013).It is now carried out in 
a wide variety of crops. To apply CRISPR/Cas9 to plant breeding, development of CRISPR/Cas9 delivery 
systems adapted to plant cells is necessary. Introduction of Cas9 and sgRNA genes into crop cells can be 
done either with (1) Agrobacterium-mediated transformation, (2) PEG-based transformation method, (3) 
Particle gun method. However, particle gun method is widely used for genome editing since it can introduce 
various molecules autonomously on plant species. 
 
 
Table 1: Comparison of Gene Delivery Methods in Plants 

 

 

 

 

 

 

Plasmid vector based genome editing 
In the plasmid-based CRISPR/Cas9 vector, monitoringthe expression of the Cas9 and sgRNA genes is 
important. For expression of the sgRNA, RNA polymerase III promoter andU6 promoter, is generally used in 
CRISPR/Cas9 vectors. The U6 promoter is known to be present in wide variety of plant tissues. Though U6 
promoter derived from Arabidopsis are widely used and works efficiently for genome editing in apple, 
potato, soybean, tobacco, and tomato, endogenous U6 promoters cloned from the crop of interest have 

 Advantages Disadvantages 

Agrobacterium -Applicable to a wide variety of 
species 
-Stable expression 

-Requires customization to each plant variety 
-Legal issues 

PEG -Delivery of protein, RNPs, and 
plasmids 

Technically challenging tissue regeneration 

Particle gun -Independent of plant species -Laborious screening of trans formants 
-Random integration of DNA 
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been proved useful for efficient genome editing (Sun et al., 2015).Lately, an approach using plant virus 
vectors have been taken to affect genome editing, for instance, the geminivirus vector system using DNA 
virus vectors (Zaidi and Mansoor, 2017). Abenefitof using geminivirus vector system is that the delivered 
DNA is amplified by the geminivirus replicon to produce strong expression of the CRISPR/Cas9 system. 

Genetic diversity from uncultured species Using CRISPR/Cas9 
In order to generate crops with novel properties, it could be highly beneficial to open up the enormous 
genetic diversity present in wild species by rapid domestication using genome editing. 

For domestication, different crops have been selected based on traits such as favourable plant 
architecture and simultaneous flowering for simple harvest or large fruits for high yield. Our knowledge of 
genetic basis of these domestication traits is growing steadily and an increasing number of domestication 
genes have been identified. Using CRISPR these genes can be targeted and the domestication process can be 
accelerated dramatically. For example, Zsögön et al., 2018 reported de-novo domestication of the ancestral 
tomato relative Solanumpimpinellifolium, which reveals a high degree of stress-tolerance. They used a 
multiplex CRISPR/Cas9 approach for simultaneous functional disruption of six domestication genes involved 
in plant architecture, yield components and nutritional quality. Similarly Li et al., 2018 reported a similar 
approach for de-novo domestication of four wild tomato accessions each offering genetic diversities for 
resistance against specific stress conditions like bacterial spot disease or salt stress. Using the multiplex 
capability of CRISPR, they simultaneously edited 4 target sites involved in plant architecture (SP; SELF 
PRUNING), flowering time (SP5G; SELF PRUNING 5G) and fruit size (SlCLV3; CLAVATA3 and SlWUS; 
WUSCHEL), in all four accessions (Fig. 2). The completely edited plants showed earlier and synchronized 
flowering, determinate growth architecture and increased fruit size, while retaining their original stress 
resistance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2: De-novo domestication of tomato by CRISPR/Cas9-mediated multiplex editing (Li et al. 2013). 
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Application of CRISPR/Cas9 approach in plants: 
In 2013, CRISPR was demonstrated on rice, wheat, and maize wheareas, in 2014, the technique was applied 
to tomato, soybean, and citrus. It was adopted in cotton and potato during 2015 followed by watermelon, 
grapes, and alfalfa in 2016. CRIPSR/Cas was also applied to cassava, ipomoea, and legumes during 2017. It is 
also applied to carrot, cacao, salvia, and lettuce during 2018 and many more crops yet to be reported. 
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Climate change is caused by the release of greenhouse gases in the atmosphere. Climate change will impact 
many activities, but its effects on agricultural production could be acute. Estimates of annual damages in 
agriculture due to temperature increase or extended periods of drought will be more costly than damages in 
other activities. Yield losses are caused both by direct effects of climate change on crops and by indirect 
effects such as increased inputs in crop production for weed control. One possible solution to counteract the 
effects of climate change is to seek crop cultivars that are adapted to highly variable, extreme climatic 
conditions and pest changes. Here we review the effects of climate change on crop cultivars and weeds. 
Biomass increase will augment marketable yield by 8–70 % for C3 cereals, by 20–44 % for cash and vegetable 
crops, and by 6–35 % for flowers. Such positive effects could however be reduced by decreasing water and 
nutrient availability. Rising temperature will decrease yields of temperature-sensitive crops such as maize, 
soybean, wheat, and cotton or specialty crops such as almonds, grapes, berries, citrus, or stone fruits. Rice, 
which is expected to yield better under increased CO2, will suffer serious yield losses under high 
temperatures. Drought stress should decrease the production of tomato, soybean, maize, and cotton. 
Nevertheless, reviews on C4 photosynthesis response to water stress in interaction with CO2 concentration 
reveal that elevated CO2 concentration lessens the deleterious effect of drought on plant productivity. C3 
weeds respond more strongly than C4 types to CO2 increases through biomass and leaf area increases. The 
positive response of C3 crops to elevated CO2 may make C4 weeds less competitive for C3 crops, whereas C3 
weeds in C4 or C3 crops could become a problem, particularly in tropical regions. Temperature increases will 
mainly affect the distribution of weeds, particularly C4 type, by expanding their geographical range. This will 
enhance further yield losses and will affect weed management systems negatively. In addition, the 
expansion of invasive weed species such as itch grass, cogon grass, and witchweed facilitated by 
temperature increases will increase the cost for their control. Selection of cultivars that secure high yields 
under climate change but also by competing weeds is of major importance. Traits related with (a) increased 
root/shoot ratio, (b) vernalization periods, (c) maturity, (d) regulation of node formation and/or internode 
distance, (e) harvest index variations, and (f) allelopathy merit further investigation. The cumulative effects 
of selecting a suitable stress tolerator-competitor cultivar will be reflected in reductions of environmental 
pollution, lower production costs, and sustainable food production. 

Environmental factors that affect herbicide activity. 

 
1. Light  
 Light is one of the most important environmental factors that influences plant growth and development. 
Variation in light intensities changes the anatomy, morphology, and growth of plants, which further affects 
herbicide performance. Light is the source of energy for photosynthesis, and the rate of photosynthesis 
determines the rate of phloem translocation of assimilates. Net photosynthetic rate typically increases with 
light intensity, and higher photosynthesis and subsequent phloem translocation will increase the movement 
of foliar-applied systemic herbicides; for example, the efficacy of clethodim and tralkoxydim was reduced in 
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ultraviolet light, which indicates that spraying these grass herbicides later in the day when light intensity is 
higher may improve their efficacy. 
 
2. Carbon Dioxide  
The importance of CO2 influence on herbicide efficacy has come to our attention in recent years as a result 
of the steady rise in atmospheric CO2 since the industrial revolution. High CO2 concentrations in the 
atmosphere are likely to have pronounced effects on weed biology, consequently altering herbicide 
performance on weeds. One of the most prominent effects of elevated CO2 levels is the reduction in 
stomatal conductance, which could increase up to 50% in some plants. Reduced stomatal conductance can 
alter the efficacy of both foliar- and soil-applied herbicides. 
 
3.Temperature   
Temperature has both direct and indirect effects on herbicide efficacy. Temperature has complex effects on 
plant growth and development. Photosynthesis, phloem translocation, respiration, and protoplasmic 
streaming are some temperature-dependent physiological processes. Changes in the rate of these processes 
will indirectly affect herbicide penetration and translocation. Germination, seedling growth rate, and leaf 
anatomy (leaf area, leaf shape, and cuticle development) can be influenced by air and soil temperature, 
which, in turn, determine the time when plants are most susceptible to herbicides.  
 
4. Relative Humidity 
 Relative humidity primarily influences the activity of foliar-applied herbicides through its effects on 
herbicide uptake. Relative humidity could influence the efficacy of foliar-applied herbicides through 
interactions between the herbicide droplet, leaf cuticle, and availability of water in or around droplets. Both 
air temperature and relative humidity influence transpirational flow, thus, affecting chemical absorption and 
movement. High temperature and low humidity increase evaporation, which, in turn, reduces droplet size 
and increases herbicide drift. At high humidity, however, the effects of high temperature on droplet drying is 
reduced due to increased leaf retention time, hence increased herbicide absorption.  
 
5. Precipitation and Soil Moisture 
 Precipitation can directly influence herbicide uptake by washing the spray droplets off leaf surfaces or by 
diluting the herbicide to a less-effective form. This effect is more pronounced if precipitation occurs shortly 
after herbicide application. Herbicide applications are generally not recommended immediately after rainfall 
because wet leaf surfaces have a higher tendency to bounce off the spray droplets. The intensity and 
duration of precipitation determine the rain fastness of the herbicide.  
 
6.Wind  
 Wind may have a less pronounced influence on herbicide performance. Nonetheless, windy 
conditions can interfere with surface application and cause spray drift, thereby reducing spray application 
efficiency. Wind reduces herbicide retention by moving spray off and away from 
plantsandparticularlyaffectsdepositionofsmallerdropletsontheleafsurface.  
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CONCLUSION 
Global climate change factors have serious implications for not only crop growth and productivity but also 
herbicide performance and the effectiveness of chemical weed management. The steady rise in atmospheric 
CO2 concentrations and its potential effects on other climate variables such as temperature, precipitation, 
relative humidity, and radiation may have important consequences for sustainable weed control and crop 
production. The studies reviewed here suggest that any positive impact of climate change on crop growth 
may be nullified by higher responses from weeds. Weeds tend to show better survival mechanisms under 
changing climate because of their greater interspecific genetic variation and physiological plasticity. 
Furthermore, herbicide properties are significantly influenced by environmental conditions before, during, 
and after application. Current weed management strategies that rely heavily on herbicide usage may have 
altered effects on these aggressively growing weeds in future climatic conditions. 
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Flagship species are the species, chosen to represent an environmental cause, such as an ecosystem in 
need of conservation. Moreover, these species are chosen for their vulnerability, attractiveness or 
distinctiveness in order to engender support and acknowledgement from the public at large. It can also be 
used as an important biodiversity conservation tool in the conservation of a significant number of other 
species across a wide array of taxonomic groups, and in functioning natural systems. An action plan for 
building public support for flagship species is the need of the hour for conserving the biodiversity. 
 
INTRODUCTION 
Species are the fundamental building blocks of nature and ecology. Without the continued survival of many 
of their number, the goals of ecosystem and biosphere management are unattainable. As of now, there are 
a total of 34 world biodiversity hotspots. These biodiversity hotspots cover just 2.1 per cent of the Earth’s 
land area which are home for half of its plant species. 

All human beings are dependant on biodiversity for their wellbeing. People living in poor economic 
conditions are particularly vulnerable to biodiversity loss as they depend on primary food and fuel sources 
for their livelihoods. The increasing loss of biodiversity due to anthropogenic causes represents an 
irreversible depletion of genetic material upon which evolutionary potential can work in future. Hence, 
extinctions arising from man’s influence are the events that the conservation movement aims to prevent. 

Flagship species are an important conservation tool because they can be used to reach out to the 
general public and raise funds (Bowen-Jones and Entwistle, 2002). The conservation of a flagship species ‘in 
situ’ will result in the conservation of a significant number of other species also (Dietz and Nagagata, 1994). 
An approach is needed that can attract funds to land outside the protected areas system and find flagship 
species with a broad appeal. A national bird, mammal, plants or flower is an institutionalized example of the 
flagship species concept. 
Environmental organizations employ flagship species for public campaigns, distinguishing them from 
keystone and indicator species. While the other three terms for species of special conservation concern are 
based on concepts that require considerable biological and ecological understanding. Flagship species are 
most effective when information from market research is available and moreover, what the public thinks of 
it and how much they like, appreciate, or approve the species. 

Important flagship species of the world 
Flagship species based biodiversity conservation is one of the main conservation strategy evolved in the mid-
1980’s in Brazil. Since then many such conservation programme were planned and executed successfully 
around the globe. Some of the important flagship species of the world have been mentioned in Table 1. 
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Table 1: Some important flagship species of the world 

Name of species Country Status Economic, 
ecological, 
cultural or 
religious value 

Purpose References 

Dalbergia melanoxylon 
(African black wood) 

Tanzania Endemic. 
8,500 species 
of plants 
(54% 
endemic) 

Excellent and 
expensive 
timber.  

Conservation 
of habitat 

Ball, 2004 

Elephas maximus (Asian 
Elephant) 

India 
(Western 
Ghats) 

Number of 
individuals: 
45,000 (wild)  

Cultural symbol 
of the people of 
South and 
Southeast Asia 

Conservation 
of elephant 
habitat 

Venkataram
an et al., 
2002 

Macaca silenus (Lion-
tailed Macaque) 

Southern 
India 

Number of 
individuals: 
3,000 – 5,000 
(wild) 

Effective seed 
disperser and 
can maintain 
tree diversity 

Habitat 
conservation 

Singh et al., 
2009 

Lagothrix lagotricha 
(Woolly monkey) 

Columbian 
Amazon 

Endemic.  
81 primate 
species (25 – 
40% 
frugivorous) 

Effective seed 
disperser and 
can maintain 
tree diversity 

Habitat 
conservation 

Maldonado, 
2005 

Leontopithecus 
chrysomeles (Golden-
headed lion tamarins) 

Brazil Number of 
individuals: 
850 – 3,100 
(wild) 

Effective seed 
disperser and 
can maintain 
tree diversity 

Ecosystem 
conservation 

Mittermeier
, 1986 

Dipterocarpus indicus, 
Dysoxylum malabaricum, 
Calophyllum apetalum, 
Saraca asoca, Vateria 
indica, Artocarpus 
hirsutus, Hopea 
parviflora, Diospyros 
paniculata and 
Palaquium ellipticum 

India 
(Western 
Ghats) 

Endemic 
 

Excellent 
expensive 
timber 

Habitat 
conservation 

Sarkar et al., 
2011; 
Sarkar et al., 
2012; 
Hegde et 
al., 2012 
 

 
Protected areas in the habitats of the flagship species 
The conservation of one flagship species will leads to the conservation of entire ecosystems and all species 
contained therein and thereby conservation of large protected areas. Some of the important protected 
areas of the world in the habitats of the flagship species are tabulated in Table 2. 
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Table 2: Protected areas in the habitats of the flagship species (NEASPEC, 2007) 

Flagship 
species 

Country Name of protected 
area 

Purpose Area (ha) 

Amur tiger China Jilin Hunchun 
Nature Reserve 

Protection of habitat for the 
north-east tiger, Amur leopard 
and migratory birds 

1,08,700 

Snow 
leopard 

China Sichuan 
Fengtongzhai 
Nature Reserve 

Protection of giant panda and 
forest ecosystems 

39,039 

White naped 
crane 

China Heilongjiang 
Zhanlong  Nature 
Reserve 

Protection of rare birds (Grus 
japonensis) and wetlands 
ecosystem in temperate zone 

2,10,000 

Amur tiger Democratic 
People’s 
Republic of 
Korea 

Mt. Paektu 
Biosphere Reserves 

To protect variety of species 
composition of mammalian 
and sufficient resource 
amount 

1,32,000 

Amur tiger, 
Amur 
leopard 

Democratic 
People’s 
Republic of 
Korea 

Mt. Oga Natural 
Reserves 

To preserve the ecological 
system. To provide good 
conditions of habitation to 
seasonal birds 

6,000 

Black faced 
spoonbill 

Democratic 
People’s 
Republic of 
Korea 

Mt. Kuwol 
Biosphere Reserve 

To protect the old typical 
forest ecosystem 

52,715 

Black faced 
spoonbill, 
Hooded 
crane 

Japan The Estuary of the 
Zuibaiji River and 
Hakata Bay 

To protect habitats of water 
birds 

26,708 

Snow 
leopard 

Mongolia Great Gobi Strictly 
Protected Areas, 
Part A and B  

Conservation of Great Gobi 
ecosystem and endangered 
wildlife such as Wild camel, 
Gobi bear 

53,11,730 

White 
napped 
crane, 
Hooded 
crane 

Mongolia Nomrog Conservation of grassland 3,11,205 

Black faced 
spoonbill 

Republic of 
Korea 

Kangwha Tidalflats To improve their habitat 3,70,660 

White 
napped 
crane 

Russian 
Federation 

Far East State 
Marine Reserve 

Protection of Migratory/sea 
bird colonies  and habitat 

64,360 
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Role of flagship species 
The major roles of flagship species are being described hereunder: 
a) The effectiveness of using flagship species that people feel emotional about to help raise funds for species 

(through donations and tourism) and habitat conservation (Ginsberg, 2001). 
b) Critically endangered flagship species should not be cast aside as they definitely have a role to play in 

raising awareness. 
c) Many government and independent organizations welcome flagship species as they have the potential to 

result in the protection of whole habitats. 
d) It is a driver of cash income. 
e) It has important role in strengthening local governance. 
f) It also helps in improving social well-being. 

Criteria for selection of effective flagship species 
Bowen-Jones and Entwistle (2002) presented detailed suggestions on how to identify flagship species and 
suggested ten criteria that need to be considered, out of which, two are focused on biological characteristics 
and other eight criteria deal with qualities that involve socio-cultural relations between the species and the 
society in question. In another study, Sarkar et al. (2012) had suggested different criteria for identification of 
flagship species like species endemism, RET status, uses, distribution and management interests with 
weightage followed by scoring of the plant species.  
 
Generally, criteria for selection are based on the following broad headings (Bowen-Jones and Entwistle, 
2002): 
i) Geographical location: Priority should be given to in situ conservation projects for those regions having 
high biological diversity or endemism. Moreover, the selected area should be relatively undisturbed. 
ii) Ecological characteristics: Any species that functions to reduce anthropogenic deforestation or that 
facilitates habitat recovery. The species selected as flagship one should posses maximum ecosystem value.  
iii) Potential for building public support: The selection of species should be based on public interest, having 
economic, cultural or religious values and also having the practical aspect of visibility in the forest. 
 
On can choose a flagship species that urgently needs conservation whose population size is less than 100; 
but choosing such a species for conservation measures posses certain merits and demerits, as mentioned 
hereunder: 
a) Merits: Selection of flagship species may facilitate secure funding, legislative intervention, press attention 
and other necessary resources. For example, critically endangered species such as “Northern spotted owl” 
have legal mandates for conservation in many countries. 
b) Demerits: The high value of each surviving animal favours a conservation strategy which can be designed 
around protecting individuals and not populations or communities. Moreover, there is also a risk of losing 
the flagship species before achieving higher priority objectives such as conservation of habitat.    
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CONCLUSION 
Conservation of biodiversity is a global concern. Flagship species can be used as an important biodiversity 
conservation tool in the conservation of a significant number of other species across a wide array of 
taxonomic groups, and in functioning natural systems. An action plan for building public support for flagship 
species is utmost needed for biodiversity conservation.  
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Wheat is a grass widely cultivated for its seed. It is one of the important rabicrop and cultivated all 

over the world. Globally, wheat is the leading source of vegetable protein in human food. It has higher 
protein content than other major cereals such as maize (corn) or rice. In terms of total production, it is 
second to rice as the main human food crop and ahead of maize. It was one of the first crops that could 
be easily cultivated on a large scale, and its seeds could be stored for long periods in a dry climate. 
With the application of high dose of inorganic fertilizer and improper agricultural practices the crop 
become susceptible to a large number of diseases. Diseases cause economic losses to crops by 
attacking the plant at many different places and stages in its growing cycle. Some will cause damage by 
interfering with water and mineral absorption from the soil (diseases of the roots and stem base), 
some will affect photosynthesis by killing the leaves of the plant (diseases of the foliage), some will 
impair translocation of sugars produced in the photosynthesis to the grain (systemic virus diseases) 
and yet others will completely destroy developing grains (disease of the head and kernel). The disease 
infestation is high when the crop is under high relative condition and at low temperature. The diseases 
of the wheat crop are illustratedbelow: 

 
1. Brown Rust: Puccinia  recondite 

Symptoms: 

• Small brown pustules develop on theleaf blades inarandom scatter distribution. 

• The postules are circular or slightly elliptical, smaller than those of stem rust, usually, do 
not coalesce, and contain masses of orange to orange-brownUrediospores. 

• Infection sites primarily are found on the upper surfaces of leaves and leaf sheaths and 
occasionally on the neck andawns. 

 
 

Management: 

• Mixed cropping with suitablecrops. 

• Avoid excess dose of nitrogenous fertilizers. 

• Spray Zineb at 2.5 kg/ha or Propioconazole @ 0.1%. 
 
 
2. Stem Rust: Puccinia  graministritici 

https://simple.wikipedia.org/wiki/Protein
https://simple.wikipedia.org/wiki/Maize
https://simple.wikipedia.org/wiki/Rice
https://en.wikipedia.org/wiki/Pustules
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Symptoms: 

• Pustules (containing masses of urediospores) are dark reddish brown – occur on both 
sides of the leaves, on the stems, and on thespikes 

• They most frequently occur on the leaf sheaths, but are also found on 
stems, leaves, glumes andawns 

• On leaf sheaths and glumes pustules rupture the epidermis, giving a 
raggedappearance. 

• Towards the end of the growing season black telia are produced. 

 
 

Management: 

• Mixed cropping and croprotation 

• Avoid excessnitrogen 

• Sulphur dusting @ 35-40kg/ha 

• Mancozeb @2g/lit 
 

3. Stripe Rust: Pucciniastriiformis 
Symptoms: 

• Appearance of yellow-colored stripes produced parallel along the venations of each leaf 
blade. 

• These yellow stripes are actually  characteristic  of urediniathat  produce  yellow  
coloredurediniospores. 

• Pustules also can be found on leaf sheaths, necks, and glumes. 

 
Management: 

• Mixed cropping and croprotation 

• Avoid excess“N” 

• Sulphur dusting @ 35-40kg/ha 

https://en.wikipedia.org/wiki/Plant_stem
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Glume
https://en.wikipedia.org/wiki/Awn_(botany)
https://en.wikipedia.org/wiki/Telium
https://en.wikipedia.org/wiki/Leaf#Venation
https://en.wikipedia.org/wiki/Uredinia
https://en.wikipedia.org/wiki/Urediniospore
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• Mancozeb @2g/lit 
 
4. Loose Smut: Ustilagonuda 

Symptoms: 
▪ The major symptom of loose smut is the "smutted" grain heads, which contain masses of black 

or brown spores where the grain would normally be. 
▪ The spores completely replace the grain head so that there is no grain to be harvestedon 

infectedplants. 
▪ Infected plants to grow slightly taller and mature slightly sooner than theuninfected 

plants in thefield. 

 
 
Management: 

▪ Treat the seed with Vitavax @ 2g/kg seed beforesowing. 
▪ Burry the infected ear heads in the soil so that secondary spread isavoided. 

 
5. Powdery mildew: Erysiphegraminis var.tritici 

Symptoms: 

• Greyish white powdery growth appears on the leaf, sheath, stem and floralparts. 

• Powdery growth later become black lesion and cause drying of leaves and otherparts. 

 
 

Management: 

• Spray Wettablesulphur 0.2% or Carbendazim @ 500g/ha. 
 
6. Flag Smut: Urocystisagropyri 

Symptoms: 
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• Symptoms can be seen on stem, clum and leaves from late seedling stage tomaturity. 

• The seedling infection leads to twisting and drooping of leaves followed bywithering. 

• Grey to grayish black sori occurs on leaf blade and sheath. The sorus contains 
black powdery mass ofspores. 

 
 

Management: 

• Resistant cultivars and croprotation 

• Seed treatment withCarboxin 

• Application of systemic fungicides early in the growing season and at low 
doses is effective at controlling thedisease 

 
7. Karnal Bunt: Tilletiaindica 

Symptoms: 

• Symptoms of Karnal bunt are often difficult to distinguish in the field due to the fact 
that incidence of infected kernels on a given head islow. 

• Following harvest, diseased kernels can be easily detected by visual inspection: a 
mass of black teliosporesreplaces a portion of the endosperm, and the pericarp may 
be intact or ruptured. 

• Diseased kernels give off a fetid or fishy odor whencrushed. 

 
 

Management: 

• Grow resistant verities. 

• Use disease free seeds. 

• Treat seeds with Agrosan GN or Ceresan or Vitavax @ 2-2.5 g/kg seed for eliminating 
aees borne infection. 

• Avoid excessive irrigation at the time of flowering.

https://wheat.pw.usda.gov/ggpages/wheatpests.html#def30
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INTRODUCTION 

Now-days, water scarcity is the major problem facing by the world irrespective of the 
geographic or continental locations. The demand for water for all needs including irrigation is growing 
continuously. Water scarcity is associated with many factors such as overexploitation, growing 
population, water pollution, excessive use of water resources, and more importantly lack of proper 
conservation measures. In India, it was estimated that there would be a gradual increase in total 
water demand from 22% by 2025 to 32% by 2050 (Amarasinghe et al., 2007). There is a steady decline 
in irrigation water potential conjugated with the ever-growing world population & improved 
economic activities among countries mainly located in arid and semi-arid regions of the world. As per 
the Central Water Commission, the requirement for water is drastically increasing at a constant rate, 
but the availability of freshwater in future is declining even faster. In India, Agricultural irrigation 
practices seem to be responsible for 80% consumption of the available potable water. Also, there 
would be an increasing trend in the use of freshwater with the further intensification of agro-based 
industries. Due to the large geographical dimensions of the sub-continent and varied soil and farming 
practices, modern irrigation practices can still only serve to 40% of the grown crops. The remaining 
areas are far more susceptible to improper practices thus substantially lowering the effective and 
judicious use of available water for crops. 

Most of the farmers apply water directly to crops from the surface which is a problematic and 
flawed system as the plants can utilize only 50% of the provided water while the remaining is lost in 
conveyance, as runoff and by evaporation. Modern technologies like drip and sprinkler irrigation can 
effectively increase water use efficiency, thus reduce the wastage of irrigation water but their high 
initial costs, inadequate government subsidy and cooperation, lack of technical input and after-sales 
service, faulty equipment, damage due to pests and high costs of spares prohibit the farmers from 
opting these techniques. Most of the farmers in India are small and marginal farmers; thus net income 
from small farms makes farmers reluctant to adopt such water management practices in agriculture. 
Spatial diversification in soil characteristics, shortage of extensive land holdings and underprivileged 
conditions discourage farmers from taking advantageous and economical application of water-
conserving irrigation techniques, even in arid zones with distinct scarcity of water. Hence, there is a 
need for developing Super Absorbent Polymers that can increase water use efficiency and enhance 
crop yield. SAPs have created a very attractive area in the viewpoint of super-swelling behaviour, 
chemistry, and designing a variety of final applications (Ekebafe et al., 2011).In general, Super 
Absorbent Polymers are small sugar-like hygroscopic crystals that can be directly added to cultivation 
soils which are predominantly used for improving irrigation efficiency. 
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Hydrogel 
Hydrogels are cross-linked polymers, having capacity to absorb large quantities of water 

without dissolving in water. Hydrogel polymer can absorb water is quite a hundred times its original 
weight within a short time and desorb the absorbed water under stress condition ( Zhang et al., 2006). 
As the volume of hydrogel reduces by releasing water to the plant, hydrogel creates at intervals the 
soil, free pore volume providing further space for air and water infiltration, storage and root growth 
(Milani et al., 2017). Hydrogel gains water absorption capacity from the hydrophilic functional groups 
attached to the polymer backbone while their resistance to dissolution arises from cross-links 
between network chains. 
 

 
Fig. 1 Hydrogel 

 
Functions of Hydrogel in Agriculture 

Hydrogel Agricultural Technology uses gel-forming polymers that are insoluble water-
absorbing polymers designed exclusively for agricultural use by the late 1980s. Agricultural hydrogels 
when they come in contact with water, they swell to many times their original size and hence they are  
referred to as water retention granules. The use of hydrogel in the agricultural sector is gaining 
acceptance from scientist, hydrogel provided solutions for the shortage in freshwater for agriculture 
which is to increase soil and water productivity without destroying the environment and the natural 
resources. Hydrogel polymers influence the soil permeability, density, structure, texture, and 
evaporation and infiltration rates of water through the soils. Hydrogel releases water and nutrient to 
the plants when the soil surrounding the root zone of plants starts to dry up and requires fertilizers. 
Polymer hydrogel slow-release acts as carriers of nutrients in the ground and considered as a 
fundamental approach for improving fertilizers efficiency through reducing the nutrient losses by 
leaching, reducing the cost, and decrease pollution for the environment; hydrogels are very useful in 
agriculture as they can retain water and avoid soil erosion. Application of hydrogel increases 
productivity in almost all the crops such as cereals, vegetables, oilseeds, flowers, spices, etc., in terms 
of crop yield and can also help to improve the quality of agricultural produce in terms of plant 
biomass, fruit and flower size and colour with improvement in hydro-physical and biological 
environment of the soil (Kalhapure et al., 2016, Choudhary et al., 2014). 
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Agricultural hydrogels were developed to improve the following physical properties of 

 Increasing water holding capacity, 

 Increasing water use efficiency, 

 Enhancing soil permeability and infiltration rate, 

 Reducing irrigation frequency, 

 To minimize compaction tendency, 

 To stop soil erosion, farm run-off & surface leaching and 

 To Increase plant performance, particularly in structure-less soils stressed with drought 
condition. 

In agricultural sector hydrogel polymer can be used as soil conditioners and carriers for slow-
release fertilizers and protecting agent, hydrogels may be applied by being mixed with the soil or by 
spraying on the soil surface (Abobatta 2018). 

Specific Applications of Hydrogel in Agriculture 
Applications of hydrogel specifically in agriculture in terms of proposed practices and their advantages 
are summarized below 

Conservation in Agricultural Lands 
Addition of hydrogel polymer can increase the water retention capacity of soil by 50-70% and 

can reduce soil bulk density by 8-10%. There is an upward trend in saturated water volumetric content 
of soil with increasing dose of hydrogel showing clear signs of increase in agricultural water use 
efficiency in arid and semi-arid regions which has positive impact on the net plant yield. Properties 
such as soil permeability, density, structure, texture, evaporation and infiltration rates of water are 
directly influenced by the Hydrogel. Water stress can cause premature leaf shedding, decreasing 
chlorophyll content, reduced seed yield, less fruit and flower yield per plant and hence using hydrogel 
can help to overcome these impacts caused by deficit irrigation. 

Drought Stress Reduction 
Drought stress can cause stunning height, decrease in leaf area and foliar matrix damage etc. 

due to the production of Oxygen radicals that result in increased lipid peroxidation and oxidative 
stress in the plants. Visible effects include Hydrogel can reduce drought impact on plants leading to 
reduced stress and oxygen radical formation which in turn provides scope for better growth and yield 
even in unfavourable climatic conditions. 
Enhanced Fertilizer Efficiency 

Application of fertilizers, herbicides and disinfectants are the significant constraints in the field 
of irrigation technology. Studies suggest the use of synthetic fertilizers can be significantly reduced 
when hydrogel agriculture is practiced without hindering with crop yield and nutritional value which is 
also more appropriate practice for sustainable agriculture in arid and semi-arid conditions and regions 
with similar ecological constraints. Moreover, potassium polyacrylate is safe and non-toxic thus 
prevents pollution of agroecosystems. 

Biodegradability of Hydrogel Polymer 
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Studies have confirmed that hydrogel is sensitive to the action of UV rays, and degrades into 
oligomers. The Polyacrylate becomes much more susceptible to aerobic and anaerobic microbiological 
degradation and can degrade at rates of 10-15% per year into water, carbon dioxide and nitrogen 
compounds. The hydrogel molecules are too voluminous to be absorbed into plant tissue and have 
zero bioaccumulation potential. 

Types of Hydrogel 
The following are the three polymers have been used so far and appropriate for agriculture use 

 Starch-graft copolymers 

 Cross-linked Polyacrylates 

 Cross-linked Polyacrylamides & Acrylamide-acrylate copolymers 

Linear polyacrylamides (PAM) can dissolve in water and hence successfully used in reducing irrigation-
induced erosion in agriculture fields. Cross-linked PAM does not dissolve in water, but forms gel when 
water is added.  Cross-linked PAM is often used in agriculture for retaining moisture. Insoluble PAM 
such as superabsorbent gels or hydrating crystals absorb water, swell many times of their original size 
instead of dissolving. These gels when dry, release water slowly to the soil. The primary material used 
in SAP industry is Potassium Polyacrylate which is marketed as hydrogel for agricultural use because 
of its longer retention and high efficiency in soil with nil toxicity issues. They are prepared by 
polymerizing Acrylic acid with a cross-linker. 

 
Fig. 2 Swelling and release of water by Hydrogels in plants (source: socochem.com) 

Working of Hydrogel 
Generally, hydrogels are characterized by positive, negative or neutral charge. In brief, clay 

soils possess negative charge; heavy metals have a positive charge, and some other commonly found 
minerals possess either a positive or negative charge. Hence, cationic hydrogel (+) bind to clay 
components (-) and act as flocculants, whereas anionic hydrogel (-) cannot directly bind to clay 
components and hence act as dispersants, but can bind to clay and other negatively charged particles 
in the presence of ionic bridges. As the chemical interaction between the gels, soil components and 
dissolved substances are complex and can coincide, it is tough to predict the action of hydrogel in a 
particular situation. The stronger the attraction between the gel and the surrounding solutes and soil 
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particles, the higher the ability of gel to absorb water, create aggregates, and stabilize soil structure 
(Narjary et al., 2013) 

Desirable Characteristics of Hydrogel 
To apply hydrogel for agriculture applications it should possess some characteristics like high 

absorption capacity in saline and hard water conditions, optimized absorbency under load (AUL), 
lowest soluble content and residual monomer, low price, high durability and stability in the swelling 
environment and during storage. 

CONCLUSIONS 
The hydrogel is a boon to dry farming and have got wide range of applications in agriculture. 

Since agricultural irrigation practices consume over 80% of available potable water in India, using 
hydrogel in agriculture would be more appropriate to avoid water scarcity. Most of the area of 
India is located in arid and semiarid regions, the application of hydrogel can improve soil properties, 
increases the water holding capacity of the soil, enhance soil water retention, improves irrigation 
efficiency, increase the growth of various crops, and enhance water productivity of the crop. 
Hydrogel also provides a conducive atmosphere for the better growth of roots in well-drained soils 
and ultimately increases yield. According to chemical and physical structures of hydrogels, it can be 
used as an absorbent in environment preservation in the agricultural sector as water retention, soil 
conditioners, and nutrient carriers. Super absorbent polymers (SAPs) hydrogel can swell to absorb 
huge volume of water or aqueous solution which leads to many practical applications of these new 
materials in particular in agriculture for improving water retention of soils and the water supply of 
plants. 
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INTRODUCTION 

Now a day due to chemicals fungicides and pesticides caused by environmental pollution. Present need there is to 

adopt biological control in disease management programme. Among various types of species being use as bio-

control agent, including fungi and bacteria, are able to manage so many diseases effectively among all the 

Trichoderma spp. widely use as bio-agent and reported to be quite effective, inexpensive and eco-friendly. 

The novel technologies in all areas of agriculture have improved agricultural production, but some modern 

practices affect the environment. The recent challenge faced by advanced farming is to achieve higher yields in 

environment-friendly manner. Thus, there is an immediate need to find eco-friendly solutions such as wider 

application of biocontrol agents. Among various types of species being used as biocontrol agents, including fungi 

and bacteria, fungal genus Trichoderma produces different kinds of enzymes which play a major role in biocontrol 

activity like degradation of cell wall, tolerance to biotic or abiotic stresses, hyphal growth etc. The understanding 

of filamentous fungi belonging to the genus Trichoderma has continuously evolved since last two decades, from 

the simple concepts of biocontrol agents to their recently established role as symbionts with different beneficial 

effects to the plants. Recent findings from structural and functional genomics approaches suggest the additional 

use of these microbes as model to study mechanisms involved in multiple player interactions that is microbe-

plant-environment (Mahajan K.N., 2018) 

Plant diseases have been with mankind since agriculture began and play a direct role in the destruction of natural 

resources and contributing around 20 to 30 per cent losses in crop production worldwide (Anonymous, 1993 and 

Cucuk, 2003). In particular, soil-borne pathogens cause important losses, fungi being the 

aggressive. The distribution of several phytopathogenic fungi, such as Pythium, Phytophthora, Botrytis, 

Rhizoctonia, Macrophomina, Alternaria and Fusarium spp. have widely spreaded during the last few years due to 

changes introduced in farming with detrimental effects on crops of economic importance.  

Chemical control of plant diseases can be impressive but this is comparatively a short term measure and 

additionally, the accumulation of harmful chemical residues sometimes causes serious ecological problems and 

decreasing the effect through genetic shift in the population (Kumar 2013). 

Trichoderma species are excellent producers of lytic enzymes like chitinase, glucanase, cellulases and xylanase, 

which lyase the fungal cell wall. Besides being attacking directly it promotes plant growth and induce plant 

resistance. Trichoderma species produce a variety of secondary metabolites. The Trichoderma species release 

antibiotics and other chemicals that are harmful to pathogens and inhibit growth (antibiosis).The potential use of 

the Trichoderma species as a biocontrol agent was suggested more than 70 years ago by (Weindling 1932) who 

was first to demonstrate the parasitic activity of a member of this genus against soil borne fungal or bacterial 

pathogens. There are many other crops for which Trichoderma is used (Shrivastava 2015). 
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Use of Trichoderma spp. as a potential biocontrol agent 

Fruit crops: Mango is leading fruit in India. It suffers from great economic loss due to many pathogens like F. 

moniliforme var. subglutinans causing mango malformation, R. solani and S. rolfsii. guava is infected by some pre-

harvest diseases like, die back, decline, affect the plant growth and production, while post-harvest diseases such 

as Phytophthora, Macrophomina and several other fungi that spoil the fruits in field, storage and in transit. These 

pathogens are effectively controlled by using Trichoderma spp as antagonistic fungi 

Vegetable crops: Combination of Trichoderma spp. and P. fluorescens when used with seed and root application, 

was found effective in management of diseases. Applying a multicomponent formulation consisting of a number 

of species of Trichoderma viz, T. harzianum, T. polysporum, T. virens and T. viride not only reduced the disease 

incidence but also increased the yield of vegetable crops. 

Cash crops: Sugarcane, Tea, Coffee, Tobacco, Saffron, are important cash, commercial and beverage crops that are 

growing many developing and developed countries. The most destructive diseases that are effectively managed by 

using of potential species of Trichoderma. 

Cereal crops: Rice, wheat, maize are widely cultivated cereals crop in the world, and their production is 

constrained due to various endemic, epidemic and pandemic fungal, bacterial and viral diseases. This cereal crops 

suffers from several seed, soil and foliar diseases that have devastating effect on crop yield and food quality. The 

unleashed potential of Trichoderma spp. is effective against different cereal crops pathogens. The combination of 

T. harzianum and Pseudomonas fluorescens are effective against brown leaf spot disease of paddy and with FYM is 

supporting maximum growth against fungus. For instance, 10g of Trichoderma formulation mixed with cow dung 

slurry when used as seed treatment viz., 1kg of seed, before sowing was found effective in management of all 

disease of cereal crops. Likewise, seed treatment alone or in combination with other bioagents like T. viride, T. 

harzianum, P. fluorescence and fungicide vitavax was found successful in combating loose smut of wheat and 

increased the yield. Trichoderma spp. when used with other bio-pesticides enhanced seed germination in various 

crops. 

Oilseed crops: Mustard, soybean, groundnut, linseed, sesame and sunflower are important oil seed crops grown in 

India and elsewhere. These crops are infected by several pathogens that not only reduce the yield of crops but 

also deteriorate the oil quality 

Pulse crops: Mungbean, chickpea, cowpea, pea and pigeon pea are the important pulse crops gaining importance 

globally in the present day scenario. In India chickpea is most popular pulse crop grown in large scale. It is 

frequently infected by several diseases like, Wilt, Stem rot, Damping off, Dry root etc. caused When formulation of 

Trichoderma spp mixed with farmyard manure in a polythene bag and leaving it in sealed condition for about a 

span of seven days, the resultant powder was found effective against all the fungal pathogens proving that 

Trichoderma have potential to suppress all the fungal pathogens of pulse crops. 

Fibre crops: Jute, mesta, cotton, flax are commercial and valuable crop that is providing employment and 

generates revenue worldwide. These crops also infected by several destructive diseases that reduce the fibre 

quality. When Trichoderma applied through the seed &soil application, are best in controlling seedling blight, 

collor rot, stem rot and root rot disease of cotton. 
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Spice crops: Ginger, cumin, black pepper, cardamom are important spices growing almost in all state. These spices 

are attacked by various pathogens. The above said diseases are effectively managed by Trichoderma spp. when it 

is used with seed and soil application. 

CONCLUSION 

Though Trichoderma spp. has been proved successful in combatting several phytopathogens in cereal, pulses, 

oilseeds, vegetable, commercial and horticultural crops still many new strains are to be explored from different 

sources for an effective management of new races of pathogens that are evolving in the present agricultural 

scenario. Another avenue of futuristic research relies on exploiting native strains of Trichoderma spp. of a 

particular geographic location against pathogenic fungi of other location. Research pertaining to transgenic 

Trichoderma is still at infancy, the potential of this transgenic Trichoderma under field condition is still 

questionable or wanting. 

 

Benefits of Trichoderma  

Trichoderma is extensively used for post-harvest disease control. It has been found effective against Fusarium, 

Phytopthara, Scelerotium etc.  

There are many biocontrol genes are present in Trichoderma. Introduction of endochitinase gene from 

Trichoderma into plants such as tobacco and potato plants have increased their resistance to fungal growth.  

Trichoderma strains also play an important role in the bioremediation of soil that are contaminated with 

pesticides and herbicides. They have the ability to degrade a wide range of insecticides, organochlorines, 

organophosphates and carbonates.  

Trichoderma is environmentally friendly.  

The extracellular enzymes obtained from Trichoderma are also used to increase the digestibility hemicelluloses 

used in poultry feed. Trichoderma is compatible with organic manures and with other biofertilizers like Rhizobium, 

Azospirilium, Bacillus subtilis etc. It can be easily applied to seeds treated with metalaxyl and thiram but not with 

mercurials (Gangwar and Sharma, 2013) 
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INTRODUCTION 

Approximately two millions pesticides are used for the management of the pest and plant diseases upon 

which 90% are lost in the air during the application and also due to run off (Stephens et al.,2003).It may 

create soil as well as atmospheric pollution in the environment, harmful effect on natural anemis of 

pathogens, increase the pathogen resistance due to the applied fungicides and also increases cost of 

production of farmers (Tilman et al.,2002). It has unique physical, chemical and biological property along 

with eco-friendly synthesis of nanoparticles, make Nanotechnology as the fastest technique in all field 

(Ahluwalia et al.,2014). It have potential to convert macromolecules into nanosized particles which behave 

differently from their bulk material (Jeevanandam et al.,2018).Nanoparticles having size dependent quality 

and also having high surface to volume ratio, smart delivery system which supply only the measured amount 

of agrochemical towards the target. Nanotechnology can be used as alternatives of agrochemical for plant 

disease management. Recently, in the field of microbiology several metallic or oxide NPs (such as Ag, Au, 

ZnO, NiO and TiO2) has been used under in vitro conditions as antimicrobial agents.  

Indirect role of Nanoparticles in disease suppression of plants  

Plant required different macro and micro nutrient for their proper growth and development. Defense 

responses against plant are also affected by presence and absence of micronutrients. After pathogen 

infection different secondary metabolites are synthesized in plant body with the help of reaction specific 

enzymes, this enzymes activated by different micro nutrient as co-factor i.e. enzymes phenylalanine 

ammonia lyase and poly phenol oxidases plays important role in disease resistance, this enzymes are 

activated by Mn, Cu, and Zn (Duffy 2007; Evans et al.,2007; Huber).Micro nutrient formulation with 

nanoparticle may help in target based nutrient supply which will become more convenient and new 

approach for crop disease suppression and yield enhancement (Servin et al.,2015).  

 Direct impact of Nanoparticles on pathogen growth  

Nanoparticles which is synthesized by different metals i.e. Ag, ZnO, Mg, Si, and TiO2 having direct 

antimicrobial activity against disease causing agent (Prasad et al.,2014). Silver NPs having strong 

antimicrobial activity, it can be used for management phytopathogens. Plasma membranes of pathogens 

incorporates with cysteine-containing proteins, which having affinity to bind with silver ion and damage 

membrane this may help in entry of silver ion into cytoplasm, inactivate enzyme system and cause cell death 

(Ocsoy et al., 2013).Colletotrichum sp. infection activity were reduced by using Ag NPs in field trials by 
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penetrating and damaging plasma membrane (Jo et al.,2009; Lamsal et al.,2011a). Silver nanoparticles of 

size 4-8 nm were reduced the diseases development and also act as alternative way for induction of 

resistance mechanisms (Lamsal et al.,2011a). ZnO Nanoparticle is another antimicrobial agent which also 

suppress pathogen growth strongly i.e. Fusarium grainier were reduced by ZnO Nanoparticle in-vitro 

condition on mung bean broth agar (Dimkpa et al.,2013). Nanoparticle ZnO with 3-12 mmol concentration 

reduced growth of Botrytis cinerea up to 63–80 % and Penicillin expansum up to 61–91 % (He et al.,2011). 

Biosynthesized ZnO nanoparticle 25 µg/mL concentration reduced growth Pseudomonas aeruginosa and 

Aspergillus flavus (Jayaseelan et al.,2012).It also reduced germination fungal spores of Alternaria alternata, 

Fusarium oxysporum, Rhizomes stolonifer, and Mucor plumbers as treated with at concentrations as low as 

100 mg/L NP of ZnO and MgO (Wani et al.,2012).NP of TiO2 inhibit infection of P. syringe pv. lachrymal by 69 

%, and Pseudomonas cubensis by 91 %, of cucumber (Cui et al.,2009). Bacterial spot of roses and tomato 

caused by Xanthomonas sp. were effectively controlled by NP TiO2 than conventional treatment methods 

(Paret et al.,2013a,b).NPs of MgO were showing antimicrobial activity by binding strongly with the negative 

surfaces of bacterial membranes and spores (Huang et al.,2005).Phytophthora infestans infection on tomato 

plant were reduced more effectively by Cu-Nanoparticle (73.5% control) than nonunion Cu formulations 

(57.8 %) in a field study (Giannousi et al.,2013).  

Detection of plant disease using nanotechnology 

Nanotechnology help in speedily detection of pathogen inside plant body by using nano based kits, 

biosensor, nano biosensors, nano barcodes and portable diagnostic systems, it helps in detection of plant 

microbes interaction, pathogen population genetics, gene transfer between pathogens (Veranda et 

al.,2017).Nano diagnostic kit such as multiplex dipstick immunoassay helps in easy and fast detection of 

toxins produced by Fusarium spp. On different host plants (zearalenone, T-2 and HT-2 toxins, deoxynivalenol 

and fumonisins in wheat, oats and maize) (Lattanzio, et al.,2012). Aspergillus niger were detected by 

Nonstructural layer biosensors by observing changes in electrical resistance of samples (Etefagh et al.,2013).  

  CONCLUSION  

Analysis of different information revealed that nanotechnology can be used directly and indirectly for plant 

disease management. Study of different research work shown that nanoparticle having direct lethal effect 

on plant pathogenic bacteria and fungi, and indirectly enhance resistance in plant by activation of defense 

enzymes. Solubility and effectiveness of different micro nutrients increases by using nanoparticles. 

Application efficacy of different pesticides, fungicides, and fertilizers, can also enhance by using smart 

delivery system of nanotechnology, it will play important role in reduction of agrochemical wastages and 

enhancement of crop production. Use of metallic nanoparticle in agriculture field increase the need to 

produce on large scale in industries with stable formulation and eco-friendly approaches. 
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Fertilizers and pesticides (chemicals) provide nutrition for plant growth. Due to excess use of pesticides and 
fertilizers crop quantity is increases but their chemical residues in crops are major concern for human and 
animal’s health. These pesticides also cause environmental degradation. It has been reported, these chemicals 
cause plants and crops prone to diseases. These chemicals destroyed microbial habitat of beneficial micro flora 
and macro flora like - earthworm (friend of famer). Both of these beneficial micro and macro floras are important 
of soil. Therefore, human population needs organic farming for safe and healthy food.  

These are unavoidable effect of these chemicals. Therefore organic farming is one of most important 
approach towards sustainable development. Biofertilizers play crucial role in organic farming. Before knowing 
that what is biofertilizer? We must know its importance. Biofertilizers are ecofriendly in nature, cost-effective 
and their prolonged use doesn’t have any negative effect rather than they enhance soil fertility significantly. It 
was noticed that the use of biofertilizers raise crop yield around 10–40 % by enhancing of proteins, essential 
amino acids, vitamins contents. They also help in nitrogen fixation. The benefits of using biofertilizers includes 
cheap source of nutrients, excellent suppliers of micro chemicals and micronutrients, secretion of plant growth 
hormones, suppliers of organic matter, enhancing germination of seeds  and counteracting negative impact of 
chemical fertilizers. The biofertilizers improve plant growth and protect plants from pest and disease attacks. 
Microflora of biofertilizer play important role in biotic activities of agroecosystem. 

Biofertilizer consist of bio + fertilizer. Bio means life. Fertilizer means a chemical or natural substance. 
Hence, biofertilizers are living organisms that enrich the nutrient quality of the soil. It refers to the use of 
microbes instead of chemicals to enhance the nutrition of the soil. These are a renewable source of plant 
nutrients in sustainable agricultural systems. Biofertilizers are products containing living cells of different types of 
microorganisms, which, when applied to seed, plant surface, or soil, colonize the rhizosphere or the interior of 
the plant and promote growth by converting nutritionally important elements (nitrogen, phosphorus) from 
unavailable to available form through a biological process such as nitrogen fixation and solubilization of rock 
phosphate. For example: Azoteeka, Bioteeka, Phosphoteeka, Rhizoteeka, Trichoderma biotertilizer are formed in 
Chaudhary Charan Singh Haryana Agricultural University, Hisar, Haryana at commercial level. 

Types of biofertilizers 
A). On the basis of carrier material- two type 
1). Soild biofertilizers: - mixing of microbial culture with sterilized carrier like charcoal, peat, lignite etc.   
2). Liquid biofertilizers: - microbial culture grows in broth with some growth regulator and then packed in 
sterilized plastic vials.  
 
B). On the basis of microflora 
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1). Rhizobium: - It belongs to family Rhizobiaceae, symbiotic in nature, fixes nitrogen approximately 50–100 
kg/ha. They colonize in leguminous crops. They fix nitrogen free living as well as in nodules of legume roots. 
In free living condition it fixes atmospheric nitrogen into soil. Rhizobium, Bradyrhizobium, Sinorhizobium, 
Azorhizobium, and Mesorhizobium are collectively called as Rhizobia. Non symbiont rhizobacteria that fix 
nitrogen in non leguminous plants are also called as diazotrophs. Due to use of it, reduction of nitrogen 
fertilizer recommendation dose was noticed during legume crops production. Bradyrhizobium is an efficient 
nitrogen fixer and when the strain is inoculated in mucuna seeds, it enhances total organic carbon, nitrogen, 
phosphorus, and potassium contents in the soil efficiently. 

2). Azospirillum: - It belongs to the family Spirilaceae and heterotrophic in nature. A range of species are 
under this genus, like A. amazonense, A. halopraeferens, A. lipoferum, A. brasilense and A. brasilense. It is 
well known for nitrogen fixation in plant and its capacity varied 20–40 kg/ha. Apart from N fixation, disease 
resistance, drought tolerance, production of IAA is some additional benefit of it. It improved the leaf area 
index and ultimately crop yield attributes. Azospirillum are isolated from roots as well as above ground parts 
of plants. They have symbiotic association with graminaceous palnts. It is more beneficial for maize, 
sugarcane, sorghum, pearl millet, etc. 

3). Azotobacter: - It belongs to the family Azotobacteraceae, aerobic and photoautotrophic non symbiotic 
bacteria. Azotobacters are present in neutral or alkaline soils. A. chroococcum the most commonly found 
species in arable soils. A. chroococcum rarely exceed the 105 per gram in Indian soil due to lack of organic 
matter. The other reported species include A. macrocytogenes, A. insignis, A. vinelandii, and A. beijerinckii. 
They secrete vitamin B complex, different phytohormones such as gibberellins, naphthalene acetic acid 
(NAA), and other substances that inhibit certain root pathogens but promote root growth and minerals 
uptake. It was also reported that Azotobacter can add 15–93 kg N/ha/on Paspslum notatum roots.  

4). Blue-green algae-BGA (Cyanobacteria): - They belong to eight different families and are photographic in 
nature. They are free living as well as in symbiotic in nature. They promote plant growth by producing auxin, 
indole acetic acid, gibberllic acid, and fix around 20–30 kg N/ha in submerged rice fields as they are 
abundant in paddy fields. The relative occurrence of cyanobacteria in rice fields varies within wide limits. 
They constitute 75% in Indian rice fields. The major sources for nitrogen are soil nitrogen and biological 
nitrogen fixation (BNF) by associated microorganisms. More than 100 strains of heterocystous 
cyanobacteria, belonging to the genera Anabaena, Nostoc, Nodularia, Cylindrospermum, Scytonema, 
Calothrix, Anabaenopsis, Mastigocladus, Fischerella, Tolypothrix, Aulosira, Stigonema, Haplosiphon, 
Chlorogloeopsis, Camptylonema, Gloeotrichia, Nostochopsis, Rivularia, Schytonematopsis, Westiella, 
Westiellopsis, Wollea, and Chlorogloea, have been found to be efficient nitrogen fixers. 

5). Azolla: - It belongs to Salviniaceae family commonly known as duckweed phototrophic fern with seven 
diversified species. It is small free living aquatic fern that float in water and fix atmospheric nitrogen with 
BGA- Anabaena azollae. It contains 4–5% nitrogen on dry basis and 0.2–0.4% on wet basis. Azolla could grow 
to form huge biomass within 10 days depending on several factors including soil conditions (pH, nutrients, 
type, and moisture). The optimum temperature for Azolla spp. is between 18 °C and 28 °C. Azolla (or 
Euazolla) is characterized by the possession of papillae only on the leaves and some branches, the presence 
of three megaspore floats, and the presence of well-developed, septate glochidia with terminal anchor-like 
structures. Azolla as biofertilizer is that it decomposes in soil easily and its nitrogen is efficiently available to 
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the rice plants. Azolla pinnata can be degraded easily by soil microorganisms; therefore, its addition is 
expected to increase the nitrogen needed by plants. The Azolla-Anabaena symbiosis is outstanding due to its 
high productivity combined with its ability to fix nitrogen at high rates. 

6). Phosphate solubilizing microorganism (PSM): - These are aerobic and anaerobic in nature. Phosphorus is 
second only to nitrogen in mineral nutrients most commonly limiting growth of crops. Phosphorus is an 
essential element for plant development and growth making up about 0.2% of plant dry weight. Most 
important point phosphate solubilization and mineralization can coexist in the same bacterial strain. Due to 
inoculation of peat based Bacillus polymyxa and Pseudomonas striata increased wheat and potato crops 
yield. Some of the bacterial genera are like Pseudomonas, Bacillus, Burkholderia, Achromobacter, 
Agrobacterium, Micrococcus, Enterobacter, Flavobacterium, and Erwinia. 

7). Plant growth-promoting rhizobacteria (PGPR): - The group of bacteria that are in rhizospheric soil and 
beneficial to crops are known as Plant growth-promoting rhizobacteria.  Beneficial effects of PGPR are 
production of plant hormones like IAA, GA3, cytokinin and induce formation of ethylene, reduces 
deleterious effects of pathogens on crop growth by protection against pathogens by production of 
antibiotics, solubilization of mineral nutrients by inducing specific ion flux in plant cell, fixation of 
atmospheric nitrogen that is transferred to the plant, solubilization of phosphorus. 

8). Mycorrhizae: - Symbiotic associations exist between plants and fungi too. These associations are called 
‘Mycorrhizae’. Mycorrhizae are commonly divided into two types: ectomycorrhizae and endomycorrhizae. 
Mycorrhizal symbiosis plays a significant role in promoting plant growth, bioremediation, as well as 
providing defense mechanism to the host plant against detrimental pathogens. They help in transfer of zinc, 
sulfur and phosphorus. Root cortex has intracellular obligate fungal endosymbiotic association with genera 
Gigaspora, Glomus, Acaulospora, Sclerocysts and Endogone. Remediation of polluted soils can be done by 
the two common types of mycorrhizae, ectomycorrhizae (ECM) and arbuscular mycorrhizae (AM). 

 One of best approach towards sustainable agriculture is using of biofertilizer. There is no doubt that 
biofertilizer play crucial role in organic farming. For maintaining good health of soil we need beneficial 
microbes in proper amount in soil which can be retain by biofertilizer.  
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INTRODUCTION 
Plant-insect interaction is a dynamic system, subjected to continual variation and change. In order to 

reduce insect attack, plants developed different defense mechanisms including chemical and physical 
barriers such as the induction of defensive proteins, volatiles that attract predators of the insect herbivores, 
secondary metabolites and trichome density. In parallel, insects developed strategies to overcome plant 
barriers such as detoxification of toxic compounds, avoidance mechanisms, and sequestration of poison and 
alteration of gene expression pattern. 

Plants are at the basis of the food chain, but there is no such thing as a "free lunch" for herbivores. 
To promote reproductive success, plants evolved multi-layered defensive tactics to avoid or discourage 
herbivory. To the detriment of plants, herbivores, in turn, evolved intricate strategies to find, eat, and 
successfully digest essential plant parts to raise their own offspring. In this battle the digestive tract is the 
arena determining final victory or defeat as measured by growth or starvation of the herbivore (Jongsma  
and Beekwilder, 2011). Plant defenses against insect herbivores are mediated, in part, by enzymes that 
impair digestive processes in the insect gut. Little is known about the evolutionary origins of these enzymes, 
their distribution in the plant kingdom, or the mechanisms by which they act in the protease-rich 
environment of the animal digestive tract (Chen et al., 2007).The transgenic expression of insecticidal 
proteins such as α-amylase and protease inhibitors is also being evaluated as a potential protective strategy 
against insects (Schuler et al., 1998).  Plants usually contain an array of proteins toxic to insects, particularly 
the legumes that are rich in nitrogen. Arcelin, lectin, D-amylase and protease inhibitors make up some of the 
nitrogen-rich defensive compounds present in legumes (Ryan, 1990). Plant proteins active against insect 
proteases led to investigations of the interactions between insect digestive proteases and plant protease 
inhibitors, which have been applicable in biotechnology and plant breeding (Hilder et al., 1999). 

Proteases are one of the most important digestive enzymes that have crucial roles in converting 
proteins to oligo and di-peptides. These enzymes are classified based on amino acids in their active site and 
the site of activity on protein molecules. Proteinases (Endopeptidases) are responsible for initial digestion of 
proteins by breaking internal bonds. Because of variance in peptide chains, different proteinases are 
necessary to break these bonds. These proteinases have been classified to three main subclasses according 
to their active site, namely serine, cysteine, and aspartic proteinases. In each of these subclasses, there are 
several proteinases differing in substrate specificities. The oligopeptides resulting from proteinase action are 
attacked from the N-terminal end by aminopeptidases and from the C-terminal end by carboxypeptidases; 
both enzymes liberate one amino acid residue at each catalytic step. 

Proteases perform various activation and effector functions in development, growth, and survival in 
insects. The insect midgut harbours a complex digestive environment consisting of various proteolytic 
enzymes with a variety of specificities. Proteases present in insect gut are mostly trypsins, chymotrypsins, 
elastases, Cath B-like proteases, aminopeptidases, and carboxypeptidases, all of which are responsible for 
protein digestion (Terra & Ferreira, 2005). The most frequently studied serine proteases, trypsin- and 
chymotrypsin-like, and act in a wide range of physiological processes including digestion, protein activation 

http://www.ncbi.nlm.nih.gov/pubmed?term=Jongsma%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21418021
http://www.ncbi.nlm.nih.gov/pubmed?term=Beekwilder%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21418021
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in the melanization cascade, antibacterial activity and insect immune response (Gorman et al., 2000). In this 
article we are providing an insight into the interactions between the host plants, herbivores and proteases.  

Digestive proteinases of insects  
The proteinases are a major group of hydrolytic enzymes in insects and are involved in digestive 

processes, proenzyme activation, liberation of physiologically active peptides, complement activation, and 
inflammation processes amongst others (Neurath, 1984). The proteinases are classified according to their 
mechanism of catalysis: (1) serine proteinases; (2) cysteine proteinases; (3) aspartic proteinases, and (4) 
metalloproteinases (Bode and Huber, 1992). For an efficient management of pest control through 
proteinase inhibitor transgenes, it is imperative to know the type of enzymes present in the gut of insects 
pests. The two major proteinase classes in the digestive systems of phytophagous insects are the serine and 
cysteine proteinases (Haq et al., 2004).  Serine proteases are known to dominate the larval gut environment 
and contribute to about 95 % of the total digestive activity in Lepidoptera, whereas the Coleopteran species 
have a wider range of dominant gut proteinases. Aspartic proteases in insects were first reported in Musca 
domestica. Aspartic proteases are Cath D-like enzymes that are present in the midgut of insects with acidic 
pH optima in the range 2.5–3.5 and cleave internal peptide bonds in proteins. Aspartic proteases similar to 
Cath D are found in many coleopterans and hemipterans. Metalloproteases digest extracellular matrix 
proteins. They have zinc ions (Zn2+) in their active site. They are synthesized within cells as proenzymes, to 
be subsequently activated in the extracellular environment. 

Plant Proteinase inhibitors  
Inhibitor proteins have been found for each of  the four mechanistic classes of proteinases and a 

large number of proteinase inhibitors are directed  towards serine and cysteine proteinases (Turk and Bode, 
1991). In contrast, only a  few of these inhibitors are known for aspartic  and  metallo-proteinases (Oliveira 
et  al., 2003).  Plant proteins that inhibit various types of enzymes from a wide range of organisms have been 
extensively studied. Proteinase inhibitors (PIs) comprise one of the most abundant classes of  proteins in 
plants. Most storage organs such as  seeds and tubers contain 1 to 10 % of their total proteins as PIs, which 
inhibit different types of  enzymes (Ryan et al., 1981). Inhibitors bind tightly  to the enzyme’s active site in a 
substrate-like  manner, resulting in a stable complex unlike that of  the weak complexes between enzyme-
substrate  and enzyme-product, which dissociate in a short  spantime (Oliva et al., 2010). The function of the 
inhibitors is to control proteolysis within cells,  organelles or fluids when limited proteolysis is important for 
the biochemical or physiological  process.  A large number of transgenic plants have been developed with PIs 
that confer resistance to different families of insects. Serine proteinases inhibitors have been the subject of 
more research than any other class of proteinase inhibitors and are effective against the serine proteinases 
in the gut of many insect families, particularly Lepidoptera. The role of PIs against herbivory was 
hypothesized due to the abundance of these proteins and the lack of activity against endogenous proteins. 
Serine proteinase inhibitors are expressed in developing seeds and are thought to play an important role in 
inhibiting trypsin and chymotrypsin of external origin. Two major serine class of proteinase inhibitor shave 
been studied extensively in plants: Kunitz-inhibitors and Bowman-Birk inhibitors (Ryan, 1990). Proteinase 
inhibitors of high molecular weight with low cystein content are termed as Kunitz-type. Bowman-Birk 
inhibitors (BBIs) are cystein rich proteins of about 8 kD to 16 kD with disulfide bonds. Serine proteinase 
inhibitors are universal and most studied class of proteinase inhibitors in plant kingdom. Although they are 
present in lower concentration in vegetative tissues, are primarily localized to storage tissues such as seeds 
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and tubers rich in storage proteins. Plant cystatins or phytocystatins are the second most studied class of 
inhibitors from plants, viz, cowpea, potato, cabbage, ragweed, carrot, papaya, apple fruit, avocado, 
chestnut, and Job’s tears. Seed cystatins have been reported from wide range of crops including sunflower, 
rice, wheat, maize, soybean, and sugarcane (Kuroda et al., 2001). Proteinaceous inhibitors of cysteine 
proteinases are subdivided into three families (stefin, cystatin and kininogen) based on their sequence 
homology, the presence and position of intra-chain disulfide bonds, and the molecular mass of the protein. 
The rice cysteine proteinase inhibitors are the most studied of all the cysteine PIs which is proteinaceous in 
nature and highly heat stable.  

Families of proteinase inhibitors and their distribution 
Leo et al., (2002) developed Plant –PIs database to facilitate retrieval of information on plant 

protease inhibitors and related genes. Soybean trypsin inhibitor was the first PI to be isolated and 
characterized. Since then many PIs have been characterized that are widely distributed throughout the plant 
kingdom. Most of the plant PIs characterized are from Gramineae, Poaceae, Leguminosae, Fabaceae, and 
Solanaceae families. PIs are usually found in storage organs, such as seeds and however, their occurrence in 
aerial part of plants, as a consequence of several stimuli, has also been documented. PIs accumulate to 
about 1 to 10% of the total soluble proteins of storage tissues. Number of PIs has been reported from non-
storage tissues, such as leaves, flowers and roots. Trypsin inhibitor in mung bean is found localized to cytosol 
of cotyledonary cells. Soybean trypsin inhibitor (SBTI) was found localized in cotyledonary cell walls and 
embryonic cells, and to lesser extent in protein bodies, cytoplasm and nuclei. Soybean Bowman- Birk 
inhibitor (SBBI) was found to occur in protein bodies, nuclei, and cytoplasm. In tomatoes, serine proteinase 
inhibitors I and II selectively accumulated in endosperm and secretory cells of root cap (Narwaez-Vasquez et 
al., 1993).  

Importance of Proteinase Inhibitors in Plants  
Plant PIs are known to play important role in plant’s defense against insect-pest and pathogens as 

well as regulation of endogenous proteinases. They are of interest in plant biology as source of (1) resistance 
against pests and pathogens, (2) drugs with antiviral properties and (3) markers for studying plant diversity 
and evolution. 

Insect Proteinases and plant PIs in Insect Gut: Revealing mode of action 
The secretion of proteases in insect guts depends upon the midgut protein content rather than the 

food volume. The secretion of proteases has been attributed to two mechanisms, involving either a direct 
effect of food components (proteins) on the midgut epithelial cells, or a hormonal effect triggered by food 
consumption (Applebaum, 1985). Models for the synthesis and release of proteolytic enzymes in the 
midguts of insects proposed by Brovosky, 1986 reveal that ingested food proteins trigger the synthesis and 
release of enzymes from the posterior midgut epithelial cells. The enzymes are released from membrane 
associated forms and sequestered in vesicles that are in turn associated with the cytoskeleton. The 
peptidases are secreted into the ectoperitrophic space between the epithelium, as a particulate complex, 
from where the proteases move transversely into the lumen of the gut, where the food proteins are 
degraded. PIs inhibit the protease activity of these enzymes and reduce the quantity of proteins that can be 
digested, and also cause hyperproduction of the digestive enzymes which enhances the loss of sulfur amino 
acids as a result of which, the insects become weak with stunted growth and ultimately die. 
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Insect counter adaptations to plant proteinase inhibitors 
When ingested protease inhibitors (PI) block protease activity and increase insect mortality by 

restricting the availability of essential amino acids.  Mechanisms of insect resistance to PIs include the 
upregulation of enzymes that degrade the PIs, the induction of enzymes that resist inactivation by PIs and 
overproduction of enzymes to maintain normal levels of gut proteolysis. Some insects exhibit an amazing 
flexibility in adapting to various host plants by altering the specificities of their gut proteases in response to 
qualitative changes in dietary protein content and when the existing proteases are ineffective and/or 
inefficient for digestion (Gatehouse et al., 1997).  Studies on insect responses to the dietary incorporation of 
plant-derived PIs have indicated a biphasic response characterized by an initial up-regulation of all digestive 
protease specificities, which precedes a simultaneous down-regulation of PI-sensitive proteases and up-
regulation of PI insensitive proteases. A similar response can be expected with a change in host plant. 
Although it is clear that insects are able to express a variety of proteinases in response to PI exposure, the 
mechanism of enzyme induction is unknown. Volpicella et al. (2003) showed that Helicoverpa zea larvae 
express two different trypsins depending on whether larvae were fed control or inhibitor-containing diets. 
These enzymes differ in some residues predicted to be involved with inhibitor interactions. Other strategies 
involve the overexpression of proteases from alternative functional classes following inhibitor ingestion, the 
degradation of inhibitor with non-target insensitive proteases and a reallocation of cellular resources 
towards inhibitor-induced compensatory processes. It is now well recognized that protease/ inhibitor 
interactions in plant-insect systems are the result of a long co-evolutionary process triggering the continuous 
diversification of (insect) proteolytic and (plant) protease inhibitory functions (Benchabane et al., 2010). 

CONCLUSION 
Insecticidal proteins are integral part of plant defense against insects. Insecticidal proteases are 

produced by activation of defence genes due to insect feeding in host plants.  Insects have found diverse 
ways of avoiding negative effects of host plant PIs. Insect adaptation to PIs can be overcome by developing 
transgenic with more potent inhibitors. Co-evolution of protease inhibitors of plants and proteases of insects 
provides interesting new paradigm for ecological, physiological and biochemical research. 
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Tree canopy management, especially size control, has become a priority for reducing production cost 
and increasing fruit yield and quality. However, unlike temperate fruits, where tree management 
technologies have been developed and refined for over a century, the similar tools and experiences can be 
applied with a few modifications in mango. Tree management techniques, specifically for mango have been 
developed and are being used in different parts of the world, which can be adopted after certain 
modifications in different mango growing regions. Similarly, the problem of large tree size in mango can be 
tackled by using topping and hedging because large and crowded trees pose many disadvantages. 
Appropriate height, topping and hedging, cutting angles, as well as time and frequency of hedging 
determined for mango, which are common practices in India. Shaping the mango tree immediately after 
planting has its own importance for keeping desirable plant height at first branching, so that proper 
clearance for equipment is possible. 

Principles of Canopy Management in Mango: 
Canopy management is the manipulation of tree canopy to optimize the production of quality fruits. It 

encompasses both training and pruning which affect the quantity of sunlight intercepted by trees, as tree 
shape determines the exposure of leaf area to incoming radiation. An ideal training strategy centers around 
the arrangement of plant parts, especially, to develop a better plant architecture that optimizes the 
utilization of sunlight and promotes productivity. Light is critical for growth and development of trees and 
fruits. The green leaves harvest the sunlight to produce carbohydrates and sugars which are translocated to 
the sites where they are needed viz., buds, flowers and fruits. The canopy management should aim for, 

 Maximum utilization of light by regulating the growth 
 Avoidance of built – up microclimate congenial for diseases and pest infestation 
 Convenience in carrying out the cultural practices 
 Maximizing the productivity with quality fruit production 
 Economy in obtaining the required canopy architecture 

Objective of Canopy Management in Mango: 
 Reduction of tree height for proper cultural operations. 
 Enhancing fruit production and quality while land resources are dwindling. 
 To remove the weak-growing shoots from the tree that will never produce fruits of satisfactory size 

and quality. 
 Provision of solar radiation inside the canopy by thinning excessive bio mass. 

Kinds of Pruning in Mango: 
There are two type of pruning, heading back and thinning out. In heading back, the terminal portion 

of the twig or branch is removed while in thinning out an entire shoot or branch is removed from its point of 
origin. In general, heading back stimulates the development of more growing points than thinning out. Thus 
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heading back induce, dense compact or much branched type of growth and thinning out induces the open 
type of growth. Thinning out do not invigorate the tree. 

Problems with Unmanaged Canopies: 
 Poor yield of mango orchards in main problem due to dense canopies with poor availability of 

photosynthetic active radiation (PAR). 
 Infestation of pests due to shade conditions and lack of proper ventilation. 
 Problem of excessive growth with long slender upright branches having narrow branch angles 

resulting in low and delayed fruiting. 
 The shading results in poor quality fruits and fruiting mantle rises every year posing difficulties in 

various orchard operations. 
 In absence of suitable dwarfing rootstock and laminations in breeding program the problem can be 

tackled by canopy modifications. 

Canopy Architecture in Relation to Light Utilization: 
 Optimum harvesting of the incident solar radiation for maximum sustained production of quality 

fruits should be the basic consideration of any orchard systems. 
 Interception of light by the canopy and its distribution within the canopy are two important aspects. 
 Canopy architecture influences light interception. 
 Light interception is reported more in horizontal shapes rather than vertical shapes. 
 Tree in multiple row of four, intercepted 10 % more light than single 4 rows. 

Pruning for Canopy Management in bearing Mango Trees: 
Quality production and export of mango suffer from several limiting factors of which declining 

productivity of old and dense orchards existing in abundant (35-40 %) has become a matter of serious 
concern for the orchardists, traders as well as well as scientists. Decline in productivity of senile mango 
orchard is largely due to dense, intermingling, overcrowding and pest infested braches with more of wood 
mass and canopy of unhealthy shoots. In and dense mango orchards, light interception and photosynthesis 
potential of orchard trees is reduced. In such orchards selective pruning and thinning of crowded branches 
for proper air circulation, improved photosynthesis efficiency, fruit yield and quality has been reported in 
many fruit crops. 

If bearing mango tree was not given foundation training and pruning during initial years of 
establishment, the pruning becomes very relevant for enhancing the productivity of such trees. In bearing 
mango trees, branch thinning gives goods results. Under this treatment, only one or maximum two branches 
from central portion of canopy are thinned out from their place of origin. The branch selected for thinning 
should be with vertical growth habit. This operation significantly reduces the tree height and improves 
availability of solar radiations and air circulation. 

Rejuvenation and Restoration of Productivity of Senile Orchards: 
The rejuvenation technology involves pruning/heading-back of branches during December at a height 

of 2 - 2.5 meters from ground levels depending on the structure of individual trees in the orchards. Before 
undertaking pruning work, planning is done for umbrella like architecture of individual trees. About four to 
five main branches, with outward growth, are considered for basic framework of the tree. These selected 
branches are marked with white chalk by making a ring around branches. 
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During December, the undesirable branches should be completely removed first by pruning from 
their base. Later, branches marked for retaining should be pruned at desired height (2-2.5 m). Pruning can 
be done with either manual power-operated chain. Pruning, if not done properly, often results in debarking 
at cut ends. The selected branches should be initially cut from the underside or the lower side by giving a 15-
20 cm deep cut. Thereafter, the pruning may be done from upper surface of the branch. 

Top Working in Mango: 
Top working can be easily adopted in trees with poor performance to upgrade seedling plantations 

and inferior varieties with superior high yielding cultivars as well as quick testing of newly introduce 
selections/hybrids. In case of mango, top working can be practiced in plantations of all age groups to convert 
the inferior trees into improved ones. Provision of polleniser cultivars can be made in existing plantations 
through top working. Role of polleniser cultivars is very vital in mango during fruit setting as it is a highly 
heterozygous and cross pollinated crop. 
 
CONCLUSION: 

Canopy management is therefore, an essential tree management operation start from the first year 
of plant establishment and enables the plant to produce/ yield high quality and quantity by providing proper 
framework and more fruiting / yield area. 
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Safety measures while using chemical pesticides  
Article id: 22270 
Vinny John, Bhagyashree Kesherwani and Amit Kumar Maurya  
Sam Higginbottom University of Agriculture, Technology & Sciences, Prayagraj (U.P.)       -211007, India 

A pesticides: is a chemicals use to control, to repel, to attack or to kill pest, that includes insect pests, 
weeds, birds, mammals, fish and microbes, that compete with humans for food, property and spread 
disease. Pesticides are usually, but not always, poisonous, therefore special clothing, gloves and boots are 
used to protect the skin from direct contact with chemicals. When working with dusty substances, one must 
use overall dust proof fabric with a smooth surface. During spray or working with liquid pesticide the use 
clothing made from acid proof fabrics is recommended. Canvas footgear is used for protection when 
spraying with dusty toxicant and rubber boots when spraying. 

   s 

To protect the eyes from pesticides, one must use the dust proof goggle. Antidust or antigas 
respirations and gas masks are use to protect the respiratory organs. 

 

Goggle 

Food must be taken before the beginning of work with toxicants. The breakfast and lunch of persons 
working with pesticides must contain an adequate amount of liquid, not very salty food (soups, milk and 
tea), especially for those working with organochlorine pesticides (such as lindane, DDT, endosulfan and 
chlorothalonil etc.) 
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Check the label: To be sure the pest you need to control is listed, to be sure the site or plant to switch you 
intend to apply. The pesticides see if special protective clothing or equipments is necessary. 

 

Operational Procedures 
Pesticides can enter the human body through breathing of aerosols, dust and vapor that contain 

pesticides; through oral exposure by consuming food and water; and through dermal exposure by direct 
contact of pesticides with skin. Exposure to pesticides can range from mild skin irritation to birth defects, 
tumors, genetic changes, blood and nerve disorders, endocrine disruption, and even coma are death. 
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Insecticides targeted to disrupt insects can have harmful effects on the nervous system of mammals, due to 
basic similarities in system structure. Both chronic and acute alternation has been observation in those who 
are exposed. Take care kids, pets, and anyone non-essential to the application is out of the area before 
mixing and applying pesticides. Make sure; wear clothing that will protect you when using pesticides. 
Consider wearing a long sleeve shirt, long pants, and closed-toe shoes in addition to any other protecting 
clothing or equipment required by the label. 

 Store pesticide containers in rows with the labels plainly detectable. 
 Place contents from spoiled containers in sound containers. 
 If relevant, segregate pesticides by formulation. 
 Store rigid containers in an upright position, with tight lids/bungs, off the ground, in a manner to 

allow right to use and inspection. 
 Maintain a complete inventory indicating the number and identity of containers. 
 Keep suitable absorbent (e.g., vermiculite) on hand in case of spills. 

 

Safety Precautions: 
a) Look at pesticide containers for leaks before handling them. 
b) Do not allow unofficial workers in the storage area. 
c) Do not store pesticides next to items intended for consumption by animals or humans. 
d) Do not eat, drink, smoke or chew tobacco where pesticides are present. 
e) Do not store beverages, food, eating utensils, or smoking material in the storage areas. 
f) Wear rubber gloves while handling containers of pesticides. 
g) Wash hands immediately after handling pesticides. Remove contaminated protective clothing 

immediately; extra sets of clean clothing should be nearby.   
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Benefits and uses of Ginger 
Article id: 22271 
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INTRODUCTION 
Ginger (Zingiber officinale Roscoe, Zingiberaceae) is one of the most commonly consumed dietary 
condiments in the world.The oleoresin (i.e., oily resin) from the rhizomes (i.e., roots) of ginger contains many 
bioactive components, such as [6]-gingerol (1-[4′-hydroxy-3′- methoxyphenyl]-5-hydroxy-3-decanone, which 
is the primary pungent ingredient that is believed to exert a variety of remarkable pharmacological and 
physiological activities.Ginger has been used for thousands of years for the treatment of numerous ailments, 
such as colds, nausea, arthritis, migraines, and hypertension.[1] 

Other names of ginger are African  ginger, Black ginger, Cochin ginger, GanJiang,Gegibre, Ingwer, 
Jamaican  ginger, and Race ginger. Turmeric, cardamom, and galangal are other notable members of the 
ginger family [2] 

A related species has uterotonic effects in animals, which has led some herbalists and  the German 
Commission E to recommend that ginger be avoided during pregnancy.[4] 
Consumption of diet rich in plant products may be one of the important reasons for the low incidence of 
cancer in Asia.[18].The health benefiting effects of ginger have been well understood and well documented. 
To prevent nausea irregular restrained trials, assist ginger use. In treating migraines and inflammatory 
arthritis case studies suggest its usefulness, but there have no randomized trials done. There is deficient data 
to propose zingiber officinale as supplement to lower cholesterol in the body . It is presumed safe to 
consume as supplement because of its given long history of use as food. Clinically no significant 
anticoagulant effect has been reported, on the other hand, because of gingers’ effects on in vitro 
thromboxane synthesis and platelet aggregation, some herbalist advice caution for patients who take 
anticoagulant or scheduled for surgery. On Generally Recognized as Safe (GRAS) list, during stage of 
pregnancy, lactation stage or during childhood no specific studies have on gingers’ safety.[23] 
 
History and origin of ginger 
Ginger is a member of a plant family that includes cardamom and turmeric. Its spicy aroma is mainly due to 
presence of ketones, especially the gingerols, which appear to be the primary component of ginger studied 
in much of the health-related scientific research. The rhizome, which is the horizontal stem from which the 
roots grow, is the main portion of ginger that is consumed. Ginger’s current name comes from the Middle 
English gingivere, but this spice dates back over 3000 years to the Sanskrit word srngaveram, meaning “horn 
root,” based on its appearance. In Greek, it was called ziggiberis, and in Latin, zinziberi. Interestingly, ginger 
does not grow in the wild and its actual origins are uncertain. 
Indians and Chinese are believed to have produced ginger as a tonic root for over 5000 years to treat many 
ailments, and this plant is now cultivated throughout the humid tropics, with India being the largest 
producer. Ginger was used as a flavoring agent long before history was formally recorded. It was an 
exceedingly important article of trade and was exported from India to the Roman Empire over 2000 years 
ago, where it was especially valued for its medicinal properties. Ginger continued to be a highly sought after 
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commodity in Europe even after the fall of the Roman Empire, with Arab merchants controlling the trade in 
ginger and other spices for centuries. In the thirteenth and fourteenth centuries, the value of a pound of 
ginger was equivalent to the cost of a sheep. By medieval times, it was being imported in preserved form to 
be used in sweets. Queen Elizabeth I of England is credited with the invention of the gingerbread man, which 
became a popular Christmas treat.[1] 
The medicinal properties  ofginger were known in ninth century in Germany and France and in tenth  
century in England. Records suggest that ginger was highly valued as an  article of trade during the 13th and 
14th century in England; one pound of ginger had the same worth as that of sheep.[2] 
 
Health benefits 
Ginger is a potential herb used worldwide for its immense  phytotherapeutic properties. In Ayurveda it is 
known as Mahaaushdiwhich  means use of this herb improves body functions and helps to eliminates  toxins 
from the body (Nadkarni, 1976). Modern scientific research has revealed that ginger possesses numerous 
therapeutic properties including antibiotic, antimicrobial, and antioxidant effects, an ability to inhibit the 
formation of inflammatory compounds, and direct anti-inflammatory effects. Besides this, ginger is also 
effective against some kinds of cancers, stimulates blood circulation, controls blood pressure and 
hypertension, helps in lowering cholesterol, and is associated with combating heart problems.[2] 
 
Nutrient Composition  
Fresh ginger contains  

Moisture 80.9%  

Protein  2.3%  

Carbohydrates 12.3%  

Fat 0.9%  

Minerals  1.2% 

Fibre 2.4%  

 
The minerals present in ginger are iron, calcium and phosphorous. It also contains vitamins such as thiamine, 
riboflavin, niacin and vitamin C. The composition varies with the type, variety, agronomic conditions, curing 
methods, drying and storage conditions[3] 
 
Use of Ginger as a Traditional Medicine 
Ginger has been used as a spice as well as medicine in India and China since ancient times. It was also known 
in Europe from the 9th century and in England from the 10th century for its medicinal properties [14]. Native 
Americans have also used wild ginger rhizome to regulate menstruation and heartbeat. Ginger is thought to 
act directly on the gastrointestinal system to reduce nausea. Therefore, it is used to prevent nausea resulting 
from chemotherapy, motion sickness, and surgery . Ginger is known as a popular remedy for nausea during 
pregnancy [16]. Ginger is also used to treat various types of other GI problems like morning sickness, colic, 
upset stomach, gas, bloating, heartburn, flatulence, diarrhea, loss of appetite, and dyspepsia (discomfort 
after eating). According to Indian Ayurvedic medicinal system, ginger is recommended to enhance the 
digestion of food [17]. 
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General Antioxidant Properties of Ginger 
The presence of oxidative stress is associated with numerous diseases and a common mechanism often put 
forth to explain the actions and health benefits of ginger is associated with its antioxidant properties.Ginger 
was reported to decrease age-related oxidative stress markers [7] and was suggested to guard against 
ethanol-induced hepatotoxicity by suppressing oxidative consequences in rats treated with ethanol [5]. 
Ginger root contains a very high level (3.85 mmol/100 g) of total antioxidants, surpassed only by 
pomegranate and some types of berries [6]. The phorbol ester, 12-O-tetradecanoylphorbol-13-acetate 
(TPA), promotes oxidative stress by activating the nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase system or the xanthine oxidase system or both.  
 
Pharmacological Effects 
Antimicrobial effects  
Ginger has strong antibacterial and to some extent antifungal properties. In vitro studies have shown that 
active constituents of ginger inhibit multiplication of colon bacteria. These bacteria ferment undigested 
carbohydrates causing flatulence. This can be counteracted with ginger. It inhibits the growth of Escherichia 
coli, Proteus sp, Staphylococci, Streptococci and Salmonella 21, 22 [4]. The ginger extract has antimicrobial 
action at levels equivalent to 2000 mg/ ml of the spice. Ginger inhibits aspergillus, a fungus known for 
production of aflatoxin, a carcinogen 23,24. Fresh ginger juice showed inhibitory action against A.niger, 
S.cerevisiae, Mycoderma SPP. And L. acidophilus at 4, 10, 12 and 14% respectively at ambient temperatures 
[8]. 
 
Cardiovascular and Other Disease-Preventive Effects of Ginger 
In addition to its effects in relation to cancer, some evidence supports a protective role for ginger in 
cardiovascular function and a number of other disease conditions. Ginger has gained interest for its 
potential to treat various aspects of cardiovascular disease, and the in vitro and animal data supporting the 
anti-inflammatory, antioxidant, antiplatelet, hypotensive, and hypolipidemic effects of this condiment have 
been reviewed [9]Consumption of ginger (5 g) inhibited platelet aggregation induced in men who consumed 
100 g of butter daily for 7 days [10], and a later study showed that ginger enhanced fibrinolytic activity 
[11].In traditional Chinese medicine, ginger is used to improve the flow of body fluids. It stimulates blood 
circulation throughout the body by powerful stimulatory effect on the heart muscle and by diluting blood 
[12].  A Japanese study showed that active constituents in ginger reduced the blood pressure and decreased 
cardiac workload. Ginger reduced the formation of proinflammatory prostaglandins and thromboxane thus 
lowering the clotting ability of the blood [13] 
 
Effects on the gastrointestinal tract 
Ginger is traditionally used as remedy for the gastrointestinal complaints [20]. Ginger has number of active 
compounds which are known to excite digestion, absorption, alleviation from constipation and flatulence by 
accelerating activity of muscles in the digestive tract. A study was conducted on 18 males and 18 female 
college students, to find the effectiveness of ginger 940 mg in motion sickness was compared to that of 
dimenhydrinate 100 mg, who were having motion sickness. The study resulted, ginger is more  useful in 
preventing motion sickness than dimenhydrinate [21,22]. 
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Antioxidant effects 
In plants, Phenolic compounds are the main sponsor of antioxidant activity [20]. Ginger has antioxidant 
effect as of having polyphenols content [12]. Ginger is natural anti-oxidant [21,22]. Antioxidant is significant 
in preventing certain diseases, it slowdowns aging process. In a research, conducted on more than 120 plant 
foods, in which ginger ranked first amid the five affluent food wellsprings of the anti-oxidants and published 
in the Journal of Nutrition [13]. Also, ginger enhance the antioxidant production in the body. Ginger prevents 
free radicals Antioxidant effects 
 
Effects on cancer therapy 
Ginger possess anti-carcinogenic properties . As gingers’ active constituents can reduce nausea that’s why it 
is beneficial in chemotherapy which is used for cancer treatment. Any chemotherapy can result in side 
effects like nausea (approaching as a major side effect resulting from treatment of chemotherapy).and hair 
fall. Ginger has some important properties which are favourable and offer protection against cancer cells . In 
adult cancer patients, Ginger significantly reduces potency of acute chemotherapy-induced nausea [23]. 
 
FORMS OF USE 
Ginger tea  
In order to prepare ginger tea, a 2.5 cm tall fresh ginger  root is sliced or used in powdered form. Next, half a  
dessertspoon of ginger refined using a grinder is added  to a full glass of cold water, heated up to the boiling  
degree in a mild temperature, then boiled in a mild temperature for 5 to 6 min and drained. If necessary, a 
cup of freshly brewed tea is sweetened by squeezing juice of half a lemon and adding honey; and drinks it 
before it cools down. There is no inconvenience in drinking 1 or 2 cups of freshly brewed tea a day. The tea is 
preferred especially in complaints related to digestive system.[19] 
 
Tincture 
You may prepare ginger tincture using a proper dilution. Primary areas of use are digestive problems, 
asthma and complaints related to urinary tract. Drink it continuously or when necessary by adding 10 to 15 
drops into half a tablespoon of lukewarm water for 2 or 3 times a day.  
 
Spice 
Ginger is such a spice that patients suffering from stomach ulcer may use it conveniently. Spices containing 
ginger with may be conveniently added into soups, grilled meat with the purpose of easing digestion, any 
kind of cheese, vegetables, fruit salad, rice pilaf, muffins or cakes. Spices with ginger are preferred mostly 
due to their aphrodisiac effect. 
 
WARNINGS 
Ginger should not be used together with blood diluent medicines like heparin, warfarin and aspirin because 
bleeding time may be prolonged in long-term use of ginger, which is also a strong inhibitor of thromboxane 
synthetase. It does not bear any known side effect except for its long-term use during pregnancy period (it 
may be used for short terms against pregnancy nauseas). 
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Treatment of Pain 
Ginger is very helpful in healing the pains as proved by many clinical trials. A study reveals that, an effective 
decline in muscle pain was observed by daily consumption of ginger, either as raw or heat-treated . In 
another study impacts of ginger were evaluated on pain relief in the primary dysmenorrhea, ginger was 
found to significantly reduce the pain [24]. 
 
Other reported uses 
The effects of ginger have been widely studied in animals and in vitro models, these studies are leading to 
supposition for its use as an antihypertensive, antifungal, antimicrobial, antioxidant and antineoplastic 
agent. But in humans none of these possible potential uses have been studied [25]. 
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Economic importance and cultivation practices in Pumpkin 
Article id: 22272 
Bhosale S. S. and Virkar A. M. 
 

Scientific name: Cucurbita maxima. 
Family: Cucurbitaceae 

Origin: Central America 

Chromosome No: 2n=40 

Importance:  
                           Pumpkins were used to treat bladder problems and as a pain killer. Its seeds are an excellent 
source of fat and protein. Good source of Vitamin A, betacarotene, Vitamin C, Phosphorus, Potassium etc. 

Cultivation: 
                        Pumpkin hills should be approximately 3 feet by 3 feet. (0.9 x 0.9m). Allow 5 to 6 feet (1.5 -
1.8m) between hills, spaced in rows 10 – 15 feet (3m X 4.6) apart. Sow 2-3 seeds, 1 inch (2.54cm) deep every 
30-40 inches (76cm-102cm) and in rows 6-8 feet (1.8m – 2.4m) apart. Thin to one or two pumpkin plants.   
 
Soil and climate:  
Soil  : need fertile, aerated soil with a pH between 5.5 and 6.5.  
Well-drained, sandy loam or loamy soil in organic matter is ideal for its cultivation. 
Climate     : Pumpkins are a warm season crop 

Season and months: Sowing time is February to early March, late May or early June. Seeds can be sown 

directly in the soil. Pumpkins grow best in sunny areas. 

Varieties:  Arka Suryamukhi, Pusa Vishwas. Queensland Blue and Jarrah dale are two good keeping 

pumpkins. They have a blue-grey skin and rich yellow or orange flesh. The Butternut pumpkin is quite 
popular. 

Methods of cultivation- Plantation on ridges and in pit also. 
Seed rate –  The seed rate is (1.36-1.81 kg) per acre.   
Spacing: - Pumpkins may also be planted in rows 6 to 10 feet apart, spacing plants 2 to 3 feet apart in the 

row. 
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Land preparation- It is best to add nitrogen while preparing soil for planting. 
Sowing / planting: The planting hole should be about 2 feet apart and two seeds can be placed in each hole 
at a depth of 1” with the pointed side of the seed facing down. The seeds start germinating after 7 days.   
Fertilizer Management :   
Fertilizer rates should be based on   the results of a soil test and the nutrient requirements of the pumpkin 
crop. Pumpkins respond well to ample dressings of organic manure, and artificial fertilizers may be applied at a rate of  
(272-363kg) per acre of a 5:10:10 NPK mixture. 

 

 Application Methods –   
• During the growing season, most fertility needs of pumpkins can be met by applying water-soluble 

plant foods once or twice a week over the entire plant area.   
• Give seedlings a fertilizer that stresses phosphorus, such as 15-30-15. Shift to a more balanced 

formula, such as 20-20-20, once fruits are set.  
• Once fruit set is evident, use a formula with a high potassium percentage, such as 15-11-29.  

Interculture operations : Weeding and hoeing should be along and between the rows  

 Applications of N and earthing up should be done before emergence of tendrils  

 Tall grass growing above the foliage should be pulled up  

 Trained to the veins to grow with bamboo or sticks  

Thinning /gap filling ‐ Gap filling is done for keeping 2 healthy seedlings per spot. The gap filling is done in 

missing areas of the planted main field to maintain optimum population. 
 

Water management: 
Pumpkins need to be watered regularly throughout the growing season.   
Pumpkins need lots of indirect water, and the soil of the mound should be kept well moist but not wet, at all 
times. Remember not to water the pumpkin foliage.    
As it gets warmer you may need to water more than once a day. The best indicator is the plants leaves.   
If they are green and look healthy, they're probably getting enough water. If the leaves look wilted, they 
need more water.   
 
Crop protection:   

Pest: The main pests of pumpkins are aphids, pumpkin beetles, Cucumber beetles, squash vine borers and 

squash bugs and the leafeating ladybird. Dusting or spraying regularly before an infestation especially during 
egg laying and hatching, crop rotation etc is recommended.  
                                   Aphids can move into pumpkin fields in large numbers from surrounding vegetation, 
carrying viruses as it moves and feeds from one plant to another. Aphids also cause problems by weakening 
the plant through feeding, and both whiteflies and aphids are also vectors of viral diseases.    

Damage:  
Damage usually becomes obvious on cucurbits after the vines begin to run. Congregating on lower leaf 
surfaces and terminal buds, aphids pierce plants with their needle-like mouthparts and extract sap. When 
this occurs, leaves curl downward and puckers. Wilting and discoloration follow. Aphid damage weakens 
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plants and may reduce fruit quality and quantity. Honeydew secreted by aphids makes plants sticky and 
enhances development of black sooty mold on plant foliage.  
Diseases: Powdery mildew is a common disease of pumpkins. Downy mildew disease can also affect 
pumpkins. At times, pumpkins can become affected by watermelon mosaic virus. The symptoms are 
prominent mosaic patterns of light and dark green on the leaves and fruits. Plants infected at an early stage 
become stunted and their yield is decreased. Infected fruit show irregular, raised blisters. The disease is 
spread by aphids. Unfortunately, no varieties are resistant to this disease.  Removing and burning all infected 
leaves and crops will help to check the spread of the virus.   
Downy mildew: 

Control: It is severe during rainy season. This can be checked by spraying mancozeb 50 gm in 15 litre of 

water(waiting period ofmancozeb is three days).  
Powdery mildew: 
Can be controlled by spraying combination of Mancozeb and carbendazim 35 gm per 15 litres of water.  
 

Mosaic: 
 Control the vectors by spraying dimethoate 35 ml in 15 litres of water.  

 Uprooting and destruction of affected plants and collateral hosts should be done.  

 Harvesting can be done only after 10 days (at least) of insecticide / fungicide application. 
   

Weed management-  Weeding is the process of eliminating competition of unwanted plants to the regular 
crop in respect to nutrition and moisture. So that crops can be grown profitably. It also facilitates other 
operations like irrigation and fertilizer application. The advantages of weeding are   

1. Conservation of soil moisture.   
2. Reduced competition for nutrients, sunlight, space and water.  

Harvesting & post-harvest processing: 

Method of harvesting – 55‐75 days after sowing  

a) Rind of fruit is very tender  
b) The color of fruits skin starts becoming red , fruit rind hardens and seed coat also becomes 

hard and unfit for eating  
c) yield : The average yield of pumpkin is between 20 to 30 tonnes/ha. In well-cultivated fields 

hence appropriate accommodation for transportation and storage should be made. 
Post-harvest processing – Washed with water, Covered with the paper in crate. 

Packaging: Neatly at the packinghouse, fruits are packed in ventilated polypropylene bags weighing 50 lbs, an 

average of 2-3 fruits; mesh bags or double walled fibreboard boxes with dividers can also be used.   

Products:   
           ‐ Preparation of Bhaaji  

Market availability:  Pumpkin is sold for distant as well as for local markets, long root market. 
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Single Use Plastics (SUPs) and its impact on environment  
Article id: 22273 
Ritika Joshi1 and Ashish Khandelwal2 

1Punjab Agricultural University, Ludhiana, Punjab 
2Indian Agricultural Research Institute, ICAR, New Delhi 
 
Plastic isn’t the problem. Problem is what we do with it. It becomes an important asset for human life and 
used in many forms. It plays a vital role in safe storage of food and food products, saves countless of lives 
in health sector and provide benefits in many other fields. There is no need to blame the material. It is our 
misuse of the material as consumers, the ineffective recycling policies, lack of infrastructure and 
inappropriate waste management strategies are to be blamed. But the negative impacts of plastic use 
(due to our mismanaged strategies) on environment, marine life and our health cannot be overlooked. The 
plastics are usually non-biodegradable and remain as waste in the environment for a very long time, 
thereby posing risks to human and marine life as well as the environment. As per reports on the status of 
India, only 60 per cent of this waste even gets recycled. Most of this waste is generated in Asia, while 
America, Japan and the European Union are the world’s largest producers of plastic packaging waste per 
capita (UNEP, 2018) and Bangladesh was the first country to ban plastic bags in 2002. According to UNEP, 
Only nine per cent of the nine billion tones of plastic the world has ever produced has been recycled. So, 
there is a urgent need to shift from high waste generated to high waste recycled country. 

What is SUPs: Plastics is a kind of organic polymer, which has molecules containing long carbon chains as 
their backbones with repeating units created through a process of polymerization (Koushal et. al, 2014). 
Also, additives are usually added when manufacturing of commercial plastics is carried on, in order to 
improve the strength, durability or grant the plastic specific characteristics. SUPs are used only once before 
they are thrown away or recycled. These include plastic bags, cups, plates, aerated drinks' bottles, straws, 
stirrers, take-away food containers, processed food packers and wrappers. Of these, foamed products such 
as disposable cutlery, plates and glasses are considered the most dangerous to the environment. Much of 
the plastic we produce is designed to be thrown away after being used only once. As a result, plastic 
packaging accounts for nearly half of all plastic waste globally, and much of it is thrown away within just a 
few minutes of its first use. Much plastic may be single-use, but that does not mean it is easily disposable. 
When discarded in landfills or in the environment, plastic can take up to a thousand years to decompose. So, 
recycling of SUPs is an important problem for safe disposal of SUPs. 
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Impact on environment: SUPs are main environmental and health problem causing plastics particularly in 
the urban areas and it is one of the major toxic pollutants of present time. SUP bags are widely used because 
they are strong, cheap and hygienic ways to transport goods and one of the main sources of plastic waste in 
our country. SUPs are composed of non-biodegradable substances with toxic chemicals which pollute earth 
and lead to air and water pollution. Disposing of SUPs by burning in open releases harmful gases like furan 
and dioxin and in some places, it is often burned for heat or cooking, exposing people to toxic emissions and 
leads to environmental pollution. Carcinogenic, neurotoxin, and hormone-disruptive chemicals are standard 
ingredients and waste products of plastic production, and they can take up thousands of years to 
decompose and ultimately find their way into our ecology through water, land, and air pollution. Some of 
the major compounds include vinyl chloride, dioxins, benzene, formaldehyde, and bisphenol-A. Many of 
these are persistent organic pollutants (POPs), some of the most damaging toxins on the planet, owing to a 
combination of their persistence in the environment and their high levels of toxicity; however, their 
unmitigated release into the environment affects all terrestrial and aquatic life with which they come into 
contact. Studies suggest that plastic bags and containers made of expanded polystyrene foam (commonly 
referred to as “Styrofoam”) and they slowly break down into smaller fragments known as micro plastics. 
When plastic breaks down into micro plastic particles, it becomes even more difficult to detect and remove 
from the open oceans and if ingested by fish or other marine life, can enter our food chain. Plastic bags in 
the ocean looks like jellyfish, ingested by turtles and dolphins and these bags blockage the breathing 
passages and stomachs of hundreds of different species. Biodiversity loss and food chain contamination are 
the major negative impact of SUPs.  
 
Standard guidelines for SUPs: These guidelines are issued by Ministry of Environment, Forest and Climate 
change, Government of India. 
 
1) Improve waste management systems: Promotion of eco-friendly alternative and prohibition on SUPs 

can effectively counter some of the challenges. Better and effective segregation of plastics from source 
materials is the first step in waste management. Safe storage and transport system should be 
standardized. Focus should also be placed on improving collection and transportation infrastructure and 
ensuring segregated waste is collected. Ultimate aim should be more recycling and less land filling and 
dumping in the environment. 

2) Promotion of eco-friendly alternatives to minimize use of SUPs: Techniques helps in recycling of SUPs 
and development of eco-friendly alternatives should be promoted by government. The Ministry of 
Environment, Forest and Climate Change, through a central sector scheme titled ‘Creation of 
Management Structure for Hazardous Substances’ provides financial assistance for innovative 
technologies and novel treatment options for different waste streams. 

3) Awareness among consumers regarding environment: Raise public awareness about the harm caused 
by single-used plastics. Clearly explain the decision and any punitive measures that will follow. Events 
organized by government should be free of SUPs. Create awareness through radio/Tv talks, news 
channel debates, campaigns should be organized by state government. 

4) Action by Government Officials: Following actions should be taken by government officials: a) All govt. 
offices should be declared single-use plastic free by banning single-use plastic items like plastic bags, 
plastic/thermocol disposal cutlery including cups/glass, bowls, glasses, forks, spoons etc. b) All govt. 
offices shall discouraged to use plastic products including, Artificial flowers, banners, flags, flower pots. 
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5) Extended Producer Responsibility (EPR): The Ministry of Environment, Forest and Climate Change, is 
currently formulating a national framework for implementing EPR under rule 9 of Plastic Waste 
Management Rules, 2016.Under the proposed framework, modalities will be fixed for producers/brand 
owners and importers of plastic products for implementing the EPR framework. Certain SUP products 
including PET/PETE bottles used for packaging beverages including water may not require prohibitive 
action and will come under the ambit of recycling/processing channels under EPR. 

 
CONCLUSION: Large amounts of single-use plastics are improperly discarded in dumpsites, in the 
environment, or burned out of necessity as cooking fuel, especially in countries with inadequate waste 
management systems and limited public awareness. Only a small percentage is disposed of properly in 
sanitary landfills, and an even smaller portion is recycled. Transitioning to more eco-friendly alternatives can 
be a lengthy process. In the meantime, strengthening circular thinking and waste management systems can 
successfully help in reducing plastics pollution. 
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Biofortification of crops: A sustainable way for Nutritional security. 
Article id: 22274 
Shubhi Chaurasia 
Assistant Professor of Agricultural Extension,  
BRIATS, Prayagraj. 
  
This year world food day celebrated on 16 October, observed under the theme “Our actions are our future 
healthy diets for a # Zero hunger world”.  
 
Achieving Zero Hunger is not only about addressing hunger by providing food to every citizen of India but 
the food must also fulfill the nutritional requirement of every citizen. So we can say that Zero hunger means 
everyone gets sufficient nutritional food which is enough for their physical, social and economical need and 
satisfies their health requirement. According to Food and Agriculture organization of United Nations, a 
healthy diet is one that meets the nutritional needs of individuals by providing sufficient, safe, nutritious and 
diverse foods to lead an active life and reduce the risk of disease; it includes fruits, vegetables, legumes, 
nuts, seeds whole grains etc. But a country like India, it is a matter of great challenge to achieve zero hunger 
.As per sources:  FAO estimated in “The state of food security and nutrition in the world ,2019 report 194.4 
million ( 14.5 per cent )peoples are undernourished in India. Also 51.4 percent of women in reproductive age 
are anemic due to lack of vitamins and minerals. Further according to the report 37.9 per cent of the 
children aged less than five year in India are stunned (too short for their age) while 20.8 per cent suffer from 
wasting, meaning their weight is too low for their height due to poor diet. 

As per ministry of agriculture and farmer’s welfare, the total food grain production, of the 2018-2019 
is 284. 95 MT. despite of having surplus food but the issue of malnutrition and deficiency of nutrients is still 
persistence especially in women and children.  And this make India ranks among bottom countries like 
Ethiopia and Bangladesh in matter of malnutrition. India ranks at 103 out of 119 countries as per 2018-2019 
Global Hunger Index. Malnutrition not only affects us physically but mentally as well .According to ICMR 
report rural population needs 2400 calories/day and urban population needs 2100 calories / day.  But As per 
Rangarajan committee in 2011, 29.5 per cent of population below poverty line and Approx ¼ th of Indian 
population gets food only once a day. Due to economical disbalance among society and huge population 
pressure, it has created a disbalance in agricultural production, and because of this a big part of our 
population is enable to fulfill their basic food requirements. Generally malnutrition is treated as a medical 
issue or health problem, but actually it is a result of socio-economical and political pressure. Women who 
are suffering from nutrients deficiency, their child will also suffer from malnutrition. 

To fight against these social issues and to overcome these problems Govt. of India are running a 
number of programme for the welfare of children and women in order to provide nutritional security to 
them. Like Mid Day meals, Anganwadi, NFSM, Antodaya, Annapurna, PDS etc. In order to that in the year 
2013 National food security Act was passed, it covers 75 per cent of rural and 50 per cent of urban 
population entitled for 5 kg of food grains per person per month for Antyodaya Anna Yojan (AAY) 
households at subsidized price of Rs 3, Rs 2 and Re 1   per kg of rice, wheat and millets respectively. For 
transparency in the TPDS digitalization of 100 per cent ration card has been also done.  
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Challenges and Opportunity:  
Providing Nutritional security to the second largest population: As per Times of India (2015), more than 25 
per cent of children belong from age group of 0-5 year died and 50 per cent cause of death is mal nutrition. 
This shows a lag in nutritional security. 
Nutritional security means availability of diet rich in carbohydrates, protein, fat, and micronutrients. So for 
that we should add more vegetables in our diet to avoid nutrient deficiency and  malnourishment, as 
Vegetables are easy to cultivate and can be grown in small areas like kitchen gardens, required less time and  
they are rich source of vitamins, minerals, iron etc which can meet the nutritional requirements of the 
peoples .  
 
Enlisted varieties by various research institution of ICAR, which having nutritional value. 

Crops Varieties Nutritional value 

Wheat  HI 8627 Rich in  Vit.A 

 HI 8663 (Poshan) For daliya,suji 

 HD 4672   -do- 

 HD 2932 -do- 

 HI 8498 -do- 

 HI 8713 (Pusa Mangal) Rich in zinc, 

 HI 1563 Rich in beta carotene, iron, zinc, 
copper. 

Letil Pusa vaibhav Rich in iron 
 

   

Carrot  Pusa vasudha Beat carotene,lycopin,and 
minerals 

 Pusa rudhira    -do- 

 Pusa nayan jyoti Beta carotene 

Mustard 
(vegetable) 

Pusa saag 1 Rich in vit.c,carotene 

Mustard 
(oil) 

 Pusa sarsoo 29 Low erucic acid 

 Pusa sarsoo 21 Erucic acid < 2 % 

 Pusa karishma  0 % erucic acid 

Mango Pusa pratibha Rich in vitamin C,carotene 

 Pusa lalima -do- 

 Pusa pitamber -do- 

Okra Kashi Lalima (2019) by IIVR  Red in colour rich in Calcium, 
iron, potassium and antioxidants. 

Source: ICAR (2014) 
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Biofortification of crops: 
In order to achieve nutritional security Biofortification is the new and sustainable way to address the 1.3 
billion people of India having deficiency of vitamins and minerals. Biofortification is the development of 
micronutrients rich crop by using agronomic approaches, traditional breeding practices and biotechnology. 
The ultimate goal of Biofortification is to achieve zero hunger by reduce mortality and morbidity rates 
related to micro nutrients malnutrition and to increase food security, productivity to improve the quality of 
life and living standard for the poor population of the developing countries. 
The 2016 FSSAI standards recommended for white flour fortification. It is a realistic and sustainable 
complementary strategy to food supplementation and dietary diversification to eliminate micro nutrient 
deficiency. Food to be fortified includes milk, edible oils, rice, wheat flour, and salt . Fortifying these 
commonly consumed foods with folic acid should greatly reduce the numbers of babies with brain and spine 
birth defects and the numbers of children and women with nutritional anemia. 
 
Enlisted Biofortified crop varieties by various research institution of ICAR, which having nutritional value. 

Crops Varieties Nutritional value 

Wheat WB02 Iron and zinc rich 

 HPBW01 Iron and zinc rich 

 Pusa Ujala (HI1605) Iron , zinc  and protein rich 

 MACS  4028 Iron and zinc rich 

 Pusa Tejas (HI 8759) Iron , zinc  and protein rich 

Rice CR dhan 310 (ICAR-NRRI) Contains high protein (10.3%) 

 DRR dhan 45 Rich in zinc 

 DRR dhan 49 Rich in zinc 

Pearl  millet HHB299 Iron and zinc rich 

 AHB1200 Rich in iron 

Mustard Pusa mustard 30 Low erucic acid < 2 % 

 Pusa double zero mustard31 Low erucic acid < 2 % and glucosinolates (<30 
ppm) 

Soybean NRC127 KTI ( kunitz trypsin inhibitor)free 

Cauliflower Pusa Beta Kesari 1 Contain high beta carotene (8-10ppm) 

Sweet Potato  Bhu sona  Contain high beta carotene (14.0mg/100g) 

 Bhu Krishna Contain anthocyanin (90.0mg/100g) 

Pomegranate Solapur lal High iron,zinc and vitamin C. 

Maize Pusa Vivek QPM9 improved (IARI) Contains high provitamins –A, and Tryptophan 
(0.74%) and lysine (2.67%) 

 Pusa HM 9 improved High tryptophan and lysine 
 

 Pusa HM4 improved High tryptophan and lysine 

 Pusa HM8 improved (IARI) High Typtophan (1.06%) and lysine (4.18%). 

Lentil IPL 220 (IIPR) High iron (73ppm) and zinc (51ppm) 

 Pusa Ageti masoor Contain iron 

 Source: Reference  
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CONCLUSION: 
Malnutrition emerged as the most serious health issue, caused due to inadequate consumption of balance 
diet. Considering its ramification, alleviation of malnutrition is the most important step for achieving zero 
hunger. Out of 17 goals SDG2 (Zero Hunger) aims to end hunger through food and nutritional security. It is a 
great matter of challenge to providing food and nutritional security and achieving Zero Hunger in Country 
like India, where peoples have not been meeting daily recommended calories requirements as poverty 
restricts the purchasing power of  nutritional rich food.   It is important to note that, in order to achieve the 
access to and availability of nutritional food has increased through allocation of Mid day meal, Integrated 
Child Development Services  scheme ,AAY  by providing supplements such as vitamins A and iron capsules or 
by adding nutrients in basic food products such as iodized salt, iron and folate –fortified flour ,rice and 
vitamins A added cooking oil.  State like Haryana and Odisha started adding vitamins A and Folic acid in 
wheat flour and zinc in rice (food fortification) respectively allocating it to children  through mid day meal. 
However only food fortification approach is not sustainable over the longer term, biofortification of crop 
variety (a process through nutritional quality of a crop is enhanced through genetic manipulation) is the 
most sustainable and cost effective way for achieving the nutritional security. It required a intensive efforts 
by public sectors institutions and policy for promotional campaigns for awareness generation and increasing 
the adoption and acceptance of biofortified crop varieties. Inclusion of these biofortified cereals in different 
programmes such as NFSM, ICDS , Mid day meals would help in providing the nutrient  rich balance diet to 
the poorer, especially benefit to the children and pregnant women. 
 
REFERENCE:   

[1]. Yadava Devendra kumar,Hossain Firoz ,Mohapatra Trilochan (2018).Indian Journal of Medical 
Research 2018,148(5) pg 621-631. 
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The plant kingdom is recognized as the most effective producer of chemical compounds, synthesizing many 

products that are used as defense against different pests. Botanical extracts induce insecticidal activity, repellance 
to pests, antifeedant effects and insect growth regulation, toxicity to nematodes, mites and pests, as well as 
antifungal, antiviral and antibacterial properties against properties. These are unique because they can be produced 
easily by farmers and small industries. As consumers’ demand for organically produced foods increases, use of neem 
extracts in Integrated Pest Management is now gaining momentum. 

 
INTRODUCTION  

Neem (Azadiracta indica), the versatile tree having many good and useful qualities is indigenous to 
India. Neem is known for its “bitter taste” derived from limonoids, a group of tetranortripterpinoids of which 
azadiractin is the most active. Neem products have shown activity on a wide range of insect pests of many 
crops worldwide, and its derivatives are known to have distinct antifeedant and growth inhibitory effects. 
Although all parts of the tree repel insects, extracts of the seeds are outstanding repellents and feeding 
deterrents for a broad spectrum of economically agricultural and household insects-pest. Seed extracts 
deter at least 25 species of crop pests from feeding, inhibit the growth and development of others and 
render others sterile,140 active components have been identified to date that occur in different parts of 
tree. The most important component identified has been the tetranortriterpenoids (limonoids) the 
azadiractin. Unlike most of the present insecticides available on the market, the seed extracts appear to be 
non toxic to man and animals and are essentially non-phytotoxic. Biologically active principles isolated from 
different parts of the plant include: azadirachtin, meliacin, gedunin, salanin, nimbin, valassin and many other 
derivatives of these principles. Miliacin forms the bitter principles of neem seed oil, the seed also contain 
tignic acid             (5-methyl- 2-butanic acid) responsible for the distincitive odour of the oil. These 
compounds belong to natural products called triterpenoids (Limonoids). The active principles are slightly 
hydrophilic, but freely lipophilic and highly soluble in organic solvents like, hydrocarbon, alcohols, ketones 
and esters. The insecticidal effect of neem has been proved on several insect groups, including Lepidoptera, 
Diptera, Coleoptera, Homoptera and Hemiptera species. 

Different formulations of extracts from Neem  
Neem Leaf Extract   
Method 1:  
Materials required: 2 kg of neem leaves, Mortar and pestle, cotton cloth, Pot, Soap, Strainer,     
Methods of preparation: Pound neem leaves gently.  Place in a pot. Add 2-4 liters of water. Cover the mouth 
of the pot securely with the cloth and leave it as such for 3 days. Strain to get clear extract. String 10-12 kg of 
neem leaves are needed for 0.4 ha.  
How to use: Dilute 1 liter of neem leaf extract with 9 liters of water.  Add 100 ml of soap. Stir well. Spray on 
the infested plants.  
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Pest target: Aphids, Colorado beetles, Grasshoppers, Grubs, Japanese beetles, Leaf hoppers, Locusts, Plant 
hoppers, Scales, Snails, Thrips, Weevils, White flies  
 

Method 2: Materials required: 5 kg of neem leaves, 5 lit. of cow’s urine ,2 kg cow’s dung Mortar and pestle, 
cotton cloth, Pot, Soap, Strainer,     
Methods of preparation: Five kg of neem leaves was crushed in 1 lit. of water and mixed with 5 lit. of cow’s 
urine and 2 kg cow’s dung, and kept for 24h for fermentation with intermittent stirring.   
How to use: The extract was filtered and used for spraying.  
Pest target: All sucking pests  
 

Neem seed extract   
Materials required: 3-5 kg of neem seeds, Mortar and pestle, cotton cloth, earthen pot, Soap, Strainer and 
String.  
Methods of preparation: Remove the shells. Pound seeds gently.  Place in a pot.  Add 10 liters of water.  
Cover the mouth of the pot securely with the cloth and leave it as such for 3 days. Strain to get clear extract  
How to use:  Dilute 1 liter of this extract with 9 liters of water.  Add 100 ml of soap. Stir well. Spray on the 
infested plants.  
Pest target: Aphids, Beetles, Bugs Grasshoppers, Grubs Flies, Leafhoppers, Locusts, Moths, Nematodes, 
Planthoppers, Scales, Snails, Thrips Weevils, Whiteflies    
 

Neem Seed Kernel Extract  
Materials required:  
Neem seed kernel, teepol, muslin cloth  
Methods of preparation: Five kilograms of neem seed kernel were ground gently and soaked in 10 lit. of 
water overnight. Squeeze the soaked material repeatedly for better extraction of the azadirachtin in the 
aqueous suspension. Then, in the next day morning, the content was stirred till solution becomes milky 
white, filtered through double layer of muslin cloth and it was made to 100 litres. Filter the contents through 
muslin cloth.  
How to use: Add 1 ml teepol or soap water (2%) and spray. The seeds that are used for the preparation of 
neem kernel extract should be between three and eight months old. Otherwise, the quantity of azadirachtin 
in the seeds is quite low and hence they cannot be efficiently used for pest control.  
Pest target: All sucking pests 
 

Neem Seed Powder Extract  
Materials Required: Matured, dried neem seeds, Mortar and pestle, Basin, pail, Muslin pouch, Strainer, 
Soap (5 ml/10 l of water), Water.  
Methods of preparation: Remove shells and pulps from seeds in the desired amount. Then pound seeds 
gently in such a way that no oil comes out. Once done, put the desired amount of powder in a pail of water. 
Stir well for about 10 minutes and steep for at least 6 hours but not more than 16 hrs. Stir it again for 
another 10 minutes. Strain. Add soap. Stir well.  
How to use: Spray on the infested plants thoroughly. Spray early in the morning or late afternoon.  
Pest target : Cotton bollworm ,Aphids .Colorado beetles ,Cotton leaf roller ,Cutworm Diamondback moth 
,Fall armyworm , Grasshopper ,Japanese beetles ,Leaf miner ,Leaf hopper , Locust ,Mexican bean beetle 
,Whiteflies  
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Neem Oil Extract  
Materials Required: 40 ml neem oil,1 liter of water, A few drops of soap , Basin   
Methods of preparation: Forty millilitres of neem oil are added to the emulsifier and stirred well to ensure 
that the oil and water can mix well. After this, 1 litre of water is added and stirred well.   
How to use: It should be used immediately otherwise oil droplets will start floating. A knapsack sprayer is 
better for neem oil spraying than a hand sprayer. Spray immediately on infested plants.  
Pest target: Aphid, Leafminer, White fly  
 

Neem Seed Oil Suspension in Water Extract  
Materials required: 5 kg of finely ground neem seeds, 1/2 liter of hot water, Soap, Basin  
Methods of preparation: Put the finely ground seeds into a basin. Add hot water little by little until it is 
possible to knead the mixture. Knead and press the mixture to get the oil. Approximately 650-750 ml oil is 
extracted from this mixture.  
How to use: Take desired amount of neem oil and mix with soap before adding water.  Stir thoroughly to 
prevent oil separation.  Fill in the knapsack sprayer. Spray thoroughly on infested plants.  
Pest target: Aphids, Brown planthopper, Flea beetle, Leafhopper, Potato tuber moth, Psyllid, 
Scaleinsects,Whitefly,Whorlmaggot  
 

Neem Cake Extract 
Materials Required: 1 kg of pounded neem cake, Muslin pouch, Soap (1 ml/liter of water).  
Methods of preparation: Soak one kilogram of neem cake in 5 litres of water for 2 days and filter through 
muslin cloth.   
How to use: Dissolve 200 g of soft soap in the filterate and make upto 10 L of water before spraying. Stir 
well. Spray on infested plants.  
Pest target: Tobacco cutworm, leaf miners of citrus, groundnut, tomato and beans 
 

Benefits of Neem   
Some of the important advantages of neem based products, which differs it from its synthetic counterparts 
are as follows:   
1. They are environmental friendly and do not contaminate terrestrial and aquatic environment.   
2. They are non toxic.   
3. They can be used in combination with other pesticide and oil for more effectiveness.   
4. They possess anti-feedant properties, which helps to protect the plants.   
5. Pests generally do not develop resistance to them.   
6. They are generally water soluble and help in the growth of the plants.   
7. They act as pest reproductive controller.   
8. They help to nourish and condition the soil.   
9. They are relatively less expensive. 
 
CONCLUSION  

Today Neem is recognized as a natural product which has much to offer in solving global agricultural, 
environmental and public health problems. The magical tree and hundreds of its active compounds are used to 
manufacture a number of products. Natural properties do not have any toxic reactions, so they are helpful in 
plant protection and management. Extracts derived from Neem act as powerful Insect Growth Regulators (IGR) 
and also help in controlling several nematodes and fungi. It also reduces insects growth in crops and plants. 
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INTRODUCTION 
There is a growing consensus in the scientific literature that the earth is warming due to anthropogenic 
increases in greenhouse gas emissions into the atmosphere. There is considerable reason to be concerned 
about the effects on food security. Studies have documented a large decrease in crop yields resulting from 
extreme daytime temperatures around 30 °C (IPCC, 2014). Several other studies report that temperature 
trends are important for determining both past and future impacts of climate change on crop yields at sub-
continental to global scales. Together with temperature increases, climate change is expected to result in 
increasingly unpredictable and variable rainfall (both in amount and timing), changing seasonal patterns and 
more frequent occurrence of extreme weather events. The IPCC (2014) report also points out that changes 
in climate and CO2 concentrations will enhance the distribution and increase the competitiveness of 
agronomically important and invasive weeds, which is generally not accounted for in current projections of 
climate change impacts on agricultural productivity, but which could be quite significant. Considering these 
effects, it is generally recognized that climate change has very significant implications for smallholder 
agriculture.  
 

As a result of climate change, some cultivated areas may become unsuitable for cropping and some 
tropical grassland may become more and more arid. Climate change threatens agriculture and food 
production in complex ways. It influences food production directly through changes in agro-ecological 
conditions and indirectly by affecting the growth and the distribution of incomes, and thus the demand for 
agricultural produce. According to the IPCC (2014) report all aspects of food security are potentially hit by 
climate change, including food access, utilization, and price stability. In order to be able to cope against the 
negative impact of climate change, farmers need ex-ante and ex-post strategies for managing climate risks 
that enable them to enhance their livelihoods, e.g. increase their resilience. Therefore, the state of 
knowledge and experience to date implies that we need to think of different strategies to manage climate 
risk at the farm level. Climate change is emerging as a prominent issue in the world in current times. 
Changing climatic conditions are most severely affecting agriculture as it depends on local weather 
parameters like temperature, rainfall, humidity, etc. in long term. Climatic change could affect agriculture in 
several ways: productivity, in terms of quantity and quality of crops; agricultural practices, through changes 
in irrigation and agricultural inputs such as herbicides, insecticides and fertilizers; environmental effects, in 
particular in relation to frequency and intensity of water drainage, soil erosion, reduction of crop diversity; 
rural space, through loss and gain of cultivated lands, land speculation, land renunciation and hydraulic 
amenities; adaptation, as plants may become more or less competitive, such as flood resistant or salt 
resistant varieties of rice. World agriculture faces a serious decline within this century due to global 
warming. Since agriculture makes up roughly 16 per cent of India’s GDP, a 4.5 to 9 per cent negative impact 
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on production implies a cost of climate change to be roughly up to 1.5 per cent of GDP per year. To alleviate 
some of the complex challenges posed by climate change, agriculture has to become “climate smart”, that is, 
sustainably increase agricultural productivity and incomes, adapt and build resilience to climate change, and 
reduce and/or remove greenhouse gas emissions, where possible. Climate-Smart Agriculture (CSA) 
contributes to the achievement of sustainable development goals.  
 
Climate-smart agriculture: Definition  
Climate-smart agriculture (CSA) is an integrative approach to address these interlinked challenges of food 
security and climate change that explicitly aims for three objectives:  
 Sustainably increasing agricultural productivity, to support equitable increases in farm incomes, food 

security and development. 

 Adapting and building resilience of agricultural and food security systems to climate change at multiple 
levels.  

 Reducing greenhouse gas emissions from agriculture (including crops, livestock and fisheries).  
CSA invites to consider these three objectives together at different scales - from farm to landscape – at 
different levels - from local to global - and over short and long time horizons, taking into account national 
and local specificities and priorities.  

Climate-smart agriculture: what’s new?  
What is new about CSA is an explicit consideration of climatic risks that are happening more rapidly and with 
greater intensity than in the past. New climate risks, require changes in agricultural technologies and 
approaches to improve the lives of those still locked in food insecurity and poverty and to prevent the loss of 
gains already achieved. CSA approaches entail greater investment in  
 Managing climate risks.  

 Understanding and planning for adaptive transitions that may be needed, for example into new farming 
systems or livelihoods.  

 Exploiting opportunities for reducing or removing greenhouse gas emissions where feasible.  
 
History of climate-smart agriculture  
FAO coined the term CSA in the background document prepared for the 2010 Hague Conference on Food 
Security, Agriculture and Climate Change. The CSA concept was developed with a strong focus on food 
security, for now and the future, including adaptation to climate change. The CSA concept now has wide 
ownership among, governments, regional and international agencies, civil society and private sector. 
Emerging global and regional (Africa) Alliances on Climate-Smart Agriculture (ACSA) provide a platform for 
shared learning and collaboration among all interested parties.  
 
Main elements of climate-smart agriculture  
CSA is not a set of practices that can be universally applied, but rather an approach that involves different 
elements embedded in local contexts. CSA relates to actions both on-farm and beyond the farm, and 
incorporates technologies, policies, institutions and investment. Different elements which can be integrated 
in climate-smart agricultural approaches include:  
 Management of farms, crops, livestock, aquaculture and capture fisheries to manage resources better, 

produce more with less while increasing resilience.  
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 Ecosystem and landscape management to conserve ecosystem services that are key to increase at the 
same time resource efficiency and resilience.  

 Services for farmers and land managers to enable them to implement the necessary changes.  
 
Need of climate-smart agriculture  
The UN Food and Agriculture Organisation (FAO) estimates that feeding the world population will require a 
60 percent increase in total agricultural production. With many of the resources needed for sustainable food 
security already stretched, the food security challenges are huge. At the same time climate change is already 
negatively impacting agricultural production globally and locally. Climate risks to cropping, livestock and 
fisheries are expected to increase in coming decades, particularly in low-income countries where adaptive 
capacity is weaker. Impacts on agriculture threaten both food security and agriculture’s pivotal role in rural 
livelihoods and broad-based development. Also the agricultural sector, if emissions from land use change are 
also included, generates about one-quarter of global greenhouse gas emissions.  
 
Actions are needed to implement climate-smart agriculture  
Governments and partners seeking to facilitate the implementation of CSA can undertake a range of actions 
to provide the foundation for effective CSA across agricultural systems, landscapes and food systems. CSA 
approaches include four major types of actions:  
 Expanding the evidence base and assessment tools to identify agricultural growth strategies for food 

security that integrate necessary adaptation and potential mitigation.  

 Building policy frameworks and consensus to support implementation at scale.  

 Strengthening national and local institutions to enable farmer management of climate risks and adoption 
of context-suitable agricultural practices, technologies and systems.  

 Enhancing financing options to support implementation, linking climate and agricultural finance.  
 
Managing climate risk through climate-smart agriculture  
The question is what types of risk management programs are likely to be most effective for the type of 
climate risk exposure they face, and the level of vulnerability of their agricultural production systems and 
population. Are there trade-offs between risk management and economic growth? How can the risk 
management needed for adaptation be integrated into agricultural policies and investments? Climate smart 
agriculture is an approach developed to help answer these questions.  

Climate-smart agriculture (CSA) is an approach that helps to guide actions needed to transform and 
reorient agricultural systems to effectively support development and ensure food security in a changing 
climate. CSA aims to tackle three main objectives: sustainably increasing agricultural productivity and 
incomes; adapting and building resilience to climate change; and reducing and/or removing greenhouse gas 
emissions, where possible. CSA is an approach for developing agricultural strategies to secure sustainable 
food security under climate change.  

 
Practices of CSA  
Integrated practices  
Holistic, integrated practices ensure greater efficiency in the use of resources and more sustainable 
management of natural and human-created processes in the landscape. Integration can greatly reduce the 
pressure on the natural resources and minimize the need for external inputs (e.g. energy, chemical fertilizers 
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and pesticides). Integrated practices are interlinked with the Landscape approach that should be followed 
when moving towards CSA. It is the management of production systems and natural resources covering an 
area large enough to produce vital ecosystem services, but small enough to be managed by the people using 
the land. Integrated crop and livestock production systems are also efficient, increasing diversity, along with 
the environmental sustainability.  

Agroforestry practices such as use of shade trees are another example of an integrated practice. 
Shade trees reduce heat stress on animals and help increase productivity. Trees also improve the supply and 
quality of forage, which can help reduce overgrazing and curb land degradation.  
Crop production  
To cope with the challenges of climate change, crop production must adapt (e.g. crop varietal selection, 
plant breeding, cropping patterns and ecosystem management approaches) and become resilient to changes 
(frequency and intensity). Crop production can contribute to mitigating climate change, for example by 
reducing the use of inorganic fertilizers, avoiding soil compaction or flooding to reduce methane emissions 
(e.g. in paddy rice systems) and sequestering carbon (e.g. planting perennial crops and grass species).  
Livestock  
Livestock can make a large contribution to climate-smart food supply systems. Options to reduce 
greenhouse gasses are available along the entire supply chain and are related to feed management, enteric 
fermentation and manure management. Livestock’s role in climate-smart practices relates primarily to the 
management of organic matter and nutrients.  
Forestry  
Climate change jeopardizes the delivery of goods and ecosystem services from forests and trees that are 
essential to livelihoods and food security, to environmental sustainability and to national development. 
Mainstreaming climate change into forest policy and practice enables the finding of synergies and the 
management of trade-offs with other forest management objectives.  
Genetic resources and biodiversity  
Agriculture, including livestock, forestry, aquaculture and fisheries, depends on the three components of 
biodiversity: the diversity of species, the diversity within each species and the diversity of ecosystems. 
Genetic resources for food and agriculture play a crucial role in food security, nutrition and livelihoods and in 
the provision of environmental services. They are key components of sustainability, resilience and 
adaptability in production systems.  
 
Fisheries and aquaculture  
Fisheries and aquaculture provide essential nutrition, support livelihoods and contribute to national 
development. However, the sector is facing significant challenges in maintaining its crucial contribution to 
these areas. Increasing global demand for fish and aquatic foods, ocean acidification and climate variability 
and change only adds to these challenges.  
 Climate-smart fisheries and aquaculture require:  
 Improved efficiency in the use of natural resources to produce fish and aquatic foods.  
 Maintenance of the resilience of aquatic systems and the communities that rely on them to allow the 

sector to continue contributing to sustainable development.  
 Effective ways to reduce the vulnerability of those most likely to be negatively impacted by climate 

change.  
The ecosystem approach to fisheries (EAF) and the ecosystem approach to aquaculture (EAA) are the 
underlying approaches to developing climate-smart fisheries and aquaculture.  
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Land and water management  
Land and water management is a key element of CSA. More productive and more resilient agriculture 
requires a major shift in the way land and water are managed to ensure that these resources are used more 
efficiently. Sustainable Land and Water Management (SLM) includes a broad range of practices and methods 
including the restoration of peatlands and degraded lands.  
 

Land cover and soil information including soil mapping are a critical input for predictive models 
related to environmental protection, climate change, biodiversity, land degradation and regional and 
national food security early warning systems, natural resources monitoring and management.  
 
CONCLUSION  
Disciplinary, interdisciplinary and transdisciplinary scientific approaches play a fundamental and profound 
role in developing understanding of the processes underlying CSA and serve as partners in enumerating 
priorities for CSA. They form a crucial element in the knowledge base needed to implement CSA actions and 
manifest future transformative changes in agriculture in a changing climate. The momentum that has 
already built among the science community for CSA forms the foundation for critical engagement by more 
researchers in fundamental and applied studies. 
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Effective control measures of a noxious weed (Gajar ghas) Parthenium 
Article id: 22278 
Amit Kumar Maurya  
Sam Higginbottom University of Agriculture, Technology & Sciences, Prayagraj (U.P.), 211007, India 
 
Parthenium hysterophorus L. (Asteraceae), a noxious plant, inhabits many parts of the world, in calculation 
to its native range in North and South America and the West Indies. Parthenium is generally known as carrot 
weed or congress grass in India, it is an herbaceous, erect and annual plant belong to the family Asteracae 
(compositae). It is most commonly known as “Gajar ghas” due to its appearance like carrot plant. Origin of 
the Parthenium is measured to be from America, Mexico, Trinidad and Argentina. After visible occurrence of 
Parthenium in Pune (Maharashtra) in 1956, it has to be spread like a wild fire weed throughout India. At the 
present time it has invaded about 35 million hectares of land in India. It is a nuisance on road sides and 
railway tracks, vacant lands, wastelands, industrial areas, on the sides of open drainage system and irrigation 
canals above and beyond invading agricultural crop. 
 
Identification: 
Parthenium leaves look like carrot leaves hence, it is called carrot weed or gajar ghas. It may reach a height 
of 1.1 to 1.5 meter. It is branched; stems and leaves are covered with fine hairs. The flowers of gajar ghas 
white or creamy in clour. 
 

    
                 Gajar ghas                                  Flowers of gajar ghas 

Dispersal of Seeds: 
Parthenium is primarly spreads through seeds. It has the potential of producing as high as 154,000 
seeds/m2 and also it can produce approximately 15000 - 25,000 seeds/plant. The seeds are mainly dispersed 
through water animals, wind currents, through vehicles, machinery and grains. Most of the long distance 
spread through vehicles, farm machinery and flooding. The seeds have ability to remain viable in the soil for 
many years; hence it is one of the most complex troubles to control. Seeds of parthenium do not have a 
dormancy period and are capable of germinating anytime when moisture is available. Seeds germinate 
within a week with the onset of monsoon and flowering starts after a month and continues up to another 
three months. In the northwest India, parthenium germinates primarily in the months of February-March, 
attaining highest growth after rains in June-July and produces seeds in September-October. It is completes 
life cycle within 180–240 days. Its growth remains less and stunted from November to January due to severe 
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cold. Its allelopathic effects fixed with the absence of natural enemies like insects and diseases are two 
important factors responsible for its rapid spread. 
 
Harmful effects on human beings and livestock: 
Generally, Parthenium is measured as the one of hazardous terrestrial weed because of its harmful effects 
on humans and to biodiversity. Parthenium is a poisonous, pernicious, problematic, allergic and aggressive 
weed posing a severe hazard to human beings and livestock. In India and Australia, this weed has been 
measured as one of the supreme source of dermatitis, asthma, nasal-dermal and nasal-bronchial types of 
diseases. Besides ill effects, it also causes numerous other disease problems like blockage of common 
pathways and reduces the aesthetic values of parks, gardens and residential colonies. Parthenium is very 
toxic to animals causing dermatitis with pronounced skin lesions on various animals including horses and 
cattles. If eaten, it is responsible for mouth ulcers with excessive salivation. Maximum amount (10–50%) of 
this weed in the diet can kill cattle. 
 
Harmful effects on crops: 
The parthenium infect all types of crop like, orchards, plantations and forest. It commonly reduces the crop 
productivity loss as well as biodiversity and environment. The parthenium weed affects nodulation in 
legumes due to inhibition of action of nitrogen fixing and nitrifying bacteria, namely, Rhizobium, 
Actinomycetes, Azotobacter and Azospirillum. It is produces enormous numbers of pollens (on an average 
624 million/plant), which are passed away at least to short distance in clusters of 600–800 grains, and 
settled on vegetative as well as floral parts, including stigmatic surface, inhibiting fruit setting in crops like 
tomato, brinjal, beans, capsicum, and maize. 
 
Integrated management of Parthenium: 
After this weed became a menace in India and other countries, efforts are being started to manage the 
weed by various methods. But up to now, no single method has been proved satisfactorily as each method 
suffers from one or more limitations such as impracticability temporary relief, environmental safety high 
cost, etc. Hence, there is an urgent need to adopt an integrated Parthenium weed management approaches 
by amalgamating, all the methods jointly as and when applicable. However, if the weed has not been 
managed below the threshold level and is threatening biodiversity and posing ill problems for the humanity 
and animals. 

Mechanical and manual methods: 
Before flowering during monsoon, when soil is wet, uproot all the parthenium plant. For sensitive persons 
possibly allergic to this weed, therefore, it will be better to wear gloves or use polythene bags in hands at 
the time of uprooting the Parthenium. Parthenium is not a problem of individual; it is a problem of whole 
community. Therefore, there is need to motivate colony residents, workers in industry and large farms to up 
root the Parthenium in communal way. 

Chemical management: 
Parthenium in waste land can be controlled by use of glyphosate (1 to-1.5%) for total vegetation control but 
if grasses are to be saved, metribuzin (0.3 to 0.5%) and 2,4-D (2-2.5 kg a.i) be can used. Alaclor (2.0 kg a.i) 
can be used as pre-emergence to manage Parthenium weed in soybean, rajmaha, banana and tomato crop. 
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Metribuzin (0.50 to 0.75 kg a.i) can be used as pre-emergence just after sowing to manage Parthenium weed 
in potato, tomato and soybean crop. 

Biological control: 
Biological control is an environmentally sound and successfully reducing or mitigating pests and effects of 
pest through the use of natural enemies. Parthenium can be managed by its natural enemies like insects, 
fungi, nematodes, snails, slugs and competitive plants and exploitation of competitive plants (allelopathy), 
the majority of economic and practical way of managing parthenium. Biological control is low cost and poses 
no threat to non-target organisms, environment and biodiversity. It is self-perpetuating and can spread on 
its own while other control measures require inputs periodically. It is easy to combine with other control 
measures. Under the biological control programme, host specific bio-agents from the native home of the 
weed are very imported into other countries, where the weed had entered and became invasive. 

The Mexican beetle, Zygogramma bicolorata Pallister (Coleoptera: Chrysomelidae), in other 
countries, where they were introduced, beetle was imported in 1982 from Mexico to Bangalore. This beetle 
is found useful against Parthenium weed. Therefore, it should be released against this weed.  

Beetles are off-white or light reddish in colour with dark brown longitudinal markings on the elytra, 
measuring about 6 mm in length. Light yellow eggs are laid generally on ventral side of the leaves and hatch 
in 4-7 days. The beetle completes the life-cycle in 22-32 days. Equally adults and larvae are capable to feed 
on parthenium. By continuous feeding on Parthenium, it progressively kills the weed. Recently emerged 
plants after first flush are very vulnerable to the attack of grubs and adults. 

Parthenium can also be managed through viable plants like, Cassia tora, Cassia sericea Tephrosia 
purpurea and Achyranthes aspera etc. But among these botanical, Cassia tora or C. sericea are widely used 
to restore Parthenium. The seeds of Cassia be able to collected during October- November and should be 
broadcasted in April - May before monsoon on the predetermined area to be replaced. 

Parthenium weed can be used for several purposes. But it can most successfully used in compost and 
vermi-compost production. The compost ought to only be prepared by pit system. In NADEP method, all the 
seeds of Parthenium are not killed. The Parthenium weed biomass should be masked in the pit in layers. On 
every layer, 5 kg dung slurry and 500 gram urea should be used. After filling the pit, it should be stopped by 
the mixture of soil and dung. The compost prepared by Parthenium contains more nutrients than the 
compost prepared by cow dung.  

CONCLUSION 
The noxious Parthenium weed grows in a wide category of habitats and causes changes in above ground 
vegetation as well as in below ground soil nutrients. It is capable of out-competing native and nonnative 
palatable plants that are important to livestock. In addition, the changes in vegetation and soil nutrients could 
lead to ultimate changes in other trophic levels and alter the function of the ecosystem. Suitable methods for the 
management of P. hysterophorus are needed to avoid potential of threats to biodiversity and economic losses. 
The well-organized and environment-friendly alternative to other time-consuming, costly, toxic, physica and 
chemical methods is the use of biological control because of allelopathy, insects and fungal pathogens. Nine 
insect’s species and two rusts have been released in Australia to check this weed. Of these, two insects  like Z. 
bicolorata and E. stenuana and two rust fungi, Puccinia abrupta var. partheniicola and Puccinia 
xanthii var. parthenii-hysterophorae, have shown potential and are being used to control this weed. Nevertheless 
the weed has not been completely checked and is still creating nuisance in both Australia and India, and more 
needs to be done by scientists, agriculturists, and government to work jointly for managing this troublesome 
weed. 
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Yellow Mosaic Disease in Greengram (Vigna radiata L.). 
Article id: 22279 
Bhagyashree Kesherwani, Vinny John and Amit Kumar Maurya 
Sam Higginbottom University of Agriculture, Technology & Science 
Prayagraj-211007, U.P., India. 
 

The Green gram (Vigna radiata L.),alternatively known as mung bean. It is a plant species in the 
legume family. Mung bean is one of the major rainy (kharif) season pulse crop of India. Green gram is mainly 
cultivated today in India, China, and Southeast Asia. It is used as an item in both aromatic and sugary dishes. 
The Green gram crop is in demand because of its increased use as dry bean sprouts and nodules. The bean 
propositions 21 — 28% of protein and can be treated into many ways for human food. Many diseased 
disturb the superiority of plant as well as production of yield of green gram. Important illnesses of green 
gram are root rot, wilt, leaf spot, powdery mildew, bacterial leaf spot, leaf curl, leaf crinkle and yellow 
mosaic virus. There are many diseases produced by viruses, insect, etc. but Yellow mosaic disease is very 
common disease in green gram. 

Disease symptoms: 
Mung bean yellow mosaic virus (MYMV) Symptoms Initially small yellow patches or spots appear on 

green lamina of young leaves. Soon it matures into a physical appearance bright yellow mosaic or golden 
yellow mosaic symptom. Yellow discoloration gradually rises and leaves turn absolutely bright yellow. 
Infected plants developed later and allow not enough flowers and pods. The pods are insignificant, and 
distorted. Early contamination causes death of the plant before seed set. Pathogen it is caused by Mung 
bean yellow mosaic India virus (MYMIV) in Northern and Central region and Mung bean yellow mosaic virus 
(MYMV) in western and southern regions. The disease is transferred in semi persistent mode by, “aphid 
aphis gossypol.” Aphids are more active in warm summer conditions and increase in their population leads 
to increase spread of the viruses. 

 

                          Fig 1.Healthy crop of Green gram 
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                 Fig 2. Infected by Yellow Mosaic Disease 

Disease Cycle: 
Yellow mosaic disease - Disease cycle Transmitted by whitefly, “Bemisia tabaci” under favorable 

conditions. Disease ranges by suckling of plants by, “viruliferous whiteflies.” Summer sown crops are highly 
susceptible. Unwanted plant hosts viz. Croton sparsiflorus, Acalypha indica, Ecliptaalba and other legume 
hosts serve as artificial lake for inoculum. 

Disease Management: 
The viral diseases can be controlled by applying following measures:- 

 Apply 10% phonate granules at the rate of One kg ha-1 in the soil before sowing, or spray Carbandizm 25 
EC 1500 ml ha-1 by mixing in 600-800 liter water. · 

 Green gram cultivars LGG 407, ML 267, Pant Mung-1, Pant Mung-2 & Pant Mung-3 are resistant to yellow 
mosaic and HUM 8, HUM 9, PDM 84-139, Pusa Bold 1, Pusa Bold 2 and K1284 varieties are unaffected to 
yellow mosaic virus.  

 Deep summer ploughing must be practiced. 
 Irrigation should be given timely.  
 The crop must be sown early or timely.  
 Follow mixed cropping by growing two rows of maize (60×30 cm) or sorghum 45x 15 cm) or combo plant 

(45x15 cm) for every 15 rows of black gram or green gram.  
 If the seeds are not preserved than seed management should be done.  
 In endemic areas, only tolerant and resistant varieties should be used.  
 Weeds plants should be rouged out at their inception.  
 Insect, fungal and nematode vectors should be controlled using suitable pesticides.  
 Control white fly as it suppers the virus. 
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Acid sulphate soil: management strategy for soil health and productivity 
Article id: 22280 
Swetha Dhegavath1, Tirunagari Ruepsh2, B. Sri Sai Siddartha Naik3 
5) M.Sc (Ag) research scholar (Soil Science & Agricultural Chemistry), PJTSAU, Hyderabad. 
6) M.Sc (Ag) research scholar (Soil Science & Agricultural Chemistry), MPUAT, Udaipur. 
7) Ph.D (Ag) research scholar (Agronomy), MPUAT, Udaipur.  

 
Acid sulphate soil is the common name given to soils and sediments containing iron sulfides, the 

most common being pyrite. Management practices for its proper use in terms of agricultural and non-
agricultural planning requires not only the knowledge of physical, chemical and biological properties of 
soil but also the knowledge of climate, geographic positions of the landscape and its present land use. Acid 
sulfate soils can be successfully managed. There are a variety of management options available to treat 
acid sulfate soils. Selection of an appropriate management option will depend on the physical and 
chemical characteristics of the acid sulfate soil, the hydrological circumstances and the environmental 
sensitivity of the site. It is essential that an acid sulfate soil investigation be carried out at each site prior 
to any disturbance to help determine the most appropriate management. Due to prevalence of diverse soil 
groups, acid sulphate soil requires differential management approaches to boost agricultural production. 
 
INTRODUCTION  

Soil with sufficient sulphides to become strongly acidic (pH<3) when drained and aerated enough for 
cultivation are termed as acid sulphate soils. Sometimes it is called cat clay also. It includes all soils in which 
sulfuric acid may be produced that have a long lasting effect on main soil characteristics. Acid sulphate soils 
are not always a problem. But, if the soils are drained or exposed to air by a lowering of the water table, the 
sulphides react with oxygen and form sulphuric acid. When this sulphuric acid is released from the soil, it can 
in turn release iron, aluminium, and other heavy metals (particularly arsenic) within the soil. After 
mobilization, the acid and metals can create adverse impacts on soil and plant like killing vegetation, killing 
fish and other aquatic organisms, seeping into and acidifying, degrading concrete and steel structures to the 
point of failure, and groundwater and water bodies. Under the anaerobic reducing conditions maintained by 
permanent groundwater, the iron sulphides are stable and the surrounding soil pH is often weakly acid to 
weakly alkaline. Such soils are called potential acid sulfate soils (PASS) as they have potential to produce 
sulfuric acid when disturbed or exposed to air. Acid sulphate soils are generally found in coastal areas where 
the land is inundated by salt water. In Thailand and India, area covered by acid sulphate soil is about 2 
million acres. The area of acid sulphate soils in India is approximately 390,000 hectares. These are found in 
Kerala, Orissa, West Bengal, Andhra Pradesh and Tamil Nadu. The area in Kerala is approximately 110 
thousand ha which is highly organic sulfaquepts and among these area, partly (26 thousand ha) is affected 
by salinity. In West Bengal, 280 thousands ha acid sulphate soil belongs to great group sulfaquents and is 
mainly distributed in Sundarban region. The estimate on the extent of acid sulphate soils in the coastal areas 
reveals that about 0.26 million hectares area in Kerala and the Andaman and Nicobar group of islands are 
occupied by this type of soil. 
 
Table 1: Global distribution of acid sulphate soils 

Country Area(‘000’ ha) Source 

Australia 3000 Galloway, Aust. draft nat. Strategy, 1997 
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Vietnam 2140 Bui Quan Tran, 1990 

Venezuela  2000 2000 Van Breman, 1980 

Brazil 1111 FAO, 1974 

Guyanas 1246 Brinkman and Pons, 1968 

Indonesia 4109 Soekardi, 1990 

Thailand 1500 Krishnamra, 1990 

Malaysia 657 Dent, 1990 

Central America 650 FAO, 1974 

Madagascar 528 FAO, 1974 

India 390 Van Breemen and Pons, 1978 

*source: Attanandana et al., 1986; Angeloni et al., 2004 

Acid sulphate soil formation  
Acid sulphate soils form due to oxidation of sulphides in soils. When soil is drained and after then 

aerated, sulphide is oxidised to sulphate by biochemical reaction, form sulphuric acid. Magnitude of this 
depends on how much amount of sulphides are present in soil. The impacts of acid sulphate soil leachate 
may persist over a long time, and/or peak seasonally (after dry periods with the first rains). In some areas of 
Australia, acid sulfate soils that drained 100 years ago are still releasing acid. Below pH 4.0, bacteria called 
Thiobacillus ferroxidans are most active oxidizers and responsible for acid sulphate soil. Thiobacillus 
ferroxidans bacteria convert sulphate (dissolved salt) from seawater, groundwater or surface water into 
sulfide (another type of compound that contains sulphur). This sulfide reacts with metals especially iron in 
the soil sediments or water column, to produce metal sulfides (the main components of acid sulfate soils) 

 
Figure 1: Formation and accumulation of acid sulphate soil (National guidance for the management of acid sulphate 
soils in inland aquatic ecosystems-environment protection and heritage council and NRM ministerial council, 2011) 

 
Characteristics of Acid Sulphate Soil  

Acid sulphate soil contains a sulphuric horizon having pH < 3.5 along with sulphide content (yellow 
colour). Sulphuric horizon is 15 cm or more thick and is composed of either organic or mineral soil material 
that has a pH  equal or less 3.5 due to sulfuric acid (1:1 soil: water by Wt or in a minimum of water to permit 
measurement) and shows evidence that the low pH value is caused by sulphuric acid. It also contain 
sulphidic materials having oxidizable sulphur compounds. They are mineral or organic soil materials that 
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have a pH > 3.5. Compared with normal soil, the organic matter content of the acid sulfate soils are generally 
much higher; and among the acid sulfate soils, the content of organic matter tend to be higher, the lower 
the pH of the surface soil. Great group involved in acid sulphate soil are Sulphaquepts, Sulphaquents, 
Sulphihemists and Sulphohemists. Hydrogen sulphide often formed in lowland rice and causes akiochi 
disease which retard rice plant roots to absorb nutrients. This is because low pH is unfavourable for organic 
matter decomposition andretard the ammonification, regardless of the high organic matter content.  
 
Fertility Problems  

Acid sulphate soils are generally unproductive and reduce farm productivity. Their low productivity 
may be due to soil acidity, salinity, aluminium toxicity, iron toxicity, low content of major nutrients, low base 
status, and hydrogen sulfide toxicity. The sulphuric acid lowers pH, which makes several soil nutrients less 
available to plants. The acid dissolves iron and aluminium from the soil so that they become available to 
plants in toxic quantities in soil water. The reported ills of acid sulphate soils may be due to the direct effect 
of hydrogen ions, especially below pH 3.5 to 4. However, aluminium toxicity is probably more important in 
this pH range. When acid sulphate soils are used as landfill they can affect plant growth and landscaping. 
Animal productivity is affected by acid sulfate soils. The acid discourages good quality pasture. Grazing 
animals may take in too much aluminium and iron by feeding on acidtolerant plant species and drinking acid 
water. It produces so much sulfuric acid that nothing will grow, giving the soil surface a bare, scalded 
appearance. 
 
Management of Acid Sulphate Soils  
Acid sulphate soil needs to be managed when they are disturbed or exposed to oxygen. Typically, excavating 
or otherwise removing soil or sediment, lowering of groundwater levels or filling or surcharging of low-lying 
land causes disturbance of acid sulphate soil. To reduce the possibility of acid sulphate soils, there are many 
management techniques used to minimise this possibility and its effects. The general approaches for 
reclamation are suggested below:  
1. Avoidance: Avoidance is the most preferred management strategy for management of acid sulphate soil, 
and should be considered at all sites. Acid sulfate soils are inert when left in waterlogged, undisturbed 
conditions. Avoidance is often the most environmentally responsible and cheapest option.   
2. Minimisation of Disturbance: If acid sulphate soils cannot be avoided for crop production, their 
disturbance should be minimised. Completion of a detailed acid sulphate soil investigation is essential for 
minimisation of disturbance to be effective. Once the site has been adequately characterised, strategies that 
minimise the disturbance can be investigated.  
3. Neutralisation: Liming is the primary and most important way to reclaim acid sulphate soil. It involves the 
physical incorporation of neutralising/alkaline materials into the soil. Lime has an alkaline pH and buffers any 
acid produced whilst raising the soil pH to acceptable levels. Proper mixing the appropriate amount and type 
of lime into disturbed acid sulphate soils will neutralise soil acidity produced. If acid sulphate soils are 
leached during early stage of acidification, lime requirement are lowered  
4. Re-flooding: The objective of re-flooding is to neutralise actual acidity and reduce the pyrite oxidation 
rate. Re-flooding relies on establishing conditions where the reduction of the Fe, Mn, S and N can take place. 
The reduction of these elements is responsible for the increase in pH commonly observed in acid soils after 
water logging. Re-flooding can also be used as a water table height-management tool to prevent the 
oxidation of PASS or further oxidation of ASS.   
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5. Seawater re-flooding: Re-flooding with seawater may trap the existing acid leachate and force it deeper 
into the soil profile, limiting the export of oxidation products and slow diffusion into the tidally exchanged 
seawater. The advantage of this approach is that it is simple, cheap and improves the situation even if 
further improvement is eventually needed.  
6. Hydraulic separation: Hydraulic separation is suitable for sandy material containing iron sulphides. 
Sluicing or hydrocycloning are used to hydraulically separate the sulphides from the sandy materials. This 
technique is very much effective in areas where the sediments contain <10–20% clay and silt, and have low 
organic matter content. The separated sulfidic material extracted via the process requires special 
management involving either neutralisation or strategic reburial.  
7. Bioremediation: By re-establishing reducing conditions within the bunded area, pyrite oxidation may be 
reversed by sulfate-reducing bacteria. In effect, it would re-establish the sulfide formation processes that 
operate in the mangrove soils outside the bund wall. Bioremediation causes chemical changes in the water 
and soil, and in sediment that may accumulate. Bioremediation would be a natural process and cost-
effective if in-situ microbial generation of acid-neutralising capacity is significant.   
8. Cover in-situ soils with clean fill: If groundwater levels are not affected by earthworks, undisturbed in-situ 
potential acid sulphate soil can be covered with a significant volume of clean fill. A minimum depth of fill 
cannot be specified for residential or commercial/industrial development. A suitable depth of fill should 
rather be determined on a site specific basis, dependent on the severity and extent of acid sulphate soil, as 
identified in the investigation. Once a site has been covered by clean fill, any associated infrastructure may 
be placed within the fill, thereby not disturbing any in-situ acid sulphate soil by excavation or dewatering.  
9. Flooding and Intermittent drainage: Soils may be flooded (anaerobic) or buried in water to maintain a 
saturated state to minimize acid sulphate soil. This solution almost limits the use of the area to rice growing. 
But, sometimes drought occurs unfortunately and causes soil acidification in short time period. The water 
used to flood the potential acid sulphate soils often develop acidity and injure crops. Rice grown under 
intermittent drainage had healthier root systems, less empty grains, heavier weight per panicle. Rice in 
continuous submergence showed strong bronzing symptoms but had more tillers.  
10. Water table management: Sometimes in acid sulphate soil, non-acidifying layer covers sulphuric 
horizon. Then drainage to keep only the sulphuric layer under water (anaerobic) is possible. By raising the 
water table, after damage has been inflicted due to over-intensive drainage, the soils can be restored.   
11. Deep soil mixing: It is carried out with a large diameter (one to three metres) hollow-flight auger It also 
has special mixing ‘paddles’ which mixes soil. As holes are drilled into the soft substrate lime or cement and 
a variety of binding agents are mixed with the soil slurry which form solid supportive columns in the soil 
after cementation.  
12. Growing of suitable crops: Rice is the most preferable crop which is highly acid tolerant. Adoption of rice 
crop in acid sulphate soils increases the pH of soil and thus reduces the iron and aluminium toxicity. Acid 
sulphate soils with a widely spaced subsurface drainage system have yielded promising results for the 
cultivation of upland rice, peanut and soybean.  

CONCLUSION  
It may be concluded that proper management and planning can reduce extent of acid sulphate soil 

for improving soil health and sustaining livelihood in order to meet the ever increasing demand of food, 
fiber, fuel and fodder. Government should also take some initiatives in this regard. 
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Can Azolla Be A Substitute for N-Fertilisation in Rice? 
Article id: 22281 
TIRUNAGARI RUEPSH 1, B. SRI SAI SIDDARTHA NAIK2, RAGHUVIR SINGH MEENA3 
8) M.Sc (Ag) research scholar (Soil Science & Agricultural Chemistry), MPUAT, Udaipur. 
9) Ph.D (Ag) research scholar (Agronomy), MPUAT, Udaipur. 
10) Ph.D (Ag) research scholar (Agronomy), MPUAT, Udaipur. 
 
Azolla is an important nitrogen fixing cyanobacterium adding significant amount of nitrogen (N) to rice 
crop during the growing period. For increasing the quality and quantity of rice, the role of azolla can be 
recognised to some extent as a substitute for nitrogenous fertilizers. Azolla can increase the crop yield as 
well maintains the soil fertility status. 
 
INTRODUCTION 

Azolla is a heterosporous free floating pteridophyte. It contains an endosymbiont, Anabaena azollae, 
a nitrogen fixing cyanobacterium, widely distributed throughout temperate and tropical fresh waters. The 
ability of azolla’s symbiont, Anabaena, to sequester atmospheric nitrogen has been used for several years in 
the continent, where azolla is extensively grown in rice paddies to increase rice production by more than 
50%. Azolla contains 0.2-0.3% N on fresh weight basis and 3-5% N on dry weight basis. There are seven 
species of azolla, out of which Anabaena pinnata is most widely distributed in India.   

During the past few decades, there has been much advancement in science and technology leading 
to greater food production in the world, but the rate at which food production increased in many developing 
countries has been just sufficient to meet the increased demand for food, resulting from a rapid population 
growth in these countries. Thus, the sufficiency of global food production is still crucial and is likely to be 
more in the near future. As rice is the prime staple food of a country like India, the yield of rice play a pivotal 
role in maintaining the sustainability in food production. Rice is an enormously important staple food in 
many tropical and temperate regions of the world. Billions of people rely on the crop to live and hundreds of 
millions are now threatened by food shortages that are increasing each year. Nitrogen is the single most 
limiting factor in rice cultivation, strongly affecting the crop yield. Azolla is an important nitrogen fixing 
cyanobacterium adding significant amount of nitrogen (N) to rice crop during the growing period. Azolla 
substantially increases the amount of nitrogen fertilizer available to growing rice and it is has been used for 
several years as a ‘green’ nitrogen fertilizer to increase rice production. For increasing the quality and 
quantity of rice, the role of azolla can be recognised to some extent as a substitute for nitrogenous 
fertilisers. 
 
Why Azolla is Unique?  

Azolla is unique because it is one of the fastest growing plants on the planet having doubling rate of 
2-3 days – yet it does not need any soil to grow. Unlike almost all other plants, azolla is able to get its 
nitrogen requirement directly from the atmosphere. That means that it is able to produce nitrogenous 
substances in the plants with concomitant capturing of carbon dioxide from the atmosphere, thus helping to 
reduce the threat of climate change. 
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Role of Azolla in Soil Fertility and Productivity: Apart from as a source of nitrogen, azolla provides a variety 
of benefits for rice production and grows in a way that is complementary to rice cultivation. The major role 
played by the azolla can be summarized in the following manner- 
 The thick mat of azolla in rice fields suppresses growth of competing crop weeds.   
 The growth of azolla is sometimes better under shade condition that can be provided by the rice 

vegetation itself. Thus, maintaining a congenial niche for azolla growth and proliferation.   
 As azolla is decomposed rapidly, its nitrogen, phosphorus and other nutrients rapidly released into water 

and made available for uptake by rice during grain development.  
 When the rice approaches maturity, azolla begins to die and decompose due to low light intensities 

under the canopy. Thus, releasing its nutrients into the water for plant uptake.   
 Azolla has a greater ability than rice to accumulate potassium in its tissues in lowpotassium 

environments, providing rice with potassium after azolla’s decomposition.  
 Azolla has got positive long-term effects, including the improvement of soil fertility by increasing total 

nitrogen, organic carbon, phosphorus, potassium, other nutrients and organic matter content of soil.   
 The volatilisation loss of nitrogen can be minimised if nitrogenous fertilisers applied in presence of thick 

mat of azolla. The extent of reduction in nitrogen volatilisation may be as much as 20 to 50%. This is due 
to the fact that the azolla cover reduces light penetration into the floodwater, thus hindering the rise of 
pH which normally stimulates ammonia volatilization in an azolla-free rice field.   

 Azolla can remove chromium, nickel, copper, zinc, and lead from effluent. It can remove lead from 
solutions containing 1-1000 ppm. Thus, can be used in bioremediation of toxic metals.  

 Azolla also synthesizes growth promoting substances that increase the quality of the produce.   
 Dual crop of azolla along with rice reduced the methane flux and increase grain yield similar to that of 

urea application. The decrease in methane efflux in plots with dual crop of azolla could be related to the 
release of oxygen in the standing water by the growing azolla leading to less reduced conditions in the 
soil. 

 
Nitrogen Need of Rice Crop and the Amount Added By Azolla in Rice Field  

Nitrogen requirement is very high for rice crop production and usually applied @ 80-120kg/ha of N 
depending upon the soil test values and cropping season. This much amount is mainly supplied through 
chemical fertilizers. The prokaryotic association fix atmospheric nitrogen photosynthetically. The property 
and high rates of acetylene reduction in azolla demonstrate a potential agronomic role for azolla in 
photosynthetic production of fertilizer nitrogen. Azolla can yield around 40-60 kg N /ha/ rice crop under 
favourable environment that could be used as a source of nitrogen to the rice crop. Suitable growth 
temperature 25-300C and good availability of phosphorus are the two important requirements for the 
growth of Azolla. It is most suitable for the region where temperature remains in the range of 20-300C 
throughout the year. The biomass also adds carbonaceous materials along with other nutrients needed for 
optimum crop yield maintaining the soil fertility and quality as well. 
 
 
 
How Azolla can be applied in Rice Field? 

Azolla can be used either as an intercrop in the standing rice crop or as green manure crop with 
subsequent incorporation prior to transplanting of rice. 

 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317   Volume 1 – Issue 11 – November 2019 

- 283 - 
 

 
 
As intercrop: Azolla incorporated 78 days after transplanting rice contributes a greater amount of nitrogen 
to rice grain than earlier incorporation (30-53 days after transplanting).  
As sole crop: If Azolla is grown as a mono crop, the field should be drained several days in advance of 
incorporation. The last mat should be incorporated and the field kept drained for 4 or 5 days before 
transplanting rice in order to enhance the speed of decomposition. It takes about 8-10 days to decompose 
and release about 67% of its N within 35 days. 
 
Growth Promotion and Yield of Rice  

A greater amount of nitrogen is sequestered by azolla when grown either as an intercrop or as  
mono crop. However, only 5% of the sequestered N is immediately available to the growing rice plants. The 
remaining 95% remains in the azolla’s biomass until the plant dies. As the plant decomposes, its organic 
nitrogen is rapidly mineralized and released as ammonia, which then becomes available as a biofertilizer for 
the growing rice plants. Azolla can prevent the insect pest infestation in rice crop and also supresses the 
growth of weeds. Growth promoting  
substances synthesized by azolla improves the yield and quality of rice crop. Reports were found that azolla 
can increase the rice yield by 10-35%. 
 
CONCLUSION  

Azolla can increase the crop yield as well maintains the soil fertility status. As N is the limiting 
nutrient for sustainable crop production, enormous amount of N fertilizers needed for increasing crop yield. 
The amount of N added by azolla is though high, it cannot substitute wholly the chemical sources of 
nitrogenous fertilizers as the N requirement of rice crop is too high. Thus, it can be a supplement to N 
fertilizers but can’t be a substitute for it. 
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In dry areas, about 60 per cent of land is available for grazing, consisting of permanent pasturelands, 
forestlands, fallow and cultivated wastelands. Thus, huge area fall under this category, which are not 
being scientifically managed. Sustainability of these lands is a serious concern for livestock production. 
Besides, productivity of animals in these areas entirely depends on natural fodder resources. Therefore, 
the integration of improved fodder production systems on these lands is a pressing need. Rainfed fodder 
based technologies have been suggested to overcome this problem, which may contribute to enhance and 
sustain the productivity of animals in dry regions. Community forestry is a concept for joint activities of the 
Government and local people to develop activities relating to forest and forest products. Its purpose is to 
generate additional flows of income for both local community and national needs by utilizing forest and 
wasteland through forest farming in its different facts.  
 
INTRODUCTION  

India is basically an agricultural country with more than 70% of the total population living in rural 
areas. The rural population is dependent mainly on agriculture and animal husbandry for their subsistence. 
India with about 2.4% of the total world’s geographical area sustains as much as 16% of the world’s total 
livestock population which plays an important role in country’s rural economy and in meeting the demand 
for milk, milk products, meat, wool, hides, and bone manures, etc. At present, projected demand for 
livestock feed is estimated to be 950 million tonnes of dry fodder and 1135 million tonnes of green fodder. 
The present feed and fodder resources in the country can meet only 47 per cent of the total requirement. 
Hence, this gigantic gap between the supply and demand of feed resources in the country can be bridged 
through proper utilization of available feed and fodder resources. In recent years the population growth of 
both human and livestock has created a tremendous pressure on our land resources. The area under 
agriculture has increased by 18.6% and livestock population by 61.2% between 1951 and 1992. The livestock 
population has increased continuously whereas the land under permanent pastures has shrinked. About 
4.9% of total cultivatable land and cultivable wasteland have been put for fodder crops, which are occupying 
nearly 101.0 mha. This is being utilized for growing forage grasses and legumes and so called grasslands and 
pastures. There are various reasons forthe enormous increase in the livestock population of the country. 
One of the reasons is attitude of the people in villages who maintaining a large number of cattle as a status 
symbol, though they may be unproductive and uneconomical. The limited fodder resource of the country is 
unable to meet the requirement of ever increasing livestock population. Thus the livestock is under fed. 
Moreover, present land utilization in India does not permit any more good land to be put for fodder 
production. The solution to the problem lies in increasing the productivity of our grasslands, improving the 
degraded rangelands, manipulating the livestock population and adopting the principles of grazing 
management. Such programmes aim at direct economic gains and at development needs of the country, 
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such as reducing regional imbalances, improving living condition of the rural people, maximizing 
employment and per capita income and enhancing social equity.   

Rural Resource Needs      
The production of foodgrains in India has increased from just 50 million tonnes in 1951 to over 220 

million tonnes today. There is need for increasing it further in view of the growing human population. The 
declining productivity of forests (0.05 cu m/ha/ yr against world average 2.5 cu m /ha/yr) and increase in 
area under degraded forests results in poor firewood supply forcing dependence on crop biomass and 
animal dung for cooking food. This wasteful burning deprives the croplands of the precious organic manure, 
so essential to sustainable crop production. The forage needs of the growing animal population show 
another deficit scenario where farmers depend on forest grazing, tree leaf fodder and crop residues for 
nutrition in addition to migration. There is a need for developing agroforesry systems on such degraded 
lands for forage, firewood, and timber to bridge the gap. Even on marginal agricultural lands, agroforestry is 
the most ideal option to support conservation, production and sustainability.    

Pasture/ Rangeland Development  
The productivity of the marginal and sub-marginal lands over the years is decreasing due to 

mounting pressure of both human and livestock population. If these lands are not protected from over 
grazing and from over exploitation by the human beings it may lead to fragile ecosystem. Therefore, there is 
a need to rehabilitate these lands through proper utilization of crops and trees species which help in 
conservation of natural resources such as soil, water, nutrients and solar radiation. Such attempt would 
supply a good amount of forages to our present animal population in a sustainable manner.      There are 
about 620 and 650 genera and 10000 and 18000 species of grasses and legumes respectively in the world. Of 
these, only about 40 grasses and legumes are used to appreciable extent in the establishment of sown 
pastures. Moreover, it has been found that livestock prefer indigenous forage species in comparison to 
selected varieties of grasses and legumes despite the fact that indigenous species may be low in productivity 
and nutritive value. Besides, over grazing beyond the carrying capacity deteriorate common grazing lands. 
The productivity of the natural pasture/rangelands is very poor (approximately 1.57 t/ha). Carrying capacity 
or stocking rate of these lands is less than 2 sheep/ha especially in semi-arid areas. The carrying capacity of 
pasture lands can be increased up to 6 sheep/ha through inter cultural operations in existing pasture lands 
that is bunding, weeding, reseeding, bush cleaning, ploughing and application of sheep manure @ 10t /ha in 
conjunction with chemical fertilizers@ 40:40:20 NPK kg /ha. Sheep manure application is required once in 
three years. The productivity of these lands can be increased two-three folds by establishment of improved 
pasture/rangelands of perennial grasses and legumes in association with fodder cum fuel trees. Multiple 
purpose fodder tree species should be grown at close spacing and the inter row spacing between rows can 
be utilized for growing grasses and legumes to optimize the overall gains during the early growth period of 
trees with cut and carry system of forage and in situ grazing afterwards. Introduction of versatile grasses and 
legumes add nutrients into the soil and provide excellent ground cover to eliminate weeds and to improve 
the soil fertility status.  Planting of perennial legumes nourishes the companion grasses and builds up soil 
fertility and provides green forages, which are rich in proteins and other mineral nutrients. Further, 
introduction of legumes in this system can increase organic matter content of the soil. Besides, balanced use 
of the fertilizers in pasture/ community grazing lands may not only increase the productivity but also 
increase the quality of the herbages and provides prolonged grazing span.  Adoption of moisture 
conservation practices for reducing excess surface soil and water runoff losses and increase absorption of 
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rainwater in different soil layers, thereby, increases water use efficiency of pasturelands which is very 
essential to establishment of new pasture on wastelands or barren lands.  

  

Trees on Rangelands  
Most of the rangelands under the influence of monsoon type climate appear like savanna where 

trees and grasses grown together. Acacia nilotica, Prosopis cineraria and Prosopis juliflora also are most 
frequent tree species on pasturelands these can be planted on community lands of adopted villages. Cattle 
rearing usually involve grazing on these rangelands (pasturelands). In some of the cases fodder plants 
including legumes are also cultivated. The experimental results at Avikanagar on silvipasture have showed 
that planting trees did not have any negative affects on fodder crops. However, yield of cultivated crops had 
decreased under tree because of competition for nutrients, water and light. Therefore, yield of associated 
crops was decreased, but getting of fuel, fodder, and soil nutrients can compensate the loss. The research 
results of the institute have also indicated that as with the case of intercropping the pasture will not 
diminish the yield of Ardu if fertilizers are applied to both (crops as well as fodder trees). An organized farm 
of this natural vegetation as silvipasture assures 10 t/ha /year biomass production from the natural pasture 
at 10 years rotation in dry zones. It also assures soil conservation, better environment protection and 
employment generation.  

Wastelands  
There is wide gap between the availability and requirement of fuel wood and fodder resources in the 

country.  At present we will need about 242 million m3 of fuel wood and 1300 million tones of fodder 
annually. In the past decade there is degradation of soil resources due to fast denudation of forest cover and 
excessive human and livestock pressure on earth. Recognizing the importance of silvipasture intervention for 
management of wastelands is seen as an alternative to tackle these problems. The paper also presents the 
potential of silvipasture for sustainable management of wastelands in the country. The extent of wastelands 
various categories is estimated to a total of 173.6 mha i.e. water and wind eroded soils 144.1 mha, water 
logging soils 8.5 mha, saline soils 5.5 mha, sodic soil 3.9 mha, shifting cultivation 4.9 mha and ravine and 
gullies soils 4.0 mha. Development of wastelands requires lot of patience and perseverance. Therefore, the 
programme implementation should be on sound technical lines. The salient aspects of wasteland 
development steps considered are as under:   

Tree component:  
In an integrated system, trees are grown to extract nutrient and water from deep soil layers; there is 

continuous recycling of the organic matter in the soil by way of leaf fall and humus formation. Growth rates 
of trees are generally slow compared to herbaceous agricultural crops. Moreover, the long gestation period 
required by trees resulted in unpredictability of market rates. Therefore, the rate of generation of interest 
by tree-based system do not compare favourable with agriculture. Therefore, silvipasture should be viewed 
as an investment for social security and environmental stabilization.  

Crop component:  
Grasses have low and evenly distributed canopy and fibrous root systems with high soil binding 

capacity, which makes them highly effective in conserving soil and water.  Grasses and trees also provide 0 
to 0.002 t/ha/yr soil losses while agricultural crops give 100 to 200 mm runoff annual and 2 to 5 t/ha/yr soil 
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loss per hectare. They also provided the much needed fodder to cattle, bird and several animals. Thus 
silvipasture is ideal in wastelands of the country. Vegetative resources have been developed to supplement 
mechanical interventions along the contour or on a grade to reduce soil and water loss and also provide 
some fodder during the off-season.   

Silvipasture systems:  
Cultivation of some of the fodder trees in association with grasses/ grass -legume mixture has been 
standardized. The performance of under beneath crops did not find much difference in growth of the fodder 
trees when grown on same piece of land. The pasture remains green for a greater period than in open and is 
more nutritious. It was found possible to maintain the animal productivity.  The productivity of pastureland 
can be increased from 2-2.5 to 10-12 tonnes/ha dry fodder production per annum. Under silvipasture 
system an increase in nitrogen, phosphorus, and potassium despite the removal of grasses every year.  It has 
been found that the initial organic matter, available nitrogen, available phosphorus and field capacity are 
improved by silvipasture over a period of 10 years.  The grasses with trees as silvipasture were successfully 
used for soil conservation works in the ravines, grasses used for stabilization of contour bunds, bench 
terraces, earthen embankments and composite check- dams. Vegetative propagation on earth bunds for 
their stabilization or putting vegetative barrier across the slopehas been found effective in controlling the 
yield of fodder crops.  The biological fixation of nitrogen is an enormous resource for maintaining and 
improving soil fertility.  In addition to these positive effects, the system can also provide various auxiliary 
products such as fertilizer, stalking materials and firewood.   

The silvipasture models give high benefit /cost ratio (1.42) at 12 years rotation. The systems show 
more than 20% of internal rate of return (IRR) at the farmers’ management level with more than 600 
trees/ha density. For the ravine conditions, this technology shows more than 18 % IRR whether managed by 
the institute or by a farmer.     

Pasture/rangelands resources for grazing animals and fulfilling local needs:  
Pastures have also served as grazing land for pastoralists. The concept that historically evolved as a 

social mechanism to protect the livelihoods of the economically vulnerable sections of pastoralists i.e. 
livestock-dependent rural communities by recognizing and securing their right to natural resources for 
subsistence and livelihood purposes. Community–managed pasture that traditionally could be found all 
across India emerged in ancient times as an explicit acknowledgement of the vulnerability of certain groups 
in a stratified society, who therefore required some mechanisms that guaranteed their basic needs. In 
contrast with common lands belonging to the village and therefore in the control of power groups, ancient 
laws dedicated these areas to divinity, thereby ensuring that the entire community had equal stake to their 
resources.  Pasture/rangelands used to be the source of natural wealth like fuel, timber, barriers roots and 
herbs. Many species are found both within and outside of the pastures and the traditional societies use 
them for a variety of livelihood needs: to provide traditional non--timber forest products and subsistence 
goods to the people; nesting, roosting and foraging sites to the pest-controlling cavity nesting birds and 
other wild animals; protecting the species that offer sites for beehives and enhance the availability of honey; 
developing seedling orchards and seed production areas of ethno silvicultural species and sustaining the 
essential ecological processes and life support systems. Pastures provide vital grazing land for livestock, 
water, providing minor forest produce, medicinal plants and green cover for the villages they served. In our 
country more about one million hectares common land is covered under pastures. Thus pasture plays a role 
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in promoting a flourishing livestock based economy and growth of livestock rearing communities. Therefore, 
for managing pasture is crucial for their own sustainable development.  According to a study, 41 % livestock 
is dependent on pastures in dry districts of Rajasthan.  

Employment Generation   
There is no specific National Employment policy on an all- India basis at present. The strategy 

indicating the creation of job opportunities in various fields is periodically assessed before the launching all 
programmes. The silvipasture system promises sustainable level of employment to rural people in the 
activities of animal breeding, collection, processing and manufacture of value added products from trees 
and grasses and collection and trading of quality seed and other materials. In an average 10-year cycle, 
establishment and management of silvipasture could generate employment of 120-man days/ha/yr. Thus on 
50 mha it can provide job to 20 million people annually. Other ancillary activities could provide job to 
another 5 million people.  

CONCLUSION  
Productivity of animals in dryland areas entirely depends on natural fodder resources. Therefore, the 

integration of improved fodder production systems on these lands is a pressing need. Some rainfed fodder 
based technologies have been suggested to overcome this problem, which may contribute to enhance and 
sustain the productivity of animals in dry regions. Community forestry is a concept for joint activities of the 
Government and local people to develop activities relating to forest and forest products. Its purpose is to 
generate additional flows of income for both local community and national needs by utilizing forest and 
wasteland through forest farming in its different facts. To get local involvement in these programmes the 
activities like agroforestry, horticulture, processing of forest products and training are to be integrated in a 
package programme suited to different agro-climatic and socio-economic conditions, above all to the needs 
and aspirations of the local community. Voluntary organizations are well set to assist in such programmes 
and can motivate the people and bridge the often-persisting gap between local communities and forest 
services. Non-governmental organizations can act as an important channel of communication both upwards 
and downwards and may help in institutionalizing community forestry. 
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INTRODUCTION 

Today’s health-conscious consumers demand products that are convenient and promote health. 
There is a demand for high quality, convenient, shelf-stable and ready-to-use processed food products. 
Tertiary processed food or convenience food is commercially prepared for ease of consumption.  Instant 
soups fall in the category of key dried foods. Soup powders are convenient food items and comprised of 
ingredients such as corn starch, spices, salt, flavors and flavor enhancers (Hafeel et al 2013). Soup is a choice 
delicacy that can be classified as an appetizer, warm food during cold and sick. Instant soup mixes gained 
popularity among all dehydrated products as they are very practical in preparation and available in various 
packages.  

 
Soup: A choice delicacy 
Soup is generally warm food that is prepared using vegetables or meat with stock, juice or water with some 
thickening agents. Soups are mainly classified into two main groups: clear soups and thick soups. Clear soups 
are prepared from the use of clear extracts of edible animal or plant parts while cereal or pulse flour, starch, 
cream or eggs have been added to the extracts for the thick soup (Chandramouli et al 2012). Soups make 
ideal appetizers to meal and are always a popular choice.  Instant soup mixes can be used as an alternative 
food for breakfast as it can fulfill the adequacy of energy and nutrient required by the body (Sunyoto et al 
2012). Being a liquid-food, a good soup powder should be cooked within minimum time, retaining nutrients 
and palatability almost similar to freshly cooked products (Abeysinghe and Illeperuma 2006). Dehydrated 
soup mixes are commercially available and are convenient products due to their less volume and long 
storage life at ambient temperatures. Dried soup mixes have an advantage of protection from oxidative and 
enzymatic spoilage and flavor stability for longer periods up to one year at room temperature (El Wakeel 
2007). They do not need refrigeration; exert lightweight for shipping and available all-round the year (Rekha 
et al 2010). 

 
Health benefits of soups 

Soup is often served as a starter because it stimulates appetite and provides quick nourishment 
which is responsible for the improvement of appetite and gastrointestinal responses (Cecil et al 1999). It 
may be considered as the best nutrient vehicle for all sections of society. Soups are consumed for their 
nutritional benefits and by patients whose intake of solid is reduced due to various physiological conditions. 
Soup formulations can be made nutritionally balanced by incorporating whole cereals, vegetables, and 
pulses. Functional ingredients can be incorporated into soup powder to provide health benefits. Soups are 
highly versatile and can be made using different ingredients. Soups are recommended for inclusion in the 
human diet as they help to reduce energy intake and promote weight loss. They also stimulate saliva 
secretion and gastric peristalsis. The increase in satiety induced by soups is due to the combined effect of 
delayed gastric emptying which causes gastric distention and the rapid availability of the nutrients thus 
improves the glycemic response (Clegg et al 2013). In cold and cough, hot soups provide relief to the body. 
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Soups form an important part of the liquid diet recommended during various therapeutic conditions with 
reduced metabolism. Soups are easy to ingest and digest. Soups prepared with vegetables, herbs, and spices 
supply body with essential vitamins, minerals, and certain bioactive compounds. As soups are mainly liquid 
food, it protects the body from dehydration reported under various physiological conditions.  Dried 
vegetable soup mixes had appreciable amounts of nutrients such as proteins, carbohydrates, fats, iron, and 
zinc (Abdel-Haleem and Omran, 2014). The dried soups play an important role in the nutrition of people 
because they fulfill present and future social consumer needs (Krejčová et al 2007). 
 
Latest research  

Researchers have formulated various soup mixes incorporated with functional ingredients and 
enhanced nutritional composition with added taste and shelf-life. Dried soup mix incorporated with Dill leaf 
powder reported an enhanced level of phenolic compounds mainly tannic acid, gentisic, vanillic acid and 
syringic acids (Rekha et al, 2010). The supplementation of dried vegetarian soups with lentils, green peas, 
and chickpea enhances the nutritional quality and acceptability of soup mixes (Abdel-Haleem and Omran, 
2014). The soup powders incorporated with white button mushrooms reported fat in the range of 5.68 to 
5.84%, proteins 12.46 to 13.84%, ash 2.89 to 3.64%, crude fiber 0.88 to 1.42% and total carbohydrates 71.82 
to 73.27% on a dry weight basis (Kumar, 2015). Soup mixes were formulated using debittered moringa seed 
flour with a protein content of 45.22 g/ 100 g (Radha et al, 2015). Instant soup powder formulated with 
millets, oats, maize, and dehydrated vegetable powder resulted in an increased level of protein, crude fiber, 
total phenolic and antioxidant content (Anita et al, 2016). Processed rice, corn, and wheat flour were used to 
develop various soup mixes with the protein and energy content ranged between 19 to 19.4% and 347 to 
353 Kcal/100 g, respectively. Prepared soup powder also reported being a good source of carbohydrates and 
minerals such as iron, calcium, and phosphorus (Rokhsana et al, 2007).  

The optimized soup mix was developed from Coleus aromaticus with excellent sensory properties 
and shelf stability and contained 19.1% protein, 6.3 % fat, 8.3% ash, 5.2% crude fiber and 54.4% 
carbohydrates (Wadikar and Premavalli, 2013). The vegetable and prawn powder added instant soup mix 
was formulated using uncooked palmyrah (Borassus flabellifer) tuber flour with acceptable nutritional, 
sensory and microbial quality (Niththiya et al, 2014). The soup mix powder incorporated with seaweeds 
reported higher iodine content than commercial soups which can be recommended as therapeutic food for 
dietary iodine and mineral deficiencies (Jayasinghe et al, 2016). Healthy vegetable soup powder 
supplemented with soy flour, mushroom and moringa leave found to be highly acceptable and nutritionally 
superior as compared to locally available soup powders (Farzana et al, 2017). The enrichment of soups with 
herbs like basil, curry leaves, green coriander, mint, and bay leaves significantly increased the sensory and 
nutritional properties of the instant vegetable soup mix (Upadhyay et al, 2017). Lentil soup cubes were 
developed from four lentil cultivars with higher protein content and energy value as compared to 
commercial soup (Ereifej, 1995). Instant soup mixes incorporated with vegetable leaf powder from 
unconventional greens reported higher antioxidant activity than commercial soup mixes (Joshi, 2018).  
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INTRODUCTION 
Drying is the removal of moisture from a food product to a predetermined level. Removal of moisture 
from food products offers an excellent protection against most common causes of food spoilage. Drying 
process achieves such protection by reducing the moisture content of food product to levels which are 
adequate to limit microbial growth and (or) other adverse chemical reaction. Drying is an important unit 
operation in food processing as it can increase the shelf life of the product by reducing the water activity, 
retardation of deterioration reaction/respiration rate, facilitates handling, storage of food products and 
minimizes transportation cost by reducing the bulk volume of the product. The development of drying 
technology can be divided into four stages. The morden technology of drying includes development of 
high vacuum, microwaves, radio frequency and refractance window (RW).  

 
Fig.1: Schematic diagram of refractance window drying (ref)

RW technology is one of the novel drying methods, developed by the owners of MCD Technologies, Inc. in 
Tacoma, Washington (Abonyi et al., 2001). It uses circulating hot water (95-97 °C) at atmospheric pressure 
as a means to carry thermal energy to material to be dehydrated (Caparino et al., 2001). The products to 
be dried are spread on a transparent plastic conveyor belt and unused heat is recycled. Liquid or slurry 
foods such as fruits and vegetable puree dry on the moving belt in a few minutes (3-5 min), contrary to 
hot air tray/tunnel dryers which take several hours, or freeze dryers which takes overnight for drying. RW 
drying uses a heat transfer phenomena to gently remove moisture from delicate products (Fig.1.). The 
process is self-limiting; hence it preserves excellent levels of flavour, colour, and nutrients from the 
original food (Clarke et al., 2004). 

RW drying is superior to the commonly used drying methods like drum drying, spray drying etc. 
When a moisture-laden material is placed on the drying surface, a “window” for passage of energy is 
created at the point where the material comes in contact with the drying substrate. This creates an 
excellent heat transfer point to gently dry the product but once the material is dry the “window” closes 
and the product is no longer subject to the heat transfer. Thus, the nutrients such as vitamin C, β-
carotene, flavour and volatiles are not damaged/driven off due to overheating. Foods and pharmaceutical 
ingredients are exposed to much milder temperatures below 70℃ and the final products maintain good 
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sensory qualities, such as color and aroma (Nido and Tang, 2007). RW drying has major advantage over 
drum drying and spray drying, for example, relatively lower drying time, less thermal damage, 
inexpensive, and simple to operate and maintain?. RW technique has a high potential for drying as it 
produce superior quality of dried and evaporated product with high thermal efficiency (52-77%). Further, 
slow level of heat transfer in the final stage of the drying helps to prevent quality degradation of the 
product. 

Comparison of RW drying with other drying methods 
In this Section, the refractance window (RW) drying method is compared with other drying methods such 
as drum drying, spray drying, and freeze drying as they have the same potential for drying liquid or slurry 
foods. The parameters compared are drying temperature, time and quality as given in Table 1. 

Table 1 Comparison of refractance window drying with other drying methods 

Drying Methods Drying Temperature 
(oC) 

Drying 
Time 

Product Quality 

Drum drying (DD) 120-170 20 -180 
s 

Cooked aromas and heat damage to 
sensitive component in the final products 

Spray drying (SD) 150-300 1-10 s Inferior quality products, volatile losses, 
and product may stick to the chamber 

Freeze drying (FD) Below 0 °C 18-24 h Good product quality, retain nutrients, 
and  good color 

Refractance 
window (RW) 

drying 

95-97 °C 3-5 min Good retention of nutritional (vitamins), 
health-promoting (antioxidants) and 

sensory (color, aroma) attributes, and low 
temperature drying 

(Reference: Caparino et al., 2007) 

Color analysis 
The color of food is an important factor for consumer’s acceptability. Instrumental techniques of 
color measurement are frequently used to obtain objective color evaluation. In a study, the dried 
mango powder color produced by different drying methods, i.e., drum drying (DD), spray drying 
(SD), freeze drying (FD) and RW were compared. 

The lightest and darkest color of mango powder is obtained from SD (agglomerate powder 
particles) and DD powders, respectively. The color difference between mango powder obtained 
using RW and FD was not significantly different (Caparino et al., 2007). In another study, freeze-
dried carrot purees had a brighter color than the drum and RW-dried samples. However, no 
significant difference was found in yellowness values among the FD, RW dried and fresh samples. 
The color of carrots is due to the presence of carotenes (Nindo and Tang, 2007). 
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Fig. 2. Carrot flakes obtained from (a) refractance window dryer, and (b) drum dryer (Nido and Tang,2007). 

 

Nutritional analysis 
One of the major benefits of the RW drying technology is the retention of nutrients and bio-actives 
ingredients in the final powder. The product obtained using this technology attributes much more closely 
aligned to freeze dried product. Two components of fruits and vegetables which are essential to the 
human diet but also very sensitive to heat are β-carotene (Vitamin A) and ascorbic acid (Vitamin C). The 
marker to evaluate quality retention and heating effects in different drying technologies are β-carotene 
and ascorbic acid together with total antioxidant activity (TAA). This determines the best conditions for the 
dehydration of fruits and vegetables in any given drying system. The loss of vitamin C in the product using 
RW drying and FD is given in Table 2. 

Table 2. Vitamin C content of dried strawberry using different drying method (Abonyi et al., 2001) 

Treatment Vitamin C, mg/g solid Vitamin C, loss (%) 

Fresh puree 1.8±1.01 --- 

RW dried 1.69±0.03 6.0±1.3 

Freeze dried 1.68±0.04 6.4±1.6 

In a study on strawberry, it was found that ascorbic acid retention of RW dried product was almost 
identical to the raw material and superior to FD and far superior to all thermal forms of dehydration 
(Abonyi et al., 2001). The loss of ascorbic acid of 6% during the drying of strawberries was observed which 
was comparable to freeze-drying having 6.4% losses (Table 2). Carrot is the major source of carotene. The 
total, α-, and β- carotene losses in carrot samples dried by different methods are shown in Table 3. 

RW dried carrot samples has carotene losses slightly higher but not significantly different from that 
of freeze dried samples. The carotene losses for RW drying were 8.7% (total carotene), 7.4% (α-carotene), 
and 9.9% (β-carotene), while corresponding losses for freeze-dried carrot puree were 4.0%, 2.4%, and 
5.4%, respectively. Severe nutrient losses obtained from drum dried product as indicated by carotene 
reduction of 56.1% (total carotene), 55.0% (α-carotene), and 57.1% (β-carotene) (Abonyi et al., 2001). In a 
drying process, the cumulative effect of time-temperature determines the total carotene loss (Aboyni et 
al. 2001). In DD, the product experienced severe heating after it was applied on the drum wall that was 
heated to 138 °C. Hence, drum-dried product had the highest carotene loss as compared to other 
methods. However, sample temperature was much lower in case of FD. The slight reduction in carotene 
content in FD might be due to a temperature close to 20 °C in heating plate for a long time (about 8 h), 
when drying in the secondary drying stage. However, RW drying of the carrot puree experienced relatively 
low temperatures (< 72 °C) and a short drying time (3.75 min). The good carotene retention in RW-dried 
products may be attributed to a more moderate time-temperature combination compared to other drying 
methods and usually characterized by either high drying temperatures or prolonged drying times. 

(b) (a) 
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Table 3.  Comparison of carotene loss in carrot puree by different drying methods Abonyi et al., 2001). 

 Total carotene α-carotene β-carotene 

Sample g/g solid Loss (%) g/g solid Loss (%) g/g solid Loss (%) 

Control 1.77±0.09 --- 0.85±0.04 -- 0.92±0.05 --- 

Drum dried 0.78±0.18 56.0±1.2 0.38±0.09 55.0±1.1 0.39±0.08 57.1±1.3 

RW dried 1.62±0.33 8.7±2.0 0.79±2.2 7.4±2.2 0.83±0.17 9.9±1.8 

Freeze dried 1.70±0.06 4.0±3.6 0.83±0.03 2.4±3.7 0.87±0.03 5.4±3.5 

Water activity (aw) 
Water activity (aw) is an important variable in drying studies as it determines the quality of a product and 
its health safety. Drying technique strongly affects the water activity. By using the RW technique, it is 
possible to reduce aw below 0.5 in 60 min, whereas tray drying required 240 min to bring aw to 0.5. 
  
Energy consumption 
The major part of energy consumption in RW drying is the evaporation of water from the product at the 
air–puree interface. The thermal efficiency of RW dryer is determined by collecting steam condensate and 
through heat balance by measuring processed water and product temperatures at various points. Since 
processed water from the dryer flows back into a reservoir and is reheated rather than wasted, RW drying 
demonstrates very good thermal efficiency when compared with other conventional dryers (Table 4). 

Table 4: Comparison of energy consumption of RW with other selected dryers (Nindo and Tang, 2007). 

Dryer type Product temperature (°C) Thermal efficiency (%) 

Rotary dryer ~175 25-50 

Spray dryer 80-130 20-51 

Drum dryer 120-130 35-78 

RW dryer 60-70 52-77 

The major critical factors of RW drying process include the product thickness and consistency at 
deposition. The product must spread thinly and adhere uniformly on the conveyor belt for the drying to 
be effective. Based on the latent heat of vaporization of water of about 2300 kJ/kg, thermal efficiency of 
RW drying (52–77%) is comparable to drum drying. Hot air drying systems usually have lower efficiencies 
(20–40%) in comparing with other methods. 
Advantages of refractance window drying 

1) Products : Superior product quality and different dried products size 
2) Environment-friendly: Preserves air quality, and does not generate exhaust dust 
3) Energy efficiency: Low energy usages, and high thermal efficiency  
4) Operational: Low temperature operation, simple, fast, continuous process, and easy maintenance. 
5) Equipment: Modular Design (Easy upgrades by adding onto existing equipment), Very little heat 

emitted or wasted by the dryer, moderate cost, and simple production expansion capability. 
 
CONCLUSION 
The RW technique has a high potential for drying of puree, pastes and other liquid foods. The drying time 
of RW drying is lower and thermal damage to the product is less. RW drying gives superior quality in 
terms of nutritional, colour and physical properties of dried and evaporated product. It is suitable for 
processing of high-value foods, nutraceuticals, and food supplements where high standards of quality are 
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required. It can also produce product with quality comparable to freeze drying with less cost. Higher 
thermal efficiency of 52-77% can be achieved which is comparable with drum dryer.   
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INTRODUCTION 
Physiological maturity 

It is a stage of accumulation of maximum dry matter within the seeds. It is expressed with maximum 
seed weight, germination and vigour potential. The moisture content of the seed will be in decreasing order 
(25-30%). 

Harvestable maturation 
The physiological maturation is represented to a seed and this maturation will not be the same for all 

the seeds of a single plant / population, due to continuous differential flowering habit. Hence the stage of 
attainment of physiological maturity by 80% of the population is considered as the harvestable maturation 
stage. The moisture content of the crop will be lesser than the physiological maturation stage (18.20%). 

Normally the seed is harvested at field maturity or harvestable maturity.  

Harvesting indices 
Changes in ripening fruits and seeds have been viewed as indicators of maturity. These indices can be 

grouped under physical indices and biochemical and physiological indices. 

Physical indices of maturity 
a. Colour change 
b. Increased firmness or brittleness 
c. Decreased moisture content and specific gravity 
d. Changes in physical dimension 

Biochemical indices 
 Changes in concentration of fat, sugars, starch, soluble nitrogen and protein nitrogen. 

Physiological indices  
 Germination percentage  
 Seedling vigour 

Morphological maturity symptoms in different crops 

Crop Symptoms of maturity 

Paddy Green colour changes to straw yellow colour in panicle 

Sorghum Formation of dunken layer (Black).Change of earhead colour to pale 
yellow (depending upon the variety) 

Cumbu Formation of dunken layer (Black), Earhead colour changes to ivory. 

Maize Husk dries and becomes straw yellow. Drying of silk 

Cotton Hairline crack in bolls 

Sunflower Backside of thallamus turning lemon yellow in colour 
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Groundnut i. Black colouration in inner side of the shells 
ii. Rattling sound in kernel 
            Yellowing of older leaves 

Pulses Pod colour changes to brown / black 

Soybean Withering of leaves. Pod colour changes to brown 

Gingelly Browning / yellowing of pods. Seeds  become chocolate brown in 
colour and 1or 2 capsules at bottom are dehiscing 

Brinjal Yellow colouration of fruits. 

Tomato Reddish colouration of fruits 

Ashgourd Ashycoating over the fruit 

Pumpkin Yellowish browning of fruit rind 

Snake gourd  & 
Bitter gourd 

Change of fruit colour to yellow / red at distal end or any part of 
fruit. 

Onion Umbel colour turns into yellow colour (10-20% black seeds visible). 

Methods of harvest 
 The seeds can be harvested either manually or mechanically. In mechanical harvesting, single harvest is 
possible but care should be taken to avoid mechanical injury. In manual harvesting, crops can be harvested 
either as single harvest or as periodical harvest. The crops having continuous flowering habit are to be 
harvested in different harvest / pickings. 
  The optimum time of harvest is when the seed is fully mature, weather damage has just begun and the 
seed is easily harvested and cleaned resulting in minimized harvest losses. Harvesting at an early stage makes 
(17.20% moisture content) threshing / combining difficult and relative losses due to threshing and cleaning are 
greater. Similarly harvesting at a later stage may result in increased weather damage to seed, losses due to 
shattering of seeds (in pulses), bird damage, stalk breakage and lodging of plants in the field. Thus optimum 
harvest time is somewhere between these two extremes. 
 The moisture content is another good indicator of optimum time of harvest in most seed crops. 
Moisture content of seed crop is not a limitation if the crop is harvested manually. If harvesting is to be done 
mechanically, moisture content of the seed must be below 20 per cent. Combines do not operate well above 15 
per cent seed moisture. 

Types of harvests recommended for different crops 

Crop Types of harvest 

Paddy 
Cumbu 
Pulses 
Cotton 
Sunflower, groundnut 
Bhendi 
Tomato 
Brinjal 
Gingelly 
Gourds 

Once over harvest 
Two harvests 
Two-three harvests or pickings 
5-6 pickings 
Once over harvest 
4-5 pickings 
6-8 pickings 
6-8 pickings 
Once over harvest   
4-5 pickings 
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Threshing 
 Threshing is practiced in almost all cereals, pulses, oil seeds and tree species.  Threshing is done either 
manually using stick in the case of small quantity and mechanically using threshers in the case of bulk quantity. 
Trampling of animals and tractor treading are also practiced in some parts of our country. Irrespective of the 
threshing technique practiced, adequate care is needed for minimizing mechanical damage. Among the 
threshing techniques, tractor treading cause mechanical damage to a larger extent compared to others, 
particularly in case of pulses where the seed coat damage is more.  Animal trampling is not good for seed crop 
as there are chances for mechanical and genetic mixture to the seed, which is foresighted for all types of purity. 
Better one will be mechanical threshing with proper care on damage caused to the seed which can be 
minimized by proper adjustment of blades, operture size etc., depending on the type of machine used for 
threshing. 

 In mechanical threshing for maintenance of genetic purity, cleaning of the instruments viz., thresher, 
sheller, combiner is a must. The machinaries should be cleaned prior to each harvesting or threshing and 
between fields of different parental inbreds or hybrid seed crops. A source of air pressure 700 g/cm2 and a 
vacuum source are necessary to clean the harvester thoroughly. The machines also should be calibrated 
properly for all its internal operations according to moisture content of the seed and that of the plant taken 
together.  

Specific extraction techniques 
 The extraction of seed from the reproductive part (fruit / pod/cone/boll) varies with the crop depending 
on the crop and embeddence of seed in the reproductive part. Some of the special extraction techniques are as 
follows: 

Shelling 
 The production part of maize is known as cob and the extraction of seed from the cob is known as 
shelling. Cob shellers are used in mechanized way, while cob in gunny bag is threshed with bamboo stick and 
then the unwanted material are blown in air. In cob sheller the moisture content of cob should be 15-18 per 
cent, otherwise the drier cobs leads to splitting of kernels, while cobs of higher moisture content will lead to 
crushing of seeds. Both lead to reduction of seed quality. 

Ginning 
 Cotton seeds are embedded in the lint and fuzz. Removal of lint from seed is known as ginning. It is 
normally done with ginneries. 

Delinting 
 Ginned seeds are fuzzy and non-free flowing. Delinting is the process, which make them free flowing 
and also aid in removal of insect damaged and ill filled seeds. Delinting is done with commercial sulfuric acid 
which at large scale creates soil degradation on disposal of used acid. Gas delinting with hydrochloric acid 
fumes are practiced in cotton delinting. 

Decortication 
 It is special operation specific to groundnut. Pods are considered as seed. But on sowing decorticators 
are used for shelling of kernel from pod. In sunflower the mechanical threshers are used to separate the seeds. 

Wet extraction 
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 In vegetables, with fleshy fruits seeds are wet extracted. In tomato acid extraction took over the 
conventional fermentation method.  Tomato seed extractors are also used by large scale seed producers for 
dual purpose extraction. In cucurbitaceous vegetables (ash gourd, pumpkin, watermelon, snake gourd and 
bitter gourd) the seeds are wet extracted and washed with lime solution (05%) or concentrated hydrochloric 
acid for 10 ml/lit of pulp for removal of the muscilagenous tissue. 

CONCLUSION 
Thus, the maturity of crop at harvest will greatly affect their quality along the post-harvest value chain. 

Effective maturity need to be applied in order to ensure high quality at all levels along the value chain. It is 
worth noting that a single maturity cannot be used to predominately determine maturity of crops. 
Furthermore, one maturity cannot be applied across all cultivars of the same crop. There are slight differences 
among the cultivars. 
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Prebiotic is emerging functional food ingredient. It is classified as soluble dietary fiber that mostly composes of 
oligosaccharides which can promote the growth of beneficial microorganisms or probiotics. Health claim for 
consumption of prebiotic is improve on gut health function and nutrient claim is as source of dietary fiber. 
Prebiotic is one of the prevention alternatives. Prebiotics are nonviable food components which escape 
digestion in the upper gut, are fermented by probiotics or beneficial bacteria. Prebiotics are distinguished from 
other dietary fibers because of it has special property on selective fermentation by bifidobacteria/ lactobacilli 
within the gut microflora .Santad et al.(2015) .The human gastrointestinal tract is colonised by a complex 
ecosystem of microorganisms. Intestinal bacteria are not only commensal, but they also undergo a synbiotic 
co-evolution along with their host. Beneficial intestinal bacteria have numerous and important functions, e.g., 
they produce various nutrients for their host, prevent infections caused by intestinal pathogens, and modulate 
a normal immunological response Justin et al.(2018) Dairy products as well as fermented dairies have become a 
major part of the people’s diet throughout the world. Many of these dairy products have been enhanced with 
health beneficiary elements and designated as functional foods for the consumers. The inclusion of potential 
probiotic microorganisms in numerous food products have been one of the methods to value add and enhance 
the commercial value of a certain food product. In the dairy industry, a large variety of milk products and 
formulations have been developed in order to improve their role as probiotic carrier as well as delivery vehicle. 
 
Naturally occurring prebiotics: 

 Galactooligosaccharides: Galactooligosaccharides contain galactose in the following structure: Glu 1-
4[Gal 1-6]n, where n = 2-5.They are found in human milk, cow’s milk, yoghurt, and maybe synthesized 
from lactose with -galactosidase.GOS are non-digestible by gut enzymes and can passinto the large 
intestine without being digested.  

 Soybean oligosaccharides (SOS): SOS are oligosaccharides in soybean, which consist of raffinose and 
stachiose .They can withstand enzymatic digestion in the stomach and small intestine and are capable 
of being hydrolyzed by the microflora in large intestine.  

 Fructooligosaccharides and Inulin: Inulin is a polysaccharide which plants store as a nutrient. It is a 
small-molecule FOS, containing 3-60 fructose moieties with the structure of Glu 1-2[Fru (2-1)]n, where n 
= 1014. Inulin is generally found in plants, bacteria, and some fungi. It is known in more than 3,600 
fruits and vegetables, especially those in the Cichorium family, e.g.,chicory, banana, large onion and 
garlic. Paiboon et al.(2009) 

 
Health impacts of prebiotics: 
Because of the many health-promoting properties of these genera of bacteria, they are commonly used 
markers of microbiota health and common targets for dietary stimulation. Lactobacilli have been shown to 
downregulate mucosal inflammation in the GI tract. 
 Lactobacilli play a role in helping digest lactose for lactose-intolerant individuals, alleviate constipation, improve 

irritable bowel syndrome (IBS) symptoms, and potentially help prevent traveler's diarrhea. 
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 Bifidobacteria reside naturally in the GI tract of healthy human adults and have a strong affinity to ferment select 
oligosaccharides, making them a common marker for prebiotic capacity. Similar to the Lactobacillus, these bacteria 
are saccharolytic, an often-used marker for beneficial bacteria. 

 Primary and secondary metabolites that are formed due to the direct or indirect fermentation of selective 
compounds have been correlated with many health benefits in humans. 

 The fermentation of inulin-type fructans has been shown to increase urinary hippurate concentrations in clinical 
studies.. Hippurate is a microbial mammalian co-metabolite, and has been found in decreased concentrations in 
obese individuals compared to lean individuals, and also in diabetics compared to non-diabetics. Increased urinary 
hippurate concentrations are considered a beneficial effect of inulin consumption due to its fermentation. 

 Increasing the bioavailability and absorption of calcium with the intake of prebiotics is a critical target for healthy 
bone structure in adolescent and elderly populations. 

 The gut mucosa and microbiota are key components that act against pathogenic invasion within the GI tract, 
inhibiting pathogens such as E. coli, Salmonella spp, Campylobacter, and other pathogenic bacteria.Five potential 
mechanisms include: acidic metabolic end products (acids) that lower the colonic pH below pathogenic bacterial 
thresholds, competitive effects due to limitations in numbers of colonization sites, antagonism through inhibitory 
peptides (produced by lactic acid bacteria), competition for limited nutrients, and enhancement of the immune 
system. 

 Microbial diversity in the gut plays an influential role in the development of many inflammatory diseases and 
conditions, including allergic diseases, which can be influenced by disturbed gut colonization or by generally reduced 
microbial diversity Justin et al. (2018). 

 
Mechanisms of action of synbiotics and their effects-  *Markowiak et al. (2017).  
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Probiotics are defined as ‘live microorganisms which when administered in adequate amount confer health 
benefits to the host’ (FAO/WHO, 2002). Alternatively, probiotics have been defined as live microbial feed 
supplements that beneficially affect the host animal by improving its intestinal microbial balance Fuller, 
(1989). Probiotics were originally used to improve the health of both animals and humans through the 
modulation of the intestinal microbiota characterized strains of are available for human risk of gastrointestinal 
(GI) infections or treat such infections Salminen et al;,( 2005).  Supplementation of diet with dairy products 
fermented with LAB has the potential to reduce serum cholesterol levels in humans and animals Pulusoni & 
Rao, (1983).  Probiotics are novel gut flora modulators, and their role in the prevention of and treatment for 
diabetes and obesity has been implicated in recent past by Yadav et al; (2007)  It was also observed that 
probiotic dahi suppressed the diabetes progression and its complication through enhancing antioxidant system 
Yadav et al;, (2007). They also have a role in the synthesis of vitamins Conly et al;, (1994) and in the absorption 
of calcium, magnesium, and iron Younes et al;, (2001)  A number of food products including yoghurt, frozen 
fermented dairy deserts, spray-dried milk powder, cheeses, ice cream, freeze-dried yoghurt Nagpal et al;, 
(2007) and fruit juices have been suggested as delivery vehicles for probiotic to consumer.  

Probiotics are living  microborganism supplements which beneficially affect the host animal by  
nourishing microbial balance. Range of food products containing probiotic strains is wide which includes dairy-
based ones including fermented milks, cheese, ice cream, buttermilk, milk powder, and yogurts and nondairy 
includes soy based products, nutrition bars, cereals, and a variety of juices as appropriate means of probiotic 
delivery to the society..Kefir is a fermented milk beverage produced by the action of bacteria and yeasts that 
exist in symbiotic association in kefir grains. Kefir is one of the known fermented milk beverage. It is a better 
source of probiotics than other milk based fermented drinks, and people with lactose intolerance can often 
drink kefir with no health issues.   
  
Probiotics prepared by addition of Jackfruit and Unripe banana: 

The addition of dried jackfruit in stirred probiotic fermented milk could be an interesting alternative for 
the diversification and to aggregate value to the jackfruit. The jackfruit provides the aroma and flavor of this 
tropical fruit.Jackfruit (Artocarpus heterophyllus) is made of soft, easily digestible flesh (bulbs) with simple 
sugars like fructose and sucrose. It replenishes energy and revitalizes the body instantly. Jackfruit is rich in 
dietary fiber, which makes it a good bulk laxative. The fiber content helps to protect the colon mucous 
membrane by decreasing exposure time and binding to cancer causing chemicals in the colon. Che Othman et 
al.(2012). 

Like jakefruit Unriped banana is a good source of fiber which can be used as prebiotic. Banana (Musa 
acuminata) is the popular nutritious food ingredient of South Indian dishes.  Starch and fibre imparts typical 
starchy taste to raw banana and decrease its palatability ,every medium sized banana is rich source of 
carbohydrate with low fat content. Banana is also a good source of vitamin B potassium and vitamin C. Raw 
banana is rich in resistance starch (RS), which is not absorbed in the small intestine of healthy individual.RS has 
attracted interest due to its health effect on the colon.Fermentation of resistant starch in large intestine 
produces short chain fatty acids (SCFAs), carbon dioxide, methane and hydrogen. SCFAs are volatile fatty acids 
existing in straight- and branched-chain conformations. It reduces pH of the colon, prevents the formation of 
carcinogenic amines, improves fecal excretion, and mainly butyrate protects the bowels from colon cancer 
Jayashri et al (2018).Resistant starch (RS) is a type of starch that isn’t digested in the stomach or small 
intestine, and makes it all the way to the colon in tact. Or in other words, it ‘resists’ traditional digestion. In 
doing so, it works as a prebiotic that ends up feeding – and boosting – the good bacteria in the gut. As we all 
know, good health starts in the gut. By stimulating good bacteria, resistant starch helps to balance the gut 
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microbiome. .Ice cream has good potential for use as a probiotic vehicle because of its composition as well as 
its pleasant taste and attractive texture. Furthermore, probiotics are able to survive over long storage periods 
in frozen systems such as ice cream matrix that includes nutritive constituents such as milk proteins, fat, and 
lactose Cruz et al. (2009) .The objective of this study is to use unripe banana flour as a food ingredient to enrich 
probiotic ice cream, which is low in fat content and high in resistant starch with viable bacterial culture.  
Nowadays, besides the basic role of nutrition consisting in the supply of necessary nutrients for growth and 
development of the organism, some additional aspects are becoming increasingly important, including the 
maintenance of health and counteracting diseases. In the world of highly processed food, particular attention is 
drawn to the composition and safety of consumed products.  

CONCLUSION 
Overall in this review probiotics, prebiotics  have been discussed with respect to the systemic effects they exert on the 
host’s health, metabolism and immune system. Utilization of prebiotics by probiotics should be a pre-decided for 
synchoronised effect ,  to maintain a good synergy between the two and to enhance the beneficial effects. By 
encorporating the mechanisms it would be possible  to design enhanced functional foods to improve host health. By 
improving the therapeutic value  of the composition of the micrrflora by  dietary substances and probiotic 
microorganisms is an interesting approach to  control and treat   some of the major diseases. The recent advancement in 
researches have enabled us to deep sequence and analyse  the unexpected diversity of the microorganisms in the GIT . 
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Applications revolutionizing Indian agriculture 
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With a proliferation of government-supported agriculture centers and agriculture app companies, India 

stands poised to empower Indian farmers and guide them towards more profitable farming. The Myfarm app, 
Kisan farmer app and other similar apps for Indian farmer provide the Kisan farmer with a veritable platform 
for a farmer and agri-expert discussions and cover organic farming, crop protection, the best tractor in India, 
and more. 
Let’s look at the 10 top agriculture apps that are revolutionizing Indian farming: 
 
1. New & Old Tractors- KhetiGaadi 

The KhetiGaadi app provides a platform for farmer awareness about the benefits of farm mechanization 
for Indian farmers. One of the best agriculture apps in India and one of the best apps for Indian farmer 
education, its user-friendly interface details farming tractors, tractor agricultural implements, and other farm 
equipment. The Kisan farmer can easily find the best tractor in India via this app as well as others like the 
Myfarm app and the Kisan farmer app, 

In the New Tractors section, farmers discover new tractors from different tractor brands and, in the 
New Implements section, the latest in tractor implements technology. They can view Mahindra tractor models, 
Tafe tractors models, Massey Ferguson tractor models in India, and New Holland tractor models in India. They 
can find out the Massey Ferguson tractor models price as well as the Mahindra tractor price, the New Holland 
tractor price, the John Deere tractor price, and prices of other agriculture tractor brands. The latest Mahindra 
tractor, Mahindra Yuvo tractor, New Holland tractor, and John Deere tractors are expensive, but, fortunately, 
the Old Tractors section has affordable options. 

The Sell and Rent Tractor agriculture app sections have tractors for sale and rent. The Compare Tractors 
& Implements section offers agri-expert tractor reviews and tractor model comparisons to find the best tractor 
in India for agriculture. Farmers can learn about tractor financing. The Tractor Dealers & Service Centers and 
the Tractor News sections also offer an essential information. 

2. IFFCO Kisan – Agriculture App 
IFFCO Kisan agriculture app informs Indian farmers about local weather conditions, mandi prices, and 

crops that suit their agro-climatic zone. The Gyan Bhandar section has agriculture resources while Through the 
Ask Our Experts feature connects farmers with agri-experts. The agriculture app also has a platform for farmer 
marketplace sales. Using such apps for Indian farmer enlightenment will make a huge difference in Indian 
agriculture. 

3. Farmer’s Portal India 
Through this platform for farmer interaction, the Kisan farmer can learn about dealers, types, and usage 

of seeds, fertilizers, pesticides, and other farm machinery. The Crop Management section covers organic 
farming and other farming practices. The Postharvest section covers storage, crop prices, and the state-wise 
market price for different commodities. The Risk Management agriculture app section informs about drought-
affected areas, soil fertility maps, contingency plans, and more. Farmers can learn about markets in the Exports 
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Imports section, and contact nation-wide soil testing laboratories and download their local soil health card in 
the Soil Health Card section. 

4. Kisan Suvidha 
The Weather feature provides weather reports and extreme weather alerts. The Dealers feature covers 

dealers of seeds, fertilizers, pesticides, and farm machinery. Farmers can check current regional and crop-wise 
market prices with the Market Price feature. In Plant Protection, they can learn about crop diseases, weed 
management, crop protection, and crop maintenance. They can consult agri-expert via the Agro Advisories 
section, or call a toll-free number through the Kisan Call Centre (KCC). Farmers can learn about soil types and 
storage facilities via the Soil Health Card and theCold Storages and Godowns features. 

5. MyAgriGuru 
This app for Indian farmers is an agro connect between the Indian Kisan and agricultural experts. In the 

theAgriBuzz section, farmers can swap farming information, success stories, and concerns. The Crop section 
covers organic farming, crop sowing, crop protection, pest management, weather conditions, and crop prices. 
The Kisan farmer can consult aMyAgriGuruagri-expert about crop issues. The Market Price section gives mandi 
bhav prices and the regional weather forecast. The Tip of the Day section and the More sections enrich the 
Indian Kisan with useful tips and information about government schemes and subsidies, organic farming, the 
latest agriculture news, and new technologies. 

6. AgroStar Agri-Doctor 
The Krishi Charcha agriculture appsectionc onnects Indian farmers and the AgroStar Agri-Doctoragri-

experts. Farmers can upload content about their agricultural issues. The app provides localized weather reports 
and informs farmers on crop protection methods. The app’s shop provides a platform for farmers necessary 
items like seeds, pesticides, tractors, and pumps. The Krishi Gyaan section informs farmers about growing 
crops, crop diseases, and crop nutrition. The app’s offline mode allows farmers to access previously visited 
content without an Internet connection. 

7. Kisan Abhimaan 
One of many different apps for Indian farmer conveniences like the Myfarm app and the Kisan farmer 

app, the Kisan Abhimaan app serves as a marketplace to sell and buy vegetables, fruits, cereals, pulses, spices, 
and flowers across India. Farmers, retailers, and wholesale dealers can create selling lists for their produce and 
search for potential buyers. Individuals, organizations, hotels, and restaurants can create buying lists and buy 
directly from a farmer, a retailer, or a wholesale dealer. The search feature lets users find various produce and 
their sellers as well as transporters, agriculture experts, fertilizer suppliers, exporters, cold storage providers, 
agriculture equipment suppliers, and veterinarians. 
 
8. My Farmer 

Consumers, vendors, and wholesale dealers can buy farm produce directly from the Kisan farmer via 
this app. Farmers can list their produce and product details. Buyers can post ads about the produce they seek. 
The app lets farmers contact an agri-expert as well as government agriculture departments and other agencies 
to clarify their agriculture problems. The Farmer News Feed section has advisories about water supply shortage 
and the possibility of heavy rainfall in various areas. 
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9. Agri-plaza-Farm-school 
Like the Myfarm app and the Kisan farmer app, the Agriplaza Marathi app focuses on empowering 

farmers with technical knowledge about farming practices. Farmers can register on this Krushi Marathi app and 
take free e-learning modules on organic farming various agricultural topics. These include crop cultivation, pest 
and disease, fungicides and insecticides, plant protection, and crop protection. The farmers can watch 
informative agriculture videos, get crop specific information, and purchase agricultural products. 

10. Krushi Mitra 
This agriculture app covers organic farming practices for various crops. Farmers can learn about seed 

varieties and prices, crop diseases, organic pesticides, soil testing, and soil fertility. They can get tips about 
agricultural techniques and check their land records and daily mandi rates. They can learn about crop insurance 
and government schemes and subsidies. 

Along with the above farmer facilitation apps, farmers can benefit from Kisan farmer apps like the 
Climate Fieldviewapp by the Climate Corporation, the Mandibhav app, the farmer Crop Survey app, the Kisan 
Seva app, the Plant and Crop Protection app, the JagtikKrushi Mahotsav2019 app, the Myfarm app, and the 
Kisan farmer app. With so many apps for Indian farmer upliftment, Indian farming will become more 
productive and profitable. 

If you want to sell, buy, or rent tractors and other farm machinery, we have one of the best agriculture 
machinery websites in India and we can assist you in every possible way. We can help you find the best tractor 
in India and at the best farm tractor price. Please visit Khetigaadi.com for more information. 
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Real time availability of weather information by IMD 

Under the network of observatories related to agrometeorology, at present there are 263 Agromet 
observatories, 42 Evapotranspiration Stations, 43 Soil Moisture Stations and 76 Dew gauge stations in the 
country. In collaboration with these observatories, the Agrometeorology division of Indian Meteorological 
Department (IMD) is exploring to develop a suitable National network of Agromet Observatories for effective 
use of real time agromet data in Agromet Advisory Services (AAS). Under this National network all the 
observatories will get access of agromet data of their own station in addition to other stations online. This data 
will be of much use for preparation of district as well as block level agromet advisories. 

Real Time Weather Forecasting by C-DAC 
Real Time Weather Forecasting is very important for weather scientists, operational meteorologists, 

and aviation/ transport industry as well as policy makers. The Computational Earth Science (CES) group of 
Centre for Development of Advanced Computing (C-DAC) has developed an automated workflow for real time 
weather simulations: “Anuman” using Weather Research and Forecast (WRF) model of National Centre of 
Atmospheric Research (NCAR), USA. This tool provides high-resolution weather simulations and number of 
different weather forecast products useful as a decision support for various user communities. 

Salient features of Anuman 

 End-to-end forecasting system 

 Timely generation of important weather forecast products for many applications "On-Demand" 

 Local-area, short-term, model based weather forecasting customized by location, application and 
dissemination 

 Current forecasts available for several different states/village areas 

 Capability of creating forecast products up to 4 km resolution 

 The location specific real time weather forecasts are useful for the decision making in terms of weather 
conditions over a particular area. 

 The WRF outputs would be useful as an input for hydrology models 
 
Weather forecast 

 To access the hourly weather information for 72 hours lead time, click on the following image. 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317               Volume 1 – Issue 11 – November 2019 
 

- 309 - 
 

 
 
Anuman now on mobile 

 Anuman now offers the latest weather updates on mobile. It provides hour to hour weather forecast over 
50000 locations all over India using high resolution weather model output, generated using C-DAC’s National 
PARAM Supercomputer. 

Features: 

 High resolution weather forecast model simulations on ~1024 cores of PARAM Yuva-II. 

 Daily forecast for next 3 days on single click. 

 Provides accurate hourly forecast including: Maximum Temperature, Minimum Temperature, Relative 
Humidity, Sea Level Pressure, Probability of Rainfall, Cloud condition, Wind Speed and Direction for a specific 
location. 

 Supports Geo-Positioning, retrieving the latest weather conditions for current location. 

 Multiple locations management to facilitate user while travelling across the India. 

 Attractive and illustrative graphics indicating different time and weather conditions. 

 Useful for Farmers, Fishermen, Travel agencies, News agencies, Businessmen, Environment agencies, 
Industries (e.g., Agriculture, wind energy, environment), Academicians, Researchers, and common man for 
day to day activities. 

 Simple and Easy to use. 

 Available Free of Cost. 

 The mobile based forecasts can be customized to user locations and different parameters. 
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I. INTRODUCTION  
 Agriculture and allied sector is critical to India’s growth story. Indian agriculture and allied sector still 
accounts for 49% of India’s workforce, 16% of the country’s gross domestic product (GDP) 13, and ensures food 
security to roughly 1.3 billion people. To achieve and maintain an annual growth rate of 8-10% for the Indian 
economy, agriculture sector must grow 4% or higher rate. The Government of India has recently prioritized 
Doubling Farmers’ Income as a National Agenda; putting considerable focus on supply chain perspectives in 
agriculture and market development in addition to productivity augmentation. Agrarian distress in India has 
increased over time due to a multiplicity of factors. Fluctuating agricultural growth rate, globalised value chains 
leading to variability in commodity prices, unpredictable changes in monsoon rainfall over years and 
structurally inefficient domestic agricultural markets are just some of the reasons for income variability of 
farmers. Globally, digital and artificial intelligence (AI) technologies are helping solve pressing issues across the 
agriculture value chain. The relative role of each technology in creating impact is dependent on the nature of 
the work, and the issues at hand. India has 30 million farmers who own smart phones, which is expected to 
grow 3 times by 2020 and 315 million rural Indians will be using internet by 2020. A few decades ago, it was 
only humans who could play chess or read handwriting. Having been the focus of research in artificial 
intelligence (AI) for several years, both are now routinely done by machines. Countries  around  the  world  are  
becoming  increasingly  aware  of  the  potential  economic  and  social  benefits of developing and applying AI. 
AI technology development and applications are evolving rapidly with major implications for economies and 
societies. A study by EY and NASCCOM found that by 2022, around 46% of the workforce will be  engaged  in  
entirely  new  jobs  that  do  not  exist  today,  or will  be  deployed  in  jobs  that  have  radically  changed 
skillsets.  AI is emerging as a new factor of production, augmenting the traditional factors of production viz. 
labor, capital and innovation and technological changes captured in total factor productivity. AI has the 
potential to overcome the physical limitations of capital and labour, and open up new sources of value and 
growth. From an economic impact perspective, AI has the potential to drive growth through enabling: (a) 
intelligent automation i.e. ability to automate complex physical world tasks that require adaptability and agility 
across industries, (b) labour and capital augmentation: enabling humans to focus on parts of their role that add 
the most value,  complementing human capabilities and improving capital efficiency, and (c) innovation 
diffusion i.e. propelling innovations as it diffuses through the economy.  
 
II. Scope of AI in Agriculture 
 Agriculture is seeing rapid adoption of Artificial Intelligence (AI) and Machine Learning (ML) both in 
terms of agricultural products and in-field farming techniques. Cognitive computing in particular is all set to 
become the most disruptive technology in agriculture services as it can understand, learn, and respond to 
different situations (based on learning) to increase deficiency. Providing some of these solutions as a service 
like chatbot or other conversational platform to all the farmers will help them keep pace with technological 
advancements as well as apply the same in their daily farming to reap the benefits of this service. Currently, 
Microsoft is working with 175 farmers in Andhra Pradesh, India to provide advisory services for sowing, land, 
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and fertilizer and so on. This initiative has already resulted in 30% higher yield per hectare on an average 
compared to last year. Given below are top five areas where the uses of cognitive solutions can benefits 
agriculture 
1.  Growth driven by IOT 
 Huge volumes of data get generated every day in both structured and unstructured format. These relate 
to data on historical weather pattern, soil reports, new research, rainfall, pest infestation, images from Drones 
and cameras and so on. Cognitive IOT solutions can sense all this data and provide strong insights to improve 
yield. Proximity Sensing and Remote Sensing are two technologies which are primarily used for intelligent data 
fusion. One use case of this high-resolution data is Soil Testing. While remote sensing requires sensors to be 
built into airborne or satellite systems, proximity sensing requires sensors in contact with soil or at a very close 
range. This helps in soil characterization based on the soil below the surface in a particular place. Hardware 
solutions like Rowbot (pertaining to corns) are already pairing data-collecting software with robotics to prepare 
the best fertilizer for growing f corns in addition to other activities to maximize output 
2.  Image-based insight generation 
 Precision farming is one of the most discussed areas in farming today. Drone-based images can help in 
in-depth field analysis, crop monitoring, scanning of fields and so on. Computer vision technology, IOT and 
drone data can be combined to ensure rapid actions by farmers. Feeds from drone image data can generate 
alerts in real time to accelerate precision farming Companies like Aerialtronics have implemented IBM Watson 
IoT  Platform and the Visual Recognition APIs in commercial drones for image analysis in real time. Given 
below are some areas where computer vision technology can be put to use: 

3.  Soil health monitoring and restoration:   
 Image recognition and deep learning models have enabled distributed soil health monitoring without 
the need of laboratory testing infrastructure. AI solutions integrated with data signals from remote satellites, as 
well as local image capture in the farm, have made it possible for farmers to take immediate actions to restore 
soil health. 
4.  Crop health monitoring and providing real time action advisories to farmers:  
 The Indian agriculture sector is vulnerable to climate change due to being rain dependent. Varying 
weather patterns such as increase in temperature, changes in precipitation levels, and ground water density, 
can affect farmers especially in the rainfed areas of the country. AI can be used to predict advisories for sowing, 
pest  control,  input  control  can  help  in  ensuring  increased  income  and  providing  stability  for  the 
agricultural community. For example, many agronomic factors (such as vegetation health and soil moisture) can 
be monitored up to the farm level through remote sensing. Using remote sensed data, high  resolution  
weather  data,  AI  technologies,  and  AI  platform,  it  is  possible  to  monitor  crops holistically and provide 
additional insights to the extension workers/farmers for their farms as & when required. 
5.  Increasing efficiency of farm mechanization:   
 Image classification tools combined with remote and local sensed data can bring a revolutionary change 
in utilisation and efficiency of farm machinery, in areas of weed removal, early disease identification, produce 
harvesting and grading. Horticultural practices require a lot of monitoring at all levels of plant growth and AI 
tools provide round the clock monitoring of these high value products. Increasing the share of price realisation 
to producers: Current low levels of price realisation to farmers are primarily due to ineffective price discovery 
and dissemination mechanisms, supply chain intermediary inefficiency and local regulations. Predictive 
analytics using AI  tools can bring more accurate supply and demand  information  to  farmers,  thus reducing  
information  asymmetry  between  farmers  and  intermediaries.  As commodity prices are interlinked globally, 
big data analysis becomes imperative. Data from e-NAM, Agricultural Census (with data on over 138 million 
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operational holdings), AGMARKET and over 110 million Soil Health Samples provide the volumes required for 
any predictive modelling. 
6.  Yield Management using AI 

 The emergence of new age technologies like Artificial Intelligence (AI), Cloud Machine Learning, Satellite 
Imagery and advanced analytics are creating an ecosystem for smart farming. Fusion of all this technology is 
enabling farmers achieves higher average yield and better price control. Microsoft is currently working with 
farmers from Andhra Pradesh to provide advisory services using Cortana Intelligence Suite including Machine 
Learning and Power BI. The pilot project uses an AI sowing app to recommend sowing date, land preparation, 
soil test-based fertilization, farm yard manure application, seed treatment, optimum sowing depth and more to 
farmers which has resulted in 30% increase in average crop yield per hectare. Technology can also be used to 
identify optimal sowing period, historic climate data, real time Moisture Adequacy Data (MAI) from daily 
rainfall and soil moisture to build predictability and provide inputs to farmers on ideal sowing time. To identify 
potential pest attacks, Microsoft in collaboration with United Phosphorus Limited is building a Pest Risk 
Prediction API that leverages AI and machine learning to indicate in advance, the risk of pest attack. Based on 
the weather condition and crop growth stage, pest attacks are predicted as High, Medium or Low. 
 
III. Artificial Intelligence based apps and technologies in Indian farming sector  
1.  Plantix App 
 Plantix is a mobile crop advisory app for farmers, extension workers and gardeners. It can diagnose 
plant diseases, pest damages and nutrient deficiencies affecting crops and offers corresponding treatment 
measures. Users can participate in the online community to network with other farmers, discuss plant health 
issues and access their local weather reports. Plantix was developed by PEAT GmbH, a Berlin-based AI startup. 
PEAT is a spin-off of the Leibniz University of Hannover and has successfully raised two rounds of venture 
capital, whereas the series A was led by Index Venture. Plantix takes advantage of deep learning 
technology which involves neural networks. Furthermore, it provides information on treatment and preventive 
measures. From the daily new images sent by Plantix users worldwide, the network constantly learns more. 
This permanent incoming data stream is the basis to providing Plantix users with up-to-date information and 
alerts in terms of plant diseases, pests and their worldwide distribution in real time. Plantix already cooperates 
with international research institutes and inter-governmental organizations such as ICRISAT, CIMMYT and CABI. 
The Agriculture and Horticulture Department of the Government of Andhra Pradesh, India has also already 
integrated Plantix into its extension services. 
2.  AI Sowing App  
 Microsoft in collaboration with ICRISAT developed an AI Sowing App powered by Microsoft Cortana 
Intelligence Suite including Machine Learning and Power BI.  The app sends sowing advisories to participating 
farmers on the optimal date to sow. The best part the farmers don’t need to install any sensors in their fields 
or incur any capital expenditure. All they needed was a feature phone capable of receiving text messages. The 
advisories contained essential information including the optimal sowing date, soil test based fertilizer 
application, farm yard manure application, seed treatment, optimum sowing depth, and more. In tandem with 
the app, a personalised village advisory dashboard provided important insights into soil health, recommended 
fertilizer, and seven-day weather forecasts. In 2017, the program was expanded to touch more than 3,000 
farmers across the states of Andhra Pradesh and Karnataka` during the Kharif crop cycle (rainy season) for a 
host of crops including groundnut, ragi, maize, rice and cotton. The increase in yield ranged from 10% to 30% 
across crops. 

3.  AI for herbicide optimization 
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 Blue River Technology has designed and integrated computer vision and machine learning  technology 
that  enables  farmers  to  reduce  the  use  of  herbicides  by  spraying  only  where  weeds  are  present, 
optimising the use of inputs in farming – a key objective of precision agriculture. 
4.  AI for precision farming  
 NITI Aayog and IBM have partnered to develop a crop yield prediction model using AI to provide real 
time advisory to farmers. IBM’s AI model for predictive insights to improve crop productivity, soil yield, control 
agricultural inputs and early warning on pest/disease outbreak will use data from remote sensing (ISRO), soil 
health cards, IMD’s weather prediction and soil moisture/temperature, crop phenology etc. to give accurate 
prescriptions to farmers. The project is being implemented in 10 Aspirational Districts across the States of 
Assam, Bihar, Jharkhand, Madhya Pradesh, Maharashtra, Rajasthan and Uttar Pradesh. 
 
IV. CONCLUSION 
 Agriculture monitoring is the much necessitate reducing human interventions in practice. Day by day 
demand for food is reaching its high peak and the without execution of the modern methods in agriculture it is 
very hard to achieve the increasing demand. Agriculture monitoring is the prime concern as it helps to reduce 
labour and increase the production. Artificial Intelligence has been implemented in crop selection and to help 
the farmer in the selection of the fertilizers. With the help of the database which the user has gathered and 
specified to the system, the machine communicates among themselves to decide which crop is suitable for 
harvesting and also the fertilizers which promote the maximum growth 
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IFS Research Methodology And Evaluation 
Article id: 22290 
M.Kirithiga 
B.Sc. Agriculture, Kumaraguru Institute of Agriculture, Sakthinagar, Erode, Tamilnadu. 

INTRODUCTION 
The integrated farming system research strategy emphasizes that the research agenda should be 

determined by explicitly defined farmers needs through an understanding of the existing farming systems 
rather than its perception by the researchers.  It is a holistic approach with the main focus on strengthening the 
partnership between the researchers, extensionists and farmers.  It provides an opportunity for the farming 
community to influence the research agenda to generate relevant technologies. Realizing the need to tailor 
research to meet client demand, many programmes have been initiated in agricultural research in recent years 
with an orientation and focus on farming systems. The main endeavor has been to integrate the desirable 
features of the complex farming systems research approach into the mainstream agricultural research so that 
the technologies developed are relevant, client oriented and location specific.   

Steps in Integrated Farming System Research 

 The agro-ecological zone should be selected in which FSR is to be initiated.   

 Selection of villages and farmers:  Select villages in each farming situation comprising marginal/small and 
medium/large farmers.  Selection of village and farmers should be at random so as to represent all farming 
community of the target area 

 Analysis of constraints in increasing farm productivity:  Carry out survey through rapid rural appraisal.  
Make an inventory of farm resources and support services.  Identify the production constraints. 

 Research design and technology generation and adoption. 

 Technology transfer and flow of improved farming systems within recommended domain.  

 Impact of Technology of Improved Farming System - productivity, Economic return, Energy input-output, 
Employment, Equity (gender issue) and Environment. 

Monitoring indicators and integrated farming system evaluation methodology developed by Jayanthi (1995) are 
given below.   

IFS monitoring indicators 
1. Productivity 

A.  Crop  

 Economic yield 

 Fodder yield 

 Residue addition 
B.  Livestock and other enterprises 

 Relevant productivity observation (Example: Milk, meat, egg yield) 

 Manure output on dry weight basis 
C. Manure analysis 

 Nutrient content in crop residues and manures  
D. Soil nutrient analysis 

 Soil physical properties (Soil type, PH, EC, bulk density, porosity) 

 Pre and post-harvest analysis for organic carbon and major nutrients 
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 Soil microbial population at rhizosphere region (initial and final stages)  

2.  Economic analysis for crop, livestock and other enterprises 

 Total cost 

 Gross Return 

 Net Return 

 B : C ratio 

 Per day return 

 Partial budgeting 
3.  Employment for family members 

 Number of man hours spent for crop, livestock and other enterprises 

IFS Evaluation methodology  
Productivity  

To evaluate the productivity of a component and relates with the crop component expressed in terms 
of equivalent crop yield. Further the production estimation itself varies among the interlinked allied component 
in integrated farming system. 
 Eg. Rice based farming systems  
Productivity of allied components have to be worked out based on their economic products.  

Example:  
Fish yield (kg) 
Poultry layer: total number of eggs per year 
Mushroom yield: kg per year 
Milk yield: lit.per year 

Productivity in-terms of grain yield is to be recorded and expressed as kg of rice grain equivalent yield (GEY), 
calculated as  

                                                Productivity of crop/              Cost of crop/ 
                                                allied component (kg)    x    allied component (Rs/kg) 
                 GEY (kg/ha) =                            
                                                                       Cost of Rice (Rs/kg) 
Production efficiency (PE) 
                             Equivalent yield in IFS – Equivalent yield in traditional system 
                 PE=     ----------------------------------------------------------------------------------- - x 100 
       Equivalent yield in traditional system 
Carrying capacity  

Carrying capacity is the stocking rate, calculated by using four factors viz., annual forage production, 
utilization rate, average daily intake and length of the grazing season. From these observations, carrying 
capacity was calculated using the formula  

                                                 Annual forage yield (kg/ha) – utilization rate (%) 
 Carrying capacity = -------------------------------------------------------------------------------------   x 100  
                                 Average daily intake (kg/day) x length of the grazing season (days) 
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Economic analysis 
Parameters like cost of cultivation, cost of production, gross and net returns and per day return are to 

be worked out and expressed as Rs. ha-1 

Gross return 
Gross return is calculated using grain and straw yield for rice based on market price and expressed as Rs 

ha-1. 
Net return 

Net return is to be calculated by deducting the cost of cultivation from gross returns as detailed below 
and presented in Rs ha-1. 

Net return (Rs.ha-1) = Gross return (Rs. ha-1) - Cost of cultivation (Rs.ha-1)   

Economic efficiency (EE) 

               Net returns in integrated farming system - Net returns in traditional system 
   EE =   -------------------------------------------------------------------------------------------------  -----  X 100 
              Net returns in traditional system 
 

Benefit-cost ratio 

Benefit-cost ratio is calculated based on gross returns and cost of cultivation as given. 

  Gross return (Rs ha-1) 
Benefit-cost ratio (B: C ratio) =    ---------------------------------------------- 

              Cost of cultivation (Rs ha-1) 
 

Per day return 

Per day return was calculated based on net returns and cropping period. 
                                               Net returns (Rs ha-1) 

Per day return =   ----------------------------------- 
                              Cost of cultivation (Rs ha-1) 

Partial budgeting 
Partial budgeting is one of the planning economic tools used to assess the viability of a proposed 

component technology. Based on this tool, as suggested by Gonales and Van Der Veen (1986) the economic 
advantages of different components were worked out and the derived benefits or losses expressed in Rs.ha-1. 

Partial budgeting  

Total change in benefit (Rs.ha-1) Total change in cost (Rs.ha-1) 

Additional returns (A) = Additional cost  (C) = 

Reduced costs       (B) = Reduced returns (D) = 

Net change in income (Rs ha-1) {(A+B) – (C+D)} =  
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Employment generation 
Labour essential for various activities in crop production given as man days /ha/year. A man working for 

8 hours in a day is considered as one man day. 

Labour productivity 

The labour productivity is to be calculated and expressed in rupee output per rupee labour cost. The 
labour productivity is worked out as follows, 

                                                  Gross Income in Rs ha-1 
Labour productivity =  ------------------------------ 

                                         Labour cost in Rs ha-1 

Water requirement   
Total water requirement for various components have to be calculated and expressed in ha cm or ha 

mm. 

Quantification of organic manure 
The quantity of manures added from each component (kg) are to be worked out based on the NPK 

content of the manures and expressed in terms of  N, P and K (Kg/ha). 

Energy efficiency  

Every input used and outputs obtained are converted into the form of energy. Cultural energy utilized 
through inputs and energy produced as products by each component in the farming systems were worked out 
and expressed in Mega Joules. Energy efficiency was worked out taking into account the input and output 
energy for each component adopting the method given by Dazhong and Pimental (1984) and the energetic of 
the farming system is generally expressed in MJ/ha. 

                                    Energy output (MJ ha-1) 
Energy efficiency =   ------------------------------------ 
                                    Energy input (MJ ha-1) 

Stability Index (SI) / Sustainable Yield Index (SYI) and Sustainable Value Index (SVI) 
• There are some indices used to assess the sustainably of a management practice and the same will be 

considered for further adoption in larger scale  
• Two indices are being used to identify the practices, which give maximum sustainable yield or 

sustainable income - SYI and SVI 
• The trend of yield over the year in systems reflects the stability / sustainability of a crop / cropping 

systems 
• Less fluctuation in yield over the years reflects positive side of stability  

 

Stability Index (SI) /Sustainability Yield Index (SYI) 

 The trend of yield over the year in systems reflects the stability/ sustainability of a crop / cropping 
system.  
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 Less fluctuation in yield over the years reflects positive side of stability. The stability index ranges from 0 
to 1.  

 Minimum four year yield data are required to calculate the stability index. 

  
                 Y- sd 

SI / SYI =   ---------- 
                Ymax 

 
Y is the average yield over years n 
sd is the standard deviation and  
Y max is the maximum yield obtained in any of the year. 
 

Sustainable Value Index (SVI) 
Minimum four-year yield data are required to calculate the stability index 

    Y - Sd  
SVI  =   ------------  

       Ymax  
  Y    : Estimated average net profit of a practice over years  
  Sd  : Estimated standard deviation  
  Ymax: Observed maximum net profit in the experiment  

CONCLUSION 
The FSR views the farm in a holistic manner and considers interactions (between components and of 

the components with the environment) in the system. This type of research is most appropriately carried out 
by the interdisciplinary team of scientists who in association with the Extension Officers continuously interact 
with the farmers in the identification of the problems and finding their solutions. Farming system approach to 
agricultural research and development efforts would hasten agricultural growth of the country and thereby 
providing leverage for transforming poverty prone rural India to a prosperous India by strengthening rural 
economy. Certainly this will play a key role in agricultural revolution in the 21st Century, which is very much 
important to make India a developed nation. 
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DRONE: Multi-fuctional tool for precision agriculture 
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1.  INTRODUCTION  
 Climate change is having a major impact on food security. More than 815 million people are chronically 
hungry and 64 percent of the chronically hungry are in Asia. The world needs to increase food production by 
almost 50 percent by 2050 to feed a population of nine billion, yet resources such as land and water are 
becoming more and scarcer. Farming communities and others involved in agriculture have to adapt agriculture 
to climate change and other challenges. In this context, information and communication technology (ICT) 
driven tools and technologies to enhance decision making through accurate, reliable and timely information 
have an important role to play. Agriculture has to look towards emerging technologies for solutions to 
overcome some of the challenges facing it. One of the latest developments is the increase in the use of small, 
unmanned aerial vehicles (UAVs), commonly known as drones, for agriculture. Drones are remote controlled 
aircraft with no human pilot on-board. These have a huge potential in agriculture in supporting evidence-based 
planning and in spatial data collection. Despite some inherent limitations, these tools and technologies can 
provide valuable data that can then be used to influence policies and decisions. Drones are used in various 
fields ranging from the military, humanitarian relief, disaster management to agriculture. The advantages that 
“an eye in the sky” provides when combined with analytic tools that can interpret the data and images to 
actionable information have ushered in a new revolution. However, priority in addressing issues related to 
privacy, safety and security is the key to the sustainable implementation of these technologies. Access to 
quality data is the key to making effective policies and interventions towards the achievement of the 
Sustainable Development Goals by 2030. The use of drones in agriculture is extending at a brisk pace in crop 
production, early warning systems, disaster risk reduction, forestry, fisheries, as well as in wildlife conservation, 
for example. 
 
2.   Unmanned Aerial Vehicle (UAV) 
 Various nomenclatures are used in reference to unmanned aircraft. The public and media often use 
“drone”. The term unmanned aerial vehicle (UAV) refers to the unmanned aircraft. The term unmanned aerial 
system (UAS) denotes the larger system of the airborne portion of the UAV, the pilot located elsewhere 
controlling the aircraft via a ground control station through wireless linkages (control and command links) plus 
the sensor(s) mounted on the UAV and the software that may be used to analyse the data gathered by the 
sensor(s). A UAV can be operated manually, or programmed to operate automatically or to be fully 
autonomous. UAVs are often dissimilar to conventional aircraft and are obtainable in a range of shapes, sizes, 
and configurations. The take-off mass of a UAV has been used historically to classify the devices. Frequently 
used categorizations occur at 2 kg mass, at 25 kg and at 150 kg. The category a UAV is assigned to will influence 
the minimum age of the pilot, the expected remote pilot competence, whether the device has to be registered 
with the CAA or not, the need for electronic identification and installed geo-fencing software. The main 
configurations of UAVs are fixed wing aircraft or vertical take-off and landing rotary wing platforms such as 
helicopters or multicopters. Fixed-wing UAVs require an approach and landing runway and are usually flown in 
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automated mode. Copters are easier to pilot manually, need limited space to take off and land but have shorter 
flight endurance. Hybrids in the form of vertical take-off and landing (VTOL) systems are more versatile 
operationally as they maintain efficient range without the need for a runway. 150 kg are generally considered 
the equivalent of conventional aircraft with obligations to meet analogous airworthiness and certification 
standards. 
 
3.  Applications of drones in precise agriculture  
3.1 Crop production: Precision farming combines sensor data and imaging with real-time data analytics to 
improve farm productivity through mapping spatial variability in the field. Data collected through drone sorties 
provide the much-needed wealth of raw data to activate analytical models for agriculture. Data collected 
through drones combined with other data sources and analytic solutions provide actionable information. 
Drones such as the DJI Agras MG-1 (DJI, 2017) are designed for precision variable rate application of liquid 
pesticides, fertilizers and herbicides. Multispectral and hyper-spectral aerial and satellite imagery helps in 
creating Normalized Difference Vegetation Index (NDVI) maps, which can differentiate soil from grass or forest, 
detect plants under stress, and differentiate between crops and crop stages. There are strong correlations 
between crop yield and NDVI data measured at certain crop stages. Hence tracking the crop growth at key 
stages will help to provide an accurate estimate of the crop yield and also to address issues early. Drones fitted 
with infrared, multispectral and hyperspectral sensors can analyse crop health and soil conditions precisely and 
accurately. NDVI data, in combination with other indexes such as the Crop-Water Stress Index (CWSI) and the 
Canopy-Chlorophyll Content Index (CCCI) in agricultural mapping tools can provide valuable insights into crop 
health. The basic principle of NDVI relies on the fact that leaves reflect a lot of light in the near infrared (NIR). 
When the plant becomes dehydrated or stressed, the leaves reflect less NIR light, but the same amount in the 
visible range. Thus, mathematically combining these two signals can help differentiate plant from non-plant 
and a healthy plant from a sickly plant. 
3.2 Crop health analysis – TCS drones capture multispectral and visual imagery of the farm. An accurate 
crop health analysis is then done using various crop health indices. It helps in the early detection of nutrient 
deficiencies and other problems. Advanced algorithms have been developed for species identification, 
population estimation and localization. 
3.3 Forest and landscape mapping: Open Forests (https://openforests.com/) uses drone-based forest and 
landscape mapping to provide a new perspective for valuation, monitoring and research. Hundreds of pictures 
taken by drones are stitched together to large and high resolution orthomaps. These orthomaps can then be 
integrated into GIS systems and used for analysis, planning and management. Novadrone (Novadrone, 2017) 
uses drone technology to improve forest management and operational planning, including the monitoring of 
illegal activities and encroachment. It also assists in collecting various forest metrics such as carbon 
sequestration, tree canopy analysis, conservation features, tracking native species, monitoring biodiversity and 
ecological landscape features. 
3.4 Disease and pest incidence: the Plant Stress Index Level and Multispectral images of drone cameras can 
be used for the pest and disease incidence. 
3.5 Estimation of acreage – Drone technology can be successfully employed to estimate the acreage of the 
planted crop and crop stage of the plantation. Based on this information, harvest decisions can be planned 
accordingly. 
3.6 Species recognition and proximity assessment – Deep learning algorithms are used for tree species 
identification and common infrastructure. It is also employed for assessing proximity. 
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3.7 Fisheries and livestock: In the fisheries sectors, the governments of a number of nations including the 
Republic of Palau, Belize, Jamaica, and the Republic of Costa Rica are now using drones to detect illegal fishing 
and aid in prosecution of offenders. The government of Assam, the Republic of India has partnered with Tata 
Consulting Services (TCS) to use drones to conduct surveillance, identify unauthorized settlements and to deter 
poachers in Kaziranga National Park spread over 480 square kilometres. Drones fitted with thermal cameras 
can identify poachers from their heat signatures even if they are hiding in thick foliage. This effort has proved 
beneficial for the vulnerable one-horned rhino. 
3.8 Drones in the agricultural insurance and assessment sector, insurance claims forensics: Drone imagery 
is very useful in giving an accurate estimate of loss. Companies such as Skymet are using drones to provide 
agriculture survey services to insurance companies and the state governments of Maharashtra, Gujarat, 
Rajasthan and Madhya Pradesh in the Republic of India. 
3.9 Disaster risk reduction:  FAO has partnered with national counterparts in developing systems to use 
drones for data collection that assist in disaster risk reduction (DRR) efforts. These valuable data are then fed 
into modelling systems with analytics capabilities that then provide valuable insights. Such information can 
provide rural communities with high-quality reliable advice and can assist the government in better planning 
disaster relief and response services. 

4.  CONCLUSION: 
 Drone technology and advanced image data analytics tools are of great potential for the agriculture 
industry. Drone solutions can be implemented in a range of applications throughout the whole process from 
precise mapping for planning purposes, assessing the condition of crops and plants, to precise crop spraying. 
But with as all other tools, the right strategy and setup is required to fully leverage the technology available. 
With the booming industry of drone technology and sensors, and the availability of image data processing and 
analytics tools, the technology mix for the required solutions must be planned cautiously to maximize the 
benefits while optimizing the costs. The same is true for the process of data acquisition itself. Along with 
operating drone solutions, a large volume of data is generated. Therefore the requirements regarding 
precision, resolution and layers of data employed must fully reflect the requirements of any specific use and 
thus should be planned on a project basis. Lastly, once the optimal solution is developed and the data acquired 
does not exceed processing capabilities, the information extracted needs to be fully implemented and 
integrated into the business process. However, once the required technology mix is deployed, the analytical 
capabilities are optimized and the solution is fully integrated into business processes, the full potential of the 
technology is ready to be exploited and the productivity improved substantially. Maximizing yields and limiting 
the workload and thus the costs of goods will be vitally important in the ensuing decades of unprecedented 
growth of agricultural product demand that we face globally and particularly in the Asia-Pacific region. 
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INTRODUCTION 
For centuries, farmers, herders, fishers and foresters have developed diverse and locally adapted agricultural 
systems managed with timetested, ingenious techniques. These practices have resulted in a vital 
combination of social, cultural, ecological and economic services to humankind. “Globally Important 
Agricultural Heritage Systems” (GIAHS) are outstanding landscapes of aesthetic beauty that combine 
agricultural biodiversity, resilient ecosystems and a valuable cultural heritage. Located in specific sites 
around the world, they sustainably provide multiple goods and services, food and livelihood security for 
million of small-scale farmers. 
Unfortunately, these agricultural systems are threatened by many factors including climate change and 
increased competition for natural resources. They are also dealing with migration due to low economic 
viability, which has resulted in traditional farming practices being abandoned, and endemic species and 
breeds being lost. In response to these global threats to family farming and traditional agricultural systems, 
the Food and Agriculture Organization (FAO) of the United Nations launched the GIAHS Programme in 2002 
during the World Summit on Sustainable Development (WSSD, Johannesburg, South Africa). Aiming to strike 
a balance between conservation, sustainable adaptation and socioeconomic development, the GIAHS 
Programme helps identify ways to mitigate the threats faced by farmers as well as enhance the benefits 
derived by these systems. Through multi-stakeholder support, this approach aims to: provide technical 
assistance; boost understanding of the value of keeping alive sustainable agricultural knowledge; and 
promote agricultural products, agro-tourism and other incentive mechanisms and market opportunities. 

Agricultural Heritage Systems can be found all over the world. These systems are rich in agricultural 
biodiversity and associated wildlife, and are important resources of indigenous knowledge and culture. At 
present, 57 sites in 21 countries are designated as GIAHS and many more to follow. There are three regions 
of India, which has been recognised as the Global Agricultural Heritage Systems (GIAHS) cities in India: 
Koraput, Odisha State; Kashmir Valley, Pampore region; and Kuttanad. 

 

1. Saffron Heritage of Kashmir 

Traditional saffron farming is practiced over 32,000 hactres area in and around the Pampore Karewas of 
Kashmir in India. It provides livelihood security for more than 17,000 farm families among local 
communities. Kashmiri village women contribute immensely to this agriculture heritage site through 
traditional tilling to flower picking. This was the first site in India to be recognised as GIAHS by FAO in 2011. 

Saffron cultivation is typical in the Kashmir region, Northern India. This plant is mentioned in the 
5th century B.C in Kashmiri records and is still part of the agricultural economy. Saffron became a cash crop 
for farmers resulting of a long traditional heritage linked to Northern Indian culture. Alongwith saffron rice, 
wheat, barley, maize, millet, pulses are grown by the farmers. Many temperate fruits are grown with 
orchards in the Kashmir valley orchards including almonds, apples, cherries, pears, peaches, and walnuts. Of 
all the items, Kashmir is famous for its traditional heritage of saffron and remains its largest producer in the 
Indian subcontinent. According to the Kashmiri legends; saffron was brought to the region by two sufi 
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ascetics, Khawja Masood wali. Saffron has traditionally been associated with the famous Kashmiri cuisine, its 
medicinal values and the rich cultural heritage of Kashmir. During the plucking of the blossoms, the lilt of 
women voices wafts through the air as they sing their folk songs. Looking at the social organization, Kashmiri 
women are behind the whole saffron story. They till the soil, and, most importantly, pick and gently dry the 
flowers. Once dried, tossed and sorted, it is time for the flowers to be handed over to the men folk. Stripping 
away the insides of the flowers, the men grade the saffron, now ready to be packed in moisture-proof 
containers. 

 
(Saffron heritage of Kashmir) 

 

2. Koraput Traditional Agriculture 

Koraput district is the southemmost district of Odisha India is known for its ecological wealth coexisting with 
poverty, generally referred to as the paradox of economic poverty in the midst of genetic prosperity. These 
traditional agriculture is followed by as many as 52 tribal groups mainly Khond, Bhatada, Paroja, Bhumia, 
Bondas, etc. in the district. This site was proposed by M.S. Swaminathan Research Foundation (MSSRF), 
Chennai for recognition as GIAHS and it was recognised in 2012. 

Traditional systems in the Koraput Region are strongly linked to the local traditional communities. 
From their knowledge and practices, a high biodiversity has been conserved through an in-situ conservation. 
Doing so, they have also sustainably managed the forest preserving endemic species. Local communities 
mainly grow their self-consumption food. Paddy occupies around half of the cultivated lands. Other food 
crops such as maize, millet, green and black gram are cultivated. Besides, they manage food from different 
forest produce including roots, tamarind, tamarind seeds, leaves, jackfruits and seeds, mango stones. 
This region is endowed with impressive biodiversity and is one of the primary centers of origin of rice. The 
cultivated diversity recorded in the region include: about 340 landraces of paddy, 8 species of minor millets, 
9 species of pulses etc. Besides, more than 1200 medicinal plant species are available in this area. This 
healing system is part of the Indian traditional medicinal system. Being sustainable and integrated to its 
environment, the traditional farming systems of the local communities play a role in conserving the rich 
floristic diversity consisting of about 2500 species of flowering plants belonging to angiosperms. Strongly 
linked as a cultural trait, sacred grove is an effective method of preserving plant genetic resources. It is a 
biological heritage as well as social mechanism by which a forest patch is protected. The sacred grove has 
religious significance since it is believed that the vegetation is under the protection of their local deities. 
Even today forest patches are left to local deities as a traditional custom. 
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(Koraput Traditional Agriculture) 
 
3. Kuttanad Below Sea Level Farming System 

Kuttanad is a delta region of about 900 sq. km situated in the west coast of Kerala State, India. The 
area is a larger mosaic of fragmented landscape patches and varied ecosystems such as coastal backwaters, 
rivers, vast stretches of paddy fields, marshes, ponds, garden lands, edges, corridors and   remarkably 
networked water ways. This site was also proposed by M.S. Swaminathan Research Foundation (MSSRF), 
Chennai for recognition as GIAHS and it was recognised in 2013. 

Kuttanad Wetland Agriculture System is unique, as it is the only system in India that favours rice 
cultivation below sea level in the land created by draining delta swamps in brackish waters. This system also 
allows fisheries systems, livestock and home garden to be grown. The system of below sea-level farming is 
an approach to cope with the imminent climate impacts in coastal areas and evolve efficient methods to 
deal with soil and pest-related issues in agriculture. 
Agriculture and Inland Fisheries are the major land/water use practices of the system, which considered as 
the largest wetland use system in the west coast of Indian peninsula. First of all, the Kuttanadan rice 
production share about 25% of the State’s total rice production and is the stable food of the farmers. The 
system allows duck farming in a promising way. Immediately after harvesting the rice, ducks are brought in 
even from distant places to the fields insuring a direct food and manure supply for the farmers but also as a 
source of income. This system is full of estuaries, flood plains, Kayals, ponds and canal networks which 
faciliate diverse fish and shells culture. Kerala now produces 2,000 tonnes of Karimeen, an endemic fish from 
the region. 
The Kuttanad system is a complex mosaic of fragmented agricultural landscapes divided in three structures: 
wetlands used for paddy activities and fish catching, garden lands used for coconut, tubers and food crops 
plantation and water areas used as inland fishing and shells. Being the first step of this system, water 
sources needs to be reoriented by the construction of polders to create cultivable lands. Bunds are 
constructed thanks to coconut coproducts, sand, twigs and high quality clay. These bunds are often 
strengthened in accordance with the level and force of floodwaters. After constructing the bund, the polder 
area is dewatered. The water is generally pumped out with the help of oil engines or electric motors. Once 
the dewatering is completed rice cultivation process starts. Moreover, farmers prefer a rice-fish rotation 
when the paddy turns to be less lucrative. It also helps reducing diseases and weeds pressure. Immediately 
after harvesting the rice, ducks are brought to the fields. 
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(Kuttanad Below Sea Level Farming System) 
 
CONCLUSION 
These systems reflect a profound harmony between humanity and nature. In India these systems are giving 
major boost to traditional farming practices in the designated areas and it can also promote agro-tourism. 
Other potential sites from India are Soppina Bettas Systems (Western Ghats, India), Traditional Ladakh 
Agriculture (Northern India), Raika Pastoralists of the Thar Desert (Rajasthan, India), Catamaran Fishing 
(Tamil Nadu, India), Korangadu Silvo-Pastoral Management System (Tamil Nadu, India), Sikkim Himalayan-
Agriculture. 
 
REFERENCES: 
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FUNCTION OF  SILICON IN PLANT DEFENSE MECHANISM 
Article id: 22293 
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2Department of Entomology and Agril. Zoology, BHU, Varanasi 
 
INTRODUCTION : 

Silicon (Si) is a beneficial element for plant growth and development . The beneficial effects of Si are 
characterized by enhancing the tolerance of plants to various abiotic and biotic stresses . The role of silicon 
(Si) as a nutrient enabling plants to ameliorate the effects of a range of abiotic and biotic environmental 
stressors, has become the subject of a burgeoning field of research . Insect herbivores represent one class of 
biotic stressors that Si can provide some defence against  however, in comparison with plant diseases, their 
interaction with plant Si has been little explored. In particular, elucidation of the mechanism(s) of Si-
mediated plant resistance to insect herbivores has largely addressed the dominant hypothesis of a Si barrier 
providing mechanical resistance to insect feeding and/or plant penetration . 
 
Silicon and insect defence: 

With regard to the effects of Si on insect folivores there have been studies prior to that of Massey et 
al. (2006) also within the genus Spodoptera , which found a significant effect of Si on insect performance. 
Final-instar Sp. Eridania (Lepidoptera: Noctuidae) larvae fed on artificial diet with powdered silicic acid at 
10–20% dry weight, showed reduced ability to digest the diet, leading to increased consumption rates found 
that Sp. Frugiperda larvae displayed increased mortality, cannibalism and mandibular wear after feeding on 
corn plants fertilized with Si. Despite these studies, we are still in no position to generalize that folivores are 
the guild most likely to be affected by high plant Si levels, as shown in two recent studies where 
experimentally elevated plant Si in turfgrass species had no influence on feeding and development of 
Herpetogramma phaeopteralis (Lepidoptera: Pyralidae) or on growth, survival, feeding preference and 
mandibular wear of Agrotis ipsilon (Lepidoptera: Noctuidae) (Redmond & Potter 2007). 
 
Silicon and Necrotophic pathogen defence: 
Recent evidence for the adverse effects of plant Si on phloem feeders has come from the work of Brazilian 
researchers, who found that Schizaphis graminum (Aphididae) had reduced preference for, and lower 
longevity and fecundity on, leaves from wheat plants fertilized with sodium silicate solution . Reduced 
preference of Sc. Graminum for Si-treated sorghum and of Rhopalosiphum maidis (Aphididae) for Si-treated 
maize was recorded by  and Ma et al . (2005), respectively. As epidermal resistance of wheat to stylet 
penetration and ability of Sc. Graminum to reach the phloem vessels was not affected by silicon application, 
a mechanical barrier of opaline Si in the leaf epidermal cells was not supported. However, Si application did 
induce aphids to withdraw their stylets more frequently, resulting in decreased probing time ( Liu et al . 
2013). Although Si is not considered as an essential element for plants, it has been proved to be beneficial 
for the growth and develop- ment of many plant species. Experiments showed that plants supplied with Si 
resist lodging by increasing mechan- ical strength of plants enabling the mto achieve and maintainan erect 
habit. This might be due to association of Si with cell walls which increased the rigidity of plant cell walls 
(Massey et al., 2006). Epidermal tissue deposition of Si also protects plants . Silicon protects the plants from 
a number of biotic stresses such as diseases i.e., blast and powdery mildew and pest i.e., stem borer and 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 328 - 
 

plant hopper (Ma and Yamaji, 2015). Silicon also protects plants from a number of abiotic stresses such as 
heavy metals, radiation, heat and drought stresses 
 
Conclusion and future Prospect: 
Taken together, the above studies indicate that Si is likely to be as important in resistance to phloem (and 
xylem) feeding insects as in resistance to folivores (or to borers). For all four feeding guilds, it appears likely 
that the mechanisms of Simediated resistance include one or a combination of constitutive and induced 
mechanical and chemical defences. Hence, the emphasis placed by Massey et al. (2006) on the contrasting 
results they obtained between two folivores and a phloem feeder, and their suggestion that Si is likely to be 
of greater importance for defence against folivores (due to its effects on plant properties such as leaf 
abrasiveness), is premature and ignores important work, outlined above, on the likely active role of silicon in 
induced chemical defences against insect herbivores in general. 
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CRSPER/cas 9: AN EMERGING TECHNOLOGY IN FUTURE AGRICULTURE 
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INTRODUCTION: 

Genome editing technologies have progressed rapidly and become one of the most important 
genetic tools in the implementation of pathogen resistance in plants. Recent years have witnessed the 
emergence of site directed modification methods using mega nucleases, zinc finger nucleases (ZFNs), 
transcription activator-like effector nucleases (TALENs), and clustered regularly interspaced short 
palindrome repeats (CRISPR)/CRISPR-associated protein 9 (Cas9). Recently, CRISPR/Cas9 has largely 
overtaken the other genome editing technologies due to the fact that it is easier to design and implement, 
has a higher success rate, and is more versatile and less expensive. To improve food security, plant biology 
research aims to improve crop yield and tolerance to biotic and abiotic stress, as well as increasing the 
nutrient contents of food. Conventional breeding systems have allowed breeders to produce improved 
varieties of many crops; for example, hybrid grain crops show dramatic improvements in yield. However, 
many challenges remain and emerging technologies have the potential to address many of these challenges. 
For example, site-specific nucleases such as TALENs and CRISPR/Cas systems, which enable high-efficiency 
genome engineering across eukaryotic species, have revolutionized biological research and its applications in 
crop plants. These nucleases have been used in diverse plant species to generate a wide variety of site-
specific genome modifications through strategies that include targeted mutagenesis and editing for various 
agricultural biotechnology applications. Moreover, CRISPR/Cas genome-wide screens make it possible to 
discover novel traits, expand the range of traits, and accelerate trait development in target crops that are 
key for food security. 
 

CRISPER /case9 system: 
About 40% of bacteria and most archaea have with several CRISPR/Cas9 systems capable of targeting 

DNA, RNA, or both for degradation, thereby defending themselves against foreign genetic elements. When a 
phage infects a bacterium equipped with CRISPR, the bacterium acquires pieces of the phage DNA within the 
CRISPR array in what is called the adaptation phase. Acquisitions are ordered with most recent one closest 
to the leader sequence, which functions as a promoter. The CRISPR array is transcribed and generates 
mature RNAs (known as crRNAs) in the biogenesis phase. Cas9 uses these crRNAs as guides to target the 
phage genome during future invasions and thereby provide immunity to the bacterial cell, marking the 
interference or immunity phase. Delivery platforms include bacterial and viral vectors, and physical delivery 
into different types of cells. Specificity research involves the identification of Cas9 variants that are 
inherently more specific than current enzymes and have optimized expression and sgRNA architectures, as 
well as the titration of sgRNA and Cas9 concentrations during the editing process. Editing research involves 
developing effective HDR technologies that provide ultimate control over the repair process and the genetic 
outcome, including the ability to generate gene fusions, targeted gene replacement and additions, and 
single-base substitutions. 
 

CRISPER/cas9 based genome delivery: 
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CRISPR-based gene drive, named here gene drive for short, allows the rapid spread of a DNA cassette 
into a target species. The cassette contains three elements: a gene encoding the bacterial Cas-9 protein, a 
gene coding a guide RNA that targets a particular site in the genome and flanking sequences which allow the 
cassette to insert at a given target site . This construct can copy and paste itself into a designed position 
within a genome, thereby propagating through a population. A normal allele has a 50% chance of being 
inherited by each offspring, but a gene drive cassette has more than 90% chance of being transmitted to the 
next generation owing to its ability to copy itself throughout the genome . Any DNA sequence can be 
inserted into the gene drive cassette, which enables a wide range of applications: holding invasive species at 
bay, ensuring plants remain sensitive to herbicides, or rendering mosquitoes resistant to the malaria 
parasite. Gene drive technology is also perfectly suited for an additional aim that is not widely discussed in 
the media: the control of pest species to increase agricultural production. Compared to other pest 
management techniques, it is cheaper, more precise, and, sofar, less controversial as, say, the use of 
pesticides. Gene drive-mediated pest control can therefore be very attractive for agribusiness, because it 
allows direct manipulation of pest species, which is more complicated  to achieve with classical GMO 
technologies; it may easily eradicate a species; and large effects are expected within just a few years after 
the release of the first gene drive organisms into the wild. 
 

Conclusion and future prospect: 
CRISPR/Cas systems have revolutionized plant genome engineering and democratized their 

application through their high efficiency, facile engineering, and robustness. The current state of this 
technology enables many applications suitable for improving plant productivity, disease resistance, and 
resilience to climate change. Various technological improvements are still needed, especially precise editing 
and delivery of genome engineering reagents to germline cells to bypass the need for tissue culture. In 
addition, regulatory and ethical considerations may limit the wide applications of these technologies. We 
must learn from past experience and improve the technology tom avoid regulatory hurdles and ensure that 
its fruits are within reach for the poor and for subsistence farmers. Genome-editing technologies are poised 
to reshape the future of plant agriculture and food security to feed the world’s burgeoning population. 
 
 
 

 

 

 

 

 

 

 

 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 331 - 
 

Multiple roles of biopolymer in Plant defense and in Agriculture 
Article id: 22295 
B. Sundar1, M. Surya prakash2, Ashwini Kumar3 
1Department of Entomology, JNKVV, Jabalpur, Madhya Pradesh-482004 
2 Department of Plant Pathology, JNKVV, Jabalpur, Madhya Pradesh-482004 
3B.M College of Agriculture, RVSKVV, Khandwa, Madhya Pradesh-450001 
 

INTRODUCTION: 
Chitosan, obtained by deacetylation of chitin, is a natural, hydrophilic, nontoxic, biocompatible, and 
biodegradable polysaccharide suitable for application in plant defense. Chitosan is a un branched homopolymer 
formed by β-(1, 4)-linked glucosamine units; hydroxyls and the amino groups are substrates for chemical 
modifications aimed at obtaining suitable materials for different purposes. Chitosan is extremely basic linear 
polysaccharides with distinct properties like the ability to make films, to react with polyanions as well as to 
chelate and remove metal ions. The functionality of chitin increases when it is converted into chitosan, a 
derivative form of chitin. Chitosan has been reported to have a positive effect on rhizobacteria growth, where 
Chitosan possesses a symbiotic relation with growth promoting rhizobacteria, thus triggered germination rate 
and improving plant nutrient uptake. Besides that, chitosan has been employed in soil as a plant nutrient and has 
shown great efficacy in combination with other industrial fertilizers without affecting the soil’s beneficial 
microbes. Furthermore, it is helpful in reducing the fertilizer losses due to its coating ability, which is important in 
keeping the environmental pollution under check. The stimulating effect of different enzyme activities to detoxify 
reactive oxygen species suggests the involvement of hydrogen peroxide and nitric oxide in CHT signaling. Recent 
innovative uses of CHT include synthesis of CHT nanoparticles as a valuable delivery system for fertilizers, 
herbicides, pesticides, and micronutrients for crop growth promotion by a balanced and sustained nutrition. In 
addition, CHT nanoparticles can safely deliver genetic material for plant transformation. 
 

Source of chitosan: 
Chitosan is derived from chitin, a polysaccharide found in the exoskeleton of shellfish such as shrimp, lobster 
and cell wall of fungi. It has been utilized in the induction of the defense system in both pre and post-harvest 
fruits and vegetables against fungi, bacteria, viruses, and other abiotic stresses. In addition to that, chitosan 
effectively improves the physiological properties of plants and also enhances the shelf life of post-harvest 
produces 
 

Antimicrobial Activity of Chitosan: 
The elicitation of the defense system in both pre- and post-harvest fruits and vegetables is highly promising. 
There is three antibacterial mechanisms of chitosan; firstly, ionic surface interaction resulting in cell wall 
leakage; secondly, permeation of chitosan into microorganism nuclei inhibits their protein and mRNA 
synthesis, and thirdly, formation of an external film over the plant surface, limiting the nutrient availability 
for microorganisms. Chitosan is responsible for the destruction of the bacterial cell membrane which causes 
death due to the leakage of intracellular substances. However, in recent times, it has been reported that 
chitosan is responsible for the hydrolysis of peptidoglycans (cell wall component), increasing electrolyte 
leakage and potentially causing the death of the pathogen 
 

Application of chitosan in Plant defense:  
The physical barrier around pathogen penetration sites: 
Chitosan application around penetration sites in plant tissues has two major effects. It can form a physical 
barrier on the site to prevent dispersal of pathogen and entering other healthy tissues. It Accumulate signal 
molecules like H2O2 which can assist in cells wall protection. 
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Improving soil health, Chelation of nutrients and minerals: 
Due to possession of high molecular weight, it absorbs water in soil and form hydrogels, which further 
improve the water retention levels of soils. Chitosan has the ability to bind with minerals and metals; 
therefore; it can be used for water purification. These polysaccharide molecules were also reported to bind 
mycotoxins, which may reduce damage to the host tissues due to toxins Chitin. 
Wound-healing accelerators: 
The application chitosan or its derivatives as dressings on injured or wounded tree-barks showed rapid 
healing. Because of their ability to adhere to biological membranes and other biomolecules and their 
positive changes, chitosan and derivatives are excellent supports for healing wounds produced upon 
mechanical injuries or pathogen attacks. Chitosan is a general elicitor, it activate the synthesis and 
accumulation of a series of PR-proteins and defence-related proteins among which phenylalanine 
ammonialyase and peroxidase. 
Recent innovative uses of chitosan in crop/product protection: 
Chitosan can reduce the rate of deterioration and induce resistance mechanism. Fungal rots have been 
successfully prevented by applying chitosan treatments in a range of fruits, including; apples, Fungal rots 
have been successfully prevented by applying chitosan treatments in  range of fruits, including; apples. 
Chitosan coating is known to protect perishable produce from deterioration by reducing transpiration, 
respiration and maintaining textural quality. 
 

Application of Chitosan in Crop Protection 
Chitosan and its derivatives as antimicrobial agents against Plant Pathogens. Many literatures reported that 
chitosan and its derivatives have antimicrobial and plant-defense elicit function therefore, these compounds 
are considered as useful pesticides in the control of plant diseases. The ideal antimicrobial polymer should 
possess the following characteristics: 

 Easily and inexpensively synthesized  

 Stable in long term usage and storage at the temperature of its intended application. 

 Soluble in water or neutral media. 

 Does not decomposed to and/or emit toxic products 

 Should not be toxic or irritating to those who are handling it  

 Can be regenerated upon loss of activity  

 Biocidal to a broad spectrum of pathogenic microorganisms in brief times of contact. 
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INTRODUCTION  

Today we face many environment problems such as air pollution, water pollution, soil pollution etc. 
Presently, water logging probably the most important environmental problem. These problem occur 
worldwide by natural and artificial sources such as rainfall and poor drainage in agriculture. Waterlogging 
stress are the major problems of agricultural land causing severe damages to plants and the plants usually 
do not survive under the waterlogging. Globally about 10% of the land area is affected by waterlogging.  In 
India, Severely waterlogged soils occur in about 2 million ha area in arid/semi - arid north western states of 
Punjab, Haryana, Rajasthan and Gujarat and one million ha each in the coastal and black cotton vertisols 
regions of India. It is projected that about 13 million ha area in irrigation commands of India will be affected 
by waterlogging soil by 2025. Waterlogged soils apart from environmental degradation result in poor crop 
yields by reducing crop yields by as much as 80% and finally in abandoning the land from cultivation.  

In Gujarat, Severely waterlogged soils occur in about 4.84 Lakh ha area. At a time when sowing in 
Gujarat is already lagging by 36% as compared to last year, recent heavy rains have raised the spectre of 
heavy losses to farmers in kharif crops such as groundnut, cotton. Farmers and agriculture experts fear that 
waterlogging situation in many parts of Saurashtra and excess rain in south Gujarat may damage the 
growing plants of kharif crops. In Saurashtra, Junagadh, Somnath, Bhavnagar, Amreli, Rajkot and Jamnagar 
districts received heavy rains in past two year and because of this several places have water logging situation 
which, according to farmers, is not good for kharif sowing. “Due to constant rains, groundnut plants have 
been already damaged and as the water logging in many farms, possibility for re-sowing is nominal” . Dr. A. 
R.  Pathak, vice chancellor of Junagadh Agriculture University said, “Present monsoon condition may damage 
the cotton and groundnut crops most in the state, mainly in Saurashtra area which is cotton and groundnut 
growing belt. Moreover, pest and disease possibility cannot be denied in the case of re-sowing due to 
waterlogging  and land erosion.”  The main types of soils occurring in the Junagadh district are Black soil, 
Medium black soil, Alluvial soil and in low-lying and coastal area, calcareous and brackish soils. The alluvial 
soil is found in the low-lying areas popularly known as “Ghed” in parts of Keshod and Mangrol talukas, these 
areas remain inundated during monsoon. Though the soil of this tract is fertile, water logging conditions 
prevent effective utilization of the land.  
 
What is a waterlogging ? 
 Waterlogging is a condition of land in which the soil profile is saturated with water either temporarily 
or permanently. The water table rises to an extent that the soil pores in the crop root zone are saturated 
resulting in restriction of the normal circulation of air. 
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            Plate 1 : Permanent waterlogging            Plate 2 : Temporary waterlogging  
 
CAUSES OF WATERLOGGING  
 Natural causes  
a) Physiography of a watershed 
 Physiography, i.e. the topography, its slope, shape and drainage pattern has an important bearing on 
the drainage of a watershed. Areas that lie in valley bottoms, depressions and other flat lowlands tend to 
become waterlogged naturally as surface flows concentrate in these lowlands, causing natural swamps. 
b) Geology 
 Some areas have an impervious stratum below the top soil which obstructs the infiltration of rainfall. 
This creates a false water table or perched water table. Also, Areas with shallow soils, high water tables or a 
hard pan close to the ground surface are likely get waterlogged, particularly if subjected to high rainfall 
events. 
c) Weather 
 Areas that receive heavy rainfall for prolonged duration can get waterlogged temporarily or 
permanently. 
d) Soil type 
 Heavy clay soils such as black cotton soils are prone to waterlogging, as they hold moisture for long 
periods. Also, soils prone to surface sealing cause temporary waterlogging. 
e) Seepage inflows 
 Seepage and interflow from other water bodies e.g. lakes, rivers and shallow aquifers can cause 
waterlogging of adjacent lands. Also, subsoil flows from upper regions to lower areas may result in 
waterlogging 
f) Overgrowth of weeds and aquatic plant  
 During rainy seasons weeds and grasses grow excessively obstructing the passage of water in natural 
waterways. If a land is continuously submerged by floods, aquatic plants like hyacinths, grasses and weed 
may grow. They may obstruct the natural surface drainage of the soil, and thus, increasing the chances of 
water logging. 
g) Lack of natural drainage system  
 If sufficient availability of natural drainage is not there in form of slope, soils having less permeable 
sub-stratum such as clay lying below the top layers of pervious soils, will not be able to drain the water deep 
into the ground. This may lead to rise in water level to the extent that it can affect the root zone and the 
crop cultivation. 
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 Human-induced causes  
a) Irrigation 
 Irrigation, if not well planned, can cause drainage problems for the irrigated lands and adjacent ones. 
This is because irrigation adds extra water to the soil profile, over and above the naturally occurring rainfall. 
There are several ways in which irrigation can increase waterlogging. They include: Over irrigation, Seepage 
from canals, Inadequate surface drainage, Poor irrigation management, Obstruction of natural drainage, 
Land locked parches having no outlets.  
b) Rainfed systems  
Flat topography, Occasional spills by floods, Closed/contour water conservation structures.  

  
 
 
 
EFFECT OF WATERLOGGING  

Waterlogging can have both beneficial and negative effects. Beneficial effects include being a habitat 
for certain plants and animals e.g. mudfish. Also, the wetlands regulate the hydrogeology, resulting in more 
sustainable river flow. However, for agricultural purposes, waterlogging can have negative impacts on the 
soil, crops and farm operations. 

 
 Effects on soils  
(i) Lack of aeration:  
 Waterlogging expels air from the soil pores resulting in a saturated condition. Without air, plant roots 
degenerate and crops can die. Certain microorganisms cannot survive resulting in reduced microbiological 
activity necessary for formation of plant food. Waterlogging also increases acidity build up which is harmful 
to most food crops. 
(ii) Reduced soil temperature:  
 Waterlogged soil is slow to warm up. Lower soil temperature restricts root development, depresses 
biotic activity in the soil resulting in lowered rate of production of available nitrogen hampering seed 
germination and seedling growth. Reduction of soil temperatures; results in stunted growth and reduced 
production of nitrogen. 
(iii) Salinization 
 Salinity build up is increased when water from lower soil layers which may contain salts is brought up 
to the soil surface by capillary action. Thus, high salinization and deposits of sodium salts in the soil at or 
near the ground surface are created which may be toxic or lead to the formation of alkaline conditions. 
(iv) Inhibiting activity of soil bacteria 

Plate 3 : Waterlogging after heavy rains 

on shallow water table   

Plate 4 : Waterlogging due to seepage 

inflows from river valley 
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 When soil structure is affected and tillage and cultivation of wet soil takes place, bacteria tend to 
reduce normal biotic activity and this affects root development. 
(v) Denitrification 
 Denitrification occurs because of the competition for nitrogen by the soil micro-organisms that thrive 
in saturated soil and reduction in numbers of nitrifying organisms due to lack of aeration. There is reduction 
of nitrogen in the soil which in affects plant nutrients uptake 
(vi) Retards and Delayed cultivation  
 Difficulty in carrying out normal cultivation in waterlogged soil.4 
(vii) Overgrowth of weeds  
 Certain water loving plants like grasses, weeds, etc. grow profusely and luxuriantly in waterlogged 
lands, thus affecting and interfering with the growth of the crops.  

    
 
 
 
 
 Effects on crops  
(i) Plant growth and development  

Visual symptoms of waterlogging damage to the shoots of plants include reduced growth, wilting, 
downward curvature of leaves, chlorosis (yellowing), premature senescence and leaf drop. During 
waterlogging root growth is slowed, root tips may be killed. Not all plants exhibit all these symptoms; for 
example, grasses and cereals show reduced growth, chlorosis of older leaves, depressed tillering, delayed 
maturation, and lower grain yield due to low trasnsportation of nutrient from root tip to shoot. 
(ii) Aquatic weeds   
 Water-loving wild plants grow profusely and have competition with the crops, thereby affecting the 
growth of useful crops weed removal also entails extra investments and in extreme waterlogged conditions, 
only wild grow is there. 
(iii) Diseased crops 
 Waterlogged conditions cause disease to crops. Decay of roots, external symptoms on the foliage 
and fruits are common. 
(iv) Low yields  
 Maturity period of crops is insrease resulting in low yields. The yield of crops is adversely affected if 
the water table is within 90 cm (sugarcane), 60 cm (rice), 90 cm (gram and barley), 90-125 (wheat), 120 cm 
(fodder), 125 cm (maize and cotton) and 210-240 cm (Lucerne) (Setter et al. 1990). 
(v) Oxygen depletion 

Plate 5 : Excessive seepage from canals 

causes waterlogging in fields 

Plate 6 : A poorly drained paddy field 

            with salinity build up 
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 In saturated soil, plant roots are denied normal circulation of air; the level of oxygen declines and 
that of carbon dioxide increase resulting in wilting and ultimately death of plants. The rotting of the plant 
roots under conditions of reduced supply of oxygen, causes yellow color to leaves. The lack of air in the soil 
causes precipitation of manganese that is toxic to plants. Also decreased nutrient and water uptake by plant. 
 
CONTROL MEASURES OF WATERLOGGING  
(a) Lining of canals and water courses 
 As seepage is one of the main culprits of rise of water table, attempts should be made to reduce the 
seepage of water from the canals and watercourses. This can be achieved by lining them.  
(b) Reduced intensity of irrigation 
 The areas where there is a possibility of water logging, intensity of irrigation should be reduced. 
Efficient water supply should be ensured.  
(c) Crop rotation 
 Crop rotation is also an effective means of controlling water supply to sub surface zone. As certain 
crops require more water and others require less water. In order to avoid this, a high water requiring crop 
should be followed by one requiring less water.  
(d) Intercepting drains 
 These drains are to check the canal water seepage. Intercepting drains along the canals should be 
constructed, wherever necessary.                                                 

  
Plate 7 : Comparison of with and without irrigation management on field. 

(e) Improved natural drainage 
 The worn out natural drainage systems in the cropped area should be revived. This would reduce the 
percolation by, not allowing water to stand for a longer period. At community level, some relief in this 
direction can be obtained by removing the obstructions from the path of natural flow. This can be achieved 
by removing bushes and other obstructions and improving the slopes of the natural drainage lines. 
(f) Efficient drainage system  
 An efficient drainage system should be provided in order to drain away the storm water and the 
excess irrigation water. A good drainage system consists of surface drains as well as sub-surface drains. 
(g) Optimum and consumptive use of surface and subsurface water  
 Excess of anything is harmful we know that only a certain fixed amount of irrigation water is required 
for be productivity. Educating the farmers by proper extension method can bring improvement.  
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    Plate 8 : Surface drainage system                 Plate 9 : Sub surface drainage (tile) system    
(h) Bio-drainage for management of waterlogging 

“Bio-drainage is defined as the process of removing the excess soil water through transpiration using 
bio-energy of the plant and radiation energy of the sun. which removes the excess soil water by deep rooted 
fast-growing trees through evapotranspiration using bio-energy is proposed as an alternate to engineering 
approaches, tree canopy may lower water tables by 1–2 m over a time period of 3–5 years”. 

 Trees of the genes such as Eucalyptus, Populus, Casuarina, Dalbergia, Syzigium, Acacia, Prosopis, 
Leucaena etc. are reported effective to lowering a shallow water table.  

 Eucalyptus was preferred because it grows fast in wide range of conditions, goes straight thus low 
shading effect on associated crops, and has luxurious water consumption in excess soil moisture 
conditions. 

 
Plate 10 : Bio-drainage system 
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Safe use of pesticides: save pollinators, save ecosystem 
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2Division of Entomology, ICAR-IARI, New Delhi-110012, India. 
 
INTRODUCTION: 
A pollinator is an organism transferring pollen from anther to stigma of flowers. It allows the male gametes 
from the pollen grains to fertilize the ovules in the flower. They may be enlisted as the following categories; 

Insect pollinators Vertebrates 

 Bees 

 Pollen wasps (Masarinae) 

 Flies- Bee flies, hoverflies 

 Ants, mosquitoes 

 Lepidopterans- Butterflies and moths 

 Flower beetles 

 Bats 

 Birds- Hummingbirds, honeyeaters 
and sunbirds etc. 

 Non-bat mammals- Monkeys, 
rodents, lemurs, kinkajous, possums, 
some lizards etc. 

Recent estimates show that pollinators contribute more than 80-90% ($200 billion by insect 
pollinators) to pollination services for about 2/3rd of crop species and most wild flowering plants. Honey 
bees are only insects among insect pollinators that provide human food like honey. 

Food security and ecosystem services are threatened by a number of anthropogenic causes which 
contribute to the loss of abundance and diversity of pollinators. A major consequence of the intensification 
of agriculture is the need for increased use (quantity or potency) of pesticides and the adverse effects of 
pesticides on crops. Recently, environmental groups have put pressure on the EPA to ban neonicotinoids 
and other chemicals that are meant to combat pests but harm non-target species inadvertently. 

Pesticide toxicity to bees: 
The effects of pesticides on bees differ. Typically, contact pesticides are sprayed on plants and can kill bees if 
they crawl over sprayed plant surfaces or other areas around them. On the other side, systemic pesticides 
are typically introduced into the soil or seeds and move up into the plant's stem, leaves, nectar and pollen. 
Of contact pesticides, dust and wettable powder pesticides are found to be more toxic to bees than 
solutions or emulsifiable concentrates. Actual damage to bee populations in conjunction with the mode of 
application is a feature of the compound's toxicity and exposure. 

Colony collapse disorder:  
CCD is a syndrome characterized by the sudden loss of adult bees from the hives. Honey bees have an 
extraordinary ability to learn, remember things, travel long distance and foraging proficiency using more 
than 170 odorant receptors. But by the CCD, they are unable to recognise the pathway to beehive and 
scatter out.  
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Figure.1: Pesticide Exposure of Insect Pollinators – OECD 

 
Mainly, neonicotinoids (e.g., imidacloprid, thiamethoxam, acetamiprid and thiacloprid, etc.) and 

other pesticides such as coumaphos and some fungicides have been reported to have a strong effect on the 
brains of bees, resulting in poor nectar gathering ability, inability to return hive, and in extreme cases death 
of bees.  

 
Figure.2: Effect of pesticide on life cycle of bee 

 
With regard to neonicotinoid toxicity on honey bees, acute exposure of 2.5 ppb (Imidacloprid or 

clothianidin) on the main brain learning centre results in a temporary hyper-excitation accompanied by 
neuronal inactivation. Long-term neonicotinoid exposure can result in cytotoxic effects on the brains of 
honey bees, malphigian tubules or midgut. 
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According to some recent studies a concentration of 0.7-6 ppb is found to be sufficient for the 
decline of bumble bee colony. Exposure to pesticides may result in heritable changes in gene expression via 
mechanisms such as methylation of DNA, histone modification, or expression of micro RNA as recorded for 
human exposure to nicotine. 
 
Pesticide Impact on Honey Bee: 
Table.1: Classification of pesticide toxicity and bee kill rate 

Classification of pesticide according to bee 
toxicity 

Bee kill rate per hive 

Acute contact 
Toxicity class 

LD50 value (ug/bee) Kill rate No. of bees per day 

Highly toxic Less than 2 Normal die off rate Less than 100 

Moderately toxic 2-10.99 Low kill 200-400 

Slightly toxic 11-100 Moderate kill 500-900 

Non-toxic More than 100 High kill More than 1000 

 

Pesticide toxicity to wasps: 
Wasps are incredibly important for the world’s economy and ecosystem, despite their poor public image. 
Apart from pollination, many wasps act as predators on crop-devouring insects minimizing the need for toxic 
pesticides. 

Pesticide toxicity to others: 
Toxic formulations of different pesticides specially chlorinated pesticides cause a great harm to growth and 
development of many insects and non-insects pollinators. Many flies, ants, mosquitoes, butterflies 
(monarche butterflies are now in danger), moths & various flower beetles are influenced by the use of heavy 
& harmful pesticides. Many birds and mammals including human as pollinators are affected by pesticides. 

 
(Order from left to right: Monarch butterfly, Bumble bee, Bat-pollinated Tacca chantrieri flower, An 
Australian painted lady feeding on nectar, A dead carpenter bee & Green violetear with pollen on bill) 

How do pesticides affect pollinators? 
 Lethal effects: Highly bee toxic pesticides are carbamates, neonicotinoids, organophosphates, 

chlorinated cylcodiens and synthetic pyrethroids. 
 Sub-lethal effects: Levels of pesticides that do not kill bees at significant rates may have effects on 

performance that inhibit tasks like olfactory learning, foraging, and reproduction that affect hive 
survival. 

 Synergistic effects: Pesticides in combination are often associated with more toxic effects than they 
are alone. 
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 Food availability: Herbicides tend to decrease the number of flowering plants. This reduces the food 
availability for pollinators, forcing their survival worse. 

 
Strategies to protect pollinators from effects of pesticides: 
1. Apply pesticides in the evening: Honey bees are attracted to blooming flowers. If at all possible don’t 

spray blooms directly with pesticides. Honey bees forage during day hours when temperature is above 
55-60 F. Thus, spraying pesticides in the evening hours can greatly reduce honey bee mortality because 
the bees return to hives and are not in the field. 

2. Choose the appropriate formulation of pesticide: 
 

Highly hazardous insecticides Less hazardous insecticides 

 Dust: carbaryl, diazinon, fenvalerate 

 WP: carbaryl 

 EC: chlorpyrifos, cypermethrin, 
deltamethrin, diazinon, dichlorvos, 
dimethoate, ethion, fenitrothion, 
fenvalerate 

 SL: imidacloprid 

 Granules: fenthion, phorate, aldicarb, 
lindane 

 EC: phosalone, fluvalinate, menazon, 
lindane 

Solutions, granules, EC are the best formulations to use. They dry quickly and don’t leave a powdery 
residue unlike dust, WP. Avoid attractants in formulations. 

3. Use less toxic and rapid degradable pesticides: Need based use of pesticides; use of less hazardous, 
selective & repellent (methyl salicylate, R-874). Addition of adjuvant Sylgard 309 silicone surfactant is 
done to reduce the bee mortality. 

4. Alter application method: Aerial applications have highest potential risk for causing bee kills. Spray drift 
can cause harm to non-target organisms. 

5. Herbicides may indirectly affect through damage to foliage; so avoid possible applications. Development 
of bee & other pollinators strain resistant to toxic effect of pesticides.  
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Application of Botanicals: An eco - friendly approach for plant disease management 
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The indiscriminate use of the synthetic fungicides and pesticides has created various types of environmental 
and toxicological problems to the human health. Chemical control of most of fungal diseases of plants may 
be available and could extensively reduce the impact of plant diseases, but field application of synthetic 
fungicides may not always be desirable. However, they are not only costly but also capable of creating 
problems on the environment, human health in all areas of the world and may lead to the development of 
resistance in pathogenic fungi to common fungicides. The natural plant products, which known as botanical 
pesticides, have been used to control microorganisms causing plant and human diseases.   
Recently, in different parts of the world, attention has been paid towards exploitation of higher plant 
products as novel chemotherapeutants in plant protection. The popularity of botanical pesticides is once 
again increasing and some plant products are being used globally as green pesticides. It is becoming 
essential to utilize the bio-control agents and botanicals to replace the excess use of pesticides. Plant 
products are environmentally safe, cost effective and easily biodegradable. This makes them useful for the 
management of diseases in plants as alternative to synthetic fungicides.  
Botanical: Disease killers derived from plant extracts are called botanical pesticides. These are the plant 
components that are toxic to pathogens. Botanical pesticides are eco-friendly, target specific, economic and 
biodegradable. These are safer to the user and the environment because they break down into harmless 
compounds within hours or days in the presence of sunlight. 
 

Sources of Botanicals and their antimicrobial activity 

Common name Scientific name Plant Part used Disease/ Pathogen 

Datura D. stamonium Root, stem, Leaf, 
flowers 

Curvularia lunata 

Turmeric  Curcuma longa Linn. Rhizome Phytopthora 
infestans, Fusarium 
solani, Pyricularia 
oryzae 

Neem/Margosa  Azadirachta indica  Leaf, Stem Bark, root Anthracnose of 
pepper 

Neem/Margosa  Azadirachta indica  Seed kernel A. alternata 

Garlic  Allium sativum Linn. Bulb, Leaf Curvularia lunata 

Neem/Margosa  Azadirachta indica  Seed, Leaf Early blight of tomato 

Neem/Margosa  Azadirachta indica  Leaf Sheath blight of rice 

Strawberry  Fragaria spp. Fruit Anthracnose of 
strawberry 

Black pepper  Piper nigrum Linn. Leaf Anti bacterial (gram 
positive and gram 
negative) 
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Indian aloe 
Tobacco  

Aloe barbadensis Mill. 
Nicotiana tabacum 
Linn. 

Leaf Dry rot of yam F. 
oxysporum, A.nizer 

 

Method of Application: 
1. Seed and Seedling Treatment: The purpose of seed and seedling treatments is to destroy these 
mycoflora, which cause seed decays and seedling blights and also to protect the germinating seed from the 
attack of certain soil-inhabiting pathogens. The benefits of seed and seedling treatment have been well 
established through the years. Seed treatment with 5% leaves extracts of neem, marigold and garlic bulb 
extract significantly reduces the wilt disease complex (Rhizoctonia solani, Fusarium oxysporum, Sclerotium 
rolfsii (Corticium rolfsii) and Macrophomina phaseolina) in lentil. Seed soaking in aqueous extracts of neem 
seeds reduces penetration by Meloidogyne incognita. The reduction is directly proportional to the 
concentration and soaking time.  
2. Foliar Application: Foliar application or spraying is the most commonly adopted method for pest control. 
Pre inoculation spray of neem product inhibits leaf spots, rusts, mildews, rot diseases and moulds. Spraying 
of crude leaf extract of Azadirachta indica was most potent in reducing bean common mosaic virus 
infectivity under filed conditions. Similarly, neem seed extract and neem oil can be used for the 
management of leaf spot of ground nut, caused by Mycosphaeralla arachidis.  
3. Soil Application: Soil harbours a very large number of plant pathogens. It is well known that the source of 
primary inoculum of many plant pathogens are soil. Soil amendment with botanicals is one of the most 
effective method to control various soil-borne plant diseases. Several findings support that use of organic 
amendments like, neem, groundnut, castor, cotton, mustard and safflower cakes reduced the inoculum 
levels of Macrophomina pheseolina and Fusarium moniliforme (Gibberella fujikuroi) in the soil, and 
subsequently reduced the incidence of stalk rot of sorghum. 
 

Advantages of botanicals:  
1. Sustainable in agriculture  
2. Eco-friendly in nature  
3. A tool of organic farming  
4. Easily bio-degradable  
5. Cheaper as compare to chemical application  
6. A tool of integrated plant disease management 
 

Disadvantages of botanicals:  
1. Extraction methods are not properly standardized  
2. Rapidly degradable  
3. Most of the studies are for in-vitro efficacy  
4. Need of development of proper formulation  
5. Some of the chemical compounds are harmful for human and animals  
6. Less effective as compare to chemical application. 
 

CONCLUSION: In the 19th century pesticidal property of tobacco was known. For hundred years, Indian 
farmer are using neem tree for its pesticidal property. So botanicals are alternative option for plant disease 
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management of chemical. Although botanicals pesticides obtained locally, there is a danger of genetic 
erosion when plants are harvested from the wild. The toxicological and environmental properties of 
botanicals must be known and considered. Simply because a compound is a natural product does not ensure 
that it is safe. The most toxic mammalian poison known are natural product and many of these are plant 
product. Despite all challenges study is suggestible to the use of botanicals pesticide, especially with the 
increased interest in the consumption of organic food product and awareness to the side effect of synthetic 
pesticide. The use of botanical pesticides is one such method which fits well in IDM strategies to achieve and 
ensure good crop health, so efficient collaborations with pharmacologists, plant pathologists and 
microbiologists are crucial to see the complete development of such an exploitable product. 
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INTRODUCTION 
Micronutrient deficiencies in soils, plants, animals, and humans are becoming increasingly important 
globally. Intensive cultivation of high-yielding cultivars with heavy applications of nitrogen (N), phosphorous 
(P), and potassium (K) fertilizers without application of micronutrient fertilizers have led to micronutrient 
deficiencies in soils of many countries especially in high-populated Asian countries, such as India and China 
(Shivay and Prasad, 2017). The most micronutrient deficiencies reported worldwide are those of zinc (Zn) 
and iron (Fe). In many parts of the world, micronutrient deficiencies are a growing public health and 
socioeconomic issue and are a more widespread problem than poor dietary quality and low-energy intake, 
and about 20% of deaths in children under 5 years old can be attributed to vitamin A, Zn, Fe, and/or iodine 
deficiencies. Hence biofortification, which is the process by which the nutritional quality of food crops is 
improved through agronomic practices, conventional plant breeding, or modern biotechnology (WHO, 2019) 
is better option to solve these problems. 
 
Agronomic biofortification 
Bio–fortification of food crop with micronutrients can be done in two cost-effective and sustainable way: i) 
breeding new plant genotypes with high nutrient concentrations (genetic bio–fortification) by using classical 
and modern breeding tools, and ii) application of fertilizers to the target food crops such as rice and wheat 
(agronomic bio–fortification or ferti-fortification). As described above, most of the cultivated soils are 
deficient in important micronutreints. Under such conditions, newly developed genotypes biofortified with 
micronutrients by breeding or genetic engineering might be unable to realize their full potential and again 
it’s a time taking process (Cakmak, 2008). Compared to breeding approach, agronomic bio–fortification 
represents a short-term solution to the problem (Cakmak, 2008). Hence, application of Zn containing 
fertilizers (i.e., agronomic biofortification) is a rapid solution and represents a complementary approach to 
breeding, which needs to be taken on priority to overcome the Zn micronutrients deficiencies in the food 
chain. Available information on biofortification of food crops with Zn is briefly reviewed as follow. 
 
Rice 
Zn can be applied to soil or foliage for biofotification. The other two methods are seed priming and seedling 
dip, but no data are available on their effect on biofortification of rice grains. Shivay and Prasad (2012) from 
New Delhi showed that on Zn-deficient soils, application of Zn as zinc sulfate heptahydrate (ZnSHH) 
significantly increased grain yield of rice as well as Zn concentration in rice grain. Foliar application of only 
1.2 kg Zn ha−1 as compared with 5.3 kg Zn ha−1 as soil application gave similar grain yield of rice, but higher 
Zn concentration in grain. Agronomic efficiency of Zn with foliar application was about 4 times of that for soil 
application and rate of Zn application was much lower when applied on foliage. A study from Ludhiana, 
India, showed that averaged on five rice cultivars foliar-applied Zn (three sprays of 0.5% ZnSHH solution) 
recorded a Zn concentration of 47.0 mg kg−1 grain in brown rice as compared to 33.8 mg kg−1 grain in no Zn 
check. (Dhaliwal et al., 2010) 
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Wheat 
Zinc deficient soil in major wheat growing region leads to low grain Zn concentration and this resulted into 
low human Zn intake. Soil Zn applications are less effective in increasing grain Zn concentration, while foliar 
Zn applications result in remarkable increases in grain Zn concentration in wheat. The most effective method 
for increasing grain Zn is the soil + foliar application method. In order to achieve high concentration of grain 
Zn alongwith a high grain yield, combined soil and foliar application is done. Alternatively, using seeds with 
high Zn concentrations, together with foliar application of Zn, is also an effective way to improve both grain 
yield and grain Zn concentration. Applying Zn during the grain development stage contributes to increased 
grain Zn concentration as foliarly applied Zn can be absorbed by the leaf epidermis and then transported to 
other plant parts via the xylem and phloem. Among the different forms of Zn fertilizer that were tested, 
application of Zn as ZnSHH was most effective in increasing grain Zn, compared to other forms of Zn. 
 
Maize 
Zn and Fe agronomic biofortification in maize through fertilizers is not so popular till date. However, results 
from Indian Agricultural Research Institute, New Delhi, India, reported that for Zn biofortification of corn 
grain and stover, foliar application of 1 kg ZnSO4 ha−1 (in two sprays at tasseling and initiation of flowering) 
or application of Zn-coated urea is better than soil application of ZnSO4. However, highest Zn concentration 
of 49.2 mg kg−1 corn was recorded with 5 kg Zn to soil + 1 kg Zn as foliar, which was 22.4% higher than 
control (no Zn). (Shivay and Prasad, 2014)  
 
Chickpea (Cicer arietinum) 
Application of Zn to soil or foliage as ZnSHH or Zn-EDTA increased Zn concentration in grain and straw of 
chickpea (Shivay et al., 2015). In the case of grain, three sprays of ZnSHH or, Zn-EDTA recorded significantly 
more Zn in grain than soil application. The two sources of Zn differed significantly, when two or three sprays 
were made; Zn-EDTA recorded significantly higher Zn concentration in grain than ZnSHH in both the years of 
study. With both the sources of Zn different methods of application were in the following order: three foliar 
sprays > two foliar prays > one foliar sprays or soil application; three foliar applications recorded the highest 
Zn concentration in straw. When soil applied or a single foliar application was made, Zn-EDTA recorded 
significantly more Zn in chickpea straw than ZnSHH straw. 
 
CONCLUSION 
Agronomic biofortification is the easiest and fastest way for biofortification of cereal grains or food crops 
with Fe, Zn, or other micro mineral nutrients in developing Asian and African countries, where cereals are 
the staple food and the poor people are unable to buy mineral supplements in their diet. From the 
biofortification viewpoint, foliar application is better and requires lesser amount of Fe and Zn fertilizers than 
their soil application.  
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Role of Different Micronutrients in Plants 
Article id: 22300 
Vimal N. Patel, Bhavik J. Prajapati, Ravi A. Patel and K. C. Patel 
Micronutrients Research Scheme (ICAR),  
Anand Agricultural University, 
Anand, Gujarat 
 

Micronutrients are essential for plant growth and play an important role in balanced nutrition and 
quality crop production. They are as important to plant nutrition as primary and secondary nutrients, though 
plants don’t require as much of them. A lack of any one of the micronutrients in soil can limit growth, even 
when all other nutrients are present in adequate amounts. Micronutrients are present in plant tissue in 
quantities measured in parts per million, ranging from 0.1 to 200 ppm, or less than 0.02 % dry weight. Boron, 
copper, iron, manganese, molybdenum, zinc, chloride  and nickel. They work “behind the scene” as 
activators of many plant functions. Some of historical and basic information of micronutrients are given in 
Table 1. 
 
Table 1. Critical information on micronutrient in relation to plants 

Micronutrient Discoverer Year of 
discovery 

Plant usable form Average concn. in 
plant tissue (mg/kg) 

Iron E. Gris 1843 Fe+2 100 

Manganese J. S. McHargue 1922 Mn+2 20 

Boron K. Warington 1923 H3BO3, H2BO3
-, 

HBO3
2-, BO3

3- 
20 

Zinc Sommer & Lipman 1926 Zn+2 20 

Copper A.L. Sommer & 
Lipman 

1931 Cu+2 6 

Molybdenum D. I. Arnon and P. 
R. Stout 

1939 MoO4
2- 0.1 

Chloride T. C. Broyer and  
A. B. Carlton 

1954 Cl- 100 

Nickel P. H. Brown et al. 1987 Ni+2 0.1 

Source: Concept of Soil Science by S. G. Rajput. Pp. 242. 

 Important roles, deficiency symptoms and various disorder caused by deficiency of different 
micronutrients are described as follows: 

Iron 
Iron is a component of many enzymes associated with energy transfer, nitrogen reduction and 

fixation and lignin formation. Iron is also involved in the production of chlorophyll, and iron chlorosis is easily 
recognized on iron-sensitive crops growing on calcareous soils. Iron is associated with sulphur in plants to 
form compounds that catalyze other reactions. Iron deficiencies are mainly manifested by yellow leaves due 
to low level of chlorophyll. Leaf yellowing first appears on the younger upper leaves in interveinal tissues. 
Severe iron deficiency cause leaves to turn completely yellow or almost white and then brown as leaves die. 
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Iron is necessary for the synthesis of chlorophyll. But it is not a constituent of chlorophyll. Apple, banana, 
tomato, carrot and spinach contain high percentage of iron. 

Iron deficiencies are found mainly on high pH soils, although some acid or sandy soils low in organic 
matter also may be iron-deficit. Cool or wet weather enhances iron deficiencies, especially on soils with 
marginal levels of available iron. Poorly aerated or compacted soils also reduce iron uptake by plants. 
Uptake of iron decreases with increased soil pH, and is adversely affected by high levels of available 
phosphorus, manganese and zinc in soils. 

Function of Iron 
 It is essential for synthesis of proteins contained in chloroplast. 
 It has a catalyst role in the activities of several enzymes 
 It regulates respiration, photosynthesis and reducation of nitrates and sulphates. 

Generalized symptoms of plant iron deficiency or excess 
 Initial distinct yellow or white areas between veins of young leaves leading to spots of dead leaf tissue. 
 Chlorosis and interveinal chlorosis. 

Excess: Possible bronzing of leaves with tiny brown spots.  

Disorder caused by iron deficiency 
1. Lime induces chlorosis 

  
Rice Tomato 
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Groundnut Maize 

Manganese 
Manganese is a essential component of chlorophyll and also formation of oils and fats. Manganese 

influences uptake and utilization of other nutrients in plants. Manganese is necessary in photosynthesis, 
nitrogen metabolism and to form other compounds required for plant metabolism. Interveinal chlorosis is a 
characteristic manganese-deficiency symptom. In very severe manganese cases, brown necrotic spots 
appear on leaves, resulting in premature leaf drop. Delayed maturity is another deficiency symptom in some 
species. White/gray spots on leaves of some cereal crops is a sign of manganese deficiency. 

Manganese deficiencies mainly occur on organic soils, high-pH soils, sandy soils low in organic 
matter, and on over-limed soils. Soil manganese may be less available in dry, well-aerated soils but can 
become more available under wet soil conditions when manganese is reduced to the plant available form. 
Conversely, manganese toxicity can result in some acidic and high manganese soils. Uptake of manganese 
decreases with increased soil pH and is adversely affected by high levels of available iron in soils. 

Function of Manganese 
 It helps in the protein synthesis in chloroplast 
 It also supports the movement of iron in plants 
 Functions with enzyme systems involved in breakdown of carbohydrates and nitrogen metabolism 
 It acts as catalyst in oxidation-reduction reaction with in the plant tissue 

Generalized symptoms of plant manganese deficiency or excess 
 Interveinal yellowing or mottling of young leaves 
 Chlorotic patches are in the form of specks or reticulations in dicots and stripes in monocots 
 Necrosis may follow 
 Leaves show premature fall or do not develop at all 
 Both stem and root experience stunted growth. Their apices may die back 
 Flowers are often sterile 
 Grey spot disease in oat develops due to manganese deficiency 

Disorder caused by manganese deficiency 
1. Grey spike or grey spot in oat and wheat, barley, maize and mustard 
2. Phala disease in sugarcane 
3. Mursespot in pea 
4. Frunching in trunk tree (as citrus) 
5. Spiked yellow disease in sugarbeet 
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Cotton Soyabean 

  
Banana Cucumber 
 

Boron 
A primary function of boron is related to cell wall formation, so boron-deficient plants may be 

stunted. Sugar transport in plants, flower retention and pollen formation and germination are also affected 
by boron. Seed and grain production are reduced with low boron supply. Boron-deficiency symptoms first 
appear at the growing points. This results in a stunted appearance (rosetting), barren ears due to poor 
pollination, hollow stems and fruit (hollow heart) and brittle, discolored leaves and loss of fruiting bodies. 

Boron deficiencies are found mainly in acid, sandy soils in regions of high rainfall, and those with low 
soil organic matter. Borate ions are mobile in soil and can be leached from the root zone. Boron deficiencies 
are more pronounced during drought periods when root activity is restricted. Normal plant leaves contain 
between 25 and 1000 ppm boron. Most of available boron in soil is associated with organic matter.  

Function of Boron 
 Helps in the use of nutrients and regulates other nutrients 
 Adds production of sugar and carbohydrates 
 Essential for seed and fruit development 
 It helps in normal growth of plant and in absorption of nitrogen in soil 
 It helps in root development and flower and pollen grain formation 
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Generalized symptoms of plant boron deficiency or excess 
 Death of growing points and deformation of leaves with areas of discoloration 
 Causes disintegration of softer tissues 
 Reduced transpiration due to defunctioning of stomata 
Excess : Leaf tips become yellow followed by necrosis. Leaves get a scorched appearance and  
    later fall off. 

Disorder caused by boron deficiency 
1. Heart rot, crown rot and dry rot in sugarcane and marigold 
2. Cancer and internal black spot in garden pea 
3. Hen and chicken in grape crops 
4. Hallow heart disease in some crops 
5. Hard fruit of citrus 
6. Cracking in tomato 
7. Koeli/black tip/tip necrosis in mango 
8. Brown rot in sugarbeet 
9. Top rot in tobacco 
10. Brown and hallow stem in cauliflower 
11. Internal necrosis of aonla 
12. Mango malformation 

  
Papaya Banana 
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Cauliflower Pomogranate 

 
Zinc 

Zinc is widely distributed element that occurs in small but adequate amount in most soil and plants. 
The zinc ion (Zn++) is strongly absorbed on the cation exchange site of silicate clay. Zinc functions in enzyme 
systems which are the necessary for important reactions in plant metabolism. It is associated with iron and 
manganese for synthesis of chlorophyll. Zinc is an essential component of various enzyme systems for 
energy production, protein synthesis and growth regulation. Zinc deficient plant also exhibit delayed 
maturity. Zinc is not mobile in plants so zinc-deficiency symptoms occur mainly in new growth. Poor mobility 
in plant suggests the need for a constant supply of available zinc for optimum growth. The most visible zinc 
deficiency symptoms are short internodes and a decrease in leaf size. Delayed maturity also is a symptom of 
zinc-deficient plants. 

Zinc deficiencies are mainly found on sandy soils low in organic matter and on organic soils. Zinc 
deficiencies occur more often during cold, wet spring weather and are related to reduced root growth and 
activity as well as lower microbial activity decreases zinc release from soil organic matter. Zinc uptake by 
plants decreases with increased soil pH. Uptake of zinc also is adversely affected by high levels of available 
phosphorus and iron in soils. 

Function of Zinc 
 Essential for the transformation of carbohydrates 
 Regulates consumption of sugars 
 Part of the enzyme systems which regulate plant growth 
 It has a positive role in photosynthesis and nitrogen metabolism 
 It is required for seed production and the rate of growth and also RNA synthesis 

Generalized symptoms of plant zinc deficiency or excess 
 Interveinal yellowing on young leaves; reduced leaf size 
 Interveinal chlorosis 
 Followed by necrosis 
 Terminal bud dies and leads to leaf rosette 
Excess: Excess zinc may cause iron deficiency in some plants 
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Disorder caused by zinc deficiency 
1. Whiptail in brassica 
2. Khaira in rice (first time observed by U.P. Agri. Uni. Pathologist Y. L. Nene, 1965) 
3. White bud in maize 
4. Rosette in fruit trees 
5. Little leaf of mottled leaf in citrus 

  
Rice Wheat 

  
Maize Banana 

Copper 
Copper is capable of acting as electron carriers in enzyme system which brings about oxidation 

reductions in plant. It is an essential constituent of enzyme. Copper is necessary for carbohydrate and 
nitrogen metabolism and inadaquate copper results in stunting of plants. Copper is also required for lignin 
synthesis which is needed for cell wall strength and prevention of wilting. Deficiency symptoms of copper 
and dieback of stems and twings, yellowing of leaves, stunted growth and pale green leaves that wither 
easily. 

Copper deficiencies are mainly reported on sandy soils which are low in organic matter. Copper 
uptake decreases as soil pH increases. Increased phosphorus and iron availability in soils decreased copper 
uptake by plants. 

Function of Copper 
 Important for reproductive growth 
 Aids in root metabolism and helps in the utilization of proteins 
 It acts as a catalyst in respiration 
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 It involved in respiration and utilization of iron 

Generalized symptoms of plant copper deficiency or excess 
 Appearance of dark green colour in young leaves followed by chlorosis 
 In exanthema the tree barks show deep slits from which gum exudes 
 The reclamation disease is named so because of its widespread presence in reclaimed lands of Europe. 

Tips of leaves undergo chlorosis. Hence, also known as the leaf-tip disease. 

Disorder caused by copper deficiency 
1. Exinthema in fruit trees 
2. White tip or reclamation disease in cereal (oat) and vegetables 
3. Dieback in shoot 

  

Wheat Potato 

  
Barley Maize 

Molybdenum 
Molybdenum and manganese have been found to be essential for certain nitrogen transformation in 

microorganism as well as in plants. Molybdenum is through to be essential for the process of nitrogen 
fixation both symbiotic and non-symbiotic. Molybdenum is involved in enzyme systems relating to nitrogen 
fixation by bacteria growing symbiotically with legumes. Nitrogen metabolism, protein synthesis and sulphur 
metabolism are also affected by molybdenum. Molybdenum has a significant effect on pollen formation so 
fruit and grain formation are affected in molybdenum-deficient plants. Because molybdenum requirements 
are so low, most plant species do not exhibit molybdenum-deficiency symptoms. These deficiency symptoms 
in legumes are mainly exhibited as nitrogen-deficiency symptoms because of the primary role of 
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molybdenum in nitrogen fixation. Unlike the other micronutrients, molybdenum-deficiency symptoms are 
not confined mainly to the youngest leaves because molybdenum is mobile in plants. The characteristic 
molybdenum deficiency symptom in some vegetable crops is irregular leaf blade formation known as 
whiptail, but interveinal mottling and marginal chlorosis of older leaves also have been observed. 

Molybdenum deficiencies are found mainly on acid, sandy soils in humid regions. Molybdenum 
uptake by plants increases with increased soil pH, which is opposite that of the other micronutrients. 
Molybdenum deficiencies in legumes may be corrected by liming acid soils rather than by molybdenum 
applications. However, seed treatment with molybdenum sources may be more economical than liming in 
some areas. 

Function of Molybdenum 
 Helps in the use of nitrogen 
 It regulates the activities of several enzymes 
 It plays an essential role in the absorption and translocation of iron in plants 

Generalized symptoms of plant molybdenum deficiency or excess 
 Yellow spot disease of citrus fruits 
 Whiptail disease in crucifers like cabbage 
 Flowers show premature fall 
 In cauliflower the inflorescence loses its compact form 

Disorder caused by molybdenum deficiency 
1. Whiptail disease in brassica and cauliflower 
2. Scaled in legume crop 
3. Yellow spot disease in citrus and cauliflower 

  
Cauliflower Potato 

Chloride 
Chloride is a mobile in plants, most of its functions relate to salt effects (stomatal opening) and 

electrical charge balance in physiological functions in plants. Chloride also indirectly affects plant growth by 
stomatal regulation of water loss. Wilting and restricted, highly branched root systems are the main 
chloride-deficiency symptoms, which are found mainly in cereal crops. It is to be essential plant nutrients as 
root in top growth seem to suffer it is absent. 
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Most soils contain sufficient levels of chloride for adequate plant nutrition. However, reported 
chloride deficiencies have been reported on sandy soils in high rainfall areas or those derived from low-
chloride parent materials. These are few areas of chloride deficient so this micronutrient generally is not 
considered in fertilizer programs. In addition, chloride is applied to soils with KCL, the dominant potassium 
fertilizer. The role of chloride in decreasing the incidence of various disease in small grains is perhaps more 
important than its nutritional role from a practical viewpoint. 

Function of Chloride 
 Adds plant metabolism 
 Chlorine through the associated with the evaluation of oxygen during photosynthesis 

Generalized symptoms of plant chloride deficiency or excess 
 Leaves become wilted 
 Chlorosis and then necrosis 
 Leaves develop bronze colour 
 Root growth is stunted 

  
Wheat 

Nickel 

Nickel is a component of some plant enzymes, most notably urease, which metabolizes urea nitrogen 
into useable ammonia within the plant. Without nickel, toxic levels of urea can accumulate within the tissue 
forming necrotic regions on the leaf tips. In this case, nickel deficiency causes urea toxicity. Nickel is also 
used as a catalyst in enzymes used to help legumes fix nitrogen. There is evidence that nickel helps with 
disease tolerance in plants. 

Function of Nickel 
 Nickel increase enzyme activity as well as molybdenum activity 
 It increase the germination in grain crops 
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Arugula (Eruca vesicaria subsp. sativa (Miller) Thell.): A healthy leafy vegetable 
Article id: 22301 
Kumari Shubha, Anirban Mukherjee, Manisha Tamta and Tanmay Kumar Koley 
ICAR-Research Complex for Eastern Region, Patna 
 
Arugula (Eruca vesicaria subsp. sativa (Miller) Thell.) is a lesser-known cruciferous vegetable which offers 
many of the same benefits as other family vegetables such as broccoli, kale, and  Brussels sprouts. It is an 
annual edible plant in the Brassicaceae family used for its fresh, salty, bitter, tangy and peppery flavor as a 
leaf vegetable. Other common names include rockets, rocket salad, Italian cress, rucola, rucoli, rugula, 
colewort and roquette in the garden. It is originated in the Mediterranean region. 
 
Health Benefits:  
The popularity of Arugula has as much to do with its health benefits as it has with its taste. Consumption of 
all kinds of fruits and vegetables has long been related to a reduced risk of many adverse health conditions. 
Several studies suggest that increased consumption of plant foods such as rye reduces the risk of obesity, 
diabetes, heart disease, and overall mortality while promoting healthy complexion, increased energy, and 
overall lower weight. Arugula has high cancer-fighting agents. It contains sulfur-containing compound called 
sulforaphane gives cruciferous vegetables both their bitter taste and their cancer-fighting power. 
Sulforaphane is now being studied for its ability to impede cancer with promising early results associated 
with melanoma, esophageal, prostate, and pancreatic cancers (Kim and Park., 2016). 

Researchers have found that sulforaphane can inhibit the enzyme histone deacetylase (HDAC), 
known to be involved in the advancement of cancer cells. The ability to stop HDAC enzymes could make 
sulforaphane-containing foods a potentially powerful part of cancer treatment in the future. Arugula contain 
an antioxidant known as alpha-lipoic acid which has been shown to lower glucose levels, 
increase insulin sensitivity, and prevent oxidative stress-induced changes in patients with diabetes (Shay et 
al., 2009). Studies on alpha-lipoic acid have also shown reductions in peripheral and autonomic nerve 
damage in diabetics. Arugula, like other leafy greens, contains more than 250 milligrams of nitrate per 100 
grams (g). It has been shown that high intakes of dietary nitrate lower blood pressure, reduce the amount of 
oxygen required during exercise, and improve athletic performance (Lidder and Webb., 2013). There are also 
rich calcium sources besides these Arugula, providing 64 mg in two cups. This delicious green is a nutrient-
dense food that is high in fiber and phytochemicals. Arugula is low in sugar, calories, carbohydrates, and fat. 
It’s high in several vital nutrients. These include: 
Arugula contains 160 mg of calcium. Calcium normally helps bone health, tooth health, muscle function and 
nervous function, it is also necessary for blood to clot . 
Potassium, a mineral and a heart and nerve function vital electrolyte. Arugula contains 369 mg of Potassium. 
It also normally helps the muscles contract. Potassium helps to reduce the negative effects of sodium, and it 
may be beneficial for people with high blood pressure for this reason. 

Folate, is a B vitamin. It helps helps in production of DNA and other genetic material. It is mainly 
important for pregnant women and for those who is planning to become pregnant. Folate deficiency in 
pregnant women may lead to spina bifida, a neural tube defect. 

Vitamin C is a powerful antioxidant, which helps in, develop strong immune system. It is also known 
as ascorbic acid and important for tissue health and the absorption of iron from food. Arugula contains 15 
mg of calcium 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 360 - 
 

Vitamin A, the umbrella term for a group of fat-soluble retinoids. Vitamin A is a powerful antioxidant, which 
supports immune function, cell growth, night vision, and overall eye health. It also works to help maintain 
kidney, lung, and heart function. Arugula contains high amount of Vitamin A. 
 
Table 1: Nutrition content of Arugula 100 gm leaf 

Nutrient Value 

Water [g] 91.71 

Energy [kcal] 25.00 

Protein [g] 2.58 

Total lipid (fat) [g] 0.66 

Carbohydrate, by difference [g] 3.65 

Sugars, total [g] 2.05 

Calcium, Ca [mg] 160.00 

Iron, Fe [mg] 1.46 

Magnesium, Mg [mg] 47.00 

Phosphorus, P [mg] 52.00 

Potassium, K [mg] 369.00 

Sodium, Na [mg] 27.00 

Zinc, Zn [mg] 0.47 

Vitamin C, total ascorbic acid [mg] 15.00 

Thiamin [mg] 0.04 

Niacin [mg] 0.31 

Riboflavin [mg] 0.09 

Vitamin B-6 [mg] 0.07 

Folate, DFE [µg] 97.00 

Vitamin B-12 [µg] 0.00 

Vitamin A, RAE [µg] 119.00 

Vitamin A, IU [IU] 2373.00 

Vitamin E (alpha-tocopherol) [mg] 0.43 

Source: USDA,  
 
Plant Biology: It is an annual plant growing to 20–100 cm tall. The leaves are deeply pinnately lobed with 
four to ten small lateral lobes and a large terminal lobe. The flowers are 2–4 cm diameter with the 
typical crucifer flower structure; the petals are creamy white with purple veins, and the stamens yellow; the 
sepals are persistent after the flower opens. The fruit is a typical siliqua (pod) 12–25 mm long with an apical 
beak, and containing several seeds. 
Propagation 
Basic requirements Arugula is best grown in the winter and high temperature trigger flowering and the 
leaves become excessively bitter. Arugula grows best in full sun in a rich, well-draining soil with a pH 
between 6.0 and 8.0. The plants can tolerate some light shade, particularly in slightly high temperatures.  
Planting Arugula is commonly direct seeded and can be planted 1 to 2 weeks before the last frost date. 
Seeds can also be started indoors 4-6 weeks prior to the last frost to get a head start on the growing season. 
Arugula grows best in cool temperatures but can be damaged by frosts so it is best to provide it with cover if 

https://en.wikipedia.org/wiki/Annual_plant
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https://en.wikipedia.org/wiki/Flower
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a late frost is forecast. Plant seeds by sprinkling on the ground and lightly covering with soil. Keep the soil 
moist. The seeds should germinate in 3 to 10 days.  
Harvesting Arugula is ready to harvest in about 40 days. Harvest leaves from the outside of the plant by 
pinching them off with your fingers or snipping them with a pair of scissors. The centre of the plant should 
be left undisturbed to promote new growth. 
Growing arugula in container 
Because the roots of arugula are relatively shallow, so it can also grow in container. Like most salad greens, 
arugula seeds are tiny, so cannot plant them too deep. Following are the steps to grow arugula in container:  

1. Fill your garden pot up with potting mix, and then gently flatten it out with hand. 
2. Distribute the seeds as uniformly as possible onto the potting mix. 
3. Use palm, gently pat the seeds onto the soil. 
4. Cover them lightly with potting soil or put a thin layer of seed starting mix over the seeds and gently 

patting again. 
5. Add water carefully, either using a rose attachment or a gentle spray from the hose. Care should be 

taken that water pressure or weight of the water to disturb seeds and drive them too deeply into the 
soil. 

Harvesting  
Arugula seedlings are fully grown and ready to harvest in about three to four weeks. The younger the leaves 
the more tender and sweet they will be. Once the seedlings are 3 to 4 inches long, plant should be either pull 
out or thin out. To continue the growth only top leaves should be cut. 
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Fig:  Leaves of Arugula (Eruca vesicaria subsp. sativa (Miller) Thell. 
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Accessories and containers for gardening and floral decoration 
Article id: 22302 
Vinutha, D.B1. and Thilak, J. C.2 
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INTRODUCTION 

India the land of diverse cultures in one country that truly represents the whole globe. Flowers are the 
part of Indian culture since from primitive to modern life style. The flower consumption in this area is very 
high. Flowers are mainly used for religious purpose, making garlands, decoration, marriages, parties and 
Valentine’s Day. For all these activities, Indians consume tonnes of flowers every day. Everyone enjoys the 
beauty of flowers, for gardening and floral decorations, decorative items are most essential and these 
decorative items are termed as accessories and containers. 

Ornamental gardening 
Gardens that are designed more for their aesthetic pleasure and appearance than for the production of 

crops for culinary purpose is termed as ornamental gardening. 

Accessories for gardening 
Accessories are the decorative items added to an arrangement to enhance the theme of the 

arrangement. 

1 Pound in 
edging 

Quickest and easiest system for making an 
edge between lawn and flower beds or 
gardens. To install, simply pound each 
interlocking piece into the ground with the 
help of rubber mallet. 

 
2 Snip and 

drip 
irrigation 
system 

With the Snip -n-Drip Soaker System you 
can easily create a customized watering 
system. Saves 80% less water than its size 
and releases to the plants whenever there 
is drought condition. “Apply water just 
where you want it - and not where you 
don't”.  
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3 Drought 
proof 
crystals 

Reduce watering chores and ensure plants 
get the water they need, when they need 
it. Protect valuable landscape plants the 
way that pros do. These non-toxic crystals 
absorb up to 200 times their weight in 
water, and then release it gradually as 
plants need it. They contains potassium-
based polymers instead of sodium-based, 
it breaks down into fertilizer instead of 
soil-damaging salts. 

 

4 Easy to 
program 
irrigation 
timer 

Perfect for gardeners on the go! This easy-
to-program irrigation timer has an LCD 
display and may be set for up to four, four-
hour watering cycles per day with manual 
on/off system. 

 
5 Seed balls Mobility in the garden can be created by 

using seed balls. These balls contains milk 
weed seeds with organic nutrient mixture. 
Milk weed plants will attract butterflies 
where the larvae will grow. Each seed ball 
contains a packet's worth of seed, rolled 
with a proprietary mix of organics and clay 
to provide ideal growing conditions. 

 

6 Foam twist 
ties 

Ties used for training the plants. Here 
tying is not required just twisting is 
enough. Soft, spongy foam ties gently hold 
tomato vines and other plant stems to 
support stakes without injuring stems. 

 
7. Recycled 

rubber 
stepping 
stones 

Rubber pavers are comfortable underfoot. 
Create a neat, mud-free path through the 
garden with these rugged, 100% recycled 
rubber stepping stones. Long-lasting 
rubber is easy to install, stays in place, and 
won't crack, chip, or suffer from frost 
damage. 

 
                                                                                                               (Amoroso et al., 2010) 
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Floral decoration 
Art of arranging living or dried plant material for adornment of the home or as a part of public 

ceremonies, festivals and religious rituals. 
 

Floral containers 
An appropriate container for a fresh-cut floral arrangement must:  

• Hold a sufficient supply of water.  
• Have an opening large enough for flowers and foliage stems.  
• Be suitable to hide or reveal the design mechanics.  
• Be tall enough to support long-stemmed flowers.  
• Have a stable base to provide physical balance.  
 

Additional considerations- shape, style, texture, size, color and type of material used. 
1. Shape  

1. Vases – height of container is greater than width. 
2. Bowls – width of container is greater than height. 
3. Hanging baskets – for hanging plant purposes. 
4. Novelty containers- by using house hold waste utilized materials. 

 
2. Style and texture - the style and texture of a floral container should reflect the theme and formality of 

the occasion.  
 

3. Color 
• The color of the container may either blend with the floral materials in the arrangement, or create an 

accent by contrast.  
• Harmonious colors can be either different shades of one color or hues next to each other on the 

color wheel (Example - Orange and yellow or red and purple).  
• Contrasting colors are those opposite each other on the color wheel (blue and orange, purple and 

yellow).  
• Silver foliage harmonizes with all colors. 

 
4. Container size 

• Container size is influenced by the proportion and scale of the arrangement. 
• The rule of proportion between an arrangement and its container is that the height of the 

arrangement not exceeds 1½ to 2 times the height of a tall container or 1½ times the width of a low 
container.  
 

5. Type of material used 
• Plastic (inexpensive; most commonly used)  
• Glass (used for vase type arrangements)  
• Ceramic (must be glazed to prevent leakage)  
• Baskets (require leak-proof lining)  
• Metal (requires protective lining) 
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Self-watering containers - this innovative planter 
makes it easier than ever to surround your home 
with lush, colorful plants. A hidden adjustable 
support bar keeps planter level. A fast, easy and 
secure way to add flower boxes to railings along 
a deck or balcony or bring color to fences. The 
evaporative grid self-watering system with 1-
quart reservoir helps keep plants healthy and lets 
you water less often.  

 
 

Luminous square solar planter - It is an 
elegant, frosted white planter. At dusk, the 
show begins as it illuminates from within. 
Solar-powered; no outlet or extension cord 
needed. An easy-to-reach switch on the 
solar panel lets you choose color-changing 
or select one color. 18 LEDs glow for 6 to 8 
hours on a full charge.  

 

Design mechanics – it refer to the various devices and techniques used for securing flowers and foliage in an 
arrangement. Design mechanics establish stability in the design.  

I. Stem support materials 
1. Floral foam - the most common stem support material used in fresh-cut floral arrangements today is 

floral foam. Floral foam has a porous and cellular structure and is relatively inexpensive. 
2. Needlepoint or pin holder - It consists of numerous sharp, strong, and upright pins attached to a heavy 

metal base.  
3. Chicken wire - primarily for large arrangements containing plant materials that have thick and heavy 

stems.  
II. Adhesive Materials - waterproof or anchor tape, pan-melt glue, double-sided tape, floral clay, 

floral tape or stem wrap, liquid floral adhesive, hot/cool melt glue  
III. Accessory materials – ribbons, pine cones, balloons, toys, candles. 

 

         
(Mchoy and Donaldson, 2002) 

Annuals and perennials suitable for container 
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CONCLUSION 

Accessories and containers are an attractive decorative tool which greatly enhances beauty, deliver 
aesthetic appeal and also brings novelty in gardening and floral decorations. India being a land of diverse 
cultures in one country, people demand unique and different styles of gardening and floral decoration. 
Hence, there is a wide scope to utilize these accessories and containers in the colorful art of horticulture. 
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Botrytis cinerea  is a necrotrophic fungus that affects many plant species, although its most notable hosts 
may be wine grapes it is  commonly known as "botrytis bunch rot in horticulture  it is usually called "grey 
mould" or "gray mold". 

Favorable conditions development of pathogen 
Botrytis blight overwinters on plants, in or on the soil, and as sclerotia.Spores develop when conditions are 
optimal, and are moved by wind or splashing water onto blossoms or young leaves, where they germinate 
and enter the plant. Spores require cool temperatures (45-60 F.) and high humidity (93% and above) to 
germinate. Germinating spores rarely penetrate green, healthy tissue directly, but can enter through 
wounds on growing plants. Cuttings are particularly susceptible to infection. 

HOST RANGE 
The disease, gray mold, affects more than 200 dicotyledonous plant species and a 
few monocotyledonous plants found in temperate and subtropical regions. . The causal agent, Botrytis 
cinerea can infect mature or senescent tissues, plants prior to harvest, or seedlings. There is a wide variety 
of hosts infected by this pathogen including protein crops, fiber crops, oil crops, and horticultural crops. 
Horticultural crops include vegetables (examples are chickpeas, lettuce, broccoli, and beans) and small fruit 
crops (examples are grape, strawberry, and raspberry), these are most severely affected and devastated by 
gray mold. 

Caster grey mould symptoms 
The first symptoms are visible as bluish spots on the inflorescences, on both female and male (before 
anthesis) flowers, and on developing fruits. On fruits, the symptoms can evolve to circular or elliptic, sunken, 
dark coloured spots that can result in rupture of the capsule .These symptoms are usually more frequent 
when a period of low relative humidity unfavourable to fungal sporulation occurs soon after the fungus 
penetrates the host tissues. 

Grapes grey mould symptoms 
First infected berries become soft and watery, which under high relative humidity and moisture become 
covered with the grey sporulating growth of the fungus. When berries of white cultivars become infected, 
they turn brown, while berries of the purple cultivars turn red. Infected berries then shrive and become 
“mummies” which drop off. Symptoms of gray mold can appear also on the leaves, as dull green spots which 
turn brown and necrotic. Infection on pedicel and rachis appear as brown spots that turn black and cause 
shrivel, and drop off the cluster. 

 

Chick pea grey mould symptoms 

https://en.wikipedia.org/wiki/Necrotrophic
https://en.wikipedia.org/wiki/Fungus
https://en.wikipedia.org/wiki/Wine_grapes
https://en.wikipedia.org/wiki/Horticulture
https://en.wikipedia.org/wiki/Dicotyledon
https://en.wikipedia.org/wiki/Monocotyledon
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All the aerial parts of chickpea are susceptible to the disease with growing tips and flowers being the most 
Symptoms of Botrytis grey mould(BGM) usually become apparent following crop canopy closure. BGM often 
appears first as water-soaked lesions on the stem, near ground level, that extend along the stem, and lead to 
infection of other stems.These lesions may be 10–30 mm long and completely girdle the stem. Branches 
break off at the rotting point and the affected leaves and flowers turn into a rotting mass.Initially, the 
disease is randomly distributed within a crop, with infected plants being scattered, with yellowing or dying 
branches, or if the lesions are at ground level, as scattered dead plants. Drooping of the affected terminal 
branches is a common field symptom and branches may break off at the point of infection. 

Seedling rot  
The pathogen Botrytis cinerea is one of the many fungi associated with seedling disorders of chickpea 
creating a soft rot. In most chickpea-growing regions of the world, foliar infection is considered most 
important, whereas in Australia, soft rot of young seedlings resulting from seedborne infection is also 
important and can result in total crop failure . Symptoms include poor emergence, yellowing, wilting, and 
death of seedlings and pale yellow to light tan discoloration of the taproot. Most plants that develop soft rot 
become flaccid and then die within a few days. Plants seldom recover from the disease. 

DISEASE MANAGEMENT 
Cultural 
Using pathogen-free seed can reduce seed transmission of the disease. Practices such as manipulating 
sowing dates, using erect cultivars, and lower plant densities are helpful in reducing the level of BGM in 
chickpeas and other hosts. Late sowing reduces the vegetative growth and hence lowers disease incidence; 
however, this can also lead to reduced grain yield. Wider row spacings allow for more aeration of the crop 
canopy and reduced periods of leaf wetness and relative humidity, which in turn reduce the disease 
incidence 

Fungicides 
Seed treatments with fungicides, viz. iprodione, mancozeb, thiabendazole, triadimefon, triadimenol, 
vinclozolin, thiram, benomyl, carbendazim, or captan are effective in reducing seed infectionEffective 
fungicides used as a foliar spray 50 days after sowing or with the first sign of the disease include captan, 
carbendazim, chlorothalonil, mancozeb, thiabendazole, thiophanate-methyl, thiram, triadimefon, 
triadimenol, or vinclozolin. 

Biological control 
Seed treatment with T. viride increased percentage seed germination, root and shoot length, and plant 
vigour. It had no adverse effect on nodulation and resulted in significantly reduced BGM incidence. An 
integrated application of fungicide tolerant T. viride and vinclozolin was more effective in combating BGM 
than vinclozolin alone . Seed treatment with Gliocladium roseum and T. virens resulted in the establishment 
of seed that had been artificially infected with B. cinerea and the disease protection was equivalent to that 
of thiram. 
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INTRODUCTION  
       Human hair is a complex tissue which have some morphological components, each comprising of several 
different chemical species. The  presence  of  trace  elements  in  hair  is  the  reason  behind  its  forensic  
importance  in replacing  blood  and  urine  analyses,  skin disease  diagnostics,  drug  identification  and 
tracking  human  migration patterns  by  isotopic correlation.  The physical properties of hair have interested 
researchers for different applications such as adsorption for utilisation in effluent treatment and arsenic 
removal from drinking water. Hair, a potential human waste, contains up to 17% nitrogen by weight within 
the complex protein structure which, if transferable, could be used as a nitrogen source. Several attempts 
have been made to use hair as a  slow-release  source  of  nitrogen,  assuming disintegration  and  
mineralization  within  a  timescale  of  months.  
         The main problem with producing a quick-release nitrogenous fertilizer from human hair is 
decomposing the hair.  Human hair has a high cystine content (1400-1500 micromoles/g hair) accounting for 
the inertness of the material. Cystine  is  an  amino  acid  characterised  by  a disulphide  bond,  which  
provides  strong intramolecular  and  intermolecular  cross-links. Necessary nutrient sources for agricultural 
crop production are composted waste materials and byproducts, such as animal manure, municipal solid 
waste composts, and sewage sludge.Non composted human hair waste with municipal solid waste compost 
can be used as nutrient source for crops.  
 
Different hair types  
         Human hair can be an indicator of type of race one belongs to by looking at the differences in the 
physical appearances. Human hair is usually classified based on the ethical subgroups which are African, 
Asian and Europeans. Chinese were found to be having the largest and most nearly round hairs; Western 
Europeans had the smallest hairs in cross section; the Asiatic Indian hair sections were indistinguishable in 
shape from those of the Western Europeans. Both are intermediate between the most nearly circular 
Chinese hair sections and the Negroids hair sections, which were most flattened in shape. In size of cross 
section, hairs of Asiatic Indians were exceeded by those of the Chinese in all respects and by Negroid hairs so 
far. Nicolaines and Rothman (1953) showed a difference in the fat percentage and found that Negroids had 
high fat percentage than whites. 

There is potential to use these hair wastes as nutrient sources for plants. The effectiveness of 
different hair types will depend on their nutrient composition and rate of release in the soil. There is limited-
to-no literature on nutrient release patterns of different human hair types. For effective management of the 
nutrients from human hair, it is essential to understand the nutrient release patterns.  
 
Constituents of Human Hair  
         Human hair contains cuticle, cortex, and medulla. The cortex is composed of proteins, granules of 
melanin, and matrix proteins which have an irregular structure. The cuticle is made up of keratin and 
cytoplasmic structures which originate from dead cells. Keratin is composed of 18 amino acids except for 
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glutamine and aspartic acid. Melanin’s structural stability may be higher than the keratin structure as it is 
composed of a benzene ring and its derivatives. Hair composed of various structural chemicals such as 
cuticle, keratin, melanin, cytoplasmic compounds, fibril proteins, and medulla cells may have 
biophysicochemically stable complex structures. The reason why hair is so difficult to biologically or 
physicochemically degrade is because hair consists of various structural chemicals such as cuticle, melanin, 
keratin, cytoplasm, proteins, and medulla cells. 
 
Chemical composition of human hair  

Human hair is made up of different structures which make it complex and these include proteins, 
amino acids, lipids, elements and pigments. Hair consists of about 65 to 95 % proteins, which are 
condensation polymers of many different amino acids that have different structures and molecular weights. 
The proteins are some of the amino acids found in hydrolyzates of human hair include glycine, alanine, 
valine, and the sulphur containing amino acids; cystine, methionine, cysteine, cysteic acid. These amino acids 
that contain sulphur have the cross-linking disulphide bonds which make them resistant to degradation. 
Most functional groups like hydrocarbon, hydroxyl, primary amide, and basic amino acid occur at higher 
frequency than disulphide bond in hair. A strand of human hair consists of four bonds which are peptide, 
hydrogen, salt and disulphide and the disulphide is the second strongest bond in the hair. The cross-linked 
disulphide bond gives the polypeptide chain great strength such that it cannot be broken by heat or water. 
The bond is formed when a cysteine sulphur atom on one polypeptide chain links with cysteine sulphur atom 
on neighbouring polypeptide chain. The main constituent elements of human hair are carbon, hydrogen, 
nitrogen, oxygen and sulphur. Other elements that are mostly found in human hair are phosphorus, 
potassium, calcium, magnesium, sodium, zinc, copper, manganese, iron, molybdenum, selenium, boron, 
aluminium, strontium, silver, mercury, arsenic, lead, antimony, titanium, tungsten and vanadium. Although 
heavy metals in human hair could limit its potential as a 9. 
 
Uses of Human hair in Agriculture 
As Fertilizer  

Human hair is one of the highest nitrogen containing (∼16%) organic material in nature because it is 
primarily made up of nitrogen-containing proteins. For comparison, cattle dung contains only ∼0.2-0.3% 
nitrogen. It also contains sulphur, carbon and 20 other elements essential for plants. In the atmosphere, it 
decays very slowly, but moisture and keratinolytic fungi present in soil, animal manure, and sewage sludge 
can destroy hair within a few months. In traditional Chinese agriculture, it was diversified with cattle dung to 
prepare compost which was applied to the fields in the winter season. In some communities in India, it has 
been used directly as fertilizer for many fruit and vegetable crops and for producing organic manures. Direct 
application of human hair to soil provides the necessary plant nutrients for two to three cropping seasons in 
horticultural crops.  

A company named Smart Grow has popularized the fertilizer use of human hair in the USA by selling 
it in the form of hair mats for potted plants. In USA, small entrepreneurs are also encouraging hair as 
fertilizer by packaging it in various user-friendly forms like tea bags. By mixing human hair with cattle dung 
and feeding worms on the mixture, it is also possible to make good quality vermicompost within a period of 
about 2 months. Non composted hair has advantages than composted hair since composting can lead to 
some loss of nitrogen. The hydrolyzed solution, which mainly consists of amino acids with some fatty acids 
and nucleotides, can be used as a liquid fertilizer after neutralization. Application of the solution to soil also 
shows improvements in the color and size of Amaranthus dubius and hot pepper plants. Experiments on the 
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hot pepper plants also show increased diversity of soil-intrinsic bacteria which significantly reduces the 
spread of a wilt disease in these plants caused by the bacterium Ralstonia solanacearum. Long term impacts 
of this use, however, need to be assessed. Any kind of hair devoid of toxic contamination can be used for 
fertilizers. Finely shredded hair is better for faster decomposition. 

The main challenge of using human hair as a fertilizer material, especially as a nitrogen source, is its 
composition of keratin, a protein that tends to be resistant to degradation because of the cross-linking by 
disulphide bonds. Although human hair is generally known to be resistant to degradation, it has been shown 
to be a source of nutrients for high value crops, indicating its potential as a slow releasing fertilizer especially 
for N. When used with municipal solid waste compost, un-composted human hair has been shown to be 
source of nutrients for high value crops like marigold (Calendula officinalis (L.)); valerian (Valeriana officinalis 
(L.) and purple foxglove (Digitalis purpurea (L.). The release patterns of the nutrients from human hair need 
to be clearly understood, particularly for different hair types, if they are to be used as sources of nutrients 
for crops.  

Pest Control 
Human hair is also known to report problems arising from many animals as well as insect pests, even 

though by different mechanisms. Among large animals, it has been used to repel rabbits in Mauritius, 
rodents, and wild boar in India. Usually, the hair is spread along the boundary of the fields/farms or near rat 
holes in the field. Rabbits, rodents, and wild boar find their food by sniffing, and hair supposedly causes 
them discomfort during sniffing by coming into their nostrils. In the case of deer, repulsion is evidently 
caused by human smell coming from the hair because hanging hair in nylon bags also works, and the 
technique does not seem to work well in the areas where deer are unafraid of humans. Among insects, 
human hair is used for frightening rhinoceros beetles in India. Small spheres of human hair are placed at the 
nodes of the affected plant such as coconut tree. Beetles get tangled in the hair becoming unable to move.  

Soil Fertility 
The potential of an organic waste as a source of nutrients depends on its rate of decomposition and 

mineralisation of the elements. Organic sources such as animal manure, plant residue, municipal waste 
compost and sewage waste are used to sustain and maintain soil fertility and crop production, through the 
mineralisation of N, P and S among other plant essential nutrient elements. Human hair is among the 
organic wastes that can be used to improve soil fertility as it contains about 15 % N and about 5 % S among 
other elements. Hair waste is mainly disposed of at landfill sites, which could cause a serious environment 
risk through nitrate leaching into groundwater, when the waste decomposes and the N nitrifies.  

Nitrogen is a crucial nutrient that is required by plants. Plants can only take up N in the form of NO3-
N and NH4-N (inorganic N). Using human hair as a source of nutrient for plants can be of great benefits to 
soil fertility and crop production due to the high N and it can also act a slow fertilizer release as it break 
down slowly. The risk of nitrate leaching to ground water and the potential as nutrient source could depend 
on the elemental composition and rate of degradation of the hair, which can both be affected by hair type. 

Effects of keratinous materials in soil and plants  
The high content of N in keratinous materials suggest their potential to be slow release fertilizer 

materials. Using human hair as soil amendment resulted in greater concentration of Ca, S and Cu, which are 
essential for plant growth and development. Addition of hair-waste to soil to increase soil inorganic N 
concentrations (NH4–N and NO3–N) at harvest and resulted in greater yield of valerian root and rhizome by 
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five to six times when compared with the un-amended control. Soil pH was found to decrease, from 6.6 to 
4.1, possibly due to mineralisation high concentrations of N and S compounds.  

The high concentration of inorganic N (NH4 and NO3) coupled with the decrease in pH could have 
significant effects on the fertility of soils and availability of nutrients, depending on the type of crop. The Un-
composted waste-wool and hair could be used as nutrient source for crops, with no negative effects on soil 
microbes, but could reduce soil pH at high application rates. The organic fertilizer was more effective on 
yields and productivity of cowpeas when the soil was amended with microbially hydrolysed one. When used 
as soil amendment human hair could release nutrients and other elements that may have effects on soil 
quality aspects such as mycorrhizae and microbial community. Mycorrhizal fungi play a key role in the 
nutrition, water relations, and pest resistance of crops, especially in low-input systems. 
 
CONCLUSION 

A large proportion of human hair waste produced at salons is either disposed of at landfill sites or 
incinerated as waste disposal strategy, with negative effects on the environment, through leaching of 
nitrates to groundwater or by release of sulphur dioxide and nitrous oxide gases into the atmosphere. 
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INTRODUCTION  
Water is the vital resource to sustain civilizations and economic development and most importantly, 
agriculture. Agriculture is the largest consumer of freshwater, accounting for about 99% of the global 
consumptive water footprint (Hoekstra and Mekonnen, 2012). The consumptive water use for producing 
food and fodder crops is expected to increase at 0.7% per year from its estimated level of 6400 Gm3/yr in 
2000 to 9,060 Gm3/yr in order to adequately feed the global population of 9.2 billion by 2050 (Rosegrant et 
al., 2009). Although available in abundance in some regions, increasing number of river basins of arid and 
semi-arid regions are facing problem of water scarcity as well as deterioration of water quality, due to 
population growth and increased water use (Vorosmarty et al., 2010).  
Water resource planning and management at river basin scale focuses on increasing the water availability 
and improving water quality besides ensuring environmental flows to sustain riparian ecology. The quantum 
of water resources use and availability are the two prime inputs in basin level management and their 
assessments has become a major focus of research in many areas of the world. Generally, these two 
estimates are compared to assess the water scarcity at any geographical scale. Traditionally, total water 
withdrawal for various purposes (e.g. agricultural, domestic and industrial) is considered as an indicator of 
total freshwater use. However, water withdrawal is not the best indicator of water use at catchment scale 
because water withdrawals partly return to the catchment (Perry, 2007). New paradigms and approaches of 
water use, e.g. virtual water content (VWC) and water footprint (WF) have been emerging in scientific 
communities to promote efficient and sustainable water uses, and for water resources planning and 
management (Zeng et al., 2012; Mali et al., 2017).   

The concept of water footprint 
The water footprint concept was first introduced in 2002 by Arjen Hoekstra at the International 

Expert Meeting on Virtual Water Trade, held in Delft, The Netherlands (Hoekstra and Hung, 2002). Water 
footprint (WF) is a consumption-based indicator of water use and refers to all forms of freshwater use 
(consumption and pollution) that contribute to the production of goods and services consumed by the 
inhabitants of a given geographical region (Hoekstra and Chapagain, 2008). Water footprint of production is 
the sum of direct and indirect water use of domestic water resources only, while the WF of consumption is 
the sum of direct and indirect water use of domestic and foreign water resources used for domestic 
consumption. Water footprint can be divided into blue, green and grey water footprints. The green WF 
measures the volume of rainwater consumed during the growing period of the crop and the blue WF 
measures the volume of surface and groundwater consumed. Whereas, the grey WF measures the volume 
of freshwater that is required to assimilate the nutrients and pesticides leaching besides surface runoff from 
crop fields, based on natural background concentrations and existing ambient water quality standards 
(Hoekstra et al., 2011).  

The water footprint (WF) offers a quantifiable indicator to measure the volume of water 
consumption per unit of crop, as well as the volume of water pollution (Hoekstra and Chapagain, 2008; 
Hoekstra et al., 2011). The Water Footprint can be regarded as a comprehensive indicator of fresh water 
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resources appropriation (Hoekstra et al., 2011). Furthermore, in semi-arid and arid regions, knowledge of 
virtual water content of crops can be useful to determine the optimal use of water. Therefore, it is 
imperative to establish whether the water used is contributed from rainwater (green water) or surface 
water and/or groundwater (blue water) (Chapagain et al., 2006; Falkenmark, 2003).  WF is a measure of 
human’s appropriation of freshwater resources which measures the ‘water use’ in terms of volumes 
consumed or polluted per unit of time (Hoekstra et al., 2011). The WF is a geographically and temporally 
explicit indicator that looks at both direct and indirect water use of a consumer or producer. 

Applications of water footprint 
Water footprint can be assessed at the product, process, individual or regional level. At different 

geographical levels, the WF has distinct applications. For example, a national government may be interested 
in knowing its dependency on foreign water resources. A river basin authority may be interested to know 
whether the aggregated water footprint of human activities within the basin violates environmental flow 
requirements or water quality standards at any time or not. The river basin authority may also want to know 
to by how much the scarce water resources in the basin are allocated to low-value export crops (UNEP, 
2011).  

Globally, several water footprint studies have been undertaken at global, national and river basin 
scale. At river basin scale, the water footprint analysis has been used to address water management 
strategies as well as certain policy issues. The work by Dumont et al. (2013) analysed the green and blue 
water footprint of the Guadalquivir basin (Spain), with an emphasis on the groundwater footprint and its 
consequences on current and future depletion of surface water of the basin. The study indicated that 
reframing the water governance setting by integrating flexibility and equity based on water footprint 
information could lead to increased water availability in the basin. Aldaya and Llams (2008) analysed the 
hydrologic and economic aspects of water footprint in the semiarid Guadiana basin and identified the 
regions with high virtual water-low economic value crops to facilitate a more efficient allocation and use of 
water resources, providing a framework for policy formulation. Liu et al. (2012) applied the analysis of grey 
water footprint to 1000 river basin across the globe and concluded that the water pollution level values 
generally increased between 1970 and 2000.  

Assessment of water footprint of a river basin 
The WF analysis involves a four step approach i) setting goal and scope of the WF accounting, ii) 

Assessment of WF, iii) sustainability assessment and iv) response formulation. Assessment of WF is followed 
by sustainability assessment of WF from environmental, economic and social perspectives. In assessing the 
sustainability, the estimated WFs are compared with water availability within the region to locate the 
hotspots. Hotspot can be represented in spatial or temporal terms and can be defined as a spatial region or 
period of time for which the WF exceed the water availability. To trace such hot spots, the WF components 
are viewed at catchment or sub-catchment level taking into account water consumption and pollutant 
emissions to water. Response formulation phase of WF analysis includes devising strategies and 
management options to reduce the WF and evaluates the impact of such strategies on WF. At basin level, 
several alternative strategies can be proposed in the response formulation phase. The formulation of 
response options should take in to account factors such as land and water availability, production needs and 
consumption requirements within the basin. The “right actions” would lead here to an overall decrease in 
total WF.  
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Knowledge about variability in crop evapotranspiration (ETc) is essential for realistic assessment of 
crop water footprint. In order to map the variability in the ETc at river basin scale, the administrative 
districts falling under the basin can be divided into Agricultural Production Units (APUs) on the basis of 
homogeneity of soil and agro-ecology (Mali et al., 2015). Blue and green components of ETc of crops grown 
in each APU can be assessed using CROPWAT model. The variability in the ETc within the basin can be 
mapped using the kriging techniques. For development of spatial resolution units for water footprint 
assessment at river basin scale, refer to Mali and Singh (2015). The approach suggested therein uses the 
spatial variability in ETc crops and combines the APUs in Spatial Resolution Units using K-means clustering.  

The interest from the governmental sector in WF has now begun to arise as it is evident from the fact 
that in 2010, the Spanish Government enacted a regulation to incorporate WF analysis in the process of 
developing river basin management plans (Aldaya et al., 2010). Also, the recent National Water Policy (2012) 
of India emphasized on evolving water footprints and water auditing benchmarks on the use of water 
resources to promote efficient use of water (MOWR, 2012). Mali et al., (2018) assessed the blue, green and 
grey water footprints and virtual water flows within the Gomati river basin. Assessments were made at 
spatial resolution of agricultural production units (APUs). They compared the water footprints of crop 
production and consumption to work out the virtual water balance within the GRB and stipulated that The 
Gomati river basin was net virtual water importer, indicating its dependence on the water resources of other 
river basins; it imports 2945 million m3 virtual water annually. 

Response formulation is an important step in WF analysis as it focuses on devising strategies and 
management options to reduce the WF and evaluates the impact of such strategies on WF of the river basin. 
Previous studies have demonstrated the applicability of WF analysis in devising basin-level water 
management and policy decisions. Improvement in water resource allocation, increasing water reuse, 
practising less aggressive agricultural production (Dumont et al. 2013), strict control on the extraction of 
water (Aldaya et al., 2010), changing cropping pattern or a drastic reduction in the irrigated surface (Aldaya 
et al. 2010; Aldaya and Llamas 2008) were identified as possible management alternatives to reduce the WF 
at the river basin level. Policy considerations could be paying the agricultural subsidies only in the case of 
proven responsible utilization of water (Sonnenberg et al. 2009), reducing the production of low value high 
virtual water content crops, and reforms in water pricing (Zeng et al. 2012) can also be possible alternatives. 
As a response formulation measure, Mali et al., (2018) developed a linear programming model to optimize 
the area under each crop in different SRUs with the objective function of minimizing the blue WF within the 
GRB. The developed model was employed for VWC-based optimal allocation of areas to various crops and 
found that savings of 196 Mm3 can be achieved in blue WF per year. Considering the large WF of crop 
production, optimizing the crop planting pattern is the key to achieve more sustainable water use within the 
basin. The approach suggested in this study will be useful in devising informed policy decisions related to 
crop choices and their cultivation areas so as to ensure efficient use of water resources. 
There is great potential for reducing blue WF through an optimized cropping pattern. Given the restrictions 
on water availability in irrigated and rainfed areas within the river basins, the concept of water footprint 
would be useful to determine the optimal land allocation that minimizes the blue WF within the basin. The 
concept of water footprint offers better opportunities to other basins or regions of the world with 
facilitating what to grow and where to grow without affecting present crop production levels but with 
substantial reduction in blue water consumption.  
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INTRODUCTION 
An invasive pest, the fall armyworm (FAW), Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), is 
an economically destructive, highly mobile important pest which are native to tropical and subtropical 
America. Since 2016, S. frugiperda has spread widely and rapidly throughout Africa, the Middle East, India, 
Southeast Asia and, most recently, to southern China and Japan. This insect becomes a serious pest causing 
severe damage to maize crop and other graminaceous crops and threatens food security of the millions of 
people. FAW is a polyphagous Lepidopteran pest which has a host range of 353 plant species from 76 plant 
families, namely Poaceae, Asteraceae and Fabaceae. The yield losses in maize ranging from 8.3 M to 20.6 M 
tons per year from 12 maize producing countries.  

In India, the incidence of fall armyworm has been reported in early May-June 20l8 in maize fields of 
Karnataka. In India, FAW has been reported in the state of Andhra Pradesh, Madhya Pradesh, Maharashtra, 
Tamil Nadu, Telangana, Rajasthan, Gujarat, Punjab, Bihar, UP Delhi, Chhattisgarh and North-east states. The 
number of hosts has been reported in India are maize, sweet corn, sorghum, sugarcane, cotton, ginger etc. 
 
Life cycle of FAW:  

 
            Fig. 1: Egg masss  
 
Egg: Female moths laid eggs in groups which are dome shaped brownish yellow in colour and laid under the 
surface of the leaves, inner side of the whorls and near the stem. Eggs are covered with greyish coloured 
scales by the female adults (Fig 1). Female moths can lay upto 2000 eggs. Egg period ranged from 2-3 days.  
Larva: Six instars are found and their period is about 14-19 days. Young larvae are light greenish in colour 
with dark black head and the grown up larva is dark brown with reddish brown head marked with inverted 
‘⅄’ shape on the head with the elevated distinct dark coloured black spots (pinacula) on the whole body 
which bears spines (long primary setae).  
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The arrangement of the dorsal pinacula ie the four black spots arranged in square on the 8th 
abdominal segment and large spots especially on 9th segment have a typical arrangement in a trapezoidal 
pattern and also seen from 1 to 7th abdominal segments.   

                                       
Fig.2: Four spots on 8th Abdominal Segment arranged in square shape and Inverted ⅄ shape on the head 
 
Pupa: Reddish brown pupae having a typical cremaster with 2 spines (Fig 2). The pupal period is about 9-12 
days. 

 
Fig 3: FAW (Spodoptera frugiperda) pupa 

 
Adults: Forewings are greyish brown with contrasting markings like reniform indistinct spot at the junction 
of M3 and CuA1 veins with a small v-shaped mark and a distinct white patch at the apex (Fig 4). Forewings of 
female are ground color brown i.e. with a mottled colouration of grey and brown, with brown markings and 
without white patch near apical margin of the wing.  

 
Fig. 4: FAW (Spodoptera frugiperda) male moth with conspicuous white spot on tip of forewing and 

female moth 
 
 
Symptoms and nature of damage: 

The percentage damage was in between 10 to 40% in different hybrids, inbred lines of maize and 
sweet corn. FAW larvae found during the vegetative stage of the crop i.e. knee height stage and continues 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317  Volume 1 – Issue 11 – November 2019 

 

- 380 - 
 

upto cob formation stage. About 49% infestation level of FAW during reproductive stage and damage 
observed almost all the plant parts of the crop. During the vegetative stage, newly emerged larvae 
gregariously feeds resulted in white elongated patches and scrapping the epidermis of the leaves resulting in 
clusters of pinhole like damage or small, round which becomes elongated and shows window panes in later 
stage of the crop (Fig. 5).  

 
Fig. 5: FAW damaged maize plants and damage on maize leaves 
 
In the feeding site of FAW, moist/dry saw dust like frass found on maize which can be easily spotted sign of 
FAW larvae feeding (Fig.6). Later instars larvae fed inside the leaf whorls resulted in series of 
small/elongated big holes across the maize leaves. The typical symptom like heavily skeletonized leaves and 
windowed whorls during vegetative stage occurs due to the continuous feeding of the FAW larvae. Late 
instars larvae can damage the entire central portion of the crop.  
 

 
Fig. 6: Maize plants with saw dust like frass 

 
The late instars larvae can feed on reproductive stage of the crop especially tassels and developing cobs 
(Fig.7). The matured larvae can feed on cob or kernels of maize which ultimately reduces the yield and 
quality of maize produce. Most of the larval stages were found inside the maize crop under protected 
conditions. 
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Fig. 7: FAW (Spodoptera frugiperda) larvae on the reproductive stages (tassel and cob formation) of 
maize crop 
 

Management of Fall armyworm, Spodoptera frugiperda: 
1. Deep summer ploughing during every season to expose the FAW pupae to sunlight and for birds. 
2. Maize can be planted in intercropping system with pulse crops like arhar/black gram/soybean/green 

gram.  
3. Napier grass can be planted in and around maize crops as trap crop for FAW. 
4. Timely sowing is recommended and to avoid staggered sowing. 
5. Treat the seeds with Cyantraniliprole 19.8%+Thiomethoxam 19.8% @ 4 ml/kg seed and can protects 

the crop upto 2-3 weeks after germination (Not registered in India). 
6. Initially crop can be sprayed with NSKE5% @ 5 ml/l.  
7. Install pheromone traps @ 10-12 /ha for monitoring of pest.  
8. Erection of bird perches @ 10-12/acre. 
9. Collection and destruction of egg masses and young larvae of FAW. 
10. Spraying of biopesticides like, bacteria: Bacillus thuringiensis formulations; Fungus: Metarhizium 

anisopliae and M. rileyi. 
11. Spraying of recommended insecticides to control 2-3rd instar larvae or at 10-20% damage: 1. 

Chlorantraniliprole 18.5 SC @ 0.4 ml/lit. or  Spinetoram 11.7 SC @ 0.4-0.5 ml/lit. or 
Thiomethoxam+lamda Cyhalothrin @ 0.25 ml/lit. 

12. Poison baiting: Recommended for late instar larvae and the mixture of 10 kg rice bran + 2 kg jaggery 
with 2-3 litres of water. Add 100g thiodicarb half an hour before application. The bait can be applied 
into the whorl of the maize plants. 
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Psylla, Diaphorina dakariensis Boselli: A potential pest of Dodi (Leptadenia reticulata) an 
endangered medicinal plant 
Article id: 22307 
Shivakumara K. T*and A. C. Polaiah  
Scientist, ICAR-Directorate of Medicinal and Aromatic Plants Research, Boriavi-387 310, Anand, Gujarat, 
India. 
 

Medicinal and aromatic plants play a significant role in human health globally. Indian sub-continent 
has rich source of medicinal and aromatic plants and accounts for 8% of global bio-diversity. The World 
Health Organization reported more than 80% of the world’s population relies on traditional herbal medicine 
for their primary healthcare (Grover et al., 2002). Herbal and natural products have enormous popularity as 
self-medication products (Greenwald, 1998). An herbal medicine has oldest remedies for benefits of human 
health (Montbriand, 2000). Medicinal plants are very important position in rural areas, in the context of 
socio-culture, spiritual manner and various traditional medicine purposes. Among all the different medicinal 
plants in earth ecosystem Leptadenia reticulata (Retz.) Wight. & Arn. (Family Asclepiadaceae) is a one such 
plant having a great medicinal importance from ancient time. Normally it is a climber and known as jivanti, 
or dodi. Usually the plant is distributed over in tropical and subtropical areas of Asia and African countries. In 
India it is present in Gujarat, sub-Himalayan tracts from Punjab to Sikkim and Khasi hills and throughout 
peninsular India.  On the other hand, Leptadenia reticulata is found to be an important plant species in 
ethnobotanical studies and it is beneficial for the patients suffering from lack of energy. It is also a important 
to cure the wounds and inflammation related to skin, fever, cough, dehydration, tuberculosis, colitis, chicken 
pox, dysentery, respiratory disorders, eye diseases, burning sensation, bleeding disorders and night 
blindness. Apart from this, extracts of roots and leaves having an antibacterial and antifungal activities. 

The plants having a various bioactive constituents  for the treatment of various ailments  like 
triterpenoid, leptadenol, n-triacontane, cetyl alcohol, stigmasterol, ß-sitosterol, α-amyrin, ß-amyrin acetate, 
lupanol 3-O-diglucoside, leptidin (Mammenet al., 2010; Kirtikar et al., 1998) ferulic acid, luteolin, diosmetin, 
rutin, hentriacontanol, a triterpene alcohol simiarenol and apigenin. The pregnane glycosides reticulin, 
deniculatin and leptaculatin isolated from aerial parts which on hydrolysis give calogenin tocopherols and 
other biochemical present in the whole plant are acetyl alcohol, saponins, flavonoid and tannin (Bawra et al., 
2010). 
 
Taxonomical description: 
Kingdom - Plantae 
Class - Angiospermae 
Cladus- Eudicots 
Order - Gentianales 
Family - Asclepidiaceae 
Subfamily- Asclepiadoideae 
Subtribe - Leptadeniinae 
Genus-Leptadenia 
Species- Leptadenia reticulata (Retz.)Wight & Arn. 
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Leptadenia reticulata normally grown in few pockets of middle and North Gujarat region and 
simultaneously day by day the quality and yield of this medicinal plant has been reduced due to various 
factors. In that insect pests are the major one like oleander aphid, Aphis nerii Boyer de Fonscolombe, Psylla 
sp, red spider mite, (Tetranychus sp.), leaf feeding caterpillars are major pests. In that Psyllid pest, 
Diaphorina dakariensis Boselli is the major limiting factor in middle Gujarat region. 

Psyllid pest, Diaphorina dakariensis Boselli is  an important sap sucking hemipteran bugs in the family 
of liviidae. This family is normally plant parasitic nature in the order of Hemiptera. It includes important pest 
of citrus-Asian citrus psyllid, Diaphorina citri. The incidence of psylla is normally occurs more or less 
throughout the cropping period, except during the cooler months and severally affected rolled leaves were 
noticed in during the hot summer period.     
 
Pest description: The adult psyllids are lay yellow colour transparent almond shaped eggs on leaf margins 
and leaf buds, nymphs are yellow in colour with having a red eyes and visible wing pads and normally seen in 
inside the folded leaves, stems and growing shoots of the plant. Adult psyllids are 3 to 4mm in length with 
transparent and perfectly demarcated black veined wings held roof like over the body. Adult psyllids 
commonly present in new flushes of the plant.  While feeding both nymphs and adults secrets waxy 
filaments and causes sooty mould formation. 
Damaging symptoms: Diaphorina dakariensis have piercing- sucking mouthparts like other homopteran 
insects. Both nymphs and adults suck the sap from newly forming leaves and shoots of the plant.  Infested 
parts are get crinkled, fail to develop and get aborted.  The severe cases of infestation, the terminal parts are 
reduced and twisted appearance and finally plants are dried up and complete defoliation. In addition to 
direct feeding effect, white waxy secretion from the insect and sooty mold development in the plants, 
ultimately it leads to affect the photosynthesis activity of the plant and finally decrease the quality and 
quantity of the leaf yield. 
Management: Before going to any management practices, we have to assess the level of incidence and 
based on that we have to go for suitable methods, first and fore most, encouragement of natural predators 
like Chrysoperla spp, syrphid fly and coccinellid population and on the other hand need based application of 
Imidacloprid 17.8% SL 0.006% or Dimithoate 30% EC 0.03% for effective management. 
CONCLUSION: Leptadenia reticulata is one of the important medicinal plant and its various chemicals 
constitutes are used for different medicinal formulations propose in India as well in world, same time the 
plant has facing serious problem of Psylla, Diaphorina dakariensisis. Considering the importance of this pest 
and along with the medicinal plant, necessary to study the biology and effective IPM management practices 
that to non-chemical approaches for their management and increase the quality and quantity of the leaf 
yield in Leptadenia reticulata. 
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Fig.  A) Damaged plant, B) Damaged shoot, C) Nymphs and D) Adult of Diaphorina  Dakariensis. 
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Important Pests of tomato and their management 
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Serpentine leaf miner, Liriomyza trifolii (Burgess); (Diptera: Agromyzidae) 

Pale yellowish adult fly punctures the upper surface of 
the tomato leaf and lays minute orange yellow colour 
eggs. Newly emerged apodous maggot feeds on the 
chlorophyll of tomato leaves and do mining in between 
epidermal layers.  Pupation takes place in soil or 
sometimes in leaf itself. The main symptoms are mining 
of leaves and drying of leaves at the advance stage of 
damage. 
 
 

Management: Avoid excess use of nitrogen; bean as intercrop with tomato reduces damage of leaf miner; 
soil application of neem cake @ 20 days after planting (DAP); spraying of neem seed powder (NSP) extract or 
neem soap or pongamia soap; for chemical control, cyantraniliprole 10.26% OD @ 360 ml in 200 lit. 
water/acre.   
 
Tomato fruit borer, Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae) 
It is a polyphagous pest and causes severe damage to tomato crop. 
Female moths lay spherical yellowish eggs singly on the leaves, stem, 
buds and tender  parts of the plant. Greenish larvae initially begin their 
feeding on the leaves by scrapping green tissue and later infests on the 
buds, flowers and developing fruits until the crop maturity. The typical 
symptom shows circular bore holes on tomato fruits plugged by the 
head of a larva and leaving the rest of the body outside. Larvae feed on 
the internal tissues of the fruit and makes the fruit completely 
hollowed out.  
Management: One row of African tall marigold is followed by 14-16 rows of tomato; Collection and 
destruction of eggs and early stages of larvae; collection and destruction 
of disease infected and insect damaged parts; hand picking of older 
larvae on plant parts; light trap @ 1-2/ha; Installation of pheromone 
traps @ 8-10 traps/ha; Erection of bird perches @ 30-40/ha for 
encouraging predatory birds; Four -6 sprays of Helicoverpa armigera 
nuclear polyhedrosis virus (Ha NPV) at an interval of 7-8 days, starting 
from the flowering stage; Release of egg parasitoid, Trichogramma  
pretiosum @ 1, 00, 000 for 4-5 times from flower initiation stage at 
weekly intervals; Spraying of indoxacarb 14.5% SC @ 160-200 ml in 120-
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240 lit. water/acre or flubendiamide 20% WG @ 40 g in 150-200 lit. water/acre or chlorantranilioprole 18.5% 
SC @ 60 ml in 200 lit. water/acre or quinalophos 25% EC @ 400 ml in 200-400 lit. water/acre. 
 
 
 
Whitefly, Bemisia tabaci (Hemiptera: Aleyrodidae) 
Adults are tiny white scale-like insects. It sucks the sap from the leaves and 
causes chlorotic and yellowing of leaves. In severe cases, downward curling 
and drying of leaves occurs and it acts as a vector for tomato leaf curl virus 
disease. This disease is characterized by severe stunting with downward 
rolling and crinkling of the leaves. Slight yellow coloration in the newly 
emerged leaves and older leaves become leathery and brittle. The nodes 
and internodes are reduced in size and the infected plants look pale and 
produce more lateral branches giving a bushy appearance. The infected 
plants remain stunted. 
 
Management:  
Using tolerant hybrids/varieties; root dipping in Imidacloprid 17.8 % SL @ 60-70 ml in 200 lit. water/acre just 
before transplanting and spraying it at 15 days after planting (DAP); uprooting the plants showing leaf curl 
disease; Spraying of neem seed kernel extract (NSKE) 5%; Spraying of  dimethoate 30% EC @ 396 ml in 200-
400 lit. water/acre or imidacloprid 17.8 SL @ 60-70 ml in 200 lit. water/acre or thiamethoxam 25 WG @ 80 g 
in 200 lit. water/acre or spiromesifen 22.9% SC @ 250 ml in 200 lit. water/acre or Cyantraniliprole 10.26% 
OD @ 360 ml in 200 lit. water/acre. 
 
 
 
Spider mites, Tetranychus urticae (Koch) (Acarina: Tetranychidae) 
Nymphs are yellow in colour and small size adults are reddish. Infested leaves are reddish brown in colour 
and become bronzy. Silk en webbing of leaves observed on the 
underside of the leaves in case of severe infestation. Due to this, 
leaves become wither and dry, in case of severe infestation 
flower and fruit formation will be affected.  
 
Management:  
Spraying of fenazaquin 10% EC @ 500 ml in 200 lit. water/acre or 
spiromesifen 22.9% SC @ 250 ml in 200 lit. water/acre. 
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Status and prospects of maize in India 
Article id: 22309 
R. Kiran 
Department of Agricultural Marketing Cooperation and Business Management, UAS, GKVK, Bengaluru-65 

INTRODUCTION 
Maize (Zea mays) is one of the most emerging crop having wider adaptability under varied agro-

climatic conditions. Maize is known as queen of cereals because it has the highest yield potential among the 
cereals.  Maize is an important cereal crop which provides food, feed, fodder and serves as a source of basic 
raw material for a number of industrial products viz., starch, protein, oil, food sweeteners, alcoholic 
beverages, cosmetics, bio-fuel etc.  

World scenario 
Maize is a cereal crop which is cultivated widely throughout the world and has the 3rd highest 

production among all the cereals. Global production of maize has grown at a CAGR of 3.55 per cent over the 
last ten years from 716 Mn MT in 2004-05 to 1014.1 Mn MT in 2014-15. The Area under maize cultivation in 
the period has increased at a CAGR of 2.2 per cent from 145 MN hectare in 2004-05 to 177.6 Mn hectare in 
2014-15, productivity of maize has increased at a CAGR of 1.2 per cent from 4.9 MT/hectare in 2004-05 to 
5.64 MT/hectare in 2014-15.  

United States (37%) is the largest maize producer and also has a large surplus, which also makes it the 
largest maize exporter. Brazil, Ukraine and Argentina are the other key maize producing countries behind 
USA. The four countries together account for 80-85% of the total exports in maize. 
 
Indian scenario 
 Maize grown throughout the year in India. It is predominantly a Kharif crop with 85 per cent of the 
area under cultivation in this season. It accounts for 9 per cent of total food grain production in the country. 
Maize is the third most important cereal crop in India after rice and wheat. Maize production in India has 
grown at a CAGR of 5.82 per cent over the last ten years from 14.1 million tonnes in 2004-05 to 24.17 million 
tonnes in 2014-15. The area under maize cultivation in the period has increased at a CAGR of 2.5 per cent 
from 7.43 million hectares in 2004-05 to 9.18 million hectare in 2014-15, the remaining increase in 
production is due to increase in yield. Factors such as adaptability to diverse agro-climatic conditions, lower 
labour costs and lowering of water table in the rice belt of India have contributed to the increase in acreage. 
India’s yield at 2.5 MT/hectare is less than half the global average of 5.5 MT/hectare. 

Maize production is dominated by Andhra Pradesh and Karnataka, producing 38 per cent of India’s 
maize in 2014-15. Andhra Pradesh has the highest yield followed by Tamil Nadu due to majority of the area 
being covered under Single Cross Hybrids (SCH). 
 
Challenges  

Consistent Quality, Shortage, Maize pricing, Intermediaries, Quality hybrids, Farmer issues, Post-
harvest losses (Maize suffers heavy post-harvest losses estimated at 20-30 per cent.) are some of the key 
issues faced by maize buyers and growers 
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Future prospects of maize  
The demand for starch is increasing every year by 10-12 per cent due to high consumption in the 

food and pharmaceutical industry. The domestic starch makers together consume about 2.6 million tonnes 
of maize every year. Maize starch an excellent source of carbohydrate is a highly versatile industry raw 
material and finds extensive application in the textile, food, pharmaceutical and paper industries. Textile and 
paper industries are expected to witness 6-7 per cent growth; pharmaceutical and food segments are 
expected to grow at 12-15 per cent in the next five years driving the demand for maize. 

Increasing demand from poultry sector is likely to substantially increased maize consumption to over 
30 MnMT by 2020. The country’s maize demand is forecast to grow by 36 per cent in the next four years 
touching 30 MnMT in 2019. Govt. of India planning for construction of 20 grain to ethanol conversion 
industry facilities in India and also planning for fuel that must contain at least 5 per cent ethanol by the year 
2020. Maize production plays a dominant role in meeting energy security and to cope with climate change. 
 
CONCLUSION 

The rising demand for corn as feed, starch, ethanol, food and industrial products is the key 
contributor for maize hybrid penetration. Since India’s maize productivity is very low compared to global 
standards, there is scope for increasing maize productivity to realize higher level of income, Improvement in 
supply chain, use of proper drying techniques and efficient storage and handling can help reduce post-
harvest losses 
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Depth distribution and characterization of soil acidity under agro-climatic zones of West 
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Soil acidity is one of the production constrains which hinders many countries including India from 
achieving self-sufficiency in food production. Soil acidity keeps nutrients in imbalanced proportion with 
sub-optimal microbial activity in the rhizospheric soils. A knowledge on depth wise distribution of forms of 
acidity helps in better understanding the distribution pattern of soil acidity along the depth under the 
prevailing climate and soil properties. Acid soils from agro climatic zones of West Bengal were collected 
from three depth (0-20, 20-40 and 40-60 cm), processed and analyzed for different soil properties and 
forms of soil acidity following standard methods. Results showed that the relative magnitude of forms of 
acidity followed the order of: total potential acidity (TPA) > pH-dependent acidity > total acidity (TA)> 
hydrolytic acidity (HA) > Extractable acidity > Exchange acidity. Relative order for TA, HA and pH-
dependent acidity of surface soil was: Costal saline > Tarai alluvial > red and lateritic. The contribution of 
pH-dependent acidity was maximum for the development of TPA; while the lion share of TA was 
constituted by HA. Different forms of acidity exhibited significant positive correlations among them 
indicating existence of dynamic equilibrium among them. Among the different soil properties, pHCa, clay 
content, effective cation exchange capacity, and free Fe2O3 altogether explained around 83.4% variation in 
total acidity of soils; while 74.5% variation in TPA was explained by pHCa, effective cation exchange 
capacity and exchangeable Al3+ content in the soils.  Only pHCa is the key soil factor causing maximum 
variations in the different forms of soil acidity. 
 
INTRODUCTION 

Acidic soils are an impediment to agricultural production. Soil acidity is the major factor that restricts 
crop growth in large areas of the world (Shainberg et al., 1989). Acidic soils occupy about 3.95 billion ha and 
account for 30 percent of the world’s ice-free land area (Vonuexküll and Mutert, 1995). Particularly in humid 
tropical and subtropical climatic zones, acidic soils are predominantly found, which hinders many countries 
from achieving self-sufficiency in food production. Out of the 328 million ha in India, nearly 145 million ha is 
cultivated. Rough estimates indicate that 48 million ha of this soil is acidic in nature, of which 25 million ha 
shows pH less than 5.5 while about 23 million ha has pH between 5.6 and 6.5 (Sharma and Sarkar, 2005). 
These soils also occupy a major area of cropland in eastern India comprising the states of Bihar, Orissa, West 
Bengal, Assam and other north eastern states. In West Bengal, out of a total net cropped area of about 5.57 
m ha, about 2.2 m ha soils are acidic (Das, 2003) and distributed from northern foot-hill soils (Entisols) to 
Western red and laterite soils (Alfisols) and goes up to southern coastal acidic sulfate soils.  Soil acidity has 
become a major problem in some districts of West Bengal situated in different agro climatic zones and soil 
orders, leading to the severe toxicity of iron, aluminium, and manganese, accompanied by phosphorus 
deficiency and low microbial activity that affects yield of crops (Bandyopadhyay and Chattopadhyay, 1997). 
The permanent charge is known to be largely attributed to the isomorphous substitution on the clay 
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complex. The H+ ion comes mostly from the functional groups of organic matter (-COOH, Phenolic -OH etc.) 
and intergrade minerals with hydroxides of Fe and Al. The zero point charge (pHo) shows a combined effect 
of all the morphological, chemical and mineralogical properties and also represents the physicochemical 
behaviour of the soil solids. The negative charge of soil colloids is lowered by retention of positively charged 
and non-exchangeable A1 polymers. As such, formation of hydroxy-A1 polymers on the surface of inorganic 
soil colloids decreases the cation-exchange capacity (CEC) of the colloids. Rise in pH causes a decrease the 
positive charge on the polymers and increases the CEC of the mixture. The sources of soil acidity include 
mainly the exchangeable hydrogen (H+) and aluminium (Al3+), iron (Fe) and Al oxides, clay, and organic 
matter (Panda, Sarkar and Chamuah, 2009). The crops grown on such problematic soils do not give 
remunerative return; rather these soils lower the yield to a great extent (Bhat, Mandal and Hazra, 2007).  
The acid soils of West Bengal have been classified mainly into three groups viz., red and lateritic soils of 
western parts, alluvial and foot-hill soils of northern parts and coastal acid soils of southern parts (Mandal 
and Mandal, 1997). Soil acidity is normally expressed in terms of KCl extractable and pH-dependent acidity. 
The first type of acidity is ascribed to isomorphous substitution, while the second type to the oxides and 
hydroxides of iron and aluminium and soil organic matter. A knowledge on depth wise distribution of forms 
of acidity, therefore, helps in better understanding the distribution pattern of soil acidity along the depth 
under the prevailing climate and soil properties. 
Acid soils of India 

The geographical area of India is about 328 million hectares; of which the net cultivated area is nearly 
145 million hectares. The extent of soils exhibiting acidic reaction has not been properly estimated. It may 
be 100 million hectares or even more an earlier rough estimate indicates 48 to 49 million ha of acid soils; of 
which 25 m ha shows pH below 5.5 while about 23 m ha has pH between 5.6 and 6.5. The map of India 
showing distribution of acid soils indicates that about 40 per cent of the land may be reckoned as Acid Soil 
Region (ASR) (Mandal, 1995). 
 
Distribution of acid soils in West Bengal 

In West Bengal out of a total net cropped area of about 5.57 m ha, there are about 2.0 m ha having 
soils of pH less than 6.0 (Mandal et al, 1979). These soils occur extensively in the (i) westem part of the state 
comprising part of the districts of Bankura, Birbhum, Burdwan, Midnapore and Purulia and also some parts 
of the districts of Malda and Dinajpur (South), where they are mostly laterite, lateritic and red in nature, (ii) 
northern part of the state comprising the districts of Coochbehar, Jalpaiguri and Dinajpur (North) in the 
teesta and terai alluvial region, which record pH values of 4.5 to 5.8, the foot hills and the brown-forest area 
in the district of Darjeeling having pH in the range of 4.5 to 5.0, and (iii) some soils of coastal saline belt, 
Sunderbans which record pH values as low as 3.5 or so. These are sometime designated as potential acid 
sulphate soils (Bandyopadhyay and Sarkar, 1987). They belong to mixed hyperthermic acidic family of Typic 
Haplaquept. In Bankura, Midnapore and Birbhum district the acidic soils are lateritic and in Burdwan it is 
lateritic and sometimes alluvial. The acid soils belonging to the groups of laterite, lateritic and red have been 
developed under conditions of intense weathering and leaching of bases particularly calcium and 
magnesium. 
 
Nature of soil acidity 

Nature of acidity, its relation with soil environment and its management by various means was 
studied worldwide for a long time. In India some work has been done on characterization of soil acidity. 
Thakur et al. (1969) compared different forms of aluminium in (1) acidic red soil of Netrahat and (2) acid 
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alluvial soils of Eastern Punea and noted that red acidic soils contained more 1N KCl exchangeable Al than 
acid alluvial soils. Singh et al. (1993) reported that the sedentary soils developed on granite gneiss were 
more acidic than alluvial soils developed in Mahananda alluvium. The hydrolytic acidity was higher than the 
exchange acidity. These forms of acidity were mainly contributed by Al ions. The exchangeable Al extracted 
by un buffered KCl solution was lower than those by buffered NaOAc (pH 8.2) due mainly to the fact that it 
was pH dependent. The prediction equation showed that 53.6 per cent of variation in pH was governed by 
organic Carbon, exchange acidity hydrolytic acidity, exchangeable and extractable Al. 

Kailashkumar et al. (1995) found that electrostatically bonded (EB) H+ and Al3+ acidities constituted 
39.3 and 6.7 per cent of exchangeable acidity while pH dependent and exchange acidities comprised 92.2 
and 7.8 per cent of total acidity respectively Various forms of acidities were significantly related to pH, 
organic Carbon, exchangeable and extractable Al and exchangeable Ca2+ and Mg2+. Bandyopadhyay and 
Sarkar (1987) while studying some acid saline soils of Coastal area of Sunderbans observed that KCl 
extractable acidity as measured by pH was more than the acidity measured in soil-water suspension. They 
described that very low pH in these soils might be due to high contents of iron and sulphur. 

Das et al. (1991) observed Organic C and exchangeable Al were significantly correlated with 
hydrolytic acidity (that involves less mobile portion of adsorbed H+) of some soils of West Bengal and 
exchange acidity was highly correlated with exchangeable Al3+ only. Besides, various soil factors e.g. 
available P, Organic C exchangeable Al and exchange acidity significantly correlated with pH of the soil. 
The43 amount of exchange acidity contributed by H+ ions in red lateritic soil varies from 2 9.1 per cent and Al 
from 90.9 to 97.1 per cent. 

Pal et al. (1991) analyzed some coastal soils of West Bengal and found total acidity varied from 2.3 to 
15.4 c mol (p+) kg-1   whereas the exchange acidity varied from 0.6 to 13.9 c mol (p+) kg-1. Hydrolytic acidity 
values were rather low. They observed that the magnitude of contribution of exchange acidity to total 
acidity was more than 60 per cent, if the soil pH remains less than 3.6. On the other hand, contribution of 
hydrolytic acidity to total acidity increased if the soil pH increased from 3.6. Sharma et al. (1990) studied 
different acid soils of India and found EBH+ and EBAl3+ comprised 21 and 79 per cent of exchange acidity; 
whereas pH-dependent and exchange acidities comprised 71 and 27 per cent of total acidity. The most 
important soil factor which controlled significantly the different kinds of soil acidities were pH, organic 
matter exchangeable and extractable Al. He stressed on amelioration of these Al3+ by liming technique. 

In case of acid sulphate soils occurring in Kerala, acidity is due to dissolved substances such as 
sulphuric acid, ferric sulphate, aluminium sulphate and the acid cations associated with the clays mainly H+ 
and Al3+. The pH of these acid soils recorded after drying is around 3.7 and when moist 64 (Murthy et al., 
1982). 
 
CONCLUSION 

 The contribution of pH- dependent acidity was maximum for the development of TPA; while the lion 
share of TA was constituted by HA. The relative magnitude of forms of acidity were as followed: TPA > 
pH-dependent acidity > TA > HA > Extractable acidity > Exchange acidity. 

 Costal saline soils contained highest amount of TA, HA, TPA and pH-dependent acidity     over Costal 
saline and red and lateritic soils and the magnitude increased along the depth of soils but it followed a 
reversed trend in Costal saline and red and lateritic soils. Relative order for TA, HA and pH-dependent 
acidity of surface soil was: Costal saline > Tarai alluvial > red and lateritic 

 Among the different soil properties, pHCa, clay content, effective cation exchange capacity, and free 
Fe2O3 altogether explained around 83.4% variation in total acidity of soils; while 74.5% variation in TPA 



AGRICULTURE & FOOD:  e- Newsletter 
 www.agrifoodmagazine.co.in  
 ISSN:  2581-8317                                      Volume 1 – Issue 11 – November 2019 

 

- 392 - 
 

was explained by pHCa, effective cation exchange capacity and exchangeable Al3+ content in the soils.  
Only pHCa is the key factor causing maximum variations in the different forms of soil acidity.  
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INTRODUCTION 
Blueberries, antioxidant rich super fruit are a rich source of phytonutrients and anthocyanadins that possess 
great nutritional value. Blueberries are a very popular known scientifically as Vaccinium ssp.. In India the 
hindi word used for blueberries are Neelbadri that are closely related to cranberries and huckleberries. 
Blueberries have started growing in India with correct cultivation practices. It majorly thrives in Jammu and 
Kashmir, Uttar Pradesh and Himachal Pradesh. For sure, Blueberry farming will have a bright future in India. 
 

 
 
Blueberries nutrition facts  
Sweet and juicy blueberries are rich in pro-anthocyanin pigment antioxidants. Being antioxidant rich fruit it is 
also a healthy source of dietary fiber, provide approximately all the vitamins and minerals. Blueberries have 
long been attributed to the longevity and wellness of indigenous people living around subarctic regions in 
the Northern hemisphere. They are a good source of vitamin K1, vitamin C, manganese and several other 
beneficial plant compounds. 
Regular blueberries intake for 12 weeks may benefit heart and brain health, helps to regulate blood sugar 
levels. Often referred to as a superfood, it is an excellent source of several vitamins, beneficial plant 
compounds and antioxidants Packed with antioxidants and a low calorie count, it is nutrient-rich choice for 
healthy way to manage weight, control diabetes and prevent cancer. 
 
 
Health benefits of blueberries 

 Blueberries are very low in calories. They posses’ essential health benefiting phytonutrients such as soluble 
dietary fiber, minerals, vitamins and pigment antioxidants that contributes immensely towards optimum 
health and wellness. 

 Blueberries are among the highest antioxidant value fruits. The ORAC value of 100g fresh blueberry is 2TE 
(trolex equivalents). Their antioxidant value mostly comes from poly phenolic anthocyanidin compounds 
such as chlorogenic acid, tannins, myricetin, quercetin and kaempferol. 

 Additionally, they compose of other flavonoid antioxidants such as carotene, luetin, and zeaxanthin. 

https://www.healthline.com/nutrition/foods/cranberries
https://www.healthline.com/nutrition/antioxidants-explained
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 Altogether, the phytochemical compounds in the blueberry help rid of harmful oxygen derived redicals 
from the human body, protect from against cancer, aging degenerative disease and infections. 

 Research studies shows that chlorogenic acid in the berries helps to lower blood cholesterol sugar level 
and control blood glucose levels in the type two diabetes mellitus condition. 

 Fresh berries contains small amount of vitamin C vitamin A and vitamin E. These vitamins work as potent 
antioxidant which helps to limit free redical mediated injury to the body. 

 The berries also carry a small amount of B complex group of vitamin such as niacin, pyridoxine, folates and 
pantothenic acid. These vitamins are acting as co-factors that help in the metabolism of carbohydrate, 
protein and fats. 

 They contain a good amount of minerals like potassium, manganese, copper, iron and zinc. Potassium is an 
important component of cell and body fluids that helps controlling heart rate and blood pressure. 
Manganese used by the body as a cofactor for the antioxidant enzyme, superoxide dismutase. Copper 
required for the production of red blood cells. Iron required for red blood cell formation. 

 
Blueberries and Anti-Aging 
The antioxidants in blueberries always use to rescue, preventing early aging and protecting you against 
diseases like cancer and chronic heart disease. The antioxidants prevent cell damage by neutralizing the free 
radicals. Blueberries also prevent inflammation that is a known cause of aging diseases, 
like Alzheimer's disease and brain aging. 
 
Blueberries and Brain Health 
Blueberries are natural brain food and can help in reversing short-term memory loss and other symptoms 
associated with aging. The antioxidants help with motor skills. Research on animals proved this when 
improvements in learning capacity and motor skills were observed in aging animals who were fed a 
blueberry and, thus antioxidant-rich diet. 
 
Blueberries and Eyesight 
Along with carrots, blueberries provide an excellent source of vitamin A. Blueberries are known to prevent 
vision loss due to aging. In fact, the British Air Force during World War 2 claimed to eat blueberries to 
enhance night vision and quicker adjustment to darkness. 
 
Blueberries and Cancer 
Along with anthocyanins, blueberries also contain other antioxidants like proanthocyanidins, resveratrol, 
flavonols and tannins that help prevent growth of cancer cells. Lab studies have found the benefits of 
blueberries include preventing colon cancer and ovarian cancer. A bowl of blueberries can give almost five 
times more benefits than a bowl of apple wedges. 
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SUMMARY 
Epidemiological studies associate regular, moderate intake of 
blueberries reduced risk of cardiovascular disease, death and 
type 2 diabetes also improved immunity, weight maintenance 
and neuroprotection. Consuming blueberries on a regular basis 
may help prevent heart disease, improve brain health and help 
moderate blood sugar levels. However, it is widely agreed that 
the regular consumption of tasty, ripe blueberries can be 
unconditionally recommended. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nutrient value of blueberries per 
100gm 

Principle 
Nutrient 
Value 

Percentage 
of RDA 

Energy 57 Kcal 3% 

Carbohydrates 14.49 g 11% 

Protein 0.74 g 1% 

Total Fat 0.33 g 1% 

Cholesterol 0 mg 0% 

Dietary Fiber 2.4 g 6% 

Vitamins 
  

Folates 6 µg 1.5% 

Niacin 0.418 mg 2.5% 

Pantothenic 
acid 

0.124 mg 2.5% 

Pyridoxine 0.052 mg 4% 

Riboflavin 0.041 mg 3% 

Vitamin A 54 IU 2% 

Vitamin C 9.7 mg 1.5% 

Vitamin E 0.57 mg 4% 

Vitamin K 19.3 µg 13% 

Electrolytes 
  

Sodium 1 mg 0% 

Potassium 77 mg 2% 

Minerals 
  

Calcium 6 mg 0.5% 

Iron 0.28 mg 3.5% 

Magnesium 6 mg 1.5% 

Manganese 0.336 mg 14% 

Zinc 0.16 mg 1.5% 

Phytonutrient 
  

Carotene-ß 32 µg -- 

Lutein-
zeaxanthin 

80 µg -- 
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West Bengal through agro forestry 
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Agroforestry is any sustainable land-use system that maintains or increases total alternately or at the 
same time, using management practices that suit the social and cultural characteristics of the local people 
and the economic and ecological conditions of the area. Agroforestry is a concept of integrated land use 
that combines elements of agriculture and forestry in a sustainable production system.Crop production on 
red and laterite soil under rainfed condition is low and unstable, and often uneconomic for aberrant 
monsoon behaviour. It is estimated that nearly 50 % of the western part of West Bengal under rainfed 
cultivation are facing some kind of land degradation and highly erosion prone and remain perpetually 
unutilized. These marginal lands are not able to sustain arable crops particularly during the drought years. 
This system makes maximum use of the land and every part of the land is considered suitable for useful 
plants. Agroforestry products such as timber, fruit, food, fiber, fodder, medicine and others are 
progressively meeting the subsistence needs of households and providing the platform for greater and 
sustained productivity. So, in view of that there is an urgent need to intervention of agroforestry system in 
this red and laterite zone of West Bengal 

 
1. INTRODUCTION 
Agroforestry is a concept of integrated land use that combines elements of agriculture and forestry in a 
sustainable production system. An emphasis on managing rather than reducing complexity promotes a 
functionally biodiverse system that balances productivity with environmental protection. There are both 
ecological and economic interactions between the trees and crops and livestock. Total productivity of 
agroforestry systems is usually higher than in monoculture systems due to complementarity in resource-
capture i.e. trees acquire resources that the crops alone would not.(Smith.,2010). Agroforestry is a collective 
name for land-use systems in which woody perennials (trees, shrubs, etc.) are grown in association with 
herbaceous plants (crops, pastures) or livestock, in a spatial arrangement, a rotation, or both; there are 
usually both ecological and economic interactions between the trees and other components of the system.( 
Lundgren .,1982)It is an age old practice followed in some form or other in different parts of the world. The 
former encompasses promotion of components like woody perennials, crops, livestock and other natural 
resources in temporal and spatial sequences, which will ultimately alter livelihood options and sustainability. 
It is a dynamic, ecologically based, natural resource management practice that, through the integration of 
trees on farms and in the agricultural landscape, diversifies and sustains production for increased social, 
economic and environmental benefits.(Leaky.,1996)  

Red and lateritic soils are one of the most important soil groups of India occupying 107 million ha, 
approximately one third of the cultivated area of the country. Aberrant monsoon behaviour under rainfed 
condition in Red and Laterite zone of West Bengal results in poor crop yields and tends to  unstable crop 
production and. These soils are low in organic matter and poor in their N, P and K contents; characterized by 
low water holding  capacity and are prone to erosion, such lands have shallow soil depth and gravels. Poor 
management of marginal lands on the topmost tier of the undulating topography of these soils also results 
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in land degradation. For profitable and sustainable cultivation some alternate land use systems are needed 
to be developed for this zone. Agroforestry that integrates cultivation of arable crops, fruit trees and forest 
tree component could be an alternative land use system for these lands. 

 
Agroforestry-why an alternative land use system 

According to FAO, there are nearly 840 million people in the world who suffer from under-
nourishment; most of them live in Asia and Africa. Despite the commitment made by the Heads of State at 
the 1996 World Food Summit, to half the number of undernourished people by no later than 2015,we are 
still far from this target. For decades, food insecurity and poverty have been hampering livelihoods of the 
rural poor and posing the major challenges to sustainable development of many developing countries. 
Indeed, over the last four decades, agricultural production has come under increasing threat, due to the 
worsening climatic and environmental conditions, land and soil degradation, enhanced by a huge population 
pressure on limited resources. Because of that, agricultural production in the developing countries has 
seldom matched the needs of the people. Indeed, many developing countries, particularly those in the 
drylands (arid and semi-arid with low forest cover) have not advanced sufficiently in improving food 
production, because of the recurrence of drought spells and the vulnerability of their fragile ecosystems to 
degradation. Moreover, the profound changes in farming systems, markets and investment mechanisms are 
exposing smallholders to increased vulnerability and often forcing them to change their traditional farming 
systems. One of the most serious challenges faced by policy and decision-makers in many developing 
countries is “how to improve the well-being of the poor in rural areas while maintaining a viable 
environment”.( Lakany.,2004) 

About 75 percent of deforested areas are used for agriculture, often on degraded soils and for 
cultivation of slopes (FAO, 1997).Of the total geographical area of 329 Mha, 142 Mha is devoted to 
agriculture (FAI, 1990). There are recent estimates that out of the 142.2 Mha net cultivated area, only about 
69 Mha is under irrigation, while about 83 Mha is unirrigated. The irrigated area produces about 56 per cent 
of total food requirement of India. The remaining 44 per cent of the total food production comes from 
rainfed agriculture. Essential commodities such as coarse cereals (90 per cent), pulses (87 percent), and oil 
seeds (74 per cent) are produced from the rainfed agriculture. These statistics emphasize the importance of 
rainfed areas towards food contribution to the food bowl of India.(Sharma.,2018) An alteranative land use 
system is required for meeting the present condition of food security and maintaining sustainability in 
environment. Agroforestry with appropriate tree- crop / legume combination is one option in this regard. 
The different agroforestry systems provide the desired diversification options to increase the food security 
and act as a insurance against the low production during drought and other stress conditions. Agroforestry 
also provides nutritional security because of diverse production systems which include fruit, vegetables, 
legumes, oil-seed crops, medicinal and aromatic plants in addition to normal food crops grown by the 
farmers. With the rapid growth of urbanization and economic growth in the country, farming community 
have witnessed unprecedented opportunities for moving beyond subsistence farming to supplying products 
needed by urban population.  
                        Agroforestry products such as timber, fruit, food, fiber, fodder, medicine and others are 
progressively meeting the subsistence needs of households and providing the platform for greater and 
sustained productivity. Thus, agroforestry systems offer opportunities to farmers for diversifying their 
income and to increase farm production. Research results from different agro-climatic regions of the country 
show that financial returns generated from agroforestry systems vary greatly but are generally much higher 
than returns from continuous unfertilized food crops.(Dhyani.,2018) 
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Brief over-veiw of agroforestry 
Agroforestry is now understood as a science of designing and developing integrated self sustainable land 
management systems which involve introduction and /or retention of woody components such as trees, 
shrubs, bamboos, canes, palms along with agricultural crops including pasture/ animals, simultaneously or 
sequentially on the same unit of land and time, to satisfy the ecological as well as socio-economic needs of 
the people (Dhyani et al., 2009). 
In general there are 4 or 5 basic sets of components which are managed in all agroforestry system. 
Structurally, the system can be grouped as:  
1. Agrisilviculture system  
2. Agrihorticulture system  
3. Silvipastoral system  
4. Agri-silvipastoral system  

Other or specialized systems On the basis of nature of components the following are common agroforestry 
systems found in different agro-ecological regions of India:  
1. Agrisilviculture (trees + crops)  
2. Boundary plantation (tree on boundary + crops) 
3. Block plantation (block of tree+ block of crops)  
4. Energy plantation (trees + crops during initial years)  
5. Alley cropping (hedges + crops) 
6. Agrihorticulture (fruit trees + crops)  
7. Agrisilvihorticulture (trees + fruit trees + crops)  
8. Agrisilvipasture (trees + crops + pasture or animals) 
9. Silvi-Olericulture (tree + vegetables)  
10. Horti-Pasture (fruit trees + pasture or animals) 
11. Horti-Olericulture (fruit tree + vegetables)  
12. Silvi-Pasture (trees + pasture/animals)  
13. Forage Forestry (forage trees + pasture)  
14. Shelter-belts (trees + crops)  
15. Wind-breaks (trees + crops)  
16. Live Fence (shrubs and under- trees on boundary)  
17. Silvi or Horti-sericulture (trees or fruit trees + sericulture)  
18. Horti-Apiculture (fruit trees + honeybee)  
19. Aqua-Forestry (trees + fishes) 20. Homestead (multiple combinations of trees, fruit trees, vegetable etc).’ 
The World Agroforestry Centre (ICRAF) identified six ways that agroforestry can contribute to achieving the 
Millennium Development Goals of combating hunger, poverty, disease, illiteracy, environmental 
degradation, and discrimination against women : 
 Eradicate hunger using agroforestry methods of soil fertility and land regeneration.  
 Reduce poverty using market-driven, local tree cultivation systems to generate income and build assets. 
 Advance the health and nutrition of the rural poor. 
 Conserve biodiversity using agroforestry-based integrated conservation-development solutions.  
 Protect watershed services and enable the poor to be rewarded for providing these services.  
 Help the rural poor to adapt to climate change and benefit from emerging carbon markets. 
(Garrity.,2004) 
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Emphasized benefits of agroforestry 
 Soil Conservation and Amelioration 
                                    Agroforestry systems on arable lands envisage growing of trees and woody perennials 
on terrace risers, terrace edges, field bunds, as intercrops and as alley cropping in the shape of hedge row 
plantation. Integrating trees on the fields act as natural sump for nutrients from deeper layers of soil, add 
bio-fertilizer, conserve moisture and enhance productivity of the system. The alley cropping with leguminous 
trees such as Leucaena leucocephala has been most widely used on field bunds for producing mulch material 
for moisture conservation and nutrient recycling. Inclusion of trees and woody perennials on farm lands can, 
in the long run, result in marked improvements in the physical conditions of the soil, e.g. its permeability, 
water-holding capacity, aggregate stability and soil-temperature regimes. In West Bengal, particularly Red 
and Laterite zone are critically affected by serious wind and water erosion. Afforestation with suitable tree 
species like Acacia nilotica, Azadirachtaindica, Butea moonosperma. Prosopisjuli flora, Dalber giasissoo, 
Tectona grandis, Bambusa spp. and Dendrocalamus and other adaptable species such as grasses like 
Dichanthium annulatum, Bothriochlo apertusa, Cynodon dactylon and Sehima nervosum will help in soil 
conservation (Tewari.,2008). Maintenance and enhancement of soil fertility is vital for the global food 
security and environmental sustainability. Tree species have potential to conserve moisture and improve 
fertility status of the soil in agroforestry systems, legumes are the most effective for promoting soil fertility. 
In addition, deep rooted species could reduce competition for nutrients and moisture with crops by pumping 
from deeper layers of soil. Agroforestry practices have been developed for arable lands and non-arable 
degraded lands, bouldery riverbed land, torrent control, landslide and landslip stabilization, abandoned 
mine-spoil area rehabilitation and as an alternative to shifting cultivation. Also, agroforestry systems have 
proven their efficacy in prevention of droughts, reclamation of waterlogged areas, flood control, 
rehabilitation of wastelands, ravine reclamation, sea erosion control, control of desertification and mine-
spoil rehabilitation and treatment of saline and alkaline lands. 
 Bio-diversity Conservation 

Agroforestry innovations contribute to bio-diversity conservation through integrated conservation 
development approach. Forest degradation has caused immense losses to the bio-diversity, which can be 
conserved through agroforestry by adopting a strategy of conservation through use. The biodiversity shall 
help in the development or improvement of new varieties or populations. It will further help in enhancing 
the availability of improved planting material, which is a key to the increase in productivity and production 
21 at farm level. Traditional agroforestry systems are excellent examples of agro-biodiversity conservation. 

 
Five main ways that agroforestry contributes to the preservation of biodiversity are (Jose.,2009): 

 By providing habitat for species that can tolerate a certain level of disturbance. 
 By helping to preserve germplasm of sensitive species.  
 By helping to reduce the rates of conversion of natural habitat and alleviate resource use pressure. 
 By providing connectivity through corridors created between habitat remnants and the conservation 

of area-sensitive floral and faunal species. 
 By helping to conserve biological diversity through providing other ecosystem services such as 

erosion control and water recharge, thus preventing habitat degradation and loss. 
 Increased Carbon Sequestration 
                                          Carbon sequestration through afforestation, reforestation, restoration of degraded 
lands and improved silvicultural techniques to improve growth rates. Carbon conservation through 
conservation of biomass and soil carbon in existing forests, improved harvesting practices to reduce logging 
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impact, improved efficiency of wood processing, fire protection and more effective use of burning in forests 
and agricultural systems. Soil has long been acknowledged to be an important carbon sink, storing vast 
amounts of stable organic carbon. However, it is estimated that over the course of human history, soil 
cultivation and clearing has released about 50 to 70 gigatons of carbon into the atmosphere (this represents 
roughly 23-33 parts per million of the 400ppm of our current atmospheric concentration of carbon dioxide). 
(Admundson et al.,2015) Fortunately, agroforestry has created an opportunity to cut back on the amount of 
carbon that agriculture releases, by instead increasing levels of soil organic carbon. The climate mitigation 
potential of agroforestry can be seen in agricultural systems around the world. One study released in 2015 
explored soil organic carbon levels in five different systems(three agroforestry systems and two mono crops) 
in the Jiangsu Province of China,which revealed soil organic carbon concentrations sat the 0 to 20 cm 
level,was higher in agroforestry plots than mono cropping ones.(Wuang et al.,2015). Carbon substitution 
through increased conversion of forest biomass into durable wood products to replace energy-intensive 
materials, increased use of biofuels and enhanced use of harvesting waste as feedstock for biofuel 
(Montagnini et al.,2004). 
 Increased food production by enhancing livelihood. 
Agroforestry has proven as an important tool for crop diversification. By virtue of diversity of the 
components of the agroforestry systems like fruits, vegetables, nutritional security to the communities could 
be ensured. In agroforestry, the potentially higher productivity could be due to the capture of more growth 
resources e.g. light or water or due to improved soil fertility. The best example is of poplar (Populus 
deltoides) - a popular species in agroforestry system in the Upper Indo-Gangetic region. 
 
Improved Socio-economic condition of farmers. 
Economic studies of agroforestry systems have shown that financial benefits are a consequence of 
increasing the diversity and productivity of the systems which are influenced by market and price 
fluctuations of timber, livestock and crops. In addition to higher yield potentials of agroforestry, product 
diversification increases the potential for economic profits by providing annual and periodic revenues from 
multiple outputs throughout the rotation and reducing the risks associated with farming single commodities 
(Benjamin et al.,2000). Compared with exclusive forestry land use, agroforestry practices are able to recoup 
initial costs more quickly due to the income generated from the agricultural component. Competing 
together, crops can push trees to send roots deeper into the soil, improving not only nutrient cycling but 
also the storage and retention of rainwater. This can help improve water availability, meaning populations 
that rely heavily on agriculture for their income and nutrition could feel less strain during droughts. 
Additionally, introducing trees could provide additional resources like fuel from timber, fodder for animals, 
and nuts, fruits, or oils that could be used as food or be sold for additional income.( Not only can timber be 
used for fuel, but biofuels derived from tree sap, fruit pulps, and oils (like palm oil or jatropha) could also be 
advantageous(Sharma et al.,2016). 

Emphasis on red and lateritic zone of west bengal  
Agroforestry acts as an alternative land use system in red and lateritic soils as it tends towards improving the 
soil health and helps in soil reclaimation which is a necessary step for the above said zone.Natural resource 
management and conservation of natural resources like land ,soil and water for sustainability of agricultural 
production is an important effort led by agroforestry based agro-technique.Some reseacrch reports gives us 
an overview of some successful models of agroforesrty(Banerjee et al.,2009): 
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Model 1 

Bamboo + Mango + Pigeon pea 

Bamboo + Mango + Maize followed by Mustard 

Bamboo + Mango + Lady’s finger followed by Mustard 

Bamboo + Mango 

Model 2 

Bamboo + Rice 

Bamboo + Pigeon pea 

Bamboo + Black gram 

Bamboo + Bottle gourd 

Bamboo + Turmeric 

Bamboo + Ginger 

Bamboo + Elephant foot yam 

 
CONCLUSION 
Agroforestry clearly has great potential to improve social and economic conditions in developing countries. 
Its ability to improve soil quality and mitigate climate change through carbon sequestration makes it an 
appealing agricultural method in countries with more significant economic resources or large farm systems. 
So far as different fruit-based agroforestry system models are concerned it may be concluded that Gamhar + 
Mango + Legume crops are the best with respect to improvement for soil health; Gamhar + Mango + 
Vegetable in khariffollowed by Mustard/ any crops in rabiof agro-production system can profitably be grown 
in rainfed uplands under Red and Leterite zone and in New Alluvial zone of West Bengal which are supposed 
to improve and maintain good health of that local people throw filling up the deficiency of nutrients by fruits  
and vegetables. 
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Agriculture represents a core part of the Indian economy and provides food and livelihood activities to much 
of the Indian population. As per report global, food production must to be increased by 50% to meet the 
predicted demand of ever-growing population by 2050. Growth of the agricultural sector is important for 
ensuring food security and also for sustained economical growth as it contributes nearly 11% to the nation’s 
economy. Agriculture also gives employment for the rural people. The impacts of climate change on 
agriculture were evident as it was reported to reduce crop yields, as well as to shift crop patterns, though 
the magnitude of the impact varies greatly by region, by crop and by species also. Climate changes are also 
predicted to have more pronounced negative impacts on for rain fed crops (as opposed to irrigated crops) 
and under limited water supply situations because there are no coping mechanisms for rainfall variability. 
 
Climate change- definition and parameters: 
Climate change refers to general shifts in climatic parameters. The major climatic parameters include: 

Parameter Climate changing factor 

Carbon dioxide Its high concentration 

Atmospheric temperature Increase in maximum and minimum temperature 

 
 
Rainfall 

Variation in rainfall pattern- 

 Number of rainy days 

 Shift in amount and distribution of rainfall on a 
particular area over its estimated average 

Solar radiation Day length 

Drought Frequency and magnitude 

Flood Frequency and magnitude 

 
Agriculture’s contributions in promoting climate change: 
 Agriculture serves as the primary sources of greenhouse gases. The production and uncontrolled use of 

nitrogen based fertilizers; the combustion of fossil fuels such as coal, gasoline, diesel fuel and natural 
gas; and waste management etc. are some of the agricultural practices leading to release of greenhouse 
gases. More than 50 percent of all fertilizers applied to the soil end up in the atmosphere or in local 
waterways. 

 The second biggest direct contributor in agriculture is animals that produce and emit large amounts of 
methane; a potent greenhouse gas. 
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 The indirect effect of agriculture on climate change is attributed to cutting down of forests and removing 
other natural vegetations and trees to provide agricultural land for grazing, growing animal feed. Thus 
removal of key ‘carbon sinks’ i.e. plants and soils that absorb carbon from the atmosphere have been 
reported to cause global warming. It was reported that 20% reduction in the global forest area during 
the last 140 years resulted in releasing about 120 GT C to the atmosphere. 

 
Risks associated with climate change: 
Agricultural activities are by nature prone to risks and uncertainties of various nature, i.e. biophysical, 
abiotic, climatic, environmental, biotic (pests, diseases) and economic. Climatic components affect 
agriculture when they are in extreme condition and their expressions may be in intensity or frequency. As 
per several reports, the intensity of tropical cyclones, and frequency of heavy precipitation as well as 
drought events etc. are very likely to increase over many areas during the twenty-first century. 
 
Managing climate risks to advanced adaptation to climate change: 
Climate risk management (CRM) in the context of climate variability is integral to a long-term strategy for 
adapting agriculture to climate change. CRM identifies adoption of immediate actions needed to manage the 
climate variability that is currently affecting farmers and herders. Knowledge of climate-smart agriculture 
comes here. 
 
What is climate-smart agriculture (CSA)? 
FAO (2010) defines CSA as the ‘agriculture that sustainably increases productivity, resilience (adaptation), 
reduces/removes GHGs (mitigation), and enhances achievement of national food security and development 
goals.’ 
Climate-smart agriculture (CSA) (which includes the agriculture, forestry and fisheries sectors) at the local 
level contributes to meeting global objectives, primarily those of the United Nations Framework on Climate 
Change (UNFCC), the Convention on Biological Diversity (CBD) and the World Summit on Food Security 
(WSFS), leading to a sustainable development landscape. 
 
Goals of CSA: 
As per FAO (2010), the CSA goals to achieve the three major targets are- 
• To sustainably increase farm productivity and income in order to secure food scarcity for our ever-growing 
population. 
• To secure strengthened resilience to climate change and variability which require adaption of food 
production systems both at the livelihood level and at the ecosystem level. 
• To reduce agriculture’s contribution to climate change through curbing emission of greenhouse gases. It 
needs changes of practices, including more resource efficiency, use of clean energy and carbon 
sequestration to get it succeeded. It therefore enhances the achievement of national food security and 
development goals, and reflects the realities of the local and field levels. 
 
Role of agriculture in mitigating climate changes: 
There exists several adaptation measures that the agricultural sector can undertake to cope with the future 
climate change. These include: 

 Changing planting dates, cropping patterns and management practices 
 Changing varieties or crop species to be planted 
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 Use of mulching 
 Reducing soil erosion 
 Adopting improved irrigation systems and water harvesting techniques 
 Agroforestry 
 Weed management 
 Crop disease management 
 Integrated pest management 
 Increasing nutrient use efficiency 
 Growth in fisheries and aquaculture 
 Efficient livestock production through feed management, control of animal diseases etc. 
 Focusing to develop drought- and heat resistant varieties 

So, it can be concluded that adopting climate-smart agriculture and practicing it will be beneficial for coping 
with the negative effects of recent climatic changes on crop production. 
 
REFERENCES: 

[1]. FAO (Food and Agriculture Organization of the United Nations)., (2010). Climate-smart agriculture, 
policies, practices and financing for food security, adaptation and mitigation. Rome. 
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INTRODUCTION: 
Post green revolution to the present day has been a story of agricultural development through 
transformations regarding subsistence farming to sustainable farming and deficiency in food grain 
production to its sufficiency. To augment the production hitherto, there has been a continuous increase in 
fertilizer use and consumption in India, while on the other hand this indiscriminate application culminated 
into several nutrient deficiencies occurring in soil. The injudicious application of several NPK fertilizers, 
especially urea, had skewed the fertilizer consumption ratio, which upon its interactions with other nutrients 
have doomed their availability and progress of the agricultural sector as a whole (Bhattacharya, Sengupta 
and Halder, 2019).  
 The aforesaid situation has necessitated a thorough evaluation of the deficiency, sufficiency criteria 
of different nutrients in the soil. The existing chemical methods for extracting different nutrients are quite 
effective and accurate in estimating the available content of different nutrients in the soil, but involve 
separate extractants and procedures for extraction. Therefore, these procedures are more time consuming, 
laborious, cumbersome, and costly because of more use of chemicals, glassware, and energy. In order to 
overcome these issues, multi-nutrient extractants offer a suitable alternative, as more than one nutrient can 
be extracted in one go (Bibiso et al., 2015). 
 Interest in ‘universal extractants’ is based on the desire to improve uniformity in soil analysis and 
fertiliser recommendations (Sims, 1989). The practicality of a ‘universal extractant’ would be an advantage 
to laboratories in third world countries, which are often constrained by shortage of hard currency fetched 
chemicals and laboratory supplies (Mamo et al., 1996). 
 
 
What universal extractants are? 
Universal soil extractants is the term that has been adopted to designate a reagent that can be used to 
extract more than one class of elements, and/or ions from a soil with the concentration found being a 
means of assessing the soil fertility status (Jones, 1990).  
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Some classical examples of universal extractants: 

Extractant Composition Elements analyzed 

Mehlich-3  
(Mehlich, 1984)  

A mixture of 0.2 M HOAc,  0.25 M NH4NO3, 
0.015 M NH4F,0.013 M HNO3 and 0.001 M 
EDTA, pH 2.5 

P, K, Ca, Mg, S, B, Zn, Fe, 
Cu, Mn  

AB-DTPA 
(Soltanpour & Schwab,1977)  

A mixture of M NH4HCO3 and 0.5 M DTPA, pH 
7.6 

P, K, Zn, Fe, Cu, Mn  

Morgan 
(Morgan, 1941) 

A mixture of 0.73 M NaOAc and 0.025 M HCl, 
pH 4.8 

P, K, Ca, Mg, B, Zn, Fe, 
Cu, Mn 

Modified Morgan 
(McIntosh,1969) 

A mixture of 0.62 N NH4OH and 1.25 N HOAc, 
pH 4.8 

P, K, Ca, Mg, Zn, Fe, Cu, 
Mn 

CDTA-Glycerol method 
(Seth, 2017) 

A mixture of 0.002 M CDTA + 0.05 M Glycerol 
+ 0.1 M NH4OAc + 0.01 M NH4F, pH 4.8 

P, K, Ca, Mg, S, B, Zn, Fe, 
Cu, Mn 

AAAc-EDTA  
(Lakanen and Ervio, 1971) 

A mixture of 0.5 M NH4OAc + 0.5 M acetic 
acid + 0.02 M Na2EDTA 

P, K, Zn, Fe, Cu, Mn 

 
Criteria for consideration of universal extractants: 
The universal extractants should ideally have the following characteristics: 
(i) adequate for the simultaneous determination of all plant nutrients;  
(ii) rapid;  
(iii) reproducible;  
(iv) inexpensive;  
(v) adaptable to all types of soils; and 
(vi) overall should be the best possible alternative for the evaluation of the plant available amount of the 

nutrient.  
 
Some recent advances in the field of universal extractants: 
Several multinutrient extractants are in use in routine soil testing and there are some developments that 
deserve attention. Some recent papers provide information about their use in several countries. 

The first universal soil extracting reagent was developed by Morgan (1941), a 0.73 M sodium acetate 
(NaC2H3O2) solution buffered at pH 4.8. The Morgan extraction reagent was widely used in the 1950s and 
early 1960s (Jones, 1990; van Raij, 1994), but it is in little use today as a result of  the search for better soil 
test methods, particularly  for plant-available P. The Morgan extraction reagent was modified by Wolf (Wolf, 
1982) who added the chelate-DTPA (diethylenetriaminepentaacetic acid) to the extractant for the 
determination of the micronutrients Cu, Fe, Mn and Zn. Of late, two new universal extraction reagents have 
been introduced and are coming into ever increasing use, the ammonium bicarbonate-DTPA extractant 
which was introduced in 1977 for use on alkaline soils (Soltanpur and Schwab, 1977) and the Mehlich No. 3 
extractant which was introduced  in 1984 for use in acid soils (Mehlich, 1984). The ammonium bicarbonate-
DTPA is frequently referred to by its acronym, AB-DTPA. AB-DTPA, introduced by Soltanpour and Schwab 
(1977) was designed to replace the Olsen method (Olsen et al., 1954) for P, and the DTPA method (Lindsay 
and Norvell, 1978) for micronutrients. Some of the work in the last decade is summarized below: 

According to Takrattanasaran et al. (2010), Mehlich 3 and AB-DTPA could be used effectively for 
estimating Zn availability in calcareous soils in central Thailand. However, Mehlich 3 was superior to AB-
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DTPA. Bortolon and Gianello (2010) found that the amounts of P, K, Ca and Mg extracted with Mehlich 1 
solution, determined by ICP,  were  similar  to  those of conventional methods, but the amounts of Cu and Zn 
extracted with the Mehlich 1 solution, determined by the ICP, were  higher  than  those  extracted  with  the 
0.1 mol L-1  HCl  determined  by  the  atomic  absorption  spectrophotometry. The results indicated that the 
Mehlich 1 solution and ICP can be used for simultaneous multielement extraction and determination for 
Southern Brazilian soils.  

Sarto et al. (2011) reported that all extractants tested to assess the availability of Cu, Zn, Fe, and Mn 
namely 0.1 mol L-1 HCl, Mehlich-1, Mehlich-3 and DTPA, for analysis of the micronutrients Cu, Zn, Fe, and Mn 
in soils from the state of Paraná correlated with each other. The efficiency of the extractants HCl, Mehlich-3 
and DTPA in assessing plant-available Cu was similar, unlike Mehlich-1, which proved less efficient. The 
extractants HCl, Mehlich-1 and Mehlich-3 were less efficient in estimating plant-available Zn and Fe, and the 
most indicated extractant is DTPA. The efficiency of the extractants HCl, Mehlich-1, Mehlich-3 and DTPA in 
assessing plant-available Mn in soils from Paraná was similar. 

Hosseinpur and Motaghian (2015) performed a green house experiment to assess the bioavailability 
of trace elements, such as Zn and Pb in polluted soils for bean by various extractants  (DTPA-TEA, AB-DTPA, 
Mehlich 2, Mehlich 3, 0.01 M CaCl2 and 0.1 M HCl) and showed that extraction capacity was  as  follows: 
Mehlich 3> AB-DTPA> DTPA-TEA>Mehlich 2> CaCl2>  HCl.  The results of correlation analysis revealed that 
the Zn extracted by DTPA-TEA, AB-DTPA, Mehlich 3, Mehlich 2 and HCl correlated significantly with Zn 
uptake.  

Sharma et al. (2018) evaluated two multi-nutrient extractant viz., AB-DTPA and AAAc-EDTA for 
determination of available P, K and micronutrient cations in soils of Himachal Pradesh. They found that Bray 
P1 method of P determination extracted more amount of available P followed by AAAc-EDTA, Olsen, and AB-
DTPA methods and AB-DTPA, AAAc-EDTA and Bray P1 methods of phosphorus analysis were very well 
correlated with that of Olsen method. Whereas available K contents determined by AB-DTPA as well as 
AAAc-EDTA were quite close to the standard method of K determination and all these methods were well 
correlated with each other. However, the content of all the micronutrients extracted by AB-DTPA and DTPA 
exhibited stronger correlation in comparison to that with AAAc-EDTA. Both the multi-nutrient extractants 
are rapid, less labour consuming, and cheaper in comparison to conventional methods.   

Debnath and Ghosh (2011) determined that the critical limit of boron (B) in soils and plants through a 
pot culture experiment with 22 acidic soils of terai zone of West Bengal. The hot water-soluble B in these 
soils was found to be positively and significantly correlated with pH, organic carbon, and per cent dry matter 
yield of rice, B concentration in plant tissues and B uptake by shoots. The critical concentration of soil 
available B and plant tissues B worked out to be 0.32 and 12.5 mg kg-1, respectively below which appreciable 
responses to B application were observed. 

Mahata et al. (2012) conducted a study in 22 alluvial soils of West Bengal, India to estimate the 
critical limit of Zn in soil and rice plant for predicting the response of rice (Oryza sativa) to zinc application. 
The critical concentration of Zn in these soils was established at 0.75 mg kg-1 for rice and that of 28.0 mg kg-1 
in the plant tissue. The average response to Zn application in rice in Zn deficient soils was found to be 68.5% 
and 19.9% in Zn adequate soils. 

Joshi et al. (2014) conducted a greenhouse experiment with twenty surface (0-15 cm) soil samples 
using maize as a test crop to estimate the critical limits of B in soil and plant. Five soil extractants used in the 
study varied in their B extraction capacity and could be arranged in the order: Mehlich 3 (pH 2.0) > 0.005 M 
DTPA + 1 M ammonium bicarbonate (pH 7.6) > 1 M MgCl2 (pH 6.0) > 0.01 M CaCl2> Hot water. The critical 
limits of B in soil for maize were 0.61 mg hot water soluble B, 2.06 mg AB-DTPA extractable B, 1.03 mg 0.01 
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M CaCl2 extractable B, 2.20 mg 1 M MgCl2 extractable B and 2.56 mg Mehlich 3 extractable B kg-1 soil. The 
critical limit of B in maize plants of was found to be 11.2 mg B kg-1 dry plant tissue. Among soil extractants 
examined in the present study, Mehlich 3, a multi-nutrient extractant, appeared to be more suitable for 
predicting B deficiency in soils as this method had easy adoptability in soil testing laboratories owing short 
extraction time requirement. 

Seth et al. (2018) found Mehlich 3 to be a good extractant for assessing P, K, S, B and Zn content like 
conventional method, in both Alfisols and Inceptisols for their nutrition in rice. The critical levels of Mehlich-
3 extractable P, K, S, B and Zn for rice in Inceptisols were 14.7, 51.2, 22.9, 0.65 and 1.27 mg kg-1; while in 
Alfisols those values were 8.2, 117.3, 21.9, 0.40 and 2.15 mg kg-1, respectively.   
 
Advantages of using universal multinutrient extractants: 
The advantage of extracting several elements with a single solution has always been attractive for the 
routine laboratory work, as it saves valuable time and labour, and can accentuate the result generation in 
soil testing laboratories for ultimate benefit of recommendation to the farmers.  

Moreover the use of modern equipment which allows simultaneous determination of several 
elements, as the inductively coupled argon plasma emission spectrometer (Kumawat et al., 2017) makes the 
analysis more holistic. 
 
CONCLUSION: 
In this era of ever increasing population and dearth of vital natural resources, the food security of the 
country is under severe jeopardy. Among the various reasons that can be attributed to this condition, the 
ever-increasing deficiency of the essential plant nutrients due to fertilizer application anomaly deserves 
emphasis. The testing of soil nutrient status for assessing the productivity augmentation has tremendous 
significance. However, single element extraction is costly, time and labour consuming; enunciating the 
prospect of development of multinutrient extractant. The efficiency of the extractants to economize the 
extraction, draw conclusive evidence of soil fertility status and thereby ensure crop productivity and 
facilitate square meals to the teeming millions is of utmost priority for sustainability of the nation. 
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