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ABSTRACT 
Soil is the most important factor for any agricultural 
activities. But owing to rapidly growing population, 
the degradation the rate of soil resource is 
accelerating day by day. The adoption of intensive 
cropping with high yielding varieties of crops, use of 
high analysis chemical fertilizers as well as modern 
technology of crop production causes a serious 
desegregation and removal of top soil resulting in 
the reduced soil fertility in many areas of the 
country. Sustainable use of soil resource must be 
attempted in a local or regional approach, 
depending on the specific uses of land in a given 
area. Integration and adoption of various agronomic 
management aspects for conservation of soil 
resources can be successfully implemented for a 
sustainable soil management approach.  
 
Introduction 
The soil sustains most living organisms, being the 
ultimate source of their mineral nutrients. Good 
management of soils ensures that mineral elements 
do not become deficient or toxic to plants, and that 
appropriate mineral elements enter the food chain 
(White et al., 2012) . Soil erosion, world over, is 
becoming a serious problem because of 
considerable economic damage it causes to the 
society at large. Rapidly growing population 
accelerated the rate of soil resource use for their 
multiple purposes. This has triggered the 
degradation of lands with accompanying negative 
impacts on biodiversity and agricultural productivity 
and the impending effects of global climate change 
are all converging to emphasize the point for 
immediate change in the manner that natural 
resources are exploited (Eswaran, 1992). In India, 
the annual loss of fertile top soil estimated to be 
taking place at 16.35 t/ha which is more than the 
national permissible value of 11 t/ha. About 29% of 
total soil loss permanently to the sea and 10% top 

soil deposited various reservoirs of India. Land 
degradation continues to be a threat to the food 
and nutrition security of the country (Lenka et al, 
2015).  Out of 328.7 M ha of India’s geographical 
area, about 162 M ha is subjected to soil erosion. 
Loss of plant nutrient from the top soil due to 
erosion is the burning problem for the farmers. 
About 38% and 7% of total nitrogen and 
phosphorus applied are transported in the soil 
solution and remain transported in the sediment 
(Patle et al., 2013). Sustainable use of soil resource 
may be defined as spatial and/or temporal 
harmonization of principle uses of soil resource, 
minimizing irreversible ones. This must be 
attempted in a local or regional approach, 
depending on the specific uses of land in a given 
area. It is becoming increasingly evident that 
managing the land resource base is important to 
attain the broader goal of sustainability, equity and 
environmental soundness (Greenland et al., 1994). 
In this paper various agronomic management 
aspects for conservation of soil resources was 
discussed in brief.  
 
Agronomic approaches to Soil resource 
conservation 
To conserve soil resource Agronomic management 
aspects is one of the major methods in coordination 
with other soil resource conservation methods to 
increase their efficiency.  Agronomic measures are 
more effective on gentle slope of land (up to 9%). 
Reduction of soil loss can be achieved by reduction 
of runoff, Conservation Tillage practices including 
Mulch Tillage, Reduced Tillage, No Tillage practices; 
Contour cultivation, Mulching, Agriculture residue 
management, Introduction of Cover Crops, Choice 
of proper cropping system, Strip Cropping and Use 
of Chemical Additives.  
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Reducing Runoff 
Reduced sediment transport from fields and 
increased water conservation is achieved by 
reducing the amount and velocity of runoff. 
Reducing the amount lessens the quantity of water 
available for sediment transport, whereas reducing 
the velocity provides time for sediments to settle 
from water before they are transported from the 
field. It also provides more time for water to 
infiltrate the soil, thus improving water 
conservation. Practices that reduce runoff and, 
hence, reduce sediment transport and improve 
water conservation include conservation tillage, 
mulches, cover crops, and chemical additives. These 
practices are directed toward preventing runoff 
initiation by intercepting raindrops (mulches, 
covers) and increasing soil aggregate stability (soil 
conditioners). Both methods maintain relatively 
high infiltration rates and, therefore, minimize 
runoff and the ensuing erosion. 

 
Conservation Tillage practices 
Conservation tillage, which, by definition (CTIC, 
1990), is a crop residue management system, has 
been widely acclaimed for its erosion control 
benefits. Where water erosion is of primary 
concern, at least 30% of the soil surface must be 
covered by residues after planting for a system to 
qualify as conservation tillage. In practice, however, 
30% surface coverage by residues may not be 
adequate on some soils; other soils may not need as 
much surface cover to protect them against erosion 
(Kemper and Schertz, 1992). 

Conservation tillage reduces storm water 
runoff primarily because the surface residues 
intercept falling raindrops, thus reducing soil 
surface sealing and maintaining favourable water 
infiltration rates. Conservation tillage, however, also 
reduces runoff due to increased hydraulic 
roughness resulting from crop residues on the soil 
surface. As hydraulic roughness increases, runoff 
velocity is reduced because of the increasing 
tortuosity of the runoff path. In addition to the 
increased hydraulic roughness caused by residues 
alone, residues also add to the existing roughness of 
the soil itself (Gilley et al, 1991). Residues cause 
water ponding on the surface and obstruct or divert 

water flow across the surface. The reductions in 
runoff flow velocity provide more time for water 
infiltration. Reduced runoff and increased 
infiltration are not indicative of increased surface 
water storage per se. However, for greater 
infiltration to occur, water must be retained on the 
surface for a longer time in most cases. Surface 
residues with conservation tillage provide this 
benefit with respect to water infiltration. Provided 
adequate residues are available, some types of 
conservation tillage are mulch tillage, reduced 
tillage, and no tillage. 

 
Mulch Tillage 
Mulch tillage is the practice of tilling a soil in a 
manner that retains most crop residues on the soil 
surface. Mulch tillage is also called mulch farming, 
trash farming, stubble mulch tillage, subsurface 
tillage, and plough-less farming (SSSA, 1987). Tillage 
implements that retain most residues on the soil 
surface include (a) sweeps 60 cm or wider, (b) 
weeders without or with semi chisels or small 
sweeps, (c) straight-blade machines, (d) chisel 
plough, and (e) one-way plough (can be used when 
large amounts of residue are present) (Linger, 
1992). The goal of mulch tillage is to control weeds 
and prepare a seedbed for the next crop yet retain 
adequate residues on the surface to control erosion 
and improve water conservation. Typical amounts 
of the original residues that remain after each 
operation with various implements are given in 
Table .1 

Although developed for wind erosion 
control, the value of mulch tillage for controlling 
water erosion and conserving water was soon 
recognized (McCalla and Army, 1961). Mulch tillage 
aids water erosion control and water conservation 
because the surface residues dissipate the energy of 
raindrops, maintain relatively high infiltration rates, 
and reduce runoff, provided the residues remain 
anchored in the soil to avoid being carried away by 
the flowing water. When surface residue amounts 
are low, mulch tillage may reduce runoff by 
disrupting soil surface crusts and creating surface 
depressions, but sediment loss may not follow the 
same trend. Soils in semiarid regions often dry to 
the depth of tillage after each operation, and that 
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water must be replaced before water storage can 
occur at greater depths. In some years, dryland 
crops may not produce adequate residues for either 
tillage method to qualify as conservation tillage, 
based on the 30% surface cover requirement. 
Therefore, soil and water conservation may be 
limited. However, annual soil losses on Pullman clay 
loam were 0.40 Mg hal with mulch tillage and 0.19 
Mg ha with no tillage (Jones, 1992).  

 
Table 1: Effect of Tillage Machines on Surface 
Residue Remaining after Each Operation 

Tillage machine Approximate residue 
maintained (%) 

Surface cultivators wide-
blade cultivator, rod-
weeder 

90 

Mixing-type cultivators, 
heavy-duty cultivator, 
chisel, other similar-type 
machines 

75 

Mixing and inverting disk 
machines 

50 

one-way flexible disk 
harrow, one-way 
mouldboard, disk plough 

10 

Source: Anderson (1968). 
 
Reduced Tillage 
Controlling weeds is a major reason for tilling a soil. 
Hence, tillage can be reduced if weeds can be 
controlled by other means, such as herbicides, 
which control weeds during at least part of the crop 
production cycle. The reduction in tillage may be in 
intensity or frequency of operation. As for mulch 
tillage, major goals are erosion control and water 
conservation, which are achieved by retaining 
residues on the surface if possible and especially 
during major erosive periods.  

 
No Tillage 
No tillage (also known as zero tillage, slot planting, 
eco-fallow, sod planting, chemical fallow, and direct 
drilling) is the method of planting crops with no 
seedbed preparation or surface disturbance other 
than opening the soil for the purpose of placing the 
seed at the desired depth of soil. No-tillage or Zero 

tillage is a very potential option followed in 
numbers countries in the world including India (Fig 
1). Seed placement can be achieved by cutting a 
small slit or punching a hole in the soil. With no 
tillage, weeds normally are controlled with 
herbicides and crops are not cultivated. To facilitate 
planting, up to 25% of the soil surface can be 
disturbed or tilled in a no-tillage system (Lessiter, 
1982). 

 
Figure 1: Extent of no-tillage adoption worldwide.  
(Source: After Derpsch, 2005) 
 
For that storm, sediment loss from the no-tillage 
watershed was negligible compared with that from 
other watersheds, even though the slope of the no- 
tillage watershed was much greater. No tillage is 
especially effective for reducing runoff when 
surface residue amounts are adequate and there 
are no inherent or induced soil characteristics that 
hinder infiltration. Under most conditions, runoff or 
soil losses were lowest with no tillage, with the 
reduction in soil losses being greater than the 
reduction in runoff. Factors contributing to a 
smaller runoff reduction than soil loss reduction, 
with no tillage, include the fact that the soil may be 
already saturated with water, thus infiltration is 
reduced, and when the soil may have a restrictive 
layer than hinders infiltration.  
 
Contour cultivation practices  
Contouring involves performing cultural operations 
such as ploughing, planting, and cultivating across 
the slope and along the contour line of the land so 
that elevations along rows are as near to level as 
practical. When ridge-forming tillage is used on the 
contour and the resultant furrows are blocked at 
the ends, runoff and sediment transport are 
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prevented for storms of low to moderate intensity 
and duration. Contour cultivation is very easy and 
simple process and it can be easily practiced in the 
hilly or sloppy area. Experiments conducted in 
various location of India showed that contour 
cultivation not only reduce the runoff losses but 
also significantly reduce the top soil loss compared 
to along the slope cultivation. The degree of 
protection afforded by a given contour tillage 
system increases as size of ridges increases and is 
influenced also by soil type and slope. The 
effectiveness and persistence of ridges for 
preventing runoff are greater on stable soils than on 
soils that settle extensively when wetted. In general, 
fine- textured soils are more stable than coarse-
textured soils in this regard. In red lateritic soil of 
Maharashtra contour cultivation increase the yield 
of maize, pearl millet, sorghum etc. by 14-24% over 
traditional practices in red soil. 
 
Mulching 
Crop residues are a type of mulch, and they have 
been discussed in previous sections with respect to 
reducing runoff, sediment transport or losses, and 
water conservation. Mulching with plant materials 
can reduces the extent of soil loss up to 43 times 
compared to bared land and 17 times compared to 
cropped soil without mulches (Reddi and Reddy, 
2011). Mulching also helps to reduce the runoff as 
well as nutrient loss as well as sediment present in 
the run-off water. A maximum ground cover with 
crop residue can reduce the top soil losses to an 
extent of 30%.  Reddi and Reddy (2011) reported 
that in tea gardens of south India, mulching with 
Guatemala grass (Tripsacum laxum) can reduce soil 
loss to an extent of 9 tonne/ha to 37 tonne/ha.  
 
Agriculture residue management and carbon 
sequestration 
Management of agriculture waste product a key 
component for conserve soil resource and providing 
sustainability to ecosystem at different scales. 
Agricultural productivity, soil and water 
conservation, and soil quality are positively related 
by residue retention. On average, Residues of 
widely grown tropical crops (rice, wheat, maize etc.) 
contain 40% C, 0.8% N, 0.1% P, and 1.3% K, 

providing food and habitat for soil biota. Removal of 
crop residues for use as animal feed or other 
competing purposes increases nutrient removal by 
agriculture and exposes soil to erosion and 
degradation, with multiple off-site adverse impacts 
on soil, air and water quality. Thus, retention of 
crop residues in soil can successfully conserve the 
soil resource as well as sustain the agronomic 
productivity.   
Introduction of Cover Crops 
Cover crops are close-growing crops such as 
grasses, legumes, or small grains that are grown 
primarily to provide seasonal protection against 
erosion and for soil improvement. Hey, are mostly 
annual type crop but when they are grown as soul 
crop or inter crop in between the widely spaced 
erosion permitting crops like maize, sorghum, 
pearlmillet etc. they completely smother the soil, by 
this way they not only conserve the soil resource by 
checking of soil erosion but also suppress the weed 
growth. Legumes are the most potential option as 
cover crop in India as they add atmospheric 
nitrogen symbiotically thus, they can improve the 
soil health. Cover crops affect runoff, sediment 
transport, and water conservation in a manner like 
that resulting from other growing crops and crop 
residues. As plant density and cover increase, the 
potential for runoff decreases (Sidiras et al., 1985; 
Roth et al., 1987).  Cover crop such as green gram, 
black gram, cowpea, soybean, sunhemp, ground nut 
etc. restore soil fertility as well as reduce the loss of 
fertile top soil as this crop can be used as intercrops 
with widely spaced crops can give continuous cover 
of ground protection against erosion. 
 
Choice of proper cropping system  
Soil erosion and removal of top fertile layer of soil 
largely depends upon the selection of cropping 
system. Monocropping of erosion permitting crops 
accelerated soil and water loss year after year.  Soil 
loss from the cotton belt of black cotton soil under 
conventionally tilled condition about 70 t/ha 
annually compared to previously measured annual 
soil loss of 19 and 16 t/ha from soybean and maize 
respectively (Reddi and Reddy, 2011). Selection of 
proper cropping system such as erosion permitting 
crop (pearl millet) and erosion resisting crop (green 
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gram) reduce the top soil loss significantly 
compared to pearl millet along as monocropping 
(Rajora, 1988)  
 
Strip Cropping 
Strip cropping is a system of crop production in the 
sloppy area where loss of soil resource is a common 
problem. Under strip cropping system crops are 
planted in long and narrow strips with erosion 
resisting crop (close growing crop) and erosion 
permitting crop (erect growing crop) alternatively. 
The strips are the laid across the slope. Strip of the 
close growing crop reduce the transporting and 
reduce the water erosion by formation of 
obstruction in the way of runoff and filter the 
sediment from the runoff to retain in the field.  
 
Use of Chemical Additives  
A major factor contributing to high runoff is surface 
sealing that result from raindrop impact or water 
flowing across soils having low-stability surface 
aggregates, especially when few or no crop residues 
are on the surface. Under such conditions, 
application of materials that stabilize the surface 
could reduce aggregate breakdown and surface 
sealing. Some chemicals are very useful under field 
condition to reduce the runoff proving the 
aggregate stability to top soil layer such as polyvinyl 
alcohol, bitumen, phosphogypsum (PG) etc. Under 

laboratory conditions using a rainfall simulator on 
the soil, increasing the slope from 5% to 25% 
resulted in a 2-fold increase in soil loss when PG 
was applied and a 12-fold increase for the control 
treatment. The PG was highly effective for 
preventing erosion on the steeply sloping soil 
(Agassi et al., 1989). Spraying of polyvinyl alcohol at 
480 kg/ha can effectively reduce top soil loss 
providing aggregate stability and reduce the impact 
power of rain drop.   
 
Conclusion 
Formation of an inch depth of fertile soil layer 
requires millions of years, but its degradation takes 
a little time. Without maintaining such precious soil 
resource in sustainable manner, the modern 
agricultural production system cannot run in the 
recent future. Formulation of suitable site-specific 
methods for conservation of the soil resource is 
highly essential. But a single method is cannot be 
adopted in all such problematic areas. Sustainable 
use of soil resource management strategy should be 
formulated in a local or regional approach, 
depending on the specific uses of land in a given 
area. Integration and adoption of various agronomic 
management practices in association with local 
farm families for conservation soil resource in a 
sustainable manner should be the ‘slogan’ for the 
day.           
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HYDROGEL – An innovative way to get more crops per drop 
Article id.: 11068 

1Monika Ray  and 2 Nityamanjari Mishra 
1Technical Officer, Gramin Krishi Mausam Sewa, RRTTS (OUAT), Keonjhar 

2junior Scientist (Horticulture), RRTTS (OUAT), Keonjhar 
   
The dry land areas supplies 42 percent of the total 
food grain production of the country. The most critical 
factor of failure in yielding the second crop after the 
rice production is soil moisture. Climate changes 
contribute to long lasting drought periods, which are 
interrupted by 
downpours causing water runoff from fields carrying 
fertilizers and plant protection chemicals. One of the 
methods of reducing water deficit may be the 
application of soil supplements causing an increase in 
soil retention and at the same time improving the soil 
structure and counteracting water and air erosion. 
Polymer soil supplements belong to a group of such 
products. Superabsorbents (hydrogels), characterized 
by extensive water absorptiveness, mixed with soil, 
increase its water capacity counteract water stresses 
by ensuring moisture for plants but also by reducing 
water evaporation from soil. They counteract rapid 
changes of the soil moisture by acting as a water 
buffer. During irrigation or rainfall they bind water 
preventing its seeping into deeper soil layers and 
surface runoff . Plants are able to use over 90 % of 
water retained by a supersorbent. As a result of giving 
up water to plants it shrinks causing empty places in 
the soil. Owing to its ability to swell and shrink several 
times, it improves soil structure causing its loosening 
and aeration 
   Super absorbents contribute to protection 
of surface waters and the environment through 
utilization of their ability to immobilize fertilizer 
components, herbicides and pesticides. Chemical 
compounds trapped in a polymer net cannot be fast 
washed out by water from rainfalls or irrigation. Small 
quantities of these compounds released successively 
may be efficiently utilized by plants or protect the 
plants against pests and destroy weeds. 
 

WHAT ARE HYGROGELS? 
   Hydrogels, also called hydrophilic gels, have been 
used since the 1970s in horticulture. Prior to the ’70s, 
they were made of natural materials before being 
synthetically engineered with three-dimensional, 
ultra-absorbent polymers, usually proteins such as 
gelatin and collagen, and polysaccharides like 
agarose, alginate, and starch. Common hydrogel 
agriculture's ingredient is potassium 
polyacrylate or sodium polyacrylate. Water can be 
absorbed at several hundred times the structure’s 
own weight thanks to the strong polymeric backbone 
within the hydrogel. 

Hydrogel agriculture technology uses insoluble gel-
forming polymers to improve the water-holding 
properties of different soils, such 
as clays and sandy loams. This can increase water-
holding and water use (up to 85% for sand), improve 
soil permeability, reduce the need for irrigation, 
reduce compaction, soil erosion, and leaching, and 
improve plant growth. Desertification and lack of 
water threaten agriculture in many arid and semi-arid 
regions of the world; these may be mitigated with 
hydrogels .The ability of these synthetic polymers to 
absorb water and selectively bind to other substances 
has led to their use as soil stabilizers, water purifiers, 
juice clarifiers, animal feed thickeners, and in the 
processing of oil, pulp and paper, and fruits and 
vegetables. Moreover, they are widely used in 
cosmetics and other personal products, and have 
medical application in tissue augmentation 

TYPES OF HYDROGEL 

There are two broad classes of polyacrylamide (PAM) 
hydrogels: soluble (linear) and insoluble (crosslinked).  

Linear PAM dissolves in water and has been 
successfully used in reducing irrigation-induced 

https://www.maximumyield.com/definition/3513/hydrogel
https://en.wikipedia.org/wiki/Potassium_polyacrylate
https://en.wikipedia.org/wiki/Potassium_polyacrylate
https://en.wikipedia.org/wiki/Sodium_polyacrylate
https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Clay
https://en.wikipedia.org/wiki/Sand
https://en.wikipedia.org/wiki/Loam
https://en.wikipedia.org/wiki/Soil_erosion
https://en.wikipedia.org/wiki/Desertification
https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Desert
https://en.wikipedia.org/wiki/Semi-arid_region
https://en.wikipedia.org/wiki/Semi-arid_region
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erosion in agricultural fields Cross-linked PAM does 
not dissolve, but forms a gel when water is added and 
is often used in garden, landscape, and nursery 
situations as a way of retaining moisture. 

Insoluble PAM products are marketed as 
“superabsorbent gels” or “hydrating crystals.” Instead 
of dissolving, these gels absorb water, swelling to 
many times their original size. As they dry, water is 
slowly released to the soil. Popular with the nursery 
industry and homeowners alike, these latter 
compounds are the focus of this article. 

Commonly used hydrogels: 

SLUSH POWDER - Superabsorbent polymer (also 
called slush powder) can absorb and retain extremely 
large amounts of a liquid relative to their own mass. 
Water molecules are drawn into the network across a 
diffusion gradient - formed by the Sodium 
neutralization of the polymer backbone. Thus, the 
particles expand as water moves into the network. 
The water is held tightly in the network by Hydrogen-
bonding 

PUSA HYDROGEL- Pusa Hydrogel, a semi-synthetic 
superabsorbent polymer which fulfils the basic 
requirements of Plants and is widely used in 
agriculture. It sticks to the roots of the Trees and 
when the soil moisture falls as the temperature rises. 
It is mixed with the soil on which the seeds are sown. 
The gel then absorbs water and expands to 300 times 
its original size 

POTASSIUM POLYACRYLATE AND WATER RETENTION 
POLYMERS- Potassium Polyacrylate is a unique type 
of Hydrogel which is applicable in seasonal crops, In 
transporting and Cut Flowers, Agriculture, For bare 
toot dipping, Gardening, Horticulture, and landscape. 
Water Retention polymers are very useful in the rainy 
and dry season for greater absorbency and retention 
power. A farmer can use this hydrogel to protect their 

crop from seasonal variability. It can maintain the 
high growth of crops in a changing environment 

Three main types of Hydrogels have so far been found 
appropriate for agricultural use: 
1. Starch-graft copolymers 
2. Cross-linked Polyacrylates 
3. Cross-linked Polyacrylamides & Acrylamide-
acrylate copolymers. 
 
Benefits of using hydrogel in Agriculture 

 It works as an anti-drought mechanism and reduces the 
water requirement of plants. Typically, a farmer 
irrigates his field every four days for high value crops, 
but with the gel, he can irrigate the farm every eight 
days. “Farmers are able to defer irrigation cycles and 
hence use the water effectively. 
It also reduces fertiliser application — as it binds the 
fertiliser to the root, it reduces leaching of fertilisers,”  

 The gel helps crops store water for a dry spell and aids 
farmers to cope with the increasingly unpredictable 
monsoon seasons. 

 The gel influences the soil permeability, density, 
structure, texture, evaporation and infiltration rates of 
water through soils. 

 They can help combat plant pathogens even with lower 
pesticide dosage. They also allow pesticides to be 
released slowly over a long period, increasing 
effectiveness and reducing side-effects such as 
pesticide runoff. 

 They can be used to release phosphate fertiliser slowly, 
by making an ester bond between polyvinyl 
alcohol and phosphoric acid. 

 They are also crucial for proper seed germination and 
development of plants. Also roots of plants planted 
with uncovered root systems are covered with 
hydrogels, which prevents their overdrying and reduces 
the number of seeds falling out after planting. 

Application of hydrogel granules 
Depending on the salt content of the water 1 kg 
of hydrogel can absorb water up to 500-600 

https://en.wikipedia.org/wiki/Phosphate_fertiliser
https://en.wikipedia.org/wiki/Ester_bond
https://en.wikipedia.org/wiki/Polyvinyl_alcohol
https://en.wikipedia.org/wiki/Polyvinyl_alcohol
https://en.wikipedia.org/wiki/Phosphoric_acid
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times of their weight. Hydrogel can be applied 
wet ( liquid) on dry granule formulation 
Dry application- For proper functioning, hydrogel 
should be kept in a dry place. Mix the desired 
amount of hydrogel (5 kg/ha) with dry, fine sand 
of less than 0.25 ,, size in a ratio 1:10 ratio. 
For vegetable crops, mix the mixture of hydrogel 
and sand with upper 5 cm of soil.For economical 
use, hydrogel should be applied in line where 
seed is to be sown. 
Wet application- Mix the granules in water & 
allow them to stand for 60-90 mins(hot water 
works faster). Once the polymer is all soaked up, 
the application rate is roughly one part hydralid 
polymer to for parts soil. Best for small 
applications such as repotting house, planting 
shrubs, small trees & bedding plants. Some 
commonly super absorbent hydrophilic polymer 
(hydrogel) used in agriculture are Pusa hydrogel, 
Luquasorb, agrosoak, Soil moist, water lock, 
stock osorb, Jalshakti. 
 
Application methods 
 
For field crops: Prepare an admixture of hydrogel and 
fine dry soil in 1 : 10 ratio and apply along with the 
seeds/fertilizers or in the opened furrows before 
sowing. For best results, hydrogel should be close to 
seeds. 

 In nursery bed for transplants: Apply 2 g/m2 (or 
according to recommended rate) of nursery bed mix 
of hydrogel uniformly in the top 2 inches of the 
nursery bed. In pot culture, mix 3–5 g/kg of soil 
before planting. 
 

 While transplanting: Thoroughly mix 2 g (or according 
to recommended rate) of hydrogel per litre of water 
to prepare a free-flowing solution; allow it to settle 
for half an hour. Dip the roots of the plant in the 
solution and then transplant in the field. 
 
Application rates 
 
Considering the efficiency of hydrogel in soil 
conditioning and moisture retention, it can be 
understood that an optimum mixing ratio is needed 
to get maximum efficacy of the method. Since the 
moisture holding capacity is a function of soil 
characteristics, dosage of hydrogel is also varied and 
designed based on the type of soil it is used with. A 
simple dosage chart has been illustrated herein but 
the ultimate quantity and application can only be 
determined after testing specific soils to be 
conditioned. 
 
 

Type of Soil Suggested dosage of Hydrogel 

Arid & Semi-arid Regions 4-6g/kg soil 

For all level of water stress treatment and improved 
irrigation period 

2.25-3g/kg soil 

To delay permanent wilting point in sandy soils 0.2-0.4g/kg OR 0.8% of soil whichever is more 

To reduce irrigation water by 50% in loamy soil 2-4g/ plant pit 

To improve relative water content and leaf water use 
efficiency 

0.5-2.0g/pot 

To reduce drought stress 0.2-0.4% of soil 

To prohibit drought stress totally 225-300kg/ha of cultivated area 

To decrease water stress 3% by weight 
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Long-term effectiveness 
Although synthetically produced, polyacrylamides are 
organic chemicals that can be degraded by both living 
and non-living environmental factors. Exposure to 
ultraviolet radiation, chemical oxidizers, fertilizer 
salts, mechanical abrasion, and freeze-thaw events 
will degrade the polymer, breaking it up into smaller 
fragments. These smaller fragments do not have the 
same properties as the larger polymers, and thus the 
hydrogel’s water-retaining capacity and other 
functions are reduced and ultimately lost. Gels that 
are applied to soil surfaces experience these 
environmental stresses most frequently and will 
degrade most rapidly, especially in soils with high 
levels of solar ultraviolet. Even if gels are protected 
from environmental exposure, they will still be 
broken down by decomposition. A number of 
naturally occurring soil microbes have been identified 
as active decomposers of both soluble and cross-
linked polyacrylamide gels. 

Safe to the environment 
 
Biodegradable hydrogels contain labile bonds either 
in the polymer backbone or in the cross-links used to 
prepare the hydrogels. The labile bonds can be 
broken under physiological conditions either 
enzymatically or chemically over a period of time. 
End-products after degradation are CO2, water and 

ammonia. Acrylamide, a monomer used for hydrogel 
preparation is neurotoxic, but polyacrylamide itself is 
non-toxic. The polyacrylamide can never reform its 
monomer. Hence there is no residual amount of 
acrylamide present in the soil after degradation of 
hydrogel, especially when cellulose is used as 
backbone. Acrylamide residue is also not detected in 
crop products which are grown with hydrogel 
application. 
 
Conclusion 
Hydrogel is a boon to dry farming. Most of the area of 
India is located in Arid and Semiarid Regions, more 
efficient use of water is essential in the field of 
agriculture. Implementing proper management 
practices in agriculture to maintain soil moisture and 
increase water holding capacity is considered as one 
of the ways to save water. This property has lead to 
many practical applications of these new materials in 
particular in agriculture for improving water retention 
of soils and the water supply of plants. It also helps 
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. Hence hydrogels may 
become a practically convenient and economically 
feasible option in water-stressed areas for increasing 
agricultural productivity with environmental 
sustainability. 
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Red wigglers and night crawlers: An unheralded army working day and night for the mankind 
Article id: 11069 

Shubhasree Dash and Poonam Preeti Pradhan 
Assistant Professor, School of Agriculture, GIET University 

 
Tiny creatures which may lack charm as 

that of the other animals, but play a vital role in 
the soil ecosystem and are commonly known as 
farmer’s friend- Earthworm. These “ecosystem 
engineers” are highly valued for modifying the 
physical, chemical and biological properties of 
the soil and directly benefiting the farmers. 
Influence and benefits of earthworm in the soil 
ecosystem are many in number, which chiefly 
includes recycling of organic material, increasing 
nutrient availability and improving physical 
properties of soil.  

 

 Earthworm decomposes fecal matter and 
plant litter and also process about 2-20 tonnes of 
organic matter per hectare each year. They also 
bring the fresh subsoil to the surface which is 
finer and rich in mineral content. According to 
Charles Darwin, an acre of the earth is inhabited 
by 50,000 earthworms which may bring more 
than 18 tones of deeper subsoil to the surface in 
a year. Nutrients like nitrogen, phosphorus and 
potassium become more readily available to 
plants after being digested by these worms. They 
are known for increasing the soil fertility 
exponentially. They eat about one and a half 
times their own body weight each day, as a result 
they constantly defecate. It has been found that 
nitrogen, phosphorus and potassium availability 
in the soil increases up to five, seven and eleven 
folds respectively, due to worm casting in soil as 
compared to the undigested soil. Besides these 
calcium and magnesium are found in earthworm 
faeces which is essential for plant growth. As the 
earthworm burrows into the soil, it tends to alter 
the physical structure of soil. Aristotle observed 
how they turned the soil and called them as 

“intestines of the earth”. The infiltration rate of 
water increases 10 times if earthworms are 
introduced into soil as compared to soil devoid of 
them. This percolates the water and nutrients 
down to the plant roots which improves the 
nutrient uptake by the plants. Burrowing into the 
soil ultimately leads to improvement in soil 
aeration, drainage and enhances the root 
penetration. They also prevent soil erosion up to 
some extent since it is the soil structure that 
determines its resistance to erosion. Apart from 
these, the organic matter digested by earthworm 
has disease suppressing capacity and is called as 
“vermi compost”. 

 
Earthworms are the bio-indicators of soil 

heath. They need moist soil and organic matter 
or residue for food. They are not the only 
indicators of soil health, but their presence is 
usually an indicator of healthy soil system.  
Population density of earthworms generally 
decline due to the cultivation practices like: 

1. Tillage implements cause physical injury 
to earthworms resulting in mortality.  

2. A change in soil temperature resulting 
from the loss of insulation provided by 
the vegetation.  

3. Increased predation from birds when the 
soil is turned over. 

4. Application of chemical fertilizers and 
pesticides in the soil ecosystem. 

   
       
 Since the red wigglers are essential to the 
farming community, we should do all that can be 
done to look after them and give them what they 
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need, to survive as well as to increase their 
number. All they require are mainly two things: 

1. Dead plant and organic material which 
can be supplied to them in form of crop 
residues and mulching. 

2. No disturbance should be done to the soil 
because they need to be left alone to do 
their work. Turning over of soil can halve 
or reduce their population. 

 
Hence, no-till system in combination with soil 
moisture, temperature and quality of food supply 
are essential for growth of earthworm 
population. It has also been observed that 
legumes, alone or in rotation with other crops are 
preferred by earthworms. Sandy or wet heavy 
clay soils may not naturally harbor significant 

earthworm populations, but irrigation and 
drainage can help provide favorable conditions 
for earthworms to thrive. Careful selection and 
application of pesticides should also be done. 
Apart from the above benefits rendered by 
earthworms in soil ecosystem, they can also be 
used as bait in fishing activity. Hence they are 
also called as “fisherman’s friend”, “gardener’s 
buddy” and “earth diggers delight”. 

 
In the light of their importance to the 

farming community in general and agriculture in 
particular, it is the need of the hour to realize 
their vital essence to utilize the potential of 
earthworms in the emerging Organic Farming 
initiatives in different parts of the country. 
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Various Types of Modern Spraying Techniques in Orchard Sprayer 
Article id - 11070 

Pawase Pranav Pramod1 and Shashikumar J N2 
1 Department of Farm Machinery and Power Engineering, CTAE, MPUAT 

2 Department of Processing and Food Engineering, CTAE, MPUAT 
 

Introduction 

The world’s population is continuously 
increasing, especially in many developing 
countries. To feed and cloth these people, food 
crop yields need to be increased and more 
natural fibers need to be produced. Continuous 
growing of world population and an increased 
pressure on the available area to cultivate crop, 
demands for more intensive agriculture. The 
challenge for Indian agriculture is to achieve 
higher productivity in a sustainable manner 
despite constraints on availability of land, 
irrigation and labour. To achieve this, farmers 
need to be empowered with new farming 
technologies which include different irrigation 
systems, mechanization, and modern input 
materials like high yielding seeds and crop 
protection products, to increase the productivity. 

Plant protection strategies have 
significant role in the overall crop production 
programmes for sustainable agriculture and aim 
at minimizing crop losses due to ravages of insect 
pests, diseases, weeds, nematodes, rodents, etc. 
Total field losses in India due to insects, diseases 
and weeds ranged from 10–30 % (Anonymous, 
2015).  

In the present status of agricultural 
mechanization, plant protection equipment 
sprayer plays a vital role to protect crops from 
pests, diseases and crop destructive micro-
organisms. Wastage of pesticides and poor pest 
control give rise to loss of yield in field crops.  

Drawback found in commercially available 
orchard sprayer 

i. Trailed type orchard sprayer required 
more headland to take turn. Because of 

this alternate row spraying had to be 
adopted and it required more time as well 
as more turning losses. 

ii. Drift was more and also pesticide falling 
on the ground. 

iii. Spraying was also done in unnecessary 
areas such as headlands, space between 
two adjacent plants, etc. 

iv. Because of the chassis of trailed sprayer, 
cost of sprayer was increased. 

Scope of Improvement 
 Following are the scopes to overcome above 
problems, 

i. Instead of trailed type sprayer, mounted 
type sprayer may be develop, which has 
better maneuverability as compared to 
the trailed type, less time requirement for 
spraying and also requires less capital 
cost. 

ii. Sensor based system (Variable rate 
spraying system) that recognizes where 
there are gap in crop rows for which spray 
is not needed, may also be developed for 
orchard crops. 

iii. To overcome the losses of pesticide due 
to falling on ground as well as by losses 
due to drift, shielded system may be 
developed to recycle the spray liquid. 

Design plan- 
1) Sensor based variable rate sprayer- 

The increase in the cost of pesticides and 
greater concern about environmental pollution 
necessitate improved efficiency of pesticide 
application equipment. The enormous wastage of 
chemicals and the ensuing environmental 
pollution, due to off target deposition of 
conventionally applied pesticides, could be 
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brought down by the use of controlled sprays. 
Turning off sprayers when there is no target or 
adjusting the sprayer application rates based on 
the canopy size and density has been considered 
by the researchers in the past. Various 
researchers have done the study on the use of 
the sensors for accessing the plant characteristics 
such as canopy volume, foliage density etc. in 
real time and have used this technology for 
controlled application of spray as per the canopy 
size and controlling the spray in-between tree 
spaces. Their studies have revealed that the use 
of such technology can significantly reduce the 
quantity of spray and spray losses. Variable rate 
spraying technology can potentially deliver the 
precise amount of chemicals to match the tree 
configurations and to reduce pesticide use and 
environmental pollution. 
Design of sensor based sprayer- 
The sensor based sprayer shall have three main 
units: 
i) Canopy characterization unit: A high-speed 
ultrasonic sensor will be used to detect the target 
canopy and to get the data that characterizes 

tree canopy. The sensor will be programmed to 
detect the target between 0 to 3000 mm. For 
given range, after detection of target, sensor 
measured distance of target from tip of sensor 
and then this measured distance will be 
transferred to data processing unit. 
ii) Data processing unit (micro-controller unit): A 
micro-processing unit will be fabricated to 
control both canopy characterization unit and 
spray control unit. In this unit, data received from 
sensing unit will then be processed to determine 
the tree size in terms of depth of canopy. Based 
on the computed canopy depth, the optimum 
spray flow rate will be calculated and finally 
control signal to be sent to spray control unit will 
be calculated. An algorithm will be designed to 
perform all these functions. 
iii) Spray control unit: Pulse width modulated 
proportional solenoid valves will be used to 
modulate the discharge of spray nozzles in order 
to deliver optimum flow rate. The opening of the 
valves will be controlled by sending analog signals 
between 0 to 10 V thus controlling flow rate of 
the respective nozzle. 

 

 

Fig. 1 working principle of ultrasonic sensor 

2. Shielded applications 
Shielding spray from the wind while the 

in-flight droplets approach and penetrate the 
tree canopy has been found to reduce drift very 

effectively. Most of the spray liquid from 
conventional sprayers may drift away from the 
target trees, whereas that from shielded sprayers 
is confined within the sprayed row. 
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Concept of tunnel sprayers 

The first sprayers with a tunnel shield that 
straddles over bush or vine fruit and thereby 
partially encloses the row, were developed in the 
early 1970s (Shanks et al., 1972). Morgan (1981) 
reports that, with tunnel sprayers, the large 

drops (VMD=200-500 m) produced as a 
consequence of conventional high-volume 
spraying have a greater momentum but are not 
needed to overcome wind effects. Instead, a finer 

spray (VMD=100-200 m), that leads to more 
effective cover with a smaller volume, offers a 
better biological effect and can be used with a 
low risk of drift. With air assistance, very fine 

droplets (about 80 m) can be applied using low 
output conventional nozzles as well as rotary 
atomizers (Controlled Droplet Application). Bera 
(1984) obtained very good control of apple scab 
(Venturia inaequalis) on dwarf apple trees 
(McIntosh, Golden Delicious and Jonathan 
cultivars) with a spray volume of only 10 l/ha 
applied with an air-assisted tunnel sprayer using 
rotary atomizers . The result was equally good at 
both full and half-dose rates of fungicide with a 
maximum of 2.8% of infected leaves and 0.5% of 
infected fruit compared with 48.9 and 58.0%, 
respectively, in the untreated control plots. 
 

 
Fig. 2 concept of tunnel sprayer 

Spray recycling 
During treatment, spray may pass the tree 

canopy and impinge on the walls of the tunnel to 

be collected and returned to the sprayer tank. 
Beasley et al. (1983) reported that over 40% of 
the spray liquid applied to blueberry bushes 
could be collected and recycled without being 
deposited on the target plant itself. Thus, 
recycling permitted smaller spray volumes to be 
used with less drift and ground pollution than 
that from conventional systems. Reichard and 
Ladd (1984), with their recycling sprayer, used 
over 30% less insecticide while providing the 
same control of pests in sweet corn as a non-
recycling sprayer. Similar spray savings can be 
achieved by the tunnel sprayer during 
applications to trees. 
Advantages  

i. The main, most important advantage of 
the shielded recycling sprayers is an 
outstanding reduction of emission to the 
environment and considerable saving of 
chemicals.  

ii. Since this technique permits application 
of pesticides under windy conditions, too 
breezy to use a conventional orchard 
sprayer, it ensures optimum timing for 
the chemical treatments. 

iii. The operator of the tunnel sprayer is less 
exposed to the spray material which also 
increases his safety and comfort.  

 
3. Tractor mounted air-carrier orchard sprayer 
(ULV) 
Concept: 

i. It utilizes air stream to carry spray 
droplets on the target. 

ii. Employs a blower to produce and deliver 
an air stream of sufficient discharge, 
velocity and pressure. 

iii. Turbulence of air stream causes thorough 
mixing of air and liquid. 

Advantages over the conventional sprayer: 
i. It requires less amount of liquid per tree. 

ii. It saves great amount of time and labour. 
iii. Quick and easy pests control 
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iv. Due to faster application rates, spraying 
can be done in optimum time. 

v. Covers whole tree canopy, upper as well 
as lower leaves.    

vi. High maneuverability. 

 

Fig. 3 conceptual diagram of tractor mounted air-carrier sprayer 
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PLASTIC MULCH: A new horizon in agri-horticultural system 
Article id: 11071 

Sourav Roy and Chandan Karak  

Department of Vegetable Science, BCKV, Mohanpur, Nadia, India 

 

 

INTRODUCTION  
Benefits of mulching on growth and yield of 
annual and perennial crops have long been 
recognized (Magistad et al. 1935; Shonbeck and 
Evanylo 1998; Weber 2003). Mulching with 
organic or inorganic materials aims to cover soils 
and forms a physical barrier to limit soil water 
evaporation, control weeds, maintain a good soil 
structure, and protect crops from soil 
contamination. Natural mulches are those 
derived from animal and plant materials. If 
properly used, they can offer all the benefits of 
other types of mulches. Natural mulches help in 
maintaining soil organic matter and tilth (Tindall 
et al. 1991) and provide food and shelter for 
earthworms and other desirable soil biota (Doran 
1980). However, natural materials are not often 
available in adequate amounts, their quality is 
inconsistent, and they require more labor for 
spreading. Natural mulches do not always 
provide adequate weed control; they may carry 
weed seeds and often retard soil warming in 
spring, a condition that can delay growth and 
ripening in warm season vegetables (Schultz 
1983). Straw mulches often contaminate the soil 
with weed seeds and deplete the seedbed 
nitrogen due to their high carbon-to-nitrogen 
(C/N) ratio. Organic materials that have a high 
C/N ratio such as grain straw may temporarily 
immobilize soil nitrogen as they decompose 
(Mooers et al. 1948), although humified organic 
matter accumulated from long-term straw 
mulching sometimes results in net mineralization 
of N (Ferguson 1957). Natural mulch harbors 
pests such as termites, slugs, snails, earwigs, etc. 
Natural mulches are reported to reduce soil 
temperature and evaporation, but do not 

invariably cause higher yields (Kwon 1988; 
Subrahmaniyan and Zhou 2008). Therefore, 
natural mulches could not be used efficiently in 
crop production during all the seasons. To 
overcome some of the problems outlined above, 
plastic mulches have been developed for use in 
agriculture. 

The trend has been toward using 
synthetic mulches such as films made of 
formulations of paper, which includes 
combinations of paper and polyethylene, foils 
and waxes. Petroleum and resin mulches were 
also developed for arid climates at the same 
time. Synthetic mulches including thin sheets of 
plastic, paper, and petroleum materials present 
increased benefits over natural mulches. Of these 
mulches, only those made of polyethylene are 
still widely used today in the agricultural industry. 
Plastic film used as mulch has revolutionized the 
age-old technique of mulching. Waggoner et al. 
(1960) described microclimatic changes caused 
by various mulches (polyethylene film, straw, 
paper, and aluminum films) and concluded that 
polyethylene film mulch was the most effective 
method of mulching. 
 
 
History 
Plastics are man-made long-chain polymeric 
molecules (Scott 1999). The word plastic comes 
from the Greek word “plastikos,” which means 
“able to be molded into different shapes” (Joel 
1995). The plastics we use today are made from 
inorganic and organic raw materials, such as 
carbon, silicon, hydrogen, nitrogen, oxygen, and 
chloride. The basic materials used for making 
plastics are extracted from oil, coal, and natural 
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gas (Seymour 1989). Plastics were first 
introduced on a commercial scale in 1939 
(Byrdson 1970). These include polyethylene, 
polyvinyl chloride, and ethylene vinylacetate. 
Polyethylene plastic is made from polyethylene 
resin, which is in the form of pellets. The pellets 
are heated and processed into bendable sheets 
of plastic film. The widespread use of 
polyethylene (the principal type of plastic used 
today) is due to easy processibility, excellent 
chemical resistance, high durability, flexibility, 
and freedom from odor and toxicity (Clarke 1987; 
Garnaud 1974). The most commonly used mulch 
films include low-density polyethylene, linear 
low-density polyethylene, and high-density 
polyethylene (Fleck-Arnold 2000). Plastic mulch 
films were first used in the late 1950s in 
university research and have been used 
commercially for vegetable production since the 
early 1960s (Hussain and Hamid 2003; Lamont 
2004a, b). Plastic mulch is now used worldwide 
to protect crops from unfavorable growing 
conditions such as severe weather, insects, and 
birds. Utilization of plastics in agriculture started 
in the developed countries and is now spreading 
to the developing countries. Early utilization of 
plastic was in cold regions, and plastic was mainly 
used for protection from the cold. Now plastic is 
used in all kind of climates, soils, and seasons for 
its numerous benefits in addition to enhanced 
soil temperatures. 
 
 

Black plastic film mulch 

Black plastic film mulch used in conjunction with 
in-row drip irrigation is the weed management 
option of choice for many medium- to large-scale 
organic and conventional vegetable farms. The 
opaque film reduces germination of light-
responsive weed seeds; shades out and physically 
blocks the emergence of most weeds; and can 
enhance crop growth by conserving soil moisture, 

promoting soil warming, and speeding nutrient 
mineralization from soil organic matter. The crop 
growth benefits contribute to weed management 
by enhancing the crop's ability to tolerate and 
compete with weeds. 

The most economical and widely used synthetic 
mulches are plain or embossed black 
polyethylene films, which come in various widths 
(4 feet is most common) and thicknesses (0.8–
1.25 mil), in rolls up to 2,500 feet or more in 
length. Usually, the mulch is applied by a tractor-
drawn mulch layer that stretches the plastic 
evenly over crop rows or raised beds, anchoring 
the edges of the mulch with soil. Warm season 
crops like tomato, pepper, eggplant, melon, 
sweet potato, and okra are often grown on raised 
beds mulched with black plastic, and this system 
is sometimes used for early plantings of onion, 
lettuce, brassicas, and other cool-season crops as 
well. Normally, drip lines are installed under the 
film (either on or below the soil surface) to 
deliver moisture and nutrients (liquid organic 
fertilizer) directly to the crop without watering 
and feeding between-row weeds. 

Clear, Translucent, and Colored Plastic Films 

Clear, translucent, and infrared-transmitting (IRT) 
plastic films that allow solar radiation to reach 
the soil will warm the soil more effectively than 
does black plastic. However, clear colorless 
plastic may allow such vigorous weed growth 
that the mass of vegetation bulges and eventually 
tears the plastic. During very hot sunny weather, 
a tight fitting clear plastic film can heat the soil 
sufficiently to kill rhizomes and other vegetative 
weed propagules, some weed seeds, and most 
plant pathogens in the uppermost several inches 
of the soil profile. This process is called soil 
solarisation, and is a valuable tool for preparing 
small areas for planting certain high-value crops. 
Vegetables are not normally planted into clear 
plastic, because the heat build up under this 
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mulch can damage the crop during hot weather, 
and accelerate weed growth during cooler 
conditions. 

Translucent green, brown, olive, and IRT 
(infrared-transmitting) plastic films have been 
developed, which combine greater soil warming 
(compared to black plastic), with fair weed 
suppression. Because they absorb the red and 
blue light wavelengths used by all plants in 
photosynthesis, and transmit mostly infrared 
(heat) wavelengths and some green light, these 
materials reduce weed germination, emergence, 
and growth compared to clear film or bare soil. 
Translucent films do not control weeds as 
effectively as black plastic, and should be used on 
crops for which soil warming is critical, and in 
fields with light-to-moderate weed populations. 

Film mulches with white or reflective surfaces 
lower soil temperature compared to uncovered 
soil. This can benefit crop growth and 
competitiveness against weeds during the 
hottest summer months, when soil temperature 
under black mulch would exceed the optimum 
range for the crop. For example, tomato prefers 
moderately warm (70–85 °F) root zone 
temperatures and can be stressed by higher 
temperatures (Tindall et al., 1990); thus, farmers 
in warm climates often use a white mulch for 
later tomato plantings, or apply whitewash to 
black mulch when hot weather sets in after the 
crop is planted. 

Research has shown that the quality of light 
reflected by mulch can affect crop production 
(Orzolek and Lamont, 2000). Reflective (silver 
colored, aluminum-coated) films disorient and 
repel aphids, whiteflies, and some other pests. 
Red plastic has been reported to enhance tomato 
and strawberry yields by 12–20%, and dark blue 
plastic to improve cucurbit yields (Orzolek and 
Lamont, 2000). In South Carolina, red mulch was 
found to stimulate tomato fruit growth 
(Kasperbauer and Hunt, 1998), and reduce pest 

nematode attack on the crop (Adams, 1997). 
However, studies in Iowa showed no difference 
in tomato yield in red, IRT, and black mulches 
(Taber and Smith, 2000). Lack of consistency 
among research results suggests that the benefits 
of different colored mulches may vary with local 
conditions (climate, insect pest populations, etc.); 
thus, farmers may be well advised to test 
specialized colored mulches on a small scale 
before investing in application on a larger area. 

Benefits 

Benefits of plastic mulches are multiple and 
include 

● Earliness: Crops grown on plastic mulch can be 
harvested 7 to 21 days earlier. 

● Enhanced yields: Marketable yield may be up to 
three times greater. 

● Improved quality: Produce is cleaner and has 
increased size and fewer culls. 

● Higher economic returns: Earliness, high yields 
and high produce quality may improve economic 
return to the farmer 

● Reduced weed infestation: Certain plastic 
mulches prevent light penetration and weed seed 
germination and growth, and serve as a physical 
barrier to weed seedlings. 

● Potential decrease in disease incidence: Many 
foliage and fruit diseases over-winter in soil and 
plastic mulch may limit splash onto the plant 
during rain events. 

● More efficient use of water: There is reduced 
evaporation from the soil surface, and reduced 
water usage as compared to overhead irrigation 
due to direct delivery of water to the root zone. 

● Possibility to double-crop: The same plastic can 
be used to grow a second or third crop with 
minimum inputs. 

● Reduced fertilizer leaching: Lower water rates, 
especially in light soils, reduce risk of fertilizer 
leaching and groundwater contamination. 
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Limitations  
● Is manufactured from petroleum, a non-

renewable resource. 
● Does not provide organic matter to feed the 

soil. 
● Does not provide as good a habitat for 

ground beetles, earthworms, and other 
beneficials as organic mulches. 

● Does not breathe, excludes rainfall, and 
requires drip irrigation to ensure adequate 
moisture. 

● May require manual removal of weeds 
emerging through planting holes. 

● Can be penetrated by nuts edges and a few 
other weeds with sharp, tough growing 
points. 

● Requires cultivation or other measures to 
control weeds in alleys. 

● Can channel runoff and worsen between-bed 
erosion during heavy rains on sloping fields. 

● Must be picked up and disposed of at the end 
of the season. 

● Generates large volumes of plastic waste 
(200–300 lb/ac). 

Black plastic mulch does not eliminate all weeds. 
Light reaching the soil surface through planting 
holes and in uncovered alleys between mulched 
beds allows weeds to emerge and establish, thus, 
additional measures are needed to manage 
weeds in these areas. Weeds in plant holes can 
compete severely with the crop if they are not 
removed early, and vining species like morning 
glories (Ipomoea spp.) and bindweeds 
(Convovulus arvensis and Calystegia sepium) 
grow toward the light of planting holes and climb 
the crop plant. Nut sedges (Cyperus spp.) and a 
few other weeds with sharp growing points can 
puncture and emerge through the film. Black 
plastic can accelerate the growth and spread of 
purple nutsedge (C. rotundus) by warming the 
soil (Webster, 2005). 

Tips for getting best result with plastic mulch 

● Avoid using plastic in fields heavily infested with 
nutsedge or vining weeds. 

● Prioritize early plantings and heat-loving crops 
for use of black plastic. 

● Add organic nutrient sources and other 
amendments to the bed before applying plastic. 

● Install in-row drip irrigation tape under the film 
in such a way that the tape will not be damaged 
during planting operations (burial to the side of 
the row is often done). 

● Ensure a tight fit of plastic film to soil surface to 
improve weed control and soil warming. 

● Manage alley weeds through timely cultivation, 
mowing, mulching, or cover crops. 

● If soil temperatures under plastic exceed optimal 
ranges for the crop, spread organic mulch over 
plastic. 

Despite these drawbacks, many farmers 
use plastic mulch because it is well suited to 
mechanized, medium- to large-scale production. 
The yield increases and labor savings from using 
black plastic often pay for the purchase price and 
pickup costs several times over. Ensuring a tight 
fit of plastic film to the soil surface, through 
precise bed preparation and mulch application, 
improves weed control and enhances soil 
warming. The effect of plastic mulch in crop 
production with regards to microclimate 
modification, soil physical, chemical and 
biological properties, soil moisture, weed control, 
soil nutrients, and pest and disease management 
needs to be studied extensively. Currently, the 
materials and technology to develop 
biodegradable mulch films for agricultural 
application exist. The major limitation remains 
the high cost of those materials that prevent 
their adoption by farmer. 

 



AGRICULTURE & FOOD: e-Newsletter                                                Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                                            ISSN: 2581-8317 

    

21 

 

 
REFERENCES 

1. Adams, S. 1997. Red plastic mulch thwarts nematodes. News and Events. United States 
Department of Agriculture–Agricultural Research Service 

2. Byrdson JA (1970) Plastic materials, 2nd edn. Illiffe Books, London, p 597 Cannington F, Duggings 
RB, Roan RG (1975) Florida vegetable production using plastic film mulch with drip irrigation. Proc 
Nat Agr Plastics Congr 12:11–15 

3. Clarke SP (1996) Recycling farm plastic films fact sheet. Accessed 23 Apr 2011 
4. Ferguson WS (1957) Note on the effect of stubble and straw residue on the availability of nitrogen. 

Can J Soil Sci 37:145–146 
5. Fleck-Arnold JE (2000) Plastic mulch films—additives and their effects. Proc Natl Agr Plast Congr 

29:310–314 
6. Garnaud JC (1974) The intensification of horticultural crop production in the Mediterranean basin 

by protected cultivation. FAO of the United Nations, Rome 
7. Hussain I, Hamid H (2003) Plastics in agriculture. In: Andrady AL (ed) Plastics and the environment. 

Wiley, Hoboken, pp 185–209 
8. Joel FR (1995) Polymer science and technology: introduction to polymer science, 3rd edn. Prentice 

Hall, Upper Saddle River, pp 4–9 
9. Kasperbauer, M. J., and P. G. Hunt. 1998. Far-red light affects photosynthate allocation and yield of 

tomato over red mulch. Crop Science 38: 970–974 
10. Kwon (1988) The effect of different mulching materials on soil conditions with reference to red 

pepper production. ASPAC Food Fertilizer technology centre Extn Bulletin 277:11–24 
11. Lamont W (2004a) Plastic mulches. In: Lamont W (ed) Production of vegetables, strawberries, and 

cut flowers using plasticulture. Natural Resource, Agriculture, and Engineering Service (NRAES), 
Ithaca 

12. Lamont W (2004b) Plasticulture: an overview. In: Lamont W (ed) Production of vegetables, 
strawberries, and cut flowers using plasticulture, Natural Resource, Agriculture, and Engineering 
Service (NRAES), Ithaca 

13. Magistad OC, Farden CA, Baldwin WA (1935) Bagasse and paper mulches. J Amer Soc Agron 
27:813–825 

14. Mooers CA, Washko JB, Young JB (1948) Effects of wheat straw, Lespedeza sericea hay, and 
farmyard manure as soil mulches on the conservation of moisture and the production of nitrates. 
Soil Sci 66:307–315 

15. Orzolek, M. D., and W. J. Lamont, Jr. 2000. Summary and recommendations for the use of mulch 
color in vegetable production. 

16. Schultz W (1983) Matching mulches. Org Gard 30(6):50 
17. ScottG(1999) Polymers and the environment. Royal Society of Chemistry, Cambridge 
18. Seymour RB (1989) Polymer science before & after 1989: notable developments during the lifetime 

of Maurtis Dekker. J Macromol Sci Chem 26:1023–1032 
19. ShonbeckMW, Evanylo GK (1998) Effects of mulches on soil properties and tomato production I. 

Soil temperature, soil moisture and marketable yield. J Sustain Agric 13:55–81 



AGRICULTURE & FOOD: e-Newsletter                                                Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                                            ISSN: 2581-8317 

    

22 

 

20. Subrahmaniyan K, Zhou WJ (2008) Soil temperature associated with degradable, non-degradable 
plastic and organic mulches and their effect on biomass production, enzyme activities and seed 
yield of winter rapeseed (Brassica napus L.). J Sust Agric 32:611–627 

21. Taber, H. G., and B. C. Smith. 2000. Effect of red plastic mulch on early tomato production. 
22. Tindall, J. A., H. A. Mills, and D. E. Radcliffe. 1990. The effect of root zone temperature on nutrient 

uptake of tomato. Journal of Plant Nutrition 13: 939–956. 
23. Tindall JA, Beverly RB, Radcliffe DE (1991) Mulch effect on soil properties and tomato growth using 

micro-irrigation. Agron J 83:1028–1034 
24. Weber CA (2003) Biodegradable mulch films for weed suppression in the establishment year of 

matted-row strawberries. Hort Technol 13:665–668 
25. Webster, T. M. 2005. Patch expansion of purple nutsedge (Cyperus rotundus) and yellow nutsedge 

(Cyperus esculentus) with and without polyethylene mulch. Weed Science 53: 839–845. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGRICULTURE & FOOD: e-Newsletter                                                Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                                            ISSN: 2581-8317 

    

23 

 

Ex situ management strategies to transform agricultural waste to wealth 
Article id: 11072 

(Sirazuddin, Ph. D. Scholar) 
 (Department of Agronomy, College of Agriculture, GBPUA&T, Pantnagar) 

 

INTRODUCTION: 
 

“Willingly Avoiding Sustainable Treatment of Exchequer” 

 
This self-written quote depicts the perception of 
human beings towards the term waste as 
majority of people believe that waste is 
something which has no further use but they 
forget to realize even the ash of any material can 
be used effectively if managed well. Another 
example could be that blood of a slaughter 
animal is also rich source of nutrients. The 
concept of waste as a material “which has no 
use” has to be changed to that of seeing waste as 
a resource by altering into secondary material 
with modification. Wastes can thus be 
transformed into constructive resources used at 
home or even sold for wealth. Agricultural waste, 
by-products and co-products are usually defined 
as plant or animal residues that are not (or not 
further processed into) food or feed, that may 
even be accountable for additional 
environmental and economic encumbrances in 
the farming and primary processing sectors. 
Agricultural waste has become a big concern of 
today’s era as it is estimated that around 500 
million tonnes of waste is produced annually in 
the nation and due to the lack of agricultural 
waste management, numerous predicaments are 
occurring day by day. To quote some of the 
alarming dilemmas, burning of the rice residues 
causes the environmental pollution, global 
warming, killing the beneficial insects, create net 
negative nutrient balance and also degraded the 
soil, decreases organic matter levels and finally 
results in the soil health deterioration. Who can 
forget the smog over the northern states of India 
which enhanced the particulate matter, toxic 

gases like carbon monoxide, nitrous oxide, 
sulphur dioxide, etc. in the air and resulted into 
respiratory diseases in children and pregnant 
women. In the scenario of climate change, 
anthropogenic green house effect is the gigantic 
dilemma in front of the nation which is further 
aggravated by poor management of agricultural 
waste. Agricultural waste is primary residues that 
can be turned into resources using intensified 
conversion processes which may yield potentially 
sustainable bio-products such as fertilizers, 
energy, materials and molecules. The conversion 
of this agricultural residue is crucial for 
supporting the decoupling of economic growth 
and human well-being from (primary) resources 
use, preventing putting pressure on land, causing 
adverse effects on biodiversity and jeopardizing 
global food security (UNEP, 2011). Different 
agricultural wastes are needed to be managed 
differently as per the demand or consequences of 
management strategy. 
 
Ex situ management of agricultural waste 

Agricultural wastes possibly are used as 
resource materials in many manufacturing 
applications. In general, silica is a major 
constituent of the agricultural waste ash. It 
ranges from 36-98% by weight in ash of rice husk, 
sugarcane trash, corn stover etc. Not only silica 
but other metal oxides like oxides of calcium, 
magnesium and potassium are also present along 
with some trace elements. Rice husk after 
burning in air produces highly reactive silica 
particles. During this process, about 20% of 
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biomass remains as ash, which contains different 
minerals. These minerals can be amorphous or 
crystalline depending upon the conditions in 
which rice husk is burnt. On the other hand, 
sugarcane trash ash has silica along with alkali 
and alkaline earth metal oxides as the major 
constituents. Silica, derived from the waste, can 
be utilized as raw materials to form different high 
performance materials, such as glasses, 
capacitors, glass sealants, bio-ceramics, fibres 
and optical cavities. In addition to this, silica can 
also be converted to silicon after heating in the 
presence of activated charcoal. The formed 
silicon, after refinement, can be used in solar 
energy production and electronic chips. The 
addition of sugarcane trash ash in rice husk ash 
promotes the glass formation. 

Agricultural by-products such as oat 
husks, bran, corn cobs, sawdust, sugarcane 
bagasses, etc. can be recycled and processing of 
these materials can turn them into new products. 
Furfural is a chemical made out of organic matter 
which is normally produced for industrial 
purposes. It is usages include weed killer, 
fungicide, and solvent. It is also a familiar 
element in the production of transportation fuels 
and in the process of refining lubricating oils. The 
global furfural market which was valued at US$ 
557.4 Million in terms of revenue is expected to 
reach USD 1393.9 Million by 2025 in terms of 
revenue. Hence, one can invest in the projects 
which are associated with the furfural 
manufacturing and government should also pay 
attention to aware the farmers about the same 
and also provide the processing units which are 
accessible to the farmers. 

Agricultural keratinous wastes are the 
solid environmental pollutants which are 
generated from poultry farms and slaughter 
houses when they are dumped, buried, used for 
land filling, or incinerated. These activities cause 
the soil, water and air pollution. One 

keratinophilic fungus isolate, Chrysosporium 
queenslandicum has shown the keratinolytic 
activity and it can degrade the agricultural 
keratinous wastes which is not only economical 
but also a promising process for better 
management of keratinous wastes for 
environmental protection (production of 
nitrogenous fertilizer and animal feed) and its 
fermentation broth could be useful in leather 
industry and textile industry, etc. 
 

Cancer train from Punjab to Rajasthan is 
the most alarming example highlighting the fact 
that agricultural wastes in terms of runoff and 
leaching losses of fertilizers, heavy metals 
present in pesticides reaching to the ground 
water and causing a life threatening disease 
“cancer” to the human beings. Excessive use of 
the fertilizers/insecticides in rice wheat system 
pollutes the underground water quality. 
Application of this poor quality water to the 
agricultural and dairy sector leads to emergence 
of several severe diseases in animals and 
decreased the grain quality which ultimately 
affect the human health. One should realize that 
if these wastes could be managed efficiently then 
wealth of the nation (human beings) who died 
because of the pollution created by non judicious 
use of fertilizers and pesticides could have served 
the nation to generate wealth. One should realize 
the importance of the quote that prevention is 
better than the cure. To sort this problem, the 
pyrolized organic matter of different crops straw 
like rice, sugarcane, eucalyptus, pine, etc. can 
serve the solution. Pyrolysis, is a kind of surface 
alteration technique which can increase the 
specific surface area of organic material like 
biochar and when these pyrolized materials are 
applied in the soil can increase the ammonium 
and nitrate adsorption on it with greater cost 
effectiveness. The alternative way of using these 
pyrolized materials to adsorb ammonium and 
nitrate with low cost can be proved 
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advantageous for wide practical application in 
the agricultural and industrial sectors. Biochar is 
the pyrolized organic material which has got 
potential to create wealth out of waste as it can 
sequester 50% of the carbon in the soil as 
compared to 100% loss in case of natural carbon 
cycle as well as in oxidation of carbon sources. 
Biochar units can easily be prepared with the 
help of tin and iron drums for the use of small 
farmers by attachment of blower for creating 
controlled oxygen supply. Biochar fortified 
manures have got more humic acid component 
rather than fulvic acid and it is the established 
fact that humic acid is water insoluble, thus 
reduces the losses of nutrients and prevent its 
leaching into the ground water. Biochar fortified 
fertilizers can be used as slow release fertilizer, 
thus maintain the availability of nutrients in the 
soil and increase the plant nutrient uptake. 
Further, from the biochar, energy-rich gases can 
be formed to generate liquid fuels. Government 
of India should advocate the preparation of 
biochar by creating biochar units for small and 
marginal farmers.  
 

Generally we don’t realize the waste in 
terms of wrappers, packaging materials like 
polythene, paper, cardboard, etc. of the 
pesticides and nutrient sources are also the 
waste which come under the category of solid 
waste. These wastes can be used for the brick 
making which is otherwise, becomes the part of 
garbage piles in the city. These wastes can be 
first converted into small grains and with clay 
mixture can be turned into bricks which will be 
eco friendly and cost effective too. The Hindustan 
Times in 2015 published the innovative thinking 
of a girl Lalita Prasida Sripada Srisai who won 
award in the finals of Google science fair in 
United States for her innovative idea of using low 
cost water purifier using corn cobs. The corn cobs 
can be used in diversified forms sequentially 
staring from cobs as a whole followed by their 

pieces, power of cobs and then burnt charcoal 
and ultimately followed by sand. This kind of 
approach should be propagated among the 
people and social media should highlight the 
innovative waste management practices so that 
industrial approach can be reached to such 
innovators of the nation which can certainly turn 
the agricultural waste to wealth.  

 
In villages, fuel crisis is a big problem for 

the livelihood of rural people, agricultural waste 
can be collected in a dump pit and biogas can be 
generated. Biogas can be successfully produced 
from the rice straw which afterwards can be used 
as a fuel. Further, one ton of dry rice straw has 
the potential to produce 300 cubic meter of 
biogas. This yields good quality gas with 55–60% 
of methane for cooking. Supplementary, the 
spent slurry with good nutritive values could be 
used as manure. This option is feasible as the 
farm residues are used in a non-destructive way 
for extracting high quality fuel gas and create 
manure to be used back into the soil for 
improving its declining fertility. Biomass rich in 
ligno-cellulosic content could be transformed into 
bio-based alcohol production which is an 
important and researchable issue as ethanol can 
be either blended with octane-enhancing agent. 
Around 382 to 471 l of ethanol could be 
produced from per ton of the dry matter of farm 
residue. 

 
Waste from animal husbandry enterprise 

in the form of urine and dung can be put to novel 
approaches like by dipping of rice straw bundles 
in a solution of 1000 liter of water and 1 kg of 
urea and 1 kg of cow dung. About 2–3 kg of urine 
from the animals could be absorbed by each kg of 
straw which could also be composted to enhance 
the degrading soil health. Rice straw residues 
from one hectare could be used to produce 3.2 
tons of manure which serves as rich nutrient 
source. The indigenous brand Patanjali has great 
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demand of cow urine particularly from 
indigenous cow breeds; hence, breeding of such 
breeds should be promoted by government 
funding. Sometimes urine is sold at equal price as 
that of milk and same scenario I have 
experienced in Uttarakhand state at kalsi where 
animal breeding farm is situated and they collect 
the urine from local cow owners and after some 
primary cleaning, they sale it to the industry as 
cow urine has got religious as well as medicinal 
importance among majority of people of the 
nation.  Researchers at Junagadh Agricultural 
University have reported the presence of traces 
of gold in the urine of Gir cows. The gold salt in 
cow urine can be transformed into powder, and 
then into metal balls. Government must think 
over it so that urine which is considered to be 
waste can turn into gold and wealth of the 
nation. 

Petroleum wastes which are associated 
with farm machinery can be effectively managed 
by Pseudomonas putida. Pseudomonas putida is 
the bacterium which can break the long 
hydrocarbon chain into simpler molecules, thus, 
facilitates easy and cost effective degradation of 
petroleum waste.  
 
 

Conclusion 
The most prominent agricultural waste is crop 
residue which is available in plenty; therefore, its 
efficient utilization by environmental friendly 

means can resolve the problems of soil 
degradation, sustainable crop production and 
arresting climatic change. Animal waste like dung 
can be used for improving soil health and urine 
for human health. Waste from slaughter houses 
like blood can be used for fortification of food 
like biscuits etc. and bone meal as source of 
nutrient supplementation to crops. Number of 
approaches has been designed, however, their 
commercial application is yet to be seen for 
which each and everyone starting from an 
individual to community, private to public sectors 
has to contribute to convert the agricultural 
waste into wealth. 

The projected 9 billion people world 
population by 2050 will lead to a demand for 
increased food production unavoidably yielding a 
proportional increase in primary agricultural 
residues. Hence, in order to further improve 
resource efficiency and improve agricultural 
waste management in primary production, it has 
to be considered of paramount importance to 
promote a circular economy approach. There are 
number of approaches which can turn 
agricultural waste to wealth but SWOT analysis 
has to be done before advocating any of the 
management strategy to the people for 
managing waste efficiently. In a nutshell, 
agriculture waste is the entrapped treasure 
which needs sincere efforts to make it 
unwrapped for the betterment of livelihood and 
employment generation.  

 

 

It has been rightly quoted that “Waste is not Waste until it is wasted” 
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Bio fertilizers:- 

Biofertilizers are the microbial 
preparations containing live cells of bacteria / 
cyanobacteria/ fungi which efficiently fix 
atmospheric N, solublilize insoluble phosphate 
in soil or decompose cellulotic organic wastes. 
The efficient strain of the requisite microbial 
agent is grown on specific nutrient medium on 
large scale aseptically, mixed in a suitable 
carrier and the preparation formulated is sold 
as biofertilizer. 

The importance of micro organisms in 
biological nutrients mobilization and plant 
growth promotion are well known and various 
micro organisms singly or in combinations are 
being exploited as biofertilizers. Biofertilization 
now is a mature biotechnology. The journey 
started with nitrogen fixing rhizobium now 
encompasses long list of micro organisms with 
most important being Azotobacter, 
Azospirillum, Acetobacter, Rhizobium, 
Beijerinckia, Dextria, Blue green algae, Azolla 
and Phosphate solubilizers such as Bacillus 
polymixa, Bacillus megaterium, Bacillus 
subtilis, Pseudomonas strata, Aspergillus 
awamori, Penicillium digitatum etc. Recently 
another group of micro organism known as 
plant growth promoting rhizobacteria (PGPR) 
such as P. flueorescens and Phosphate 
mobilizing mycorrhizal fungi such as Glomus 
spp. have also attracted lot of attention. So far 
commercial biofertilizers are mono strain 
bacteria/ fungal cultures. Large numbers of co-
inoculation studies have proved that use of 
multiple microorganism give mush higher 
benefit compare to single micro organisms. 

Role of microorganism in Agriculture: 

Soils provide the widest variation of 
habitats for micro-organisms and, in turn, 
contain the most varied array of micro-
organisms. Microbial modes of life have 
changed through geological time, and 
microbial metabolism has accounted for most 
changes that have occurred. Primitive forms of 
life were probably simple and unicellular (if 
cellular at all) and existed under conditions 
quite different from those of present-day life. 

Forms of elements are changed by 
microbial metabolism. Some important 
examples are found in cycles of carbon, 
oxygen, nitrogen and sulfur. Some micro-
organisms produce organic carbon compounds 
from carbon dioxide, and others break down 
organic carbon to carbon dioxide. The process 
of changing organic to inorganic substances 
has been termed mineralization. Some micro-
organisms change ammonia to NO2, and others 
convert NO2 to NO3. On the other hand, some 
utilize NO3 molecules for electron acceptors 
and reduce it. Both oxidation and reduction of 
sulfur also occur. Nitrogen and sulfur both 
occur in amino acids. Some bacteria fix 
atmospheric nitrogen directly, but other 
nitrogen fixers live symbiotically in roots of 
plants. Micro-organisms account not only for 
the great quantity of metabolic changes but 
also for many qualitative changes that are 
carried out nowhere else in nature.
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Biofertilizers broadly classified as:  
(1) ‘N’ fixing biofertilizers, 
(2) Phosphate solubilizing biofertilizers 
(3) Potash solubilizing & mobilizing biofertilizers  
(4) Plant Growth Promoters 
(5) Decomposing cultures.  
 
Nitrogen Fixing Biofertilizers:- 

These include the preparations of bacteria 
/ cyanobacteria which convert atmospheric 
gaseous nitrogen (N2) to ammonia (NH3) and 
make it available to the plants. The organisms, 
which fix atmospheric nitrogen, are called as 
diazotrophs. Diazotrophs belong to prokaryotic 
group and none of the members from 
eucaryotic group is able to fix atmospheric N2. 
The nitrogen-fixing organisms include species of 
Rhizobium, Azotobacter, Azospirillum and blue 
green algae (cyanobacteria). These are used in 
commercial production of biofertilizers. 

Azotobacter Biofertilizer:- 

The free living nitrogen fixing bacteria are 
classified into aerobic, anaerobic and 
facultative anaerobic types depending on the 
growth and survival of organisms either in the 
prescence or absence of oxygen. Azotobacter is 
Gram –ve, non – spore forming bacterium, 
which fixes atmospheric nitrogen asymbiotically 
in the rhizosphere of cereals, vegetables and 
fruit crops. The predominant species viz., 
Azotobacter chroococcum is widely used in 
carrier based preparations for biofertilizer 
production. The other species of Azotobacter 
include A. beijerinkii, A. paspali. and A. 
vinelandii Azotobacter paspali in only exception 
which acts as associative dinitrogen fixer in 
Paspalum grass. The beneficial effects of 
Azotobacter are not only due to its ability to fix 
nitrogen but also due to its ability to secrete 
growth-promoting substances and its capacity 
to produce antifungal antibiotics, which 
improves plant stand in inoculated fields by 
inhibiting root pathogens. There is an increase 
in yield of Azotobacter inoculated crops by 10 
to 15 % and saving of N fertilizers by 15 to 20 
per cent. 

Azospirillum Biofertilizer: 

Azospirillum is a ubiquitous soil bacterium 
capable of colonizing effectively in the roots of 
a wide variety of plants forming apparently 
associative symbiosis. The bacterium is Gram –
ve, vibrio in shape, motile, contains Poly-B-
Hydroxybutyrate granules. When grown in 
nitrogen free medium it behaves as 
microaerophillic and when supplied with fixed 
nitrogen it grows as an aerobic organism. 
Azospirillum sp. increases mineral and water 
uptake of the plants. It associates with, and also 
helps root development and vegetative cover. 
The species of Azospirillum so far reported are 
A. basilense, A. lipoferum, A. amazonense and 
A. seropedicae. 

Azospirillum inoculation consistently 
increased the yield of sorghum, pearl millet, 
sugarcane, sunflower, mustard, finger millet 
and vegetables up to 17 to 18 % with saving of 
20 to 25 kg N/ha. 

 

Phosphate solubilizing biofertilizers 

Importance of phosphorus in plant growth: 
Phosphorus is an important nutrient to plant 
next to nitrogen. Phosphorus is considered as 
key to the crop productivity. It is associated 
with many vital functions and responsible for 
several plant growth characters such as 
utilization of sugar and starch, photosynthesis, 
nucleus formation and cell division, fat and 
albumin and also for formation, cell 
organization and heredity transfer. It stimulates 
growth of roots. It helps in early maturity of 
crop. 

Mechanism of phosphate solubilization 
1. Formation of organic acids 
2. Formation of phosphatase enzyme 
3. Production of carbonic acid – CO2 respiration 
4. Production of sulphuric and nitric acid 
Organic acids – Acetic, Fumaric, Lactic, 
Glyconic, Oxalic, Succinic, Malic, Citric etc. 
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Microbes responsible for phosphate solubilization : 
Phosphate solubilizing micro-organisms include various species of bacteria, fungi, actinomycetes and 
yeasts. The list of these micro-organisms is given in Table 1. 
 
 
Table 1. Phosphate solubilizing organisms:- 

Types Examples 

Bacteria  Bacillus megatherium var. phosphaticum, B. megatherium var. 
serratia, B. polymyxa, B. circulaus, Pseudomonas liquifaciens, P. 
striata, Achromobacter spp., Arthrobacter spp.  

Fungi  Aspergillus niger, A. fumigatus, A. flavus, A. awamori, Penicillium 
digitatum, P. liliacinus, Cephalosporium spp. Trichoderma spp.  

Actinomycetes  Streptomyces spp., Nocardia spp.  

Yeasts  Rhodotorula spp., Schwanniomyces occidentalis  

 
Mycorrhiza in Agriculture 
Mycorrhizal fungi can make an important contribution to the success of vegetation by following 
mechanisms: 

1. Enhancing establishment and growth of mycorrhizal plants by increasing nutrient uptake. 
2. Maintaining diversity by boosting the ability of mycorrhizal plants to compete for resource. 
3. Contributing to efficient recycling of nutrients and thus long-term stability. 
4. Stabilizing the soil. 
5. Biological control of root diseases.  

They proved necessary protection to plants : 
 i) By acting as physical barrier and  
ii) By harbouring high population of antagonize rhizosphere micro flora. 

 

Plant Growth Promoters:- 

1. Pseudomonas flurescence 
a) Competition – Nutrient and space 
b) Production of antibiotics 
c) Iron chelating agents – siderophore 
d) Production of hydrogen cynide 
e) Degradation of toxins 
f) Produces auxins and gibberellin – PGPS. 
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National Agricultural Research System has generated number of agricultural technologies for 
the benefit of the farmers. But the farmers are not able to use these technologies due to lack of access 
to the information. To bridge this gap of information, Agricultural Technology Information Centers 
(ATICs) have been established in the country. ATIC of IARI, New Delhi was established in 1999 as a 
‘single window’ delivery system for the technology, services and products of the Institute for the 
benefit of the farming community. ATIC provides farm advisory services and facilitate information-
based decision making among farmers.  

IARI being a premier institute in agricultural sector and located in the capital city, is frequently 
visited by a large number of farmers, extension workers, entrepreneurs, etc., from different parts of 
the country every year. Since, this is a large organization with high degree of specialization and has 
many disciplines scattered at long distances, farmers/ entrepreneurs visiting in the Institute are not 
aware as to when and where to approach for inputs, services and advice. It is important that products, 
technologies and services are delivered directly to the ultimate users at one place, so that they clearly 
understand and there is no scope of distortion of information. Further, integration needs to be 
achieved by having a formal management mechanism linking scientists or departments of different 
disciplines on one hand to the technology users on the other. In this context, Agricultural Technology 
Information Centre established in IARI is providing a single window delivery system for the products, 
services and technologies to the farmers/entrepreneurs etc. 

Every year about 40,000 farmers from about 18-20 states are visiting ATIC for seeking advisory 
services and for purchase of Pusa seeds and farm publication. Also about 40-50 farmers calls are 
recorded daily at the center through Pusa Helpline. Majority of the farmers queries are recorded 
related seed and planting materials followed by production technology. The services provided to the 
farmers through IARI-ATIC are given below: 

 Farm Advisory Services 
 Centre provides farm advisory services to the visiting farmers, farm women and rural 
youths. The centre receives large number of e-mail and letters from farmers. The letters 
/queries are attended and e-mail replies are sent to the farmers to solve their problems. 

 Pusa Helpline 
 Information dissemination through personal interaction, Pusa Agricom (1800-11-8989 
Toll free) and Pusa Helpline (011-25841670/25803600/25841039/ 25846233) to the farmers. 
The second level of Kisan Call Centre to the farmers of Delhi and Rajasthan has been 
established at ATIC, IARI. 

 Sale of Seeds and Technology Products 
 To strengthen ‘one window’ delivery system of the Institute, Pusa seeds of major 
cereals, pulses and vegetables are provided to the visiting farmers on payment. Biofertilizers 
and other technology products are also provided to the farmers on payment. 

 Sale of Farm Publication 
 Centre publishes ‘Prasar Doot’ a quarterly Hindi farm magazine for the benefit of 
farming community, which is made available on annual subscription of Rs.80/- to the farmers. 
Also Institutes’ important farm publication like Kharif and Rabi Phasalon Ki Kheti, directory of 

mailto:sanjay.gupta526@gmail.com
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champion farmers and publications related to fruits and vegetables cultivation are also 
available at ATIC for sale. 

 Crop Cafeteria 
 Centre has 2.5 acre land under crop cafeteria for live demonstrations for the farmers. 
Crop cafeteria includes live demonstrations of seasonal crops, fruits orchard, herbal garden, 
nutri-garden, biogas plant and honey bee etc.  

 Website and Internet Service 
 The status of seed availability at ATIC is regularly updated on IARI website. A large 
number of updated information related to farmers is available on IARI website in farmers’ 
window/query. ATIC farm publications can also be downloaded from IARI website. 

 Awareness Programme through Display Boards 
Illuminated LED display boards related to recent agricultural technologies of the 

Institutes have been fixed at ATIC for creating awareness among the visitors. 

 Other Services 
- Conducting training programme for farmers, farm women and rural youth. 
- Provide feedback from the users to the Institutes’ scientists. 
- Training and visits of the farmers 

 
ATIC initiatives in Ensuring Nutrition Security: 
 ATICs are operational under State Agricultural Universities (SAUs) and ICAR Institutes and large 
number of nutri-technologies are available to the farmers from ATIC window. ATIC plays a crucial role 
in promoting nutrition sensitive agricultural technology of the Institute to the visiting farmers. Further, 
involving food nutrition related activities/services at ATIC would be helpful in promoting nutritional 
security among farmers, farm women and rural youth. The following food nutrition strategies are 
suggested for promoting nutritional sensitive agricultural technologies through ‘Single Window’ 
delivery system of ATIC: 

• Promotion of nutri-technology of the Institute through ATIC sale counters to the farmers, farm 
women and rural youth. 

• Awareness of nutri-technology of the Institute through display materials like leaflets, folders, 
charts, posters, touch screen panel, display boards etc. 

• Developing model nutri-garden or kitchen garden in ATIC crop cafeteria for the benefit of urban 
visitors, and farmers. 

• Organization of awareness programme on nutrition, nutri-food and nutri–technology of the 
Institute to the farmers, farm women and youth and school going children. 

• Promotion of roof gardening, kitchen gardening for availability of healthy fruits and vegetables 
to the households. 

• Provide literature on nutri-food and health food to the visitors/farmers. 
• Developing short video documentary on nutrition, nutri-food and nutri–technology for the 

benefit of consumers/technology users. 
• Answering queries of the farmers on nutrition, nutri-food and nutri–technology of the Institute 

through Pusa Helpline. 
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Abstract: Weeds cause a yield reduction up to 
33% in crop plants. To control weeds the used 
chemical herbicides cause environmental 
pollution. Hence, now focus is on non-chemical 
weed management. Allelopathy is one of them. 
According to International Society of 
Allelopathy, ‘‘allelopathy is any process 
involving production of secondary metabolites 
by plant, algae, bacteria, fungi that influence 
growth and development of agricultural and 
biological systems.” Allelopathy may be both 
beneficial and deleterious effects. Here our 
major focus is to control weed with the extracts 
of other weeds and crop plants.    
Introduction 

With the exponentially increasing 
population of the world, food security 
achievement   has become a challenge to 
agriculturists. Now focus is not only on yield 
maximization but also on ensuring quality 
produce. Although the practices we are 
following till date satisfying the food demand 
up to   a desirable extent, but is deteriorating 
the quality of the produce, along with 
environment pollution and damaging human 
health. Present agriculture is based on the use 
of heavy doses of chemical fertilizers and 
pesticides to satisfy plant nutrient demand and 
to control pest attack, respectively. Though 
breeding for disease and insect resistant 
varieties in combination with development of 
integrated pest management systems have led 
to a reduction in the demand for fungicides and 
insecticides, but herbicide use is still increasing 
worldwide. Continuous use of heavy doses of 
herbicides is leading to resistance development 
and weed shift in different cropping systems 
and endangering the ecosystem. The use of 
herbicides causes another problem that is weed 

resurgence. Hence focus is on natural products, 
which can be used for weed control. So 
allelopathy is gaining importance. 
 
What is allelopathy? 

  Hans Molish, known as father of 
allelopathy termed the word ‘allelopathy’. It 
has Greek origin, `allelon' meaning `each other' 
and `pathos' meaning `suffering'. It describes 
both positive and negative interactions. The 
concept of allelopathy received new attention 
in1974, after the publication of the first book in 
English on allelopathy by Elroy L. Rice. He 
defined allelopathy as the effect(s) of one plant 
on other plants through the release of chemical 
compounds in the environment. But commonly 
allelopathy denotes negative interactions. 
Chemicals responsible for this effect are called 
allelochemicals. The allelochemicals are mostly 
alkaloids, benzoxazinones, cinnamic acid 
derivatives, cyanogenic compounds, ethylene 
and other seed germination stimulants, and 
flavonoids. Selection of allelopathic plants is a 
good and commonly used approach for 
identification of plants with biologically active 
natural products  
 
The allelochemicals act in the following ways: 
1. Runoff and leachate from leaves and stem of 
plants.  
2. Volatile phytotoxic compounds from the 
green parts of a plant. 
3. Phytotoxic compounds from decomposing 
plant material. 
4. Phytotoxic compounds released from the 
plant roots.  
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Major crops having allelopathic effects  
Rice (Oryza sativa L.) 

The allelopathic potential of rice (Oryza 
sativa L.) residues is well established against 
Echinochloa crusgalli, an associated weed of 
paddy. The allelochemical involved is Phenolic 
acids (Rimando et al., 2001) Early and late and 
intermediate maturing varieties showed an 
inhibitory       effect     of     50.2%,     56.1%     
and     59.3%        respectively          (Olofsdotter 
and Navarez, 1996) .Allelopathic effect against 
desert horsepurslane (Trianthema 
portulacastrum L.), ducksalad, and toothcup 
(Ammannia coccinea Rottb.) is well established. 
There appears to be a higher frequency of 
allelopathic varieties among tropical Japonicas 
within Oryza sativa and among O. glaberrima 
accessions than in other varietal .Microscope 
studies revealed that allelopathic rice cultivars 
seem to inhibit secondary growth in barnyard 
grass roots besides reducing root elongation. 
Numerous phytotoxins such as cytokinins, 
diterpenoids, fatty acids, flavones, 
glucopyranosides, indoles,momilactones (A and 
B), oryzalexins, phenols, phenolic acids, 
resorcinols and stigmastanols have been 
identified as growth inhibitors in rice.  
 

Wheat (Triticum aestivum L.) 
The allelopathic effect of diluted 

extracts of roots, leaves and stems of two 
durum wheat varieties viz., Karim and Om rabii 
on barley (variety Manel) and bread wheat 
(variety Ariana) is established. Allelochemicals 
responsible are phenolic acids, particularly p-
coumaric acid,from residues of wheat and 
other cereals. Allelopathic effect of wheat 
straw to corn (Zea mays L.) and cotton 
(Gossypium hirsutum L ) is also reported . 
Wheat straw has also effect on weeds like 
morning-glory (Ipomoea hederaceaJacq.) but 
barnyardgrass (Echinochloa crusgalli) was least 
affected. 
 
Sorghum (Sorghum bicolor L.) 

Allelochemical responsible is sorgoleone 
from root exudates of sorghum. Sorgoleone, 

the major p-benzoquinone, and three other 
structurally related minor p-benzoquinones 
together constitute 90% or more of the root 
exudates. Nine water soluble allelochemicals of 
sorghum (Sorghum bicolor L.) are phytotoxic to 
the growth of certain weeds likePhalaris minor 
Retz.,Chenopodium album L., Rumex dentatusL. 
and Convolvulus arvensisL. It is  alsofound that 
incorporation of sorghum roots into soil 
suppressed the weed biomass by 25–50% and 
increased wheat yields by 7–8%. Sorgaab spray 
reduced weed dry weight by 35–38%.  
 

Black mustard (Brassica nigraL.) 
Brassica spp. contains high amounts of 

glucosinolates. Also Isothiocyanates were 
strong suppressants of germination on tested 
species—spiny sowthistle (Sonchus asper L. 
Hill), scentless mayweed (Matricariain odoraL.), 
smooth pigweed (Amaranthus hybridusL.), 
barnyardgrass (Echinochloa crusgalliL. Beauv.), 
blackgrass (Alopecurus myosuroidesHuds.) and 
wheat (Triticum aestivumL.), wild oat (Avena 
fatuaL.). It is also observed that the protease 
enzyme activity was suppressed causing 
reduced water uptake, which led to poor seed 
germination of wild oat.  
 

Legumes 
Allelopathic effect of aqueous extracts 

of perennial legume Puerariathun bergiana 
leaves on the germination and growth of 
lettuce was reported . Xanthoxins may be 
responsible for the allelopathic effect of this 
plant. Four legumes like velvet bean (Mucuna 
deeringiana(Bort) Merr.), jackbean (Canavalia 
ensiformis(L.) DC.), jumbiebean (Leucaena 
leucocephala(Lam.) de Wit), and wild tamarind 
(Lysilomalatis iliquum(L.) Benth.) has effect on 
growth of three weeds viz., barnyard grass 
(Echinochloa crusgalliL. P. Beauv.), alegría and 
amaranth (Amaranthus hypochondriacus L.). 
The aqueous leachates (1%) of all four legumes 
exhibited strong phytotoxic effect on the 
radical growth of the weeds. 
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Weeds having allelopathic effect 
The following weeds have well established 
effect on other weeds. 
 

Congress grass (Parthenium hysterophorusL.) 
Parthenium hysterophorusL. is an 

obnoxious weed of present day. The 
allelopathic effect of this weed is mainly due to 
the presence of parthenin, a sesquiterpene 
lactone of pseudoguanolide nature in various 
parts of the plant .Parthenin having greatest 
concentration in the leaves followed by 
inflorescence, fruits, roots and stems .Parthenin 
is known to have specific inhibitory effects on 
root and shoot growth of Crotalaria 
mucronataL., Cassia toraL., Oscimum 
basilicumL., Oscimum americanumL. and barley 
(Hordeum vulgareL.) . 
 

Chenopodiacea species 
The allelopathic potentiality of the 

aqueous and methanol extracts of the leaves of 
four Chenopodiacea species viz., Atriplex 
bunburyana, Atriplex codonocarpa, Maireana 
georgei and Enchylaena tomentosa. They found 
that germination of lettuce seed was inhibited 
by Chenopodium species.The root and shoot 
growth of lettuce was also inhibited. At the 
same time all four species were susceptible to 
allelopathy by extracts isolated from leaves of 
their own respective species. These results 
indicated that allelopathy could be considered 
as a possible mechanism controlling the timing 
of chenopod germination and seedling 
establishment. 
 

Canary grass (Phalaris minor Retz.) 
It is clear that the allelopathic 

potentiality against Phalaris minor Retz. is in 
the following order: Chenopodium album 
L.<Medicago denticulate L.<Melilotus indicaL.< 
Convolvulus arvensisL. <Vicia hirsute L.<Cirsium 
arvenseL. <Lathyrus aphacaL.<Rumex acetosella 
L.  The length of radicle and plumule was 
affected in the similar order as that of 
germination. Higher concentration of weed 

extract (1:4) had more inhibiting effect by 
about 20 to that of lower concentration (1:8). 
 

Limitations: 
There are many limitations in using 

allelopathic potentiality as a weed 
management tool. The limitations are both 
because of plant itself, producing 
allelochemicals and the environmental 
condition. Many abiotic and biotic soil factors 
have influences on phytotoxic levels of 
allelochemicals.Various abiotic and biotic 
factors, such as plant age, temperature, light 
and soil conditions, microflora, nutritional 
status, and herbicide treatments influence the 
production and release of allelochemicals. After 
entry into soil allelochemicals may be toxified 
or detoxified by microbes. Soil texture has 
influence on phytotoxic effects. Clay mineralogy 
also plays important role inactivity of 
allelochemicals. The cation exhange capacity, 
moisture holding capacity, concentration of 
inorganic ion etc. are dependable on the type 
of clay minerals. Some allelochemicals are toxic 
to human beings and are carcinogenic. Some 
allelochemicals also have autotoxicity effect. 
  

Conclusion: 
So it is clear from the above discussion 

that there is immense prospect of allelopathic 
mechanism as a weed management tool. 
Allelochemicals from several plants have been 
identified and their activities have also been 
established. In spite of that some points we 
have to consider before implication of 
allelochemicals as natural herbicide: (i) Firstly, 
along with laboratory experiments field 
experiments are exclusively needed to study its 
interaction with various physical, chemical, 
biological and physicochemical properties of 
soil. (ii) Secondly the movement of 
allelochemicals, mode of action, selectivity etc 
should be broadly studied and (iii) the impact of 
use of allelochemicals from agronomic and 
environmental point of view needs special 
attention.  
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Introduction 
India has the second fastest growing 

service sectors in the world with an annual 
growth rate of around 9 per cent. The services 
sector contributed around 45 per cent to the 
country’s GDP (Gross Domestic Product) in 
2015-16. The agricultural sector has around 17 
per cent share in India’s GDP. Farming 
represents 65 per cent of the total contribution 
of agriculture and allied sectors. India stands as 
the second largest agricultural land in the world 
with around 157.35 million hectares. India 
stands second position in crop production and 
ranks third in farm and agriculture output 
globally. Farming of land is a major source of 
income for more than half of the total 
population of India. 

Over the last few years, there has been 
considerable progress in agriculture 
mechanisation as it has been the most direct 
way of assuring greater productivity in current 
times. The automation and mechanisation of 

farms has shown a huge rise in the last few 
years and has been responsible for increasing 
yield across the country. The number of 
tractors sold across the country has increased 
with a CAGR (Compound Annual Growth Rate) 
of around 5.5 per cent in the last decade, which 
indicates the need and desire of the farmers to 
adopt mechanisation to a higher degree. 

 
Status of Farm Mechanisation in India 

Farm equipment market in India is 
currently estimated at USD 8.8 billion in 2017 
and it is expected to reach USD 12.5 billion by 
2022. Farm equipment are machines that can 
be used for conducting a wide range of 
agricultural operations such as land 
development, seed bed preparation, sowing 
and planting, weeding, inter-cultivation, plant 
protection, harvesting and post-harvesting, etc. 
Farm equipment can be classified mainly into 
four key categories as listed below. 

 

Equipment & Tool Segment Key Tools 

Power operated equipment & tools 
Tractors, combine harvester, cultivator, power chaff 
cutter, power engine/pumps, reaper, power sprayer 
etc. 

Hand operated equipment & tools 
Manual sprayers, hand seed drills, pedal operated 
thresher, winnowing fan, chaff cutter, blade hoe, cono 
weeder, etc. 

Animal operated equipment & 
tools 

Wooden plough, disc harrow, seed-cum fertiliser drill, 
bullock cart, cane crusher, etc. 

Other equipment Sprinkler irrigation and drip irrigation sets 
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Market size and segmentation 
The farm equipment market is expected to grow at a CAGR of 7.5 per cent during the forecast 

period of 2015-2022. 

 
Fig. Farm Equipment Market in India (Inr Cr.) 

  
Tractors constitute the largest segment in the 
agricultural equipment market in India and 
account for over 80 per cent of the total 
number of agricultural equipment sold in India. 
In addition, India is the largest manufacturer of 
tractors and accounts for nearly one-third of 
the total tractor production in the world. The 
sale of tractor has been growing due to the 
increasing rate of mechanisation. Tractors and 
tractor-driven equipment are the key products 
of the organized market. The tractor market in 
India is expected to grow at a CAGR of 7 per 
cent during 2015-2022.  

 Currently, the total sales for tractors in FY 
2017 were 691,631 units with exports 
accounting for 12 per cent, i.e. 84,650 units.  

 A good monsoon for the current year 
combined with continued effort by the 
government to move towards 
mechanisation and an increase in 
construction activity will likely result in 
significant growth in demand for tractors in 
FY 2018.  

Combine harvesters, another key 
category, is used to harvest grain crops. The 
three harvesting activities are reaping, 

winnowing, and threshing. Crops such as oats, 
rye, barley, sorghum, soybeans, corn, flax, 
sunflowers, canola, and wheat can be 
harvested using combine harvesters. The 
harvester market in India is expected to grow at 
a CAGR of 14 per cent during the forecast 
period of 2015-2022. Power tillers are widely 
used in India as they are used in smaller farm 
sizes and can reduce field-levelling time 
considerably. By adding different attachments, 
power tillers can be used for various other 
processes such as land levelling, seed bed 
preparation, puddling, ridging, sowing and 
inter-culture. The increased government focus 
on farm mechanisation in India has led to the 
growth of the power tiller market which is 
expected to 
grow at a CAGR of 9.5 per cent during 2015-
2022. 

Farm mechanisation includes the use of 
technology and equipment to enhance 
productivity, production and profitability in 
agriculture. The overall level of mechanisation 
in India is less than 50 per cent, as compared to 
90 per cent in most of the developed countries. 
Hence, the farm mechanisation in India is still in 
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its nascent stage having witnessed a growth of 
less than 5 per cent in the last two decades. 
The level of mechanisation in agriculture sector 
depends on different accomplishments: 
 
 
 

 Overall mechanisation (40-50 per cent) 
 Soil working and seed bed preparation 

(40 per cent) 
 Seeding and planting (30 per cent) 
 Plant protection (34 per cent) 
 Irrigation (34 per cent) 
 Harvesting and threshing (65 per cent) 

 
Table: Level of Mechanisation in percentage for major crops across the value chain 

Major Crops 
Seedbed 

preparation 
Sowing / Planting 

/ Transplanting 
Weed and Pest 

control 
Harvesting 

Paddy 85-90 5-10 80-90 70-80 

Wheat 90-95 80-90 70-80 80-90 

Potato 90-95 80-90 80-90 70-80 

Cotton 90-95 50-60 50-60 0 

Maize 90-95 80-90 70-80 50-60 

Gram 90-95 50-60 60-70 30-40 

Sorghum 80-90 30-50 60-70 20-30 

Millets 80-90 30-40 60-70 20-30 

Oilseeds 80-90 30-40 60-80 20-30 

. 

Key factors driving farm mechanisation in 
India 
1. Growing population and demand 
 India is the second-most populous 
country in the world accounting for 18 per cent 
share of global population. The domestic 
demand for food grains is expected to increase 
at 2 per cent CAGR from 2010 to 2030. Food 
grain demand is expected to reach 355 million 
tonnes in 2030 as compared to 250 million 
tonnes in 2016, resulting in an increased 
demand for agricultural commodities. 
2. Increase in agriculture productivity 
 A growing number of farmers in India 
are getting familiar with different techniques 
and farming equipment that are resulting in 
increasing farm yields. The greater adoption of 
farm equipment is evident from the fact that 
the sale of tractors increased from 0.35 million 
units in 2007 to 0.57 million units in 2016, 
witnessing growth at a CAGR of 5.5 per cent 
during 2007-16. 

In addition, the government has 
introduced various schemes and policies such 

as SMAM related to farm mechanisation that 
puts greater emphasis on the optimal utilization 
of resources to improve agriculture yields. The 
yield of farmlands producing food grains has 
improved from 522 kg/hectare in 1951 to 2,098 
kg/hectare in 2014, growing at CAGR of 2.2 per 
cent for the period. The growth in the number 
of farming population moving towards 
mechanisation will lead to an increase in the 
demand for modern machines and equipment 
in the coming years. 
3. Increase in agriculture exports 
 India is one of the largest producers of 
agricultural products such as rice, sugarcane, 
tea, mangoes, tobacco, cotton, etc. The nation 
has witnessed an unprecedented growth in 
farm output that has helped it to transform 
itself from being import dependent to self 
sufficient in food grains exports. As a result, 
agriculture export contribution has increased 
from 8.5 per cent in 2010 to 12.3 per cent in 
2015, meeting external demand of countries 
such as the Middle East, Australia and China, 
among others.  
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It is expected that the export demand of 
Indian agricultural products is likely to reach 
USD 45 billion in 2020 as compared from USD 
32 billion in 2016, growing at a CAGR of 8.8 per 
cent. The demand growth from the external 
market will boost the Indian farming sector, 
resulting in an increase in the demand for 
various farm equipment to meet the growing 
demand for exports. 

 
 
 
 

Labour migration and shortage 

 Despite a growing economy, the 
percentage share of agricultural workers to 
total workforce in India has declined from 59.1 
per cent in 1991 to 54.6 per cent in 2011, 
although it is still a significant proportion of the 
total population of India. As of 2016, the share 
has further declined to 48.9 per cent. On the 
other hand, the share of total workforce to 
total population has grown to 40 per cent in 
2011 from 37 per cent in 1991. It is expected 
that the ratio will further grow to 43 per cent 
by 2020 and 49 per cent by 2030. 
 
 

Crops 
produced 
(FY 2016) 

Production 
(MT) 

Production 
land, Ha 
(MT) 

Avg. Man 
hours 
required per 
Ha 

Avg. Machine 
labour cost 
range (% of Op. 
cost) 

Critical 
operations 

Sugarcane 352.2 5.5 1700-1900 3-10% Planting 
Harvesting 

Wheat 93.5 31.0 425-475 22-25% Harvesting 
Threshing 

Paddy 104.0 40.0 900-1000 10-15% Transplanting 
Weeding 
Harvesting 

Groundnut 6.9 9.0 600-750 8-10% Weeding 
Irrigation 
Harvesting 

Cotton 30.0 9.0 800-900 6-10% Weeding 
Irrigation 
Transplanting 
Harvesting 

Table: Labour -use in major crops in India 
 

5. Increase in labour cost 
 Labour wages account for more than 
half of the total variable cost of crop 
production. Agricultural wages have witnessed 
high growth in recent years due to robust 
economic growth, increase in minimum wages 
and government employment generation 
schemes. The average daily wage price in 
agriculture operations has witnessed a CAGR 
growth of 21.1 per cent for female workers and 
around 20.0 per cent for male workers in the 

last six years (2007-14). Agriculture labour by 
men has witnessed an average annual wage 
increase of 12.4 per cent and around 13 per 
cent for women across various operations. 
 
6. Better stubble management 
 It is estimated that 35 million tonnes of 
stubble is burnt in the two states of Haryana 
and Punjab to make room for the winter crop. 
This practice has been severely regulated 
globally. In fact, this has been banned in Europe 
for over 15 years due to its vast negative 
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impacts, especially with regard to pollution. 
Stubble burning contributes anywhere between 
12 per cent and 60 per cent of the pollution in 
New Delhi and the national capital region. 
While this practice has been banned by the 
National Green Tribunal (NGT) in 2015, the 

implementation has turned out to be 
exceedingly challenging. As of October 2017, 
over 1000 cases of stubble burning have been 
reported and despite avid protests the number 
is expected to rise significantly before the 
winter crop is planted. 
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Strawberry is no longer a minor fruit crop as it 
has gained enormous importance as a major 
fruit world-wide. Strawberry cultivation has 
gained popularity and it is been cultivated all 
over the world. Mulching is an indispensable 
part in the cultivation of strawberry. Various 
types of mulches are used in strawberry 
cultivation. The mulching materials include both 
natural and artificial mulches. Plastic mulches 
are very seldom used as an useful mulching 
material in Strawberry. Various colour of plastic 
mulches can be used for mulching purposes. 
The objective of this review is to provide a 
comprehensive advantages and disadvantages 
of different coloured plastic mulches and 
provide descriptions of suitable materials, 
reviewing their properties and describing 
methods of their applications and potential 
uses. The sole purpose is to gather facts about 
various coloured plastic mulching material and 
their effect in the plant either directly or 
indirectly. Different coloured mulching 
materials are having unique properties because 
of which they play a role in the plant life cycle. 
The quality attributes varies largely with 
different types of mulching materials. This 
review would be helpful for extension workers, 
students, researchers and farmers as well. 

Introduction 
Strawberry has its enormous importance in the 
commercial market as an emerging fruit crop. 
Strawberry is emerging as one of the most 
prominent annual temperate crop. Hence its 
importance in research purpose has enormously 
increased.Strawberry cultivation without the 
use of proper mulching material is an impossible 
event, particularly when the matter comes to 
growing then in the soil. Various types of 
mulching materials are used depending on the 
economy of the growers, the availability of 

mulching material and the physiochemical 
needs of the plant. Nowadays, the application 
of plastic in horticulture has increased quite 
largely and hence polythene sheet is an 
indispensable part of the scenario. When the 
matter comes to the growing of strawberry with 
plastic mulching materials, the biggest question 
is thickness and colour of the plastic that is to 
be used as a mulching material. The quality 
attributes varies largely with different types of 
mulching materials. The growth characteristics 
and the yield parameters also changes largely 
with the change in colour of the plastic. Plastic 
mulches directly impact the microclimate in the 
vicinity of the plants by modifying the radiation 
budget (absorptivity vs. reflectivity) from the 
surface and decreasing the soil water loss. 
White colored mulches are having a low degree 
of opacity due to which they cannot induce 
smothering effect on the weeds and the weed 
population is not checked. Color of the mulch 
largely affects the surface temperature of the 
mulch and the soil temperature as well.The 
performance of different mulches on plant 
health and fruit yield is often in constant and 
their effect seems to be related to changes in 
the microclimate. Plastic mulches are frequently 
used in raised-bed culture to conserve water, 
control weeds with less herbicide, keep fruit 
clean and produce ripe berries earlier in the 
season. Soil disinfestation or solarisation has 
been used successfully resulting in good control 
of weeds and some pathogens with consequent 
strawberry yield increases. An important first 
step toward development of coloured mulch 
technology was the documentation that far-red 
light (FR) reflected from nearby plants  affected 
the far-red to red (FR/R) photon ratio enough to 
act through the natural phytochrome system 
within a growing plant to regulate allocation of 
photoassimilate. Recently developed colored 
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mulch technology combines the benefits of 
black plastic mulch with additional growth 
regulatory benefits of reflected morphogenic 
light to improve yield and quality of field-grown 
plant products. Drip irrigation presents a 
number of advantages, contributing to avoiding 
the formation of a humid microclimate 
favorable to diseases. In addition, it allows 
automation, frequent irrigations, fertigation, 
and obtaining high yields. 

Types of Mulching Materials 
There are different types of mulching materials 
that are used in strawberry. The type of 
material that is to be used depends on several 
factors. The materials used can be either natural 
(biodegradable) or synthetic(non-
biodegradable). The natural mulching materials 
include straw, hay, pine leaf, sarkanda leaf, 
coconut dust, coir fibre, coconut fibre, 
biodegradable paper, etc. The non-
biodegradable mulches include polythene 
sheets, aluminum foil, fabrics, etc. 

Types of coloured Plastic Mulches used. 
The plastic mulch colour varies from Black, Red, 
Violet, Grey, Brown, Silver, Green, Yellow and 
Transparent.  The most commonly used plastic 
mulch is black in colour. Different coloured 
mulches have different advantages. The colour 
of plastic to be chosen for mulching is based on 
the need of the grower. Its not a single coloured 
plastic mulch that satisfies all the good 
attributes. While one colour have several 
advantages it might have a few disadvantages 
as well. For instance, clear mulches provided 
the greatest soil warming in conditionsbecause 
of maximum light permeability but it also makes 
the soil susceptible to weeds infestation (Mark 
S. Johnson and Steven A. Fennimore, 2002).  

Need of mulching 
Every intercultural operation is need based. 
Mulching in strawberry is an unavoidable 
intercultural operation. The main purpose of 
mulching is to conserve the soil moisture, 
control weed susceptibility, maintain soil 

temperature, reduce winter and frost injury, 
reduce soil erosion, reduce number of dirty and 
rotted berries, increase availability of nutrients, 
increased root growth and control of diseases 
and pests and maintain the berry texture and 
colour by preventing it to touch the soil. Thus all 
the quality attributes are directly or indirectly 
dependent on quality of the mulch used. 

1. Vegetative growth 
It was concluded that green polyethylene was 
effective on the growth of plant. Strawberries 
growing influence of black polyethylene mulch 
is more than plants affected light polyethylene 
mulch. Black polyethylene reflects less than 5% 
of incident radiation. Thus we may assume that 
the response to black mulch found in the 
present experiment is due to changes in 
substrate temperature, more than to reflected 
light. The experimental findings revealed that 
the highest plant height, canopy diameter, 
number of leaves, leaf breadth and chlorophyll 
content were observed under transparent 
polythene mulch. Based on evidence of the 
experimental findings transparent polythene 
mulch can be advocated as a best mulch 
material and black polythene mulch is a better 
option for farmers to increase vegetative 
growth of Strawberry. Conversely, more crowns 
per plant, runners per plot, and greater leaf, 
crown, and root dry weight (DW) were 
associated with plants mulched with clear 
polyethylene than with those mulched with 
straw or white -on- black polyethylene. Plants 
grown on black plastic mulch produced more 
runners than plants grown on clear or white 
plastic mulches. 

2. Soil temperature 
The soil temperature under plastic mulch largely 
depends upon the thermal properties like 
reflectivity, absorptivity, or transmittance to 
incoming solar radiation. Black plastic mulch is 
by far the most predominate colour used in 
vegetable production as it absorbs most UV, 
visible, and infrared wavelengths of the 
incoming solar radiation and re-radiates the 
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absorbed energy in the form of thermal 
radiation or long-wavelength infrared radiation. 
Black polyethylene provides higher soil 
temperature in spring than hairy vetch mulch.  
Soil temperature were found 0.2OC higher in 
Black plastic mulches than that of red coloured 
and transparent mulch at a soil depth of 10 cm. 
Black mulch absorbs most ultra-violet (UV), 
visible, and infrared wavelengths (IR) of 
incoming solar radiation and re-radiates 
absorbed energy in the form of thermal 
radiation or long-wavelength infrared radiation. 
Much of the solar energy absorbed by black 
plastic mulch is lost to the atmosphere through 
radiation and forced convection. Clear and black 
mulches provided the greatest soil warming in 
sunny and cloudy climatic conditions 
respectively.Whereas the transparent/clear 
plastic mulch absorbs a little solar radiation but 
transmits 85% to 95%, depending on the 
thickness and degree of opacity of the 
polyethylene. White coextruded white-on-black 
or silver reflecting mulches can result in a slight 
decrease in soil temperature as it reflect most 
of the incoming radiations. 

3. Weed Susceptibility 
Transparent coloured plastic mulches were 
slightly more susceptible to weeds because of 
light being passed to the weeds. White colored 
mulches are having a low degree of opacity due 
to which they cannot induce smothering effect 
on the weeds and the weed population is not 
checked. Neither black nor clear mulches 
combine the ideal weed control and soil 
warming characteristics required, so a 
combination of both as bi-layer can be 
employed. Satisfactory weed control was 
provided by all mulches except clear, blue and 
red-brown laminated or green and brown 
plastic mulches provided the best combinations 
of soil warming and weed control benefits at all 
trial locations. All coloured mulches except the 
blue and the white colour reduce the weed 
infestation. 
 

4. Flowering 
Yield and flower components affected 
significantly by green polyethylene treatment. 
Plants mulched with straw or white -on- black 
polyethylene flowered more than plants 
mulched with clear or white polyethylene. The 
plants mulched with straw or white- on- black 
polyethylene flowered earlier than plants 
mulched with clear or white polyethylene. 
Application at the strawberry plants cv. sweet 
charlie with sliver mulch was responsible for 
earliness the flowering. 

5. Fruiting attributes 
The black and red mulch had significant effects 
on the yield of the fruit as compared with other 
coloured mulches. Mulch effect on fruit quality 
is done through effects on the metabolism of 
carbohydrates. Black polyethylene mulch 
increased the size of the fruit of strawberry. 
Plants in clear mulched conventional production 
system plots produced the highest yield of 
marketable berries. Red plastic mulch 
significantly extended the duration of flowering 
and fruiting and improved the fruit set as 
compared to control and black plastic mulch. 
Total fruit mass was greater with black and clear 
plastic mulches than with other coloured 
mulching materials. The strawberry plants cv. 
Sweet Charlie when mulched with sliver 
polyethylene, generally, produced the highest 
significant mean value for fruit yield and its 
components. 

6. Size of Berry 
Yield per plant and size per berry were 
enhanced in red coloured polythene mulch than 
that of black and transparent one. It was further 
concluded that the yield advantage of red 
coloured mulch over black is due to the fact that 
reflected red and far-red affect the phytoch 
rome mediated allocation of photosynthate. No 
differences on yields between green and black 
plastic mulch, but plants grown on black mulch 
produced larger berries than those grown on 
green or no plastic mulch. 
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7. Post Harvest Attributes 
Silver coloured plastic mulch gave the lowest pH and dry fruit weight, and the lowest ratio of total 
soluble solids/titratable acidity. Value of TSS (0B) was found higher in black polythene mulch as 
compared to blue and transparent ones. Total sugar content was also higher in black polythene mulch 
as compared to blue and transparent ones. Better fruit chemical composition (total soluble solids, total 
sugars, reducing sugars, ascorbic acid and anthocyanin contents) were recorded in the plants mulched 
with red plastic as compared to black plastic mulch. The most amount of anthocyanin and the least one 
were seen in red and white plastic mulches and control respectively. The highest amount of total phenol 
and flavonoid content of the fruit at second harvest time is found in red plastic mulch.  

8. Disease & Pest Resistance 
The fruits that are mulched properly shows reduced incidence of pests and diseases. Fruit-rot (grey-
mold) incidence become prone in all the fruits that comes in soil contact. The highly reflecting silver 
mulches have been used primarily to repel aphids and thus delay the onset of virus symptoms in a fall 
squash crop.  

 
Fig 1: Different coloured plastic mulch used in strawberry 
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INTRODUCTION 
India is the second largest 

producer of fruits and vegetables in the 
world following by China. Storage of fresh 
horticultural produce after harvest is one 
of the major problems of a tropical 
country like India. The post-harvest loss of 
developed countries is 5-20%, while in the 
developing country it is about 20-50%. 
Fresh fruits and vegetables generally need 
proper postharvest management to 
reduce losses and maintain quality. Today, 
the postharvest handling operations 
regarding vegetables throughout the 
marketing channels in most developing 
countries remain inadequate. The growers 
haven’t any storage facilities, while the 
transport and marketing channels also 
lack storage facilities. As a result, most 
harvested fruits and vegetables are 
usually stored in the open, exposed to 
high temperatures and low relative 
humidity conditions, until a middleman, 
wholesaler or retailer purchases those 
commodities.  

The quality of fruits and 
vegetables, and related shelf life are 
reduced by the loss of moisture, decay, 
and physiological breakdown, and such 
deterioration is directly related to storage 
temperature, humidity, air circulation, 
mechanical damage, and improper 
postharvest sanitation. Preserving these 
perishable foods in their fresh form 
demands that the chemical, biochemical 
and physiological changes are restricted 
to a minimum by close control of space 
temperature and humidity.  

 

WHY ZERO ENERGY COOL CHAMBER? 
Refrigerated storage is a well-

established technology broadly used for 
storing horticultural crops all over the 
world. Refrigerated cool storage is not 
only energy intensive and expensive but 
also involves massive initial capital 
investment. Hence, it is economically 
nonviable to maintain a cold storage unit 
by small and marginal farmers.  

The combination of higher relative 
humidity and lower temperature 
facilitates extended shelf life of 
horticultural produces. These conditions 
can be achieved by employing a semi-
underground storage system with 
moistened walls. The use of a shading 
curtain is also an effective means of 
lowering the temperature. Higher 
humidity and the lower temperature 
within the ZECC offer a distinctive 
advantage for maintaining the firmness of 
fruits and vegetables by lowering the 
physiological loss in weight and other 
metabolic processes. 

Cooling chamber works on the 
principle of evaporative cooling. 
Evaporative cooling is that the reduction 
in temperature occurs due to evaporation 
of a liquid, which removes latent heat 
from the surface from which evaporation 
takes place. This process is utilized in 
industrial and domestic cooling systems 
and is also the physical basis of sweating.  
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ZERO ENERGY COOL CHAMBER 
Zero Energy Cool Chamber is a 

low-cost chamber based on the principle 
of evaporative cooling. It minimizes the 
temperature 10-15ºC than room 
temperature and maintains up to 90% 
humidity which helps to improve shelf life 
and retain the quality of fruit and 
vegetable. Small farmers can easily 
construct it near their field or house. It is 
affordable even to an ordinary farmer 
with very low investment. There is no 
requirement for electrical and mechanical 
energy for the functioning of this storage 
structure.                          

This structure has erupted over a 
single row of the brick floor and the 

double layer of the brick wall insides with 
an inter space of 7.5 cm filled with river 
sand. The top of the storage space is 
covered with gunny cloth and coconut or 
banana leaves in a bamboo structure. The 
cool chamber is saturated with water for 
the first time thereafter sprinkling of 
water once in the morning and once in 
the evening is enough to maintain the 
required temperature and humidity. This 
chamber helps to maintain a very high 
humidity of 95% throughout the year and 
it also reduces the temperature of the 
chamber even during summer months. 
This chamber is ideal for short period 
storage and helpful for small and marginal 
farmers to store their produce. 

 

 

Fig: Zero energy cool chamber 

 

CONSTRUCTION OF ZECC 

 Material Required: 
1. Bricks 
2. Sand 
3. Bamboo 
4. Dry grass 
5. Straw  
6. Thatched shed, 
7. Water tank, Pipe, Tube, Poly sheet, 

Plastic crates etc. 

 Site Selection: 
1. It should be cool and shade area. 
2. The area should be raised with 

proper drainage. 
3. It should be near the water source. 

 Steps Involved in Construction 
1. Select an upland having a nearby 

source of water supply. 
2. Make floor with brick 165 cm x 115 

cm. 
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3. Erect the double wall to a height of 
67.5 cm leaving a cavity of 7.5 cm. 

4. Drench the chamber with water. 
5. Soak the fine river bed sand with 

water. 
6. Fill the 7.5 cm cavity between the 

double walls with this wet sand. 
7. Make a frame of top cover with 

bamboo (165 cm x 115 cm) frame 
and straw or dry grass etc. 

8. Make attach/ shed over the 
chamber in order to protect it 
from direct sun or rain.  

9. Keep the sand, bricks and top 
cover of the chamber wet with 
water. 

10. Water twice daily in order to 
achieve the desired temperature 
and relative humidity or fix a drip 
system with plastic pipes and 
micro tubes connected to an 
overhead water tank. 

11. Store the fruits and vegetables in 
this chamber by keeping in 
perforated plastic crates. 

12. Cover these crates with a thin 
polyethylene sheet. 

13. The cool chamber should be 
reinstalled once in 3 years with 
new bricks utilizing the old bricks 
for other purposes. 

 

Fig: Construction of ZECC 

 Precautions 
1. Try to site in a place where 

breezes blow. 
2. Build in an elevated place to avoid 

water logging. 

3. Use clean, unbroken bricks with 
good porosity. 

4. Sand should be clean and free of 
organic matters, clay etc. 

5. Keep the bricks and sand saturated 
with water. 
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6. A roof over to prevent direct 
exposure to the sun. 

7. Use plastic crates for storage; 
avoid bamboo baskets, wooden 
boxes, gunny bags etc. 

8. Prevent water drops coming in 
contact with stored material. 

9. Keep the chamber clean and 
disinfect the chamber periodically 
with permitted insecticide/ 
fungicide/ chemical, to protect 

from fungus, insect/ pests, reptiles 
etc. 

 Areas of Application 
1. Short term storage of fresh 

vegetables, fruits, and flowers 
2. Growing of white button 

mushroom 
3. Ripening of tomato and banana 
4. Plant propagation 
5. Storage of processed fruit 

products 
 

 Shelf Life of Produces 

Crops Cool Chamber (Days) Room Temperature (Days) 

Leafy Vegetables 3 1 

Chilli 15 7 

Lady Finger 6 2 

Cucurbits 5 2 

Tomato 15 7 

Banana 20 14 

Carrot 12 5 

Sapota 14 10 

Grapes 70 27 

Guava 15 10 

Lime 25 11 

Mango 9 6 

Okra 6 3 

Potato 97 46 

Peas 10 5 

Cauliflower 12 7 

Table 1: Comparison of the shelf life of different produces in a cool chamber and at room 
temperature 
 

 Advantages of ZECC 
1. It has many advantages over the 

refrigeration system, as it does not use 
refrigerant so it is environmental 
friendly (reduces CO2).  

2. It does not make noise because there 
is no moving part.  

3. It does not use electricity so it saves 
energy.  

4. It does not require high initial 
investment as well as operational cost 
in design and maintenance. 

5. It can be constructed with locally 
available materials in remote areas 
and most importantly, it is eco-friendly 
as it does not need 
chlorofluorocarbons.  

6. The process of evaporative cooling is 
an adiabatic exchange of heat when 
ambient air is passed through a 
saturated surface to obtain low 
temperature and high humidity, which 
are desirable for extending the 
storage life of vegetables. 
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7. Avoid distress sale of fresh fruits, 
vegetables, and flowers. 

8. Better marketability of fresh 
horticultural produce than ambient. 

9. Retain nutritive value. 
10. Small and marginal farmers can store 

a few days’ harvests to avoid 
middlemen. 

11. Technology Vision 2020 has identified 
it as a low-cost storage technology for 
2020. 

12. National Horticulture Board is giving 
100% grant in aid for the benefit of 
the farmer. 

CONCLUSION  
Due to adverse condition, high 

moisture content fruit and vegetables 
after being harvested tread to high 
deterioration and low storability. 
Moreover, they are living commodities 
can carry transpiration, respiration, and 
repining even after harvest. It is estimated 
that about 30-35% of total post-harvest 
loss occur during storage, grading, 
transport, packaging, and distribution. The 

evaporative cooled storage structure has 
proved to be useful for short term, on-
farm storage of fruits and vegetables in 
hot and dry conditions. Evaporative 
cooling is an efficient and economical 
means for decreasing the temperature 
and increasing the relative humidity of an 
enclosure and has been extensively 
serving for enhancing the shelf life of 
horticultural commodities which is 
essential for maintaining the freshness of 
the produce. Evaporative cooling is an 
environmentally friendly air conditioning 
system that operates using induced 
processes of heat and mass transfer 
where water and air are working fluids. 
Such a system provides an inexpensive, 
energy efficient, environmentally benign 
(not requiring ozone-damaging gas as in 
active systems) and potentially 
outstanding cooling system. The semi-
perishable fruits, vegetables, milk, cooked 
food, mushroom, meat, fish, flowers etc. 
that have a short shelf life can be stored 
inside the zero energy cool chamber. 

 
“A HEALTHY OUTSIDE STARTS FROM THE INSIDE” 
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Economic potential species of medicinal and aromatic plants for cultivation in 
forest management 

Article id: 11079 
Ashish Kumar* 

*CSIR-Central Institute of Medicinal and Aromatic Plants Research Centre, Boduppal, 
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Tree canopies did not influence the growth and yield of economic parts of MAPs although 
some adverse effect of trees was obtained in plants growing nearer to the trees. The growth 
parameters like plant height and leaf area index; the yield attributes namely herbage yield 
and production efficiency were slightly reduced compared to the sole crops when grown in 
combination with the trees. From yield and economic point of view, Andrographis 
paniculata, Mucuna pruriens, Spilanthes acmella Withania somnifera, Cymbopogon flexuous, 
Cymbopogon martini, Eucalyptus citriodora, Zingiber officinale, Asparagus racemosus, 
Alpinia galangal, Centella asiatica, Gymnema sylvestre, Phyllanthus amarus, Rauvolfia 
serpentine, Chlorophytum borivilianum, Eucalyptus globulus, Ocimum basilicum and Ocimum 
sanctum/tenuifiorum, when grown outside the tree canopy adopting deep tillage in the 
Agroforestry system. It is therefore proposed that the potential role of MAPs in the 
Agroforestry is to provide an environmentally and economically sustainable future for 
farming systems, through tree planting for multiple benefits. 

Introduction  

Today there is a worldwide growing 
demand for high quality, certified organic 
herbal products. This has created an 
unsustainable harvesting of medicinal and 
aromatic plants (MAPs) and other 
products from natural forests. The 
commercial production of MAPs fills this 
market by providing green health 
alternatives to another eco-friendly 
product for both domestic and industrial 
uses1, 2. However, conservative estimates 
put the economic value of medicinal 
plant-related trade in India to the order of 
Rs 1000 crores/year3, and the world trade 
over US $60 billion. At present, these 
resources from the wild are depleting 
rapidly, and several medicinal plants are 
threatened with the extinction. In spite of 
this, most of the commercial medicinal 
plants are collected from the wild either 
legally or illegally, from all over the 
Himalaya and other parts of the country 
for various purposes, while only a small 

number of species is cultivated (Mishra 
and Pandey., 1998). 

MAPs cultivated in Agroforestry System 

The following MAPs are commercially 
cultivated in agroforestry system: 
Santalum album, Andrographis 
paniculata, Mucuna pruriens, Withania 
somnifera, Pogostemon patchouli, 
Cymbopogon flexuous, Cymbopogon 
martini, C. winterianus, Eucalyptus 
citriodora, Zingiber officinale, Asparagus 
racemosus, Alpinia galangal, Cassia 
angustifolia, Centella asiatica, Gymnema 
sylvestre, Phyllanthus amarus, Rauvolfia 
serpentine, Chlorophytum borivilianum, 
Coleus forskholii, Catharanthus roseus, 
Eucalyptus globulus, Mentha spp. (M. 
arvensis, M. piperita, M. citrata var. 
citrata, M. spicata, M. cardiaca and M. 
gracilis)  and Curcuma longa etc. can be 
grown intercropped with Populus 
deltoidesor Eucalyptus spp. for three to 
five years after planting the trees 
(Chadhar et. al., 1996). Moringa oleifera, 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

50 

 

Murraya koenigii, Ocimum sanctum and 
Ocimum basilicum are backyard plants in 
many Indian households and they are 
routinely used for common ailments or in 
food preparations. A number of plants 
used as live fences around home 
compounds such as Lawsonia inermis in 
India. MAPs growing in forests require (or 
tolerate) partial shade, moist soils high in 
organic matter, high relative humidity, 
and mild temperatures. Cultivation of 
such MAPs can be taken up in thinned 
forests and cleared forest patches, and as 
intercrops in new forest plantations (Zou 
and Sanford., 1990) 

 

MAPs Products and their economic 
values 

India and China are the two major 
producing countries, having 40 per cent of 
the global biodiversity and availability of 
rare species. These are well known as the 
home of medicinal and aromatic crops 
that constitute a segment of the flora, and 
provide raw materials to the 
pharmaceutical, cosmetic, fragrance, 
flavour etc. industries (Ashish and 
Jnanesha.,2017). The aromatic plants are 
the important economical source of a 
number of well-established and important 
drugs; in addition, they are the source of 
some chemical intermediates needed for 
the production of a number of drugs 
(Prajapati et. al., 2003). 

 

Table 1: Prices of some of the Medicinal Plants products in India 

Sl. No. Products Trade name Part ₹ INR/Kg. 

1.  Adhatoda vasica  Adusa Whole Plant 15-70 

2.  Aloe vera gwarpatha Leaf (Dried) 30-75 

3.  Alpinia galangal Kulanjan Root 145-248 

4.  Andrographis paniculata kalmegh Whole Plant 21-75 

5.  Asparagus racemosus satavari Root 160-235 

6.  Cassia angustifolia senna Leaf 40-82 

7.  Chlorophytum borivilianum Safed musli Root 1650- 

8.  Coleus forskholii coleus Whole Plant 200-270 

9.  Commiphora mukul guggul Gum 525-810 

10.  Gymnema sylvestre gudmar Leaf 62-128 

11.  Lawsonia inermis Mehandi Leaf 46-80 

12.  Ocimum sanctum Tulsi Leaf 68-110 

13.  Piper longum Pippli (Lambi) Fruit 490-750 

14.  Rauvolfia serpentine sarpagandha Root 625-900 

15.  Santalum album Chandan 
(White) 

Wood 9800-11600 

16.  Tinospora cordifolia Giloy Stem 22-70 

17.  Withania somnifera Ashwagandha Root 205-300 

(Sources; Monthly market report published by FEDMAPS) 
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Table 2: Prices of some of the Aromatic Plants products in India  

Sl. 
No. 

Products ₹ INR/Kg. Sl. 
No. 

Products ₹ INR/Kg. 

1. Citronella herb oil 1200-1500 5. French/sweet basil 
oil  

800-1000 

2. Davana herb oil 45000-50000 6. Rose-scented 
geranium oil 

18000-
24000 

3. Lemongrass herb 
oil 

1200-1500 7. Palmarosa herb oil 22000-
28000 

4. Lemon-scented 
Gum oil 

1200-1400 8. Vetiver root oil 20000-
25000 

Conclusions 

At this time, conservation and sustaining ecological balance has become the main challenge 
for the world as well India. Forests in the mountainous areas are facing immense 
anthropogenic pressure (lopping for fuel wood and fodder, grazing, illegal harvesting for 
timber, forest fires, etc.) For subsistence living. Demand for medicinal plants is growing all 
around the world, which itself testifies the popularity and belief of people in herbal 
medicines. This presents before us a great opportunity to utilize our plant wealth and 
traditional medicinal knowledge in the service of humanity with the concomitant promotion 
of economic growth of the country. Overall the conference was a good initiative to bring 
together the important components of ethnomedicinal research in the country. 
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Dragon Fruit: Nutritive and Ruminative fruit 
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Mahatma Phule Krishi Vidyapeeth, Rahuri - 413 722 Maharashtra. 

 
INTRODUCTION 
Dragon Fruit plant is basically a cactus 
vine of the genus Hylocereus. The dragon 
fruit is also known as a pitahaya or pitaya 
in Mexico. In Central America and 
Northern South America it popular as 
pitaya Roja.  It’s native is Central Americas 
but now grown all over the world specially 
in the tropical countries. Dragon fruit 
plant grow successfully in the less 
expected rainfall areas. It is a Fast 
Growing vine which requires a vertical 
pole support to grow on them. It has a life 
span of 15-20 years, hence proper 
selection of poles & rings is important. 
Generally four plants per pole are planted 
to give maximum yield. Proper Pole to 
Pole and Row to Row spacing is 
maintained to carried out cultural and 
mechanical operations. Not much disease 
effect this plant.  

 
Scientific name: Hylocereus undatus 

Family: Cactaceae 

Origin: South America 

Weight of fruit: 150 to 600 g. 

Dragon fruit price (India): 200 – 250 Rs/Kg. 

Major Species of Dragon Fruit 
There are major three Species of Dragon 
Fruit they are classified according to their 
outer and internal side color. 
1. Hylocereus undatus :- Red colour 

fruit with white colour flesh 
2. Hylocereus costaricensis:- Red 

colour fruit with red colour flesh 
3. Hylocereus megalanthus:- Yellow 

colour fruit with white colour flesh 

 
 
 
 
 
 
 

Hylocereus undatus Hylocereus megalanthus Hylocereus costaricensis 
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ADVANCE CULTIVATION PRACTICES FOR 

DRAGON FRUIT 

Propagation 

Dragon fruit is propagated by both seed 

and cutting 

Seed: cut the dragon with a knife and 
divide it into two parts. After that scoop 
out the black seeds from inner flesh and 
wash the extra pulp off the seeds. You can 
use this seeds for cultivation but it takes 
longer time for growing plant and this 
method is not appropriate for commercial 
cultivate. 
Cutting: cut 20 cm length of cuttings from 
the mother dragon plants before two days 
of a plantation. Before cultivation, keep 
this cutting piece in a pot with the mixture 
of Dry cow dung, Topsoil, and Sand in the 
ratio of 1:1:2. Avoid sunlight from these 
cut piece. 

Climate Requirement 
Dragon fruit grow well in both 

tropical and sub-tropical condition but the 
tropical weather condition is more 
suitable. It requires 50 cm annual rainfall 
and 20°C to 30°C temperature. The high 
sunlight is not convivial for the dragon 
fruit crop. You can use the shading 
method for protecting the dragon fruit 
crop from the high sunlight. 

Soil Requirement 
 Dragon fruit grow well in sandy 

loam or clay loam soil. The sandy soil is 
better for the dragon fruit cultivation. Soil 
should be plowed until it not achieves the 
better tilth and weed free.  PH of soil 
should be in between 5.5 to 7. Before 
plantation applies any organic compost on 
the soil in proportional ratio. 

Planting 
Dragon fruit required 2m. x 2m. 

space. It should be planted in a pit which 

Dragon fruit products: 

 Jams 

 Ice creams 

 Jelly production 

 Fruit juice 

 Wine 

 Face packs 

 

Dragon fruit health benefits:  

 It help in Lowers Cholesterol 

 Lowers Blood Sugar 

 Improves Cardiovascular Health 

 Cuts Low Hemoglobin Risk 

 Helps In Weight Management 

 Prevents Cancer 

 Prevents Congenital Glaucoma 

 Boosts Immunity 

 Helps Suppress Arthritis Pain 

 Dragon Fruit During Pregnancy 

 Prevents Renal Bone Disease 

 Stronger Teeth And Bones 

 Is Good For Dengue Patients 

 Repairs Body Cells 

 Improves Appetite 

 Improves Vision 

 Boosts Brain Function 

 Improves Vision 

 Boosts Brain Function 

 

Dragon fruit nutrition: 

 Phytonutrients 

 Antioxidants 

 vitamin C 

 polyunsaturated fatty acids 

 Carbohydrate 

 Vitamin B 

 Carotene 

 Protein 
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is 60 cm x 60 cm x 60 cm in a size. Also, fill 
this pit with 100 grams super phosphate 
compost. The 1 acre land contains about 
1700 dragon fruit plants. For plant proper 
development and growth give the support 
of concrete or wooden columns. 

Training and pruning 

 

Pruning: 
Light pruning should be done in 

second year after planting. Un-healthy or 
ineffective branches should be removed 
to form an umbrella shape tree. 
 
Manures and Fertilizers  

 The each plant of dragon fruit requires 
10 to 15 kg of organic fertilizers and 
70 g. N, 90 g. P and 40 g. K and per 
plant in the vegetative phase.  

 Apply a high amount of P and low 
amount of N during bearing stage for 
better fruit quality. 

 Apply 50 g. N, 50g. P and 100g K 
during flowering to harvesting stage. 

 
Irrigation  

Dragon fruit plant requires less 
water as compared to other fruit crops. 
Drip irrigation method is commonly use in 
dragon fruit; this method is more effective 
than any other method. The irrigation 
requires frequently in a different stage of 
dragon fruit like planting, flowering and 
fruit development stage. 

Harvesting 

After one year of planting Dragon 
fruit plant start bearing the fruits. The 
dragon fruit plant gets the flowering in 
May to June month and fruits from August 
to December month.  

The immature dragon fruit has a 
bright green color skin.  After some day 
fruit skin turns in red color from dark 
green. The better harvesting time for 
dragon fruit is 3 to 4 days after fruit 
change its skin color. hand and sickle are 
used for picking the dragon fruit from the 
plant.  

Yield 
Weight of one fruit is 150 to 600 g.  
Average yield is 5 to 6 tonnes per acre. 

In local and international market 
these dragon fruits are very demanded. 
So, you can get the good returns from this 
dragon fruit cultivation.  
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Application of cold plasma technology in food processing 
Article id.: 11081 

Yasmeen. R, 
Ph.D. Scholar, Department of Processing and Food Engineering, College of Agricultural 

Engineering, University of Agricultural Sciences- Raichur 
 

Abstract 
Cold plasma (CP) is a novel non-thermal 
food processing technology designed for 
the inactivation of pathogenic 
microoganisms and food safety 
improvement. CP is a ionized gas that 
comprises a large number of different 
species such as electrons, positive and 
negative ions, free radicals, electrons, gas 
atoms and photons and it is suitable to be 
used in processes for which high 
temperature is not recommended. The CP 
is most often generated in laboratories 
and industry by an electric glow discharge 
under low pressure using various 
frequencies of the applied electric field: 
audio frequencies (AF, mainly in the range 
of 10–50 kHz), radio frequencies (RF, 
mainly 13.56 MHz), and microwave 
frequencies (MW, mainly 2.45 GHz), 
Sometimes, a direct current (DC) 
discharge is also used. CP has been 
applied in the food industry including for 
decontamination of raw agricultural 
products (apple, lettuce, almond, 
mangoes and melon), egg surface and real 
food system (cooked meat, cheese). It is 
an eco-friendly process which is used in 
the preservation of food and other 
potential applications as an alternative to 
common techniques 
Introduction 

The term “plasma” refers to a 
partially or wholly ionized gas composed 
essentially of photons, ions and free 
electrons as well as atoms in their 
fundamental or excited states possessing 
a net neutral charge. The plasma 
possesses a net neutral charge because 
the number of positive charge carriers is 

equal to the number of negative ones. 
Electrons and photons are usually 
designated as “light” species in contrast to 
the rest of the constituents designated as 
“heavy” species. Due to its unique 
properties plasma is often referred to as 
the fourth state of matter 

Plasma is the fourth state of 
matter and other states of matter are 
liquid, gas, and solid. Plasma occurs as a 
natural phenomenon in the universe in 
the form of fire, in the polar aurora 
borealis and in the nuclear fusion 
reactions of the sun and also can be 
created artificially which has gained 
importance in the fields of plasma screens 
or light sources. There are two types of 
plasma: thermal and non-thermal or cold 
atmospheric plasma 

Plasma generation at atmospheric 
pressure includes  the corona discharge, 
dielectric barrier discharges (DBD), radio-
frequency plasmas (RFP) and the gliding arc 
discharge. In contrast, thermal plasmas are 
generated at higher pressures, require high 
power, and an almost thermal equilibrium 
exists between the electrons and the heavy 
species (Permi et al., 2010) 
 The cold plasma is most often 
generated in laboratories and industry by an 
electric glow discharge under low pressure 
using various frequencies of the applied 
electric field: audio frequencies (AF, mainly 
in the range of 10–50 kHz), radio 
frequencies (RF, mainly 13.56 MHz), and 
microwave frequencies (MW, mainly 2.45 
GHz). Sometimes, a direct current (DC) 
discharge is also used (Afshari and Hosseini, 
2014) 
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Application of cold plasma for 
microbial destruction on different food 
substrates like fruits, meat products, cheese 
etc. has been reported. Besides this, it is 
also used to alter the germination rate of 
seeds. . CP has been applied in the food 
industry including for decontamination of 
raw agricultural products (apple, lettuce, 
almond, mangoes and melon), egg surface 
and real food system (cooked meat, cheese) 
(Stoica et al., 2013).  It is an eco-friendly 
process which is used in the preservation of 
food and other potential applications as an 
alternative to common techniques 
(Thirumdas et al., 2014) 

Methods for production of cold plasma 
Some methods used to produce cold 
plasma include: Dielectric Barrier 
Discharge (DBD) and Atmospheric 
Pressure Plasma Jet (APPJ) 
Dielectric Barrier Discharge 

Dielectric Barrier Discharge (DBD) 
has many applications including: 
sterilization of living tissue, bacteria 
inactivation, angiogenesis, surface 
treatment, and excimer formation. The 
dielectric barrier discharge (DBD) consists 
of two flat metal electrodes that are 
covered with dielectric material. A carrier 
gas moves between the two electrodes 
and is ionized to create plasma. One 
electrode is a high voltage electrode and 
the other is a grounded electrode. High 
voltages are required to produce the 
discharge needed to create the plasma. 
Alternative Current (AC) high voltages 
generally drive DBD‟s with frequencies in 
the kHz range. The power consumption is 
between 10 and 100 W. There are many 
variations in the configuration of the 
electrodes, but the concept behind them 
all remains the same. 
 

 

Plasma Jet-Radio Frequency Plasma Jets 
One type of plasma jet, which is employed 
for bacterial sterilization, is the 
Atmospheric Pressure Plasma Jet (APPJ). 
The APPJ consists of two coaxial 
electrodes between which a feed gas 
(mixtures of helium, oxygen, and other 
gases) flows at a high rate. The outer 
electrode is grounded while Radio 
Frequency (RF) power (50-100W) at 13.56 
MHz is applied to the central electrode 
that creates a discharge. The reactive 
species produced exits the nozzle at high 
velocity and arrives to the area that is to 
be treated. APPJ has been used for the 
inactivation of several micro-organisms. 
The cathode is a needle electrode made of 
tungsten or stainless steel with a 1 mm 
diameter connected to a RF source (13.56 
MHz). The needle electrode lies within a 
quartz tube whereas the anode electrode 
is grounded. Depending on the 
application, helium or argon was mixed 
with various gases. In the former version, 
the needle was enclosed in a box and as a 
result, the samples had to be placed 
inside of the box to be treated. In the new 
version, the plasma needle consists of a 
0.3 mm metal strand diameter with a 
sharpened tip inside of a Perspex tube. 
The length of the entire needle is 8 cm 
and 1.5 cm remains uncovered by the 
Perspex tube. The gas used most 
frequently is Helium due to its high 
thermal conductivity. The gas is then 
mixed with air at the needle tip where a 
micro discharge is created. Gases other 
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than Helium are also used29. The 
diameter of the plasma glow generated is 
2 mm. Microplasma is created when RF 
power at 13.05 MHz ranging between 10 
mW and several watts is applied to the 
needle (Singh et al., 2014). 

 

Advantages of cold plasma 
Cold plasma can be used for 
decontamination of products where 
micro-organisms are externally located. 
Unlike light (e.g. ultraviolet light 
decontamination), plasma flows around 
objects, which means ‘shadow effects’ do 
not occur ensuring all parts of a product 
are treated. For products such as cut 
vegetables and fresh meat, there is no 
mild surface decontamination technology 
available currently; cold plasma could be 
used for this purpose. Cold plasma could 
also be used to disinfect surfaces before 
packaging or included as part of the 
packaging process. Plasmas generated by 
electric discharge, similar to those used 
inflorescent lighting tubes, are very 
efficient (80%) conversion rate for 
electricity to plasma. Energy consumption 
would be similar to existing UV-C systems 
and the treatment of foods would be 
highly cost-effective; the electronics and 
lifetime of plasma technologies are 
comparable to UV-C systems even with 
the additional need for a carrier gas. Dry 
non-chemical-based sterilization means a 
reduction of chemical effluents and waste 
water, which is both environmental and 
economically beneficial 
 

Applications of cold plasma 
Treatment of raw and dried produce 

Raw agricultural produce has 
frequently been implicated in disease 
outbreaks. Any treatment applied to 
ensure the microbiological safety of a 
food must be selected so as to minimize 
changes to its sensory, nutritional and 
functional properties. Conventionally, 
sterilization methods such as heat, 
chemical solutions and gases (for example 
ethylene oxide, hydrogen peroxide) are 
used for the surface disinfection of fruits, 
spices, nuts etc., which are often time 
consuming, damaging or have toxic 
residues. The pathogen inactivation 
effects of cold plasma potentially offer a 
treatment step for fresh produce to 
reduce the microbial load without 
adversely affecting the nutritional and 
other key characteristics (Stoica et al., 
2013) 

 

Surface decontamination of eggs 
Salmonella spp. has been largely 

reported as a potential hazard for egg 
consumers and a need for alternative 
methods of decontaminations. 
severalnonthermal approaches for the 
superficial decontamination of egg shells, 
including advanced oxidation procedures 
(AOP's) such as pulsed light technology, 
ozone, UV radiation, slightly acidic 
electrolyzed water.   These attempts are 
in extension to the failure of conventional 
techniques in efficient cleaning of the 
surface of eggs. The efficacy of resistive 
barrier discharge (RBD) plasma for 
decontamination of shell egg surfaces. A 
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maximum reduction of 2.2–2.5 Log 
CFU/eggshell in Salmonella enteritidis 
levels following a 60–90 min of treatment 
at 35% RH. Further, the effectiveness of 
the treatments enhanced at a higher RH 
level of 65%, where maximum declines of 
3.8 and 4.5 Log CFU/eggshell were 
achieved after 90 min of exposure 

 

 

Control of biofilms and decontamination 
of processing surfaces 

Microorganisms are often 
embedded in the nutrient-rich 
environment of biofilms where they 
proliferate and are largely protected from 
external stresses such as direct attack of 
plasma species. The mechanisms involved 
in formation and behaviour of biofilms, 
deleterious effects associated with their 
presence, biofilms are problematic in 

particular food industry sectors such as 
brewing, dairy processing, fresh produce, 
poultry processing and red meat 
processing. Plasma technology can also be 
exploited for possible applications in 
combating with the menace of biofilms 
that form on processing surfaces. The 
exposure of the food processing surface 
with biological contamination thereon to 
an oxygen plasma results in sterilisation 
and cross-linked the biological 
contamination into a form which is 
resistant to further adhesion of bacteria 
and other biomaterials while cleansing 
and sterilizing areas of the substrate that 
are not covered by the biofilm 

 

Waste water treatment 
 A potential method for generating 
plasma in liquids is by the application of 
high-voltage pulses to the gas-injected or 
sparged liquid and has opportunities in 
treating waste water from food industries, 
like poultry wash water  
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Table Setting- What is it 

 Table setting or laying a table refers to the way to set a table with tableware—such 
as eating utensils and for serving and eating. 

 The arrangement for a single diner is called a place setting. Table Setting and Serving 
depends on: 

 Occasion. 
 Type of Meal. 
 Number of People. 
 Number of dishes to be served. 
 Number of tableware to be used. 

 
Why Table Setting? 

 The practice of dictating the precise arrangement of tableware has varied across 
cultures and historical periods.  

 Setting the table influences : 
Appearance of the food served 
Sets the tone/feeling of the meal 
Makes people feel important  

 If you apply basic principles of setting the table, table service and manners you can 
create a pleasant atmosphere so that your relationships and appearance of food are 
enhanced. 

Components of Place Setting 
1. Dinnerware 

 Plates, cups, bowls, saucers, platters and other serving pieces. 
2. Flatware 

 Butter, dinner and steak knives; salad/dessert, dinner fork; soup, dessert and 
teaspoons.  
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3. Glassware 
 Water goblet, milk and wine glasses, sherbet glass. 

4. Cover 
 Space allotted to one person on dining table with the table appointments. 
 Arrangement of a place setting for one person. 
 Spaced 1 inch from the table edge. 
 Allow 20-24” for each cover with the dinner plate in the middle. 

5. Accessories 
 Napkins, Tablecloth, Runners, Place mats etc. 

 
Proper dinnerware placement 

1. Dinner Plate 
 1” from the table edge 
 Center on cover 

2. Bread/Butter Plate 
 Top left 
 Above the salad plate 

3. Salad Plate 
 Lower left 
 Above the napkin 

4. Soup Bowl 
 On plate or separate 

 

 
Proper flatware placement 

1. 1 to 1½” from the table edge  
 Handles are lined up and the utensils are even with the plate 
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2. Forks 
 Left of the plate 
 Dessert fork placed above  

 the center of the plate 
3. Knives and Spoons 

 Right of the plate 
 Dessert spoon is sometimes placed above the center of the plate. 

4. Arrange in order of use 
 Starting at the outside and working toward the center. 

 
Proper glassware placement 

1. Other beverage glasses 
 Right of goblet, slightly forward and diagonal. 

2. Water goblet  
 Tip of the knife blade. 

3. Cup and saucer 
 Lower right. 

4. If glassware is cold,  
Serve with saucer to catch moisture 

 
 

Placement of Napkin 
1. Three Places 

 Left of the forks 
 Center on the dinner plate 
 In the water goblet 

2. When removed, should not disturb the flatware. 
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Types of Table Setting 

1. Informal 
  Fewer utensils are used and serving dishes are placed on the table. 
 The cup and saucer are placed on the right side of the spoon, about 30cm or 

12 inches from the edge of the table. 
 Often the napkin or cutlery may be held together in a single bundle by a 

napkin ring. 
 Utensils are arranged in the order and according to the manner in which the 

diner will use them. 
2. Formal 

 Utensils are placed inward about 20cm or 8 inches from the edge of the 
table. 

 Utensils in the outermost position are to be used first (e.g. a soup spoon, 
salad fork, dinner fork, dinner knife, etc.). 

  The blades of the knives are turned toward the plate 
 Glasses are placed an inch (2.5 cm) or so above the knives, also in the order 

of use: white wine, red wine, dessert wine, and water tumbler. 

 
PROPER TABLE SETTING 
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Table setting based on Meal 

Breakfast  
Flatware: Dinner Fork, Dinner Knife, Teaspoon, Butter Knife  
Dinnerware: Dinner Plate, Cereal Bowl, B&B Plate, Coffee/Tea Cup & Saucer 
Drinkware: Water Tumbler or Juice Glass 
Accessories: Napkin 
Lunch  
Flatware: Salad Fork, Dinner Fork, Dinner Knife, Teaspoon 
Dinnerware: Dinner Plate, Soup Bowl, B&B Plate 
Drinkware: Water Tumbler 
Accessories: Napkin 
Dinner  
Flatware: Salad Fork, Dinner Fork, Butter Knife, Dinner Knife, Teaspoon 
Dinnerware: Dinner Plate, Salad Plate, Soup Bowl, B&B Plate 
Drinkware: Water Tumbler, Wine Glass 
Accessories: Napkin 
Formal Dinner  
Flatware: Salad Fork, Fish Fork, Dinner Fork, Butter Knife, Dinner Knife, Soup/Bouillon 
Spoon, Teaspoon 
Dinnerware: Dinner Plate, Salad Plate, Soup Bowl, B&B Plate 
Drinkware: Wine Glass, Water Goblet, Champagne Flute 
Accessories: Napkin 
European Dinner  
Flatware: Cocktail Fork, Salad Fork, Fish Fork, European Dinner Fork, Butter Knife, European 
Dinner Knife, Soup/Bouillon Spoon, Teaspoon, Dessert Spoon 
Dinnerware: Dinner Plate, Salad Plate, B&B Plate 
Drinkware: Red Wine Glass, White Wine Glass, Sherry Glass 
Accessories: Napkin 
 
Banquet / Brunch  
Flatware: Salad Fork, Dinner Fork, Dinner Knife 
Dinnerware: Dinner Plate, B&B Plate, Coffee/Tea Cup & Saucer 
Drinkware: Water Goblet 
Accessories: Napkin 
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Styles of Table Setting 
1. Family or English Style : 

 Informal way of Table setting. 
 The Foods are placed at the middle of the table. 

2. Russian Style : 
 A formal way of table setting and serving. 
 Done in big and formal parties. 
 Dishes are served by a waiter or housemaid. 

3. Buffet Style : 
 Used when there are many guests. 
 Each person gets his/her own plate, fork and spoon.   

 

 

 
 
Tips on setting the table 

 Allow at least 24 inches width for each place setting. 
 Keep your tableware approximately one inch from the edge of the table . 
 Infuse different shapes and sizes to bring appeal and excitement to your table presentation. 
 Consider table size and portions when planning your settings. 
 Choose colours, textures and styles that complement the overall look of your dining room. 
 Arrange all of the flatware in order it will be used, working from the outside toward the 

plate for each of the courses served. 
 If you serve a salad after the entrée, then place the salad fork next to plate. 
 A cocktail fork is always placed to the right of the soup spoon unless it's served with the 

seafood cocktail. 
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Introduction  
India is the world’s 2nd largest 

producer of food next to China, and has 
the potential of being the largest with the 
potential of being the largest with the 
food and agricultural sector. India is the 
2nd largest vegetable and 3rd largest fruit 
producer in the world. India ranks second 
only to Japan in inland fish production. 

India’s food processing sector 
covers fruit and vegetables, meat and 
poultry, milk and milk products, alcoholic 
beverages, fisheries, plantation, grain 
processing and other consumer product 
groups like confectionery, chocolates and 
cocoa products, soya- based products, 
mineral water, high protein foods etc. 

Post-Harvest Technology is inter-
disciplinary "Science & Technique" applied 
to agricultural produce after harvest for 
its protection, conservation, processing, 
packaging, distribution, marketing, & 
utilization to meet the food and 
nutritional requirements of the people in 
relation to their needs. 

It has to develop in consonance 
with the needs of each society to 
stimulate agricultural production; prevent 
post-harvest losses, improve nutrition 
and add value to the products. In this 
process, it must be able to generate 
employment, reduce poverty and 
stimulate growth of other related 
economic sectors. 
Importance 

Importance of Post-harvest 
technology lies in the fact that it has 
capability to meet food requirement of 
growing population by eliminating 
avoidable losses making more nutritive 
food items from low grade raw 

commodity by proper processing and 
fortification, diverting portion of food 
material being fed to cattle by way of 
processing and fortifying low grade food 
and organic wastes and by-products into 
nutritive animal feed.  

Post-harvest technology has 
potential to create rural industries. In 
India, where 80 % of people live in the 
villages and 70 % depend on agriculture 
have experienced that the process of 
industrialization has shifted the food, feed 
and fibre industries to urban areas. This 
process has resulted in capital drain from 
rural to urban areas, decreased 
employment opportunities in the rural 
areas, balance of trade in favour of urban 
sector and mismatched growth in 
economy and standard of living including 
the gap between rural and urban people. 
It is possible to evolve appropriate 
technologies, which can establish 
agricultural based rural industries. 

Modern Post-Harvest Technologies 

Chemical and physical post-harvest 
technologies are chiefly used to reduce 
decay and physiological irregularities and 
to delay normal senescence metabolism 
and techniques are. 

1) Physico-Chemical Post-Harvest 
Treatments to Control Spoilage. 2) Post-
Harvest Cooling  
3) Food Irradiation, 4) High Pressure 
Processing, 5) High Electric Field Pulse 
(HEFP) Treatment, 6) Ohmic Heating, 7) 
Pulsed-Light Treatment, 8) Oscillating 
Magnetic Fields and 9) Minimally-
Processed Foods 
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Priority areas in food processing 
(i) Processing of special fruits and 

nuts like, banana, litchi, mango, 
pineapple, makhana etc. and 
canning and storage facility for the 
above produce. 

(ii) Large scale introduction of mini 
rice mill in villages and mandies 
coupled with semi-modern 
parboiling plant for paddy to have 
higher head rice recovery with 
better quality bran. Oil production 
from bran with a chain of 
collection mechanism for 
supplying raw material for the 
plant. 

(iii) More emphasis on the use of 
power Ghani or expeller in place of 
Kolhu for higher recovery. 

(iv) Establishment of dal mills in pulse 
growing belt as a village 
cooperative programme. 

(v) Emphasis on cottage industry 
involving village women for the 
manufacture of food products. 

(vi) Popularization of low cost 
engineering storage structures. 

(vii) Starch production from maize and 
potato and simultaneous oil 
production from maize. 

(viii) Strengthening of research base 
with adequate financial support. 

(ix) Emphasis on production of value 
added products from locally 
available fruits and vegetables. 

Growing exports of Indian processed 
foods 
 

As per the Agricultural and 
Processed Food Products Export 
Development Authority (APEDA), India’s 
exports of processed foods amounted to 
31,563.43 crore INR in 2014-15. The value 
of the exports from the sector has been 
on the rise, with an average annual 

growth rate (AAGR) of 20.53% for five 
years ending 2013-14. The value of 
processed food exports during 2013- 14 
was of the order of 37.79 billion USD (of 
the total exports worth 312 billion USD), 
constituting 12.1% of India’s total exports. 
(Directorate General of Commercial 
Intelligence and Statistics (DGCI&S), 
Kolkata). Considering the AAGR of 20.53% 
for the next five years, the sector is 
expected to touch the 100 billion mark by 
2020. 
 
Investment Opportunities in India 

1. Agricultural/horticultural 
infrastructure projects  

Cold chain, Fresh fruits-pack 
house, Vegetables pack house, 
Mechanized grain handling and 
storage at port, Food parks, Terminal 
markets, Agri produce irradiation 
plants, Organic farming and Marine 
export. 
2. Export oriented processing 

Peanut butter, De-hulled roasted 
sesame seed and sesame oilseed, 
Roasted, salted and coated peanuts 
and integrated shrimp farming and 
processing. 
3. Food processing 

Tomato, Potato flakes/powder, 
Specialty grades guar gum powder, 
Refined sugar, Egg powder, Baker’s 
yeast, Fish oil extraction, Tomato 
Processing at Important crop pockets, 
Castor Oil Derivatives – Perfumery 
Raw Materials and Enzymes for food 
processing industry. 
4. Natural resources- based 

opportunities 
Natural food colors, 

Medicinal herbs extraction, Food 
processing enzymes, 
Neem/tobacco oil based 
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biopesticides and Fish meal- based 
bio-fertilizer. 

Conclusion  
Food availability to individual has 

been accepted all over the world are 
among the basic human rights. Since 
about over a quarter of our harvested 
food is lost due to various kinds of 
wastage and spoilage, processing and 
preservation of food is a prerequisite for 
food security. Besides the prevention of 
losses, demand is also growing in both the 
developed and the developing countries 
for food which is wholesome and safe for 

consumption. The emerging global energy 
crisis has led to a review of the efficiency 
of traditional methods of food 
preservation in terms of their energy 
consumption. In addition, some 
established technologies are now being 
questioned with regard to their biological 
safety, economics and possible reduction 
in market quality of products so treated. 
Food irradiation, high-pressure 
processing, pulsed-electric fields and 
pulsed light applications etc. are the most 
promising among the emerging 
technologies. 
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INTRODUCTION -An Approach to leading Farming Network 
Small-scale farm operators represent 70 percent of the world’s poor, but lack access to 
techniques and technologies that could enable them to become successful small-farm 
businesses. Closing the market gap for these farmers reduces poverty and also improves 
food security for millions, as small farms generate 80 percent of the food consumed by rural 
communities.  
Farm Badhotri Advisors (FBA) is entrepreneurs who go door-to-door, field-to-field, 
supporting small-scale farmers to grow crops that can be sold for attractive returns. FBAs 
provide an essential last-mile market link for farmers located in remote areas far away from 
commercial centers. FBAs can be anybody from a person having good knowledge and 
experience of farming and Agriculture to scientist and opinion leaders. 
BACKGROUND 
The FBA, a quickly expanding concept across several countries farming programs. Today, this 
global solution has more than 1,500 active FBAs serving clients across nine countries. The 
titles, functions, and management models vary from country to country, but they all have 
one thing in common; FBAs are the critical link that supports and drives small-scale farmers 
to grow better horticulture and staple crops. FBAs promote best practices, leading to higher 
incomes and ultimately improving the quality of life for both parties. 

 FARM BADHOTRI ADVISORS PROVIDES:- 
 Loans:  FBAs offer installment payments for purchases or act as a loan broker for 

microfinance credit providers.  
 Output Marketing:  FBAs provide access to market price information, and some help 

their clients transport their crops to the market. Services— They provide advice on 
land preparation, planting & harvesting, soil nutrients, and pest & disease control; as 
well as installation and maintenance of equipment.  

 Inputs & Equipment: FBAs sell farm equipment (drip irrigation kits, pumps, tillers, 
and seeders) and inputs (seeds, fertilizer, pest control).  

FARM BADHOTRI ADVISORS MAKING MONEY:- 
 FBAs are independent agents, either individual entrepreneurs or family businesses, who 
earn income from various sources:  
• Margins and commission on sales of inputs, (sales of stock, commission getting from 
suppliers, wholesalers in market) 
• Percentage of profit from an aggregation of farm outputs, (the profit obtained from farm 
production is shared with FBAs, according to pre-decided profit share). 
• Fees for services like soil testing and equipment installation and maintenance (charges like 
equipment setup, cleaning and servicing of machines, testing soil with help of lab are taken 
by FBAs as source of earning).  
Additionally, many FBAs earn a substantial amount from their own farms, which double as 
demonstration plots for the products and services they sell.  
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BLUEPRINT FOR FBA:- 
The leverages donor funds to recruit, train, and support FBAs and field staff work with local 
communities to identify candidates and gauge their business acumen, willingness to learn, 
interpersonal skills, and mobility. Recruits undergo regular classroom and field-based 
training to build their skills in agriculture, business, and ethical sales focused on solving their 
clients’ most urgent problems.  
FBAs help clients to compare the cost of new investments to the costs of maintaining the 
status quo, leading to purchase decisions that serve clients’ best long-term interests. In this 
way, FBAs develop relationships based on trust rather than simply pushing products 
opportunistically. 
 MAKING MARKETS WORK  
FBA performance data is captured with ICT-based Management Information Systems that 
tracks client interactions, sales revenue, and impacts on farm productivity and profits.  
Cost-effective— Because FBAs earnings are paid for by users, their long-term success does 
not rely on subsidies or a steady flow of donor funds.  
Sustainable— The FBA approach introduces market incentives, integrated service delivery, a 
strong client focus, and a mechanism for financial sustainability.  
Scalable— compared to other agriculture interventions, the FBA approach requires fewer 
resources to reach more farmers. 
 
Farm Badhotri Advisor Management Models 
 It applies the FBA approach differently in each context based on local market constraints 
and opportunities. Management models typically fall within a spectrum ranging from 
centrally-managed social enterprises to more dispersed market engagement. The Company 
role is always temporary, with a goal of establishing FBA networks that are cost-effective, 
sustainable, and scalable. 
Social Enterprise Model 
 Some Company establishes a social enterprise to recruit, train, and support FBAs in a 
franchise-like relationship. The enterprise provides services to FBAs (product sourcing, 
quality control, technical support, and promotion) while earning a profit. The social 
enterprise model may be used where agricultural markets are weak and market gaps exist 
that are unlikely to be filled in the foreseeable future. This is often due to unfavorable risk-
reward perceptions among existing enterprises. 
Market Model 
The Company supports and works with existing market actors from any point in the value 
chain. FBAs may be exclusive or may act as free agents, promoting the products of multiple 
partners. The dispersed market model may be used where agricultural markets are 
relatively well-developed and individual firms have the size and capacity to support and 
make effective use of FBAs. 
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5 STEPS TO JOIN FBA MODEL  
# STEP 1  

   
An FBA travels to the farmer’s field to learn directly what challenges the farmer faces 
problems like water control, poor soils, damaging pests, or difficulty getting crops to buyers. 
 
#STEP 2 

 
As a team, the FBA and the farmer work out a strategy, which might include investing in new 
equipment like drip irrigation; introducing higher-value crops into their annual agricultural 
cycle; or growing an additional crop cycle. 
 
#STEP 3 

 
FBAs keep in regular contact with their farmer clients to answer questions, solve problems 
and ensure that investments are yielding the expected results. 
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# STEP 4 

 

Since the beginning of FBA program, more than 339,000 farmers have increased their 
income by working with a FBA, generating an average of 29819.4912 INR Additional annual 
revenue. 
 

# STEP 5  

 
The profits made by the FBAs are substantial as well, with estimated total average yearly 
incomes per FBA of INR 55066.5280. 
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Important medicinal plants for nutrition values 
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Medicinal food plants play an important 
role in the diet of inhabitants of Indian 
Society. Some of these plants are drought-
resistant and gathered throughout the 
year. These wild foods are an important 
source of nutrients. Some of the 
important nutritionally rich and cultivated 
medicinal crops in India are Mucuna 
pruriens, Spilanthes acmella, Withania 
somnifera, Zingiber officinale, Ficus 
benghalensis, Asparagus racemosus, 
Annona muricata, Moringa oleifera, Aegle 
marmelos, Phyllanthus emblica, 
Chlorophytum borivilianum, Commiphora 
wightii and Morus alba etc. 

Introduction 

The role of traditional medicinal plants to 
alleviate various diseases in different 
countries since remote times is well known. In 
India, many medicinal plants are commonly 
used traditionally to cure various diseases in 
rural and urban areas. Agni transforms food 
so that nutrients can be optimally utilized. 
Having right material of proper nutritional 
value is the initial step towards achieving 
healthy life. But just having right nutrient 
from food is not enough; these all can be 
served by herbs also which generally used for 
their therapeutics importance. Medicinal 
plants are incorporated into the normal 
livelihood strategies of many rural people and 
are usually considered as additional diet to 
rural people. However, one has to bear in 
mind that medicinal plants add crucial 
vitamins to the normal vitamin deficient 
cereal diet, particularly of children. 

Medicinal plants with nutrition values 

1. Indian ginseng (B. name: Withania 
somnifera (L.) Dunal; family: Solanaceae) 
Indian ginseng or ashwagandha has many 
beneficial elements, including flavonoids. 

Ashwagandha contain different natural 
antioxidants: superoxide dismutase, 
catalase and glutathione peroxidase which 
are responsible as a health promoters. 
The roots (0.2-0.5%), leaves, fruits and 
seeds contain many alkaloids and 
withanolides (steroidal lactones) and are 
widely used in Ayurveda, Unani, Siddha 
and allopathy systems of medicine to cure 
many diseases. The roots are used for 
sedative, antiseptic, aphrodisiac, and 
adaptogenic properties. The plant grows 
wild in many parts of India and is 
cultivated mainly for its roots in parts of 
Rajasthan, Madhya Pradesh, Andhra 
Pradesh and other states. The crop can be 
grown as a rain-fed or irrigated crop 
(Jnanesha and Ashish, 2018). 

2. Shatavari (B. name: Asparagus 
racemosus Willd. family: Asparagaceae) 

Asparagus is a perennial spiny woody climber. 
The plant is common at low altitudes in shade 
and in tropical climate throughout India. 
Shatavari is rich in active constituents such as 
steroidal glycosides, saponins, polyphenols, 
flavonoids, alkaloids (racemosol) and 
vitamins. Its medicinal usage has been 
reported in the Indian and British 
Pharmacopoeias and in traditional systems of 
medicine. Traditionally, it is used as health 
tonic and common Indian home remedy used 
as a rejuvenator, promoter of strength, breast 
milk and semen. The 
medicinal/pharmacological value of shatavari 
root is attributed to the presence of steroidal 
saponins and sapogenins. It is also used in 
treating acidity and as hair tonic. Plant 
pacifies vitiated pitta, vata, leucorrhoea, 
stomach ache, diarrhoea, inflammation, 
burning sensation and excessive perspiration 
(Jnanesha AC and Ashish Kumar, 2018). 
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Table1: Details of Nutritive values for Indian ginseng and shatavari root powders 
Nutritive Values  Indian ginseng root powder Shatavari root powder 

Moisture (%) 7.45 9.57 

Ash (g) 4.41 3.55 

Protein (g) 3.9 2.47 

Fat(g) 0.3 0.11 

Crude Fiber (g) 32.3 2.5 

Energy (kcal) 245 22 

Carbohydrate (g) 49.9 3.39 

Iron (mg) 3.3 2.17 

Calcium(mg) 23 26 

Total carotene(µg) 75.7 87.5 

Vitamin C (mg) 3.7 5.8 

3. Guggul (B. Name: Commiphora wightii; 
family: Burseraceae) 

Guggulu is an oleo-gum resin which 
exudes out as a result of injury from the 
bark of Commiphora wightii (Arnott) 
Bhandari *syn.  Commiphora mukul (Hook. 
Ex Stocks). In India it is found in Rajasthan, 
Gujarat, and Karnataka. Guggul plant is a 
shrub or small tree reaching maximum 
height of 3 to 3.5 meter. The guggul plant 
have lot of medicinal values and their 
medicine use in Arthritis, Rheumatism, 
Haemorrhids, Urinary disorder, obesity, 
skin disease and high cholesterol. The 
guggul plant seed contains 10% oil 
contant and this oil in oleo-gum resin. In 
Rajasthan and Gujarat enlisted the guggul 
plant in Red Data List of endangered 
species. 

 

The oleo-gum resin commonly known as 
“gum guggul” or “Indian Myrrh” is the 
economically important product of Indian 
bdellium. The oleo-gum is collected as 
exudates from woody stem. A plant 
generally takes 10 years to reach tapping 
maturity under the dry climate conditions. 
The thick branch is incised during the 
winter to extract the oleo-gum resin. 
Guggul gum is a mixture of 61% resin, and 
29.3% gum, in addition to 6.1% water, 
0.6% volatile oil and 3.2% foreign matter. 
(Goyel et al, 2010). 

Conclusion 

There is need to study the medicinal 
potential of some of these wild food 
plants and as well as the possible side 
effects of the plants so as to identify 
plants that may improve nutrition, 
provide health remedies, increase dietary 
diversity and tackle food insecurity. 
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INTRODUCTION 
Off-season fruit growing is 

expressed as to take the harvest time 
early or late than that of the normal 
growing season. Off-season production is 
preferred both to meet the fruit demand 
of off-season and to sell the products with 
higher price. In world, people who are 
good in economic level buy fresh fruit in 
every season. For example, fruits 
produced in the world's Southern 
Hemisphere countries are sold as fresh 
fruit to Northern Hemisphere countries in 
the winter months. Besides, some 
countries of Northern Hemisphere are 
trying to making the off season 
production in greenhouses or protected 
areas to meet fruit demand of off season. 
In recent years, the cultivation of fruit 
trees in pots have been started to grow 
for off season fruit production. The plants, 
growing for off-season is put into cold 
storage to meet their cold accumulation. 
The plants are achieved cold accumulation 
then transferred to open field or 

protected areas to produce fruit desired 
periods.  
 
What is off season fruit Production...? 
Off-season fruit Production is expressed 
as to take the harvest time early or late 
than that of the normal growing season. 
 

It refers to any bearing of flowers or fruits  
different from the peak bearing time or 
season or out of season, very early or very 
late flowering also referred as off season 
flowering. 
 

What are the benefits of off-season fruit 
Production? 

 More profitability. 

 Better market and high demand. 

 Avoids some biotic stresses like fruit 
fly...etc.  

 Avoids some abiotic stresses like 
splitting and cracking…etc. 

 Cost benefit ratio.  

 Extend the availability period to the 
consumers. 

Table 1: Availability of fruits in different month 

Sl. No. Crop Peak availability in the month 

1 Mango May to July 

2 Banana Jan to Dec 

3 Citrus Nov to Dec (Sweet orange) 
Dec to Jan (Mandarins) 
Aug to Nov (Limes & Lemons) 

4 Guava Nov to Dec 

5 Papaya Sep to Oct 

6 Pomegranate Jan to Feb 

7 Custard apple Oct to Nov 

8 Sapota Jan to Feb 
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Factors about off-season flowering 

 
Success of off season production 

 Experience of growers. 

 Climate conditions. 

 Use of technical methods. 

 Varieties. 

The Goals of off-season fruit Production: 

 Processing and value addition. 

 To avoid surplus of in-season fruits. 

 To avoid wastage or spoilage of fruits. 

 To avoid danger of epidemics. 

 To distribute employment throughout the year. 

 To increase farmers income. 

 To reduce imports and balance of trade. 
 
Issues on off season production in India 

 Lack of information. 

 Limited research. 

 Exotic varieties with off-season fruiting behaviour have not been evaluated. 

 Falling water levels and lack of irrigation facilities.   

 Expensive credit. 

 Lack of market knowledge and marketing skills. 

 Poor infrastructure.    
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Ways to induce off-season flowering and fruiting. 

 
 
Off season cropping of mango 

 Off season cropping of mango is a unique feature of certain tracts of Tamil Nadu. 

 Besides the normal crop that matures from May to August, the trees of certain varieties also 
mature an offseason crop from October to January. 

 Neelam, Bangalora, Calcutta or Bengal Baramasi, and Alpasand have been mentioned as 
varieties bearing 2 or more crops in succession during certain years and extend their 
bearing period almost till December and sometimes throughout the year.  

 The varieties Peter and Baneshan have been reported as flowering in the offseason at 
Coimbatore.  

 At Koduru (Andhra Pradesh) Ambalavi, a variety introduced from Ceylon produced 5 
blossom crops between September and the following May and Neelam, Willard, 
Manoranjan and produced 3 crops of blossoms. 

 The clonal progenies of an offseason bearing tree at Tenali (Andhra Pradesh) was found to 
behave like the parent tree. 

 These facts suggested that the offseason bearing, though a varietal character, was induced 
by favourable seasonal and climatic conditions. 
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Table 2:  Use of applicable technology for off season production of fruit crops 

Sl. No. Crop Use of Application Technology 

1 MANGO Paclobutrazol, KNO
3, 
Varieties, Pruning, Crop 

Removal, Drought Stress etc. 

2 GUAVA Pruning, Bending, Pinching, Thinning Crop 
Removal, Drought Stress etc. 

3 CITRUS(LIME) Paclobutrazol, KNO
3,
 Pruning, Tightened With 

Rope crop Removal, Drought Stress. etc. 

4 CUSTARD APPLE Pruning  

5 RAMBUTAN Ringing, KNO
3,
 etc. 

6 MANGOSTEEN Paclobutrazol, Dry Season,KNO
3,
  

7 DURIAN Paclobutrazol, Dry Season,KNO
3
 etc. 

8 DRAGON FRUIT Lights(photoperiod Changing) 

9 CARAMBOLA (STAR FRUIT) Pruning, Crop Removal, Drought Stress etc. 

10 BLUEBERRIES Pruning, Green House Production 

11 RASPBERRY Growing Polyethylene Tunnel, Pruning 

12 FRUIT OF SALAK ‘GULA PASIR” Drip Irrigation Technology 

13 LYCHEE Drought Stress etc. 

14 LONGAN Drought Stress etc. 

15 STRAWBERRY Green House Production, Hydroponic System  

Future strategies for off-season breeding works 
1) The wild species like Mangifera rufocostata and Mangifera swintonioides , which have 

the peculiarity of flowering and fruiting out of main season, hence use of these species 
to hybridization with Mangifera indica. 

2) Study the inheritance pattern of off-season bearing varieties by using them in the 
breeding programme. 

3) Development and incorporating of markers through biotechnology for identification of 
off-season bearing varieties. 
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Introduction: 

The aim of this chapter is to describe 
the presence of pesticide residues in fruits 
and vegetables, mainly how they are 
introduced, dissipated, degraded, affected 
by food processing techniques and their risk 
assessment. 

Fruits contain the essential elements 
of human diet. Fruits are used to 
accomplish the requirements of balanced 
diet. Fruits contain different nutritional 
elements such as different vitamins, 
minerals and antioxidants. Antioxidants 
play an important role in the metabolic 
pathways and inhibit the abnormal growth 
of cells (Lathif et al, 2012). Pesticides are 
used to increase the yield of agricultural 
products. Pesticides contain different 
disreputable elements that kill pests. These 
elements are not specific for pests but also 
have harmful effects on human beings (Neff 
et al, 2012). Different techniques can be 
used to apply pesticides. As the use of 
pesticides increases, the contact of human 
to these poisonous elements also increases 
[Khan et al, 2012].  

Fruits and vegetables are important 
components of the human diet since they 
provide essential nutrients that are 
required for most of the reactions occurring 
in the body. A high intake of fruits and 
vegetables (five or more servings per day) 
has been encouraged not only to prevent 
consequences due to vitamin deficiency but 
also to reduce the incidence of major 
diseases such as cancer, cardiovascular 
diseases and obesity. Like other crops, fruits 
and vegetables are attacked by pests and 

diseases during production and storage 
leading to damages that reduce the quality 
and the yield. In order to reduce the loss 
and maintain the quality of fruits and 
vegetables harvest, pesticides are used 
together with other pest management 
techniques during cropping to destroy pests 
and prevent diseases. The use of pesticides 
have increased because they have rapid 
action, decrease toxins produced by food 
infecting organisms and are less labour 
intensive than other pest control methods. 
However, the use of pesticides during 
production often leads to the presence of 
pesticide residues in fruits and vegetables 
after harvest.  

The presence of pesticide residues is 
a concern for consumers because pesticides 
are known to have potential harmful effects 
to other non-targeted organisms than pests 
and diseases. 
The major concerns are their toxic effects 
such as interfering with the reproductive 
systems and foetal development as well as 
their capacity to cause cancer and asthma 
(Gilden et al, 2010). Some of the pesticides 
are persistent and therefore remain in the 
body causing long term exposure. 
What are pesticides?  

Pesticides are chemical and 
biological substances that are used to kill or 
control pests, such as rodents, insects, fungi 
and plants that harm our food, health or 
environment. 
What are pesticide residues?  

Pesticide residues are the very small 
amounts of pesticides that can remain 
behind in the crop after harvesting or 
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storage and make their way into the food 
chain. 

Pesticide residues can remain even 
when pesticides are applied in the right 
amount and at the right time. Sometimes 
they need to remain on the crop to do their 
job. For example, they may need to be on 
the surface of the fruit or the vegetable to 
protect it from pests during storage. Some 
pesticides are applied after harvest for this 
purpose.  
 
Types of Pesticides: 
1) Chlorinated pesticides 
2) Non chlorinated pesticides 
1) Chlorinated pesticides 
1. DDT, 2. BHC, 3. Chlordane, 4. Toxaphene, 
5. Aldrin, Dieldrin, 6. Methoxychlor, 
7.Heptachlor 8. Mirex, 9. Dicofol, 10. 
Endosulfan, 11. Telodrin, 12. Chlordecone 
(Kepone) 
2. Non chlorinated Insecticides 
1) Carbamates: 
Dome ton, pyrolan, Isolan, Carbaryl, 
propoxur (Baygon), Mexacarbate (Zectran), 
Aminocarb, 
Mathiocarb, Metacil, prome carb 
(Carbamult),Aldicard, Aldoxicarb (Aldicarb 
sulfone), Landrin, 
Dioxacarb, Primicarb, Bendiocarb (Ficam) 
Indoxacarb, Alanycarb, Furathio carb, 
Carbosulfan and Fenoxy carb. 
2) Organo phosphates 
Organo phosphates are the most versatile 
chemical group, which has been explored to 
synthesize insecticides, fungicides, 
herbicides, nematicides and 
chemosterilants. These insecticides were 
highly effective and thus required in 
relatively less amounts per unit area, and 
did not suffer from high persistence. 
Therefore these toxicants rapidly replaced 
use of chlorinated pesticides. 

 
Pesticides distribution after application to 
fruits and vegetables: 

After pesticides are applied to the 
crops, they may interact with the plant 
surfaces, be exposed to the environmental 
factors such as wind and sun and may be 
washed of during rainfall. The pesticide may 
be absorbed by the plant surface (waxy 
cuticle and root surfaces) and enter the 
plant transport system (systemic) or stay on 
the surface of the plant (contact).  

While still on the surface of the 
crop, the pesticide can undergo 
volatilization, photolysis chemical and 
microbial degradation. These processes are 
illustrated in Figure 1. All these processes 
can reduce the original pesticides 
concentration but can also introduce some 
metabolites in the crops. 

Volatilisation of the pesticide usually 
occurs immediately after application in the 
field. The process depends on the vapour 
pressure of the pesticide. Pesticides with 
high vapour pressure tend to volatilize 
rapidly into the air while those with low 
vapour pressure remain longer on the 
surface. Volatilization rate also depends on 
the environmental factors such as wind 
speed and temperature.  

The faster the wind speed and the 
higher the temperature the more the 
pesticide will evaporate. Photolysis occurs 
when molecules absorb energy from the 
sunlight resulting in pesticide degradation. 
The indirect reaction can also be caused by 
some other chemicals being broken by the 
sunlight and their products reacting with 
pesticides in turn. Some pesticides may be 
degraded by microbial metabolism. Micro-
organisms can use pesticides as nutrients 
thereby breaking them into carbon dioxide 
and other components (Holland and 
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Sinclair, 2004). Because of difference 
between naturally occurring organic 
chemicals and pesticide structures, they 
cannot be assimilated by the microbes but 

they may be altered at reactive sites. The 
products formed may be less or more toxic 
than the parent chemical.

 
      

    
Fig. 1. Distribution of pesticides in plant surfaces. 

 
Decontamination of food commodities of 
their Insecticide Residues 
Washing removes extraneous insecticide 
residues from fruits and vegetables up to 
20-100% depending upon several factors. 
Blanching accomplished in either steam or 
hot water removes 50-73% of the residues 
including DDT. Peeling of fruits and 
vegetables removes 90% of absorbed 
pesticide contaminants. Home preparation 
and cooking of many food products were 
found to possess high potential in 
degrading even heat stable insecticides. 
a) Vegetables and fruits: Washing and 
cooking processes removes pesticidal 
residues from contaminated vegetables 
obtained from the insecticide treated crops. 
Dipping the vegetables in 2% salt solution 
for 10 minutes followed by water wash 
removes residues treated with bifenthrin. 

Decontamination of groups treated with 
pesticides cone be done by dipping in 59.9 -
69.9% solution of tamarind, salt, acetic acid 
solutions. Decontamination of groups 
treated with acephate, Monocrotophos, 
Quinalphos, dichlorvous, carbonyl can be 
done by dipping in 1% common salt vinegar 
for 10 minutes. 
b) Water: 
Zero valent iron (Feo) has been found to 
promote reductive dechlorination and nitro 
group reduction of a wide range of 
pesticides in water. It is found that Al2 
(SO4)3 added to water synergistic to the 
zero valent iron in enhancing pesticide 
degradation. 
Movement of Residues in the Environment 
Major source of environmental 
contamination by pesticides are the 
deposits resulting from application of these 
chemicals to control agricultural pests. 
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Pesticides are dispersed mainly by water 
and air movements and are picked up by 
various biological systems. At the same time 
they are chemically or biochemically 
transformed to other nontoxic or toxic 
compounds in the environment. Biological 
movement can include uptake and 
translocation of some pesticides by plants 
as well as bioaccumulation through food 
chains. The movement of pesticides 
residues invariably depends on specific 
molecular structure and associated physical 
properties. For example, the more water 
soluble pesticides tend to dissolve in water 

and move very easily in the water. The less 
soluble types tend to bind to soil or 
vegetation, thus being physically less 
mobile. 
Hydrophobicity also provides some 
potential for a chemical to accumulate in 
lipid reservoirs such as adipose tissue in 
animals or oils and oily products of plants. 
The ADI is also applicable to the main 
pesticide metabolities if those detected in 
food are the same as those in experimental 
animals. 
MRL - Maximum Residue Limit 
ERL - Extraneous Residue Limit 

 

Pesticide 
 

ADI 
mg/kg body weight 

MRL or ERL 
(mg/kg body weight 

Butyl amine 0.1 - 

Captan 0.1 0.1 

Cartap 0.1 20 

Chlordimeform 0.0001 2 

Chlorothalonil 0.03 0.2 

Coumaphos 0.0005 0.02 

Lyanofenphos 0.005 - 

DDT 0.005 0.05-5 

 
Sources of Insecticide Residues in 
Agricultural Commodities 
There are four major ways which 
insecticides may reach agricultural 
commodities and leave their residues in/ on 
them, as follows: 
1. Purposeful foliar or soil application of 
insecticides in food and forage crops for 
insect pest control. 
2. Absorption of insecticides of by crop 
plants from soils reaching there through (a) 
run –off from 
other treated areas, (b) incorporation of 
stubbles of insecticide treated crops of 
previous season, and 

(c) use of irrigation water from either 
insecticide treated bodies of water or from 
the ones polluted with pesticide factory 
discharges. 
3. Absorption of persistent insecticides from 
polluted environment and spray and vapour 
drifts of insecticides used for public health 
reasons. 
4. Abuses of insecticide like 
(I) their mixing with stored food stored food 
grains, 
(II) Pre- marketing treatment of vegetables 
and fruits with insecticides to improve their 
appearance 
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(IIII) Disposal of left over insecticide treated 
seeds later as food grain for human 
consumption. 
5. Injudicious use of insecticides 
There can also other venues of insecticides 
reaching the agricultural commodities in 
specific situations. 
 
Sources of Insecticide contamination of 
Food 
Although food materials (eg milk, fish, eggs, 
honey, meat, and processed food) are not 
normally directly treated with insecticides 
yet, frequently, these are found 
contaminated with insecticides, some of 
which are not even in current use in 
agriculture. Many a time these residues are 
in concentrations above the officially 
acceptable Maximum Residue Limits 
(MRLs). The major sources of contamination 
of food with insecticides are as follows: 
1. In bovine milk and milk products the 
basic source of insecticide contamination is 
the insecticide treated feed and fodder fed 
to the milk animals. There could be other 
sources of contamination like their direct 
explore to 
A. persistent insecticides from the 
atmosphere and 
B. Spray and volatile drifts from crop fields 
and areas treated for the control of human 
disease vectors. The OC insecticides like 
DDT and HCH are well known to stay in the 
atmosphere for months and years from 
where these can get absorbed into the 
exposed milk and milk products. 
2. Insecticide residues in mothers’ milk have 
been traced to their contaminated daily 
diet. 
3. In honey the insecticides may find their 
way through nectar collected by honey bees 
from flowers of the insecticide- treated 
plants. 

4. Poultry may consume grains from 
insecticide treated fields, which may finally 
land up in their meat and eggs. 
5. Fish and other food absorb most of the 
insecticides from their surrounding water 
which may receive these (insecticides) from 
the (i) Treated deep water paddies, (II) 
accidental slips: (III) pesticide factory 
discharges, and (IV) intentional introduction 
in fishery waters to stupefy fish for their 
easy catches. 
6. In meat the major source of insecticide 
contaminations is the insecticide treated 
forages and 
concentrates consumed by the animals. It is 
reported that propensity of animal tissues 
to store pesticides, particularly in their fat, 
may be characteristic, irrespective of the 
amount ingested through their feed. 
7. Drinking water can receive insecticides as 
contaminants through leaching from the 
treated soils, diffusion from polluted air 
into surface water bodies, polluted rain fall, 
etc. 
 
8. Application of insecticides in homes, 
hotels and food stores for the control of 
household pests 
can be important sources for the control of 
household pests can be important sources 
of  contamination of processed food of all 
kinds. 

Pesticides and the Environment 
Since the publication of Rachel Carson’s 
landmark 1962 book Silent Spring, the 
impacts of pesticides on the environment 
have been well known. Pesticides are toxic 
to living organisms. Some can accumulate in 
water systems, pollute the air, and in some 
cases have other dramatic environmental 
effects. Scientists are discovering new 
threats to the environment that are equally 
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disturbing. Pesticide use can damage 
agricultural land by harming beneficial 
insect species, soil microorganisms, and 
worms which naturally limit pest 
populations and maintain soil health. 

Hazard identification: 
The hazards that have been 

identified concerning pesticide include 
reproductive and endocrine disruption, 
neurodevelopmental delays, immune 
system, cancer and respiratory distress 
(Gilden 2010). Studies are carried out in test 
organisms (microbial, cells or animals) and 
the exposure level is increased until an 
adverse effect is produced. The highest 
dose of the pesticide that does not cause 
detectable toxic effects on the test 
organisms is called the no-observed-
adverse-effect-level (NOAEL) and is 
expressed in milligrams per kilogram of 
body weight per day (WHO 1997)). 
 
How to Minimize Insecticide Residues? 
With the growing awareness of different 
kinds of environment pollution and health 
consciousness at global level, the pollution 
originating from pesticide residues in 
foodstuffs (and feeds) has been recognized 
as of paramount importance. The scientists 
have therefore been rightly concerned for 
quite some time with the development of 
means to minimize these residues to 

acceptable levels and discover methods to 
decontaminate certain foodstuffs of their 
pesticide residues. In these two very 
important efforts, joint cooperation of 
farmers, pesticide manufacturers, scientists, 
and consumers of the food are very 
essential. Presently there are three main 
strategies available to minimize or limit 
insecticide residues in Agricultural 
Commodities and food, as follows: 
1. Research and development of consumer-
safe, alternative insect pest management 
technologies. 
2. Regulation of proper use of synthetic 
insecticides. 
3. Integrated Pest Management (IPM). 
 
Conclusion 

Since all the fruits which were 
analyzed are contaminated with pesticide 
residues. No doubt, pesticides degraded 
within days but the degraded elements 
remain in fruits. Regular checking of fruits 
collected from different markets should be 
done with some more advanced and 
sophisticated instruments to monitor all 
other agricultural commodities establish 
regional guidelines for the post-harvest 
period. There is a need to continue this 
work and examine all other agricultural 
products including milk, meet and other 
foods to secure the human safety. 
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No-till farming is a way of growing crops or 
pasture from year to year without disturbing 
the soil through tillage. It is an agricultural 
technique which increases the amount of water 
that infiltrates into the soil, the soil's retention 
of organic matter and its cycling of nutrients. 
No Till farming practices have been in use for 
thousands of years, with primitive farmers using 
a stick to make a hole in the ground, putting 
seeds in the soil and then covering the seeds.  
No-tillage started in the USA, triggered by a 
disastrous dust storm in the mid-western states 
in 1930.The idea of the modern no- till farming 
started in the 1940’s with Edward H Faulkner, 
author of ‘Ploughman’s Folly’. The most 
powerful benefit of no-tillage is improvement in 
soil biological fertility, making soils N more 
resilient. No-till farming has carbon 
sequestration potential through storage of soil 
organic matter in the soil of crop fields. Zero 
tillage significantly increased the soil microbial 
biomass C (MBC) as compared to the CT. High 
herbicide use is the most prominent side effect 
of no-till agriculture today. The main aim should 
thus not be to further develop no-till agriculture 
as a well-specified system but rather to 
promote as little tillage as possible within the 
context of sustainable production systems such 
as organic agriculture. 

 
Introduction 
Tillage is the agricultural preparation of soil by 
mechanical agitation of various types such as 
digging, stirring and overturning. Tillage can be 
done by human powered tilling methods using 
hand tools include shoveling, hoeing, raking etc. 
The objectives behind tillage are to ensure good 
tilth for germination and subsequent growth of 
crops, weed control, soil and water 

conservation. Tillage also can be draft-animal 
powered or mechanized which include 
ploughing (overturning with mould board or 
chiselling with chisel plough), harrowing, 
cultivating with cultivator etc. No till farming or 
concept of zero tillage is one of the age old 
practices followed by the farmers. No till 
farming practices have been in use for 
thousands of years, with primitive farmers using 
a stick to make a hole in the ground, putting 
seeds in the soil, and then covering the seeds. 
The key principles on which no tillage is based 
on are the same i.e. defined by FAO (2011) to 
characterize conservation agriculture are: 
minimum soil disturbance, permanent organic 
soil cover and crop rotation. Often no tillage is 
defined as a production system with minimum 
soil disturbance. 

 
Historical background of no till farming 

No till farming practices have been 
in use for thousands of years, with primitive 
farmers using a stick to make a hole in the 
ground, putting seeds in the soil, and then 
covering the seeds. In no till farming, the 
soil is never ploughed or turned over. 
Instead, seeds are placed into individual 
seed furrows, drastically reducing soil 
erosion. No-tillage started in the USA, 
triggered by a disastrous dust storm in the 
mid-western states in the 1930. In the 
1980s, the 1985 Farm Bill and federal 
government subsidies for soil conservation 
motivated more farmers to try no till 
farming. By 1990, no till planting practices 
were being used on approximately 6% of 
the farmland in America. That number rose 
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to 22% by 2004, and 35% by 2016. (H. 
Kuiper, 1970). 

The idea of modern no-till farming 
started in the 1940s with Edward H. 
Faulkner, author of”Ploughman's Folly”. The 
first adopters of no-till include Klingman 
(North Carolina), Edward Faulkner, L.A. 
Porter (New Zealand), Harry and Lawrence 
Young (Herndon, Kentucky), the Instituto de 
Pesquisas Agropecuarias Meridional (1971 
in Brazil) with Herbert Bartz. 
 
Concept of No till Farming or Zero tillage 
 No-till farming (also called zero 
tillage or direct drilling) is a way of growing 
crops or pasture from year to year without 
disturbing the soil through tillage. No-till is 
an agricultural technique which increases 
the amount of water that infiltrates into the 
soil, the soil's retention of organic matter 
and its cycling of nutrients. In many 
agricultural regions, it can reduce or 
eliminate soil erosion. It increases the 
amount and variety of life in and on the soil, 
including disease-causing organisms and 
disease organisms. The most powerful 

benefit of no-tillage is improvement in soil 
biological fertility, making soils more 
resilient. Farm operations are made much 
more efficient, particularly improved time 
of sowing and better trafficability of farm 
operations. 
 
In principle the method always involves the 
following stages: 

 Handling loose straw or living mulch 
by cutting/moving aside or rolling 

 Application of seeds and fertilizers 

 Furrow closing 

 Seed/soil compaction   

 
In many African countries, especially in 
southern and eastern Africa, no-till 
practices have been introduced in the last 
decade. Some countries have incorporated 
no-till into their government policies. 
Brazil’s “zero-tillage” revolution is viewed as 
a potentially attractive method for 
reversing soil degradation and increasing 
land productivity. 

 
Equipments used in no till farming 
Roller/crimper 
This implement is basically a large, heavy 
cylinder with long blades welded onto it in a 
chevron pattern. Rolled over a cover crop, the 
blades crimp the stems of the plants, killing 
them in place to make a weed-suppressing 
mulch that conserves moisture while adding 
organic matter to the soil as it and the cover 
crop’s roots degrade. 
 
 
Slicer-planter 
It consists of rubber tires mounted on each side of a coulter — so it looks like a round slicer 
resembling a big pizza cutter. The rubber tires pin down the cover-crop mulch, the slicer cuts a 
row in the mulch, and the planter plants a row of seeds. 
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Flail mower 
The mower’s has pivoting blades  which will chop cover crops into little pieces that will then 
need to be tilled into the top inch or two of soil, where microbes will break them down. This 
type of surface cultivation fits into a no-till farming philosophy because it doesn’t disturb the 
soil structure.  
 
Broadfork 
Broadforks are hand tools with vertical tines mounted to the bottom of a horizontal bar 
between a pair of long, straight handles. To use a broadfork, press the tines into the soil and 
rock the long handles back and forth to loosen the soil. 

             Flail mower 
 
Various impacts of no till farming 
There exist enormous effects of zero tillage which are as follows: 
 

 
 
 
 
 
 
 
 
 
 
 

Environmental impacts: 
 No-till farming has carbon 

sequestration potential through 
storage of soil organic matter in the 
soil of crop fields. Tilling inverts soil 
layers, mixes in air, and greatly 

increases microbial activity. Organic 
matter breaks down much faster, 
releasing its carbon into the 
atmosphere. 

 Besides reducing carbon emissions, 
no-till farming reduces nitrous oxide 
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(N2O) emissions by 40-70%, 
depending on rotation. 

 No-till farming leaves soil intact and 
crop residue on the field. Soil layers 
and soil biota, remain in their 
natural state. This is the result of 
improved cover, reduced traffic and 
the reduced chance of destroying 
ground nesting birds and animals 
(ploughing destroys all of them). 
(Zero Tillage- A Profitable Resource 
Conservation Technology in 
Agriculture. 2017). 

Impact on soil properties: 
 No-till farming can lead to 

improvements in soil quality by 
improving soil structure and 
enhancing soil biological activity, 
nutrient cycling, soil water holding 
capacity, water infiltration and 
water use efficiency. 

 Soil physical properties changed 
with the intensive tillage practice 
but for having significant effect, 
tillage practice required a set period 
of time. 

 According to Bhatt (2017), tillage 
practices significantly affected the 
bulk density of the field. Zero Tillage 
(ZT) reported to increase the bulk 
density to the highest level (1.69 Mg 
m-3) while residue incorporation 
lowered it (1.59 Mg m-3). 

 Soil aggregate size tended to be 
around 22% higher under ZT 
treatments in comparison to that of 
tilled plots. It was observed that ZT 
restored water aggregate stability 
up to 70% of original levels of 
untilled soil. (www.wikipedia.com). 

 According to reports, higher pH 
under undisturbed ZT than that of 

under ploughed soils and they 
claimed reported higher organic 
matter a reason for that. Thus, ZT in 
general resulted in the acidification 
of the surface soil. 

  Higher carbon accumulation rates 
(around 0.4 – 1.7 t C ha-1 year -1) 
under zero tilled conditions 
compared to tilled condition is being 
reported by scientists. 

 Decrease in soil erosion and water 
losses through runoff are often 
spectacular and are reported from 
many field sites. 

Impact on soil microbial activities: 
  ZT significantly increased the soil 

microbial biomass C (MBC) as 
compared to the CT. 
(www.wikipedia.com). 

  ZT systems improved total C by 
45%, microbial biomass by 83% and 
MBC: total C ratio by 23% at upper 5 
cm depth over CT. (Huggins et.al., 
2008) 

Side effects of no-till farming: 
 High herbicide use is the most 

prominent side effect of no-till 
agriculture today. 

  Excessive herbicide use causes a 
variety of environmental problems. 
Soils and water are affected, as are 
diverse wildlife habitats. 

 To summarize, no-tillage in 
conventional agriculture today is 
associated with high external inputs 
such as the use of herbicides and 
expensive machinery. 

Conclusion 
 No-till was initially developed as a 
farming method for conserving the natural 
resources of soil and water. It has been 
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proven that, with no-till, soil erosion can be 
reduced significantly. No-till seems to be an 
appropriate strategy for adapting 
agricultural production systems to climate 
change by preserving water and soil 
resources. The accumulation of organic 
matter in the topsoil of croplands because 
of permanent soil cover by mulch is a key 
mechanism for the observed soil and water 
conservation benefits. 

 No-till farming appears to benefit 
adaptation to climate change rather than 
mitigation. No-till could harbour great 
potential for adapting smallholder farming 

systems to changing climatic conditions. 
Furthermore, the change in infiltration and 
runoff rates can have major effects on the 
total water balance, which is important in 
sustainable production systems. So, to 
improve soil health and to ensure better 
profit to the farming community, the main 
aim should thus not be to further develop 
no-till agriculture as a well-specified system 
but rather to promote as little tillage as 
possible within the context of sustainable 
production systems such as organic 
agriculture.  

 
References: 
(1)  Bhatt, Rajan. "Zero tillage impacts on soil environment and properties." Journal of 
Environmental & Agricultural Sciences. 10 (2017): 1-19.                 
(2) www.wikipedia.com 
(3) The Environment and Zero-Tillage. Book -January 2002. 
(4) No-till agriculture – a climate smart solution? CLIMATE CHANGE AND AGRICULTURE REPORT 
N0.2 by Andreas Gattinger, Julia Jawtusch, Adrian Muller, and Paul Mäder. 
(5) H. Kuiper, 1970, Historical notes on the zero-tillage concept, Neth. J. Agric. Sci., 18: 219-224. 
(6) Zero Tillage- A Profitable Resource Conservation Technology in Agriculture. (2017). 6 (1):     
205-211.    
(7)  No-Till: the Quiet Revolution, D.R. Huggins, J.P. Reganold, Scientific American, 2008(July), 
71-76. 
(8)   Development and current status of no-till adoption in the world, R. Derpsch, T. Friedrich, 
In: 18th Triennial Conference of the International Soil Tillage Research Organization (ISTRO), 
Izmir, Turkey, June 15-19, 2009. 

 

 

 

 

 

 

 

 

 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

90 

 

Scientific cultivation of tomato (Lycopersicon esculentum Mill.) 
Article id: 11089 

R.K.Rathod, S. R. Jadeja, A. S. Jethva and J. H. Vachhani 
Vegetable Research Station,  

Junagadh Agricultural University, Junagadh-362001 
Introduction 

Tomato (Lycopersicon esculentum 
Mill.) belongs to the genus Lycopersicon 
under Solanaceae family and is one of the 
most important protective foods both 
because of its special nutritive value and 
also due to its wide spread production. 
Tomato is a herbaceous plant growing to 1-
3 m in height with weak woody stem. The 
flowers are yellow in colour and the fruits of 
cultivated varieties vary in size from cherry 
tomatoes, (about 1–2 cm in size) to 
beefsteak tomatoes, about 10 cm or more 
in diameter. Most cultivars produce red 
fruits when ripe. Pink and golden yellow 
coloured are also observed in germplasm 
lines. It is one of the most versatile 
vegetable with wide usage in Indian culinary 
tradition. Tomatoes are used for soup, 
salad, pickles, ketchup, puree, sauces and in 
many other ways. It is also used as a salad 
vegetable. Tomato has very few 
competitors in the value addition chain of 
processing 
Climate 
  Tomato is a warm season plant, It 
cannot withstand severe frosts. During hot 
and drought conditions immature blossoms 
usually drop because of increased 
transpiration. For plant growth, 
atmospheric temperature, should be in 
range of 18 to 260C. Night and day 
temperature at below 150C and above 380C, 
respectively may cause poor germination 
which in turn develop off shaped fruits. 
Lycopene is the highest at 21 to 240C and is 
negligible above 300C. 
 

Soil 
The land should be free of volunteer 

plants. A well-drained fairly fertile loam 
with a fair moisture holding capacity is ideal 
for growing of good crop of tomato. 
Tomato do well in soil reaction from pH 6.0 
to 7.0. Land should be well prepared by 4-5 
ploughings followed by planking once if 
needed to make friable seed bed before 
sowing and transplanting. 
Time of Sowing  

Northern plains: June–August, 
November to December; Southern states: 
September to October; In hilly areas: 
March–April.  
Seed treatment 
   Seeds should not be treated with 
any chemical fungicides or pesticides. Prior 
to sowing, the seeds should be treated with 
Trichoderma at the rate of 1 g per 150 g of 
seeds. 
Varieties  
Gujarat Tomato-1, Gujarat Tomato-2, 
Junagadh Tomato-3, Anand Tomato-3, 
Anand Tomato-4, Pusa Ruby, Sioux, Roma 
and Punjab Chuhara. 
Seed Rate: 400–500 g/ha 
 Nursery Raising 

 Nursery bed should be prepared at 
the size of 7.5 m long, 1.2 m wide and 10 
cm high. Well-decomposed farmyard 
manure is properly mixed into top soil of 
the bed at the rate of about 3 kg/m2 . A 
fertilizer mixture of 0.5 kg of NPK per bed is 
also mixed in the soil. Seedbeds are also 
treated with steam or formalin. A half litre 
of 40 per cent formalin/m2 area is 
sufficient. Fumigation may be done with 10 
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per cent formaldehyde in properly dug the 
soil. If seeds are sown in rows, a distance of 
7.5 cm is kept between the rows. The beds 
are covered with white or green agro net 
until the seeds germinate. Every week if 
required a fungicide such as dithane M-45 
or Redomil MZ at 0.25 per cent should be 
sprayed to reduce the post emergence 
“damping off”.  
Fertilizers 
  Apply 200-250 quintals of farmyard 
manure per hectare in the soil at the time 
of field preparation. Apply 75 kg nitrogen, 
60 kg phosphorus, and 60 kg potash/ha at 
the time of transplanting. Top dress 
nitrogen @ 75 kg /ha in two doses, one 
after 15-20 days of transplanting and the 
other at flowering stage (40-45 days after 
transplanting).  
Transplanting 

Single healthy seedlings (7.5–10 cm) 
are transplanted at proper spacing and 
water is given immediately for better 
establishment in the soil. Transplanting 
should be done at evening time.  
Spacing  

Indeterminate Varieties/Hybrids:  
60-120 cm x 45-75 cm.  

Determinate varieties/ hybrids:  45-
60 cm x 30-45 cm  
Irrigation 
  Irrigate fortnightly during winter and 
weekly during summer. Over watering is as 
harmful as insufficient irrigation. 
 Interculturing 
  Shallow cultivation is frequently 
required especially during the first four 
weeks. Two three hoeings and weedings, 
from time to time, are necessary to keep 
the seed field clean of weeds. Premergence 
application of oxyflurofen @ 0.25 kg a.i./ha, 

combined with one hand weeding at 45 
DAT (days after transplanting) has been 
recommended for controlling weeds. 
 Staking 
  Staking is very essential operation in 
indeterminate group of open pollinated 
Varieties/Hybrids for good quality fruits. 
Staking may be done either by using 
bamboo stick or trained on wire. 
Harvesting 
 According to the use of fruits, they are 
harvested in the following stages. 

1. Mature Green stage: When tomato 
fruits are to be sent for distant 
markets. 

2. Pink stage or turning pink stage: 
When fruits are to be sent to local 
markets. 

3. Ripe stage: When fruits are to be 
used for home or table use. 

4. Full ripe stage: When fruits are to be 
used within 24 hours of picking and 
consumed or used for canning and 
pickling. 

Yield 
The fruit yield varies from 200 to 

300 quintals per hectare. For seed 
production average seed yield is about 150 
to 200 kg/ha. 
Grading 
  After removing green, overripe, 
rotten, injured and defective tomato fruits 
they should be graded as per fruit size and 
quality. Packing is done in baskets.  
Storage 
  Mature green fruits may be stored 
at 100C to 150C for 30 days and ripe 
tomatoes at 4.500C for 10 days under 85-90 
per cent relative humidity. 
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Insects and Diseases  

Insects 

1.  Tomato Fruit Borer 
(Heliothis armigera) 

        Control Measure 

  

 

 

 

 Collect and destroy the infected fruits and grown 
up larvae 

 Grow simultaneously 40 days old American tall 
marigold and 25 days old tomato seedling at 
1:16 rows 

 Setup pheromone trap with Helilure at 12/ha 
 Collection and destruction of damaged fruits and 

grown up caterpillars. 
 Release Trichogramma pretiosum @ 1 lakh nos. 

/ha/release at an interval of 7 days starting from 
flower initiation stage based on ETL of 10% 
damage. 

 Spray Bacillus thuringiensis 2g/lit or any one of 
the following insecticide  

Insecticide Dose 

Indoxacarb 14.5 % SC 8 ml/10 lit 

Flubendiamide 20 WG 5 g/10 lit 

Novaluron 10 % EC 7.5 ml/10 lit 

Phosalone 35 % EC 13 ml/10 lit 

Quinalphos 25 % EC 1.0 ml/ lit 

    
 
 
 
 
 

2. White fly 
 (Bemisia tabaci) 

Control measure 
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Adult 

 Uproot and destroy the diseased leaf curl 
plants 

 Use nitrogen and irrigation judiciously. 
 Remove alternate weed host Abutilon indicum 
 Use yellow sticky traps at 12/ha to attract and 

kill insects. 

 

 

 

 

 

Insecticide    Dose 

Dimethoate 30 % EC    1.0  ml/lit. 

Malathion 50 % EC    1.5 ml/ lit. 

Oxydemeton –Methyl 25 % EC    1.0 ml/ lit. 

Thiamethoxam 25 % WG 4.0 ml/10 lit. 

3. Leaf minor 
(Liriomyza trifolii) 

Control Measure 

Leaf minor infested 

 

 

 

 Collect and destroy mined leaves 
 Spray NSKE 5% 
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4. Thrips 
          (Thrips tabaci) 

         Control Measure 

  

 

 

 

Adult 

 Mechanically uproot the diseased 
plants and destroy them 

 Use yellow sticky traps @ 15/ha 
 Release larvae of Chrysoperla 

cornea @10,000/ha 
 Spray methyl demeton 25 EC 

@1lit/ha or dimethoate 30 EC 
@1lit/ha 

 

Diseases  

1. Damping off 
          (Pythium aphanidermatum) 

Control Measure 

 

 

 

                     Affected seedling 

 Used raised seed bed 
 Provide light but frequent irrigation 

for better drainage. 
 Drench with Copper oxychloride 0.2% 

or Bordeaux mixture 1%. 
 Seed treatment with fungal 

culture Trichoderma viride (4 g/kg of 
seed) or Thiram (3 g/kg of seed) is the 
only preventive measure to control 
the pre-emergence damping off. 

 Spray 0.2% Metalaxyl when there is 
cloudy weather 

2. Early Blight: 
(Alternaria solani) 

 Removal and destroyed crop debris. 
  Practicing crop rotation helps to 
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Early symptoms 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

  

 

minimize the disease incidence. 
 Spray the crop with Mancozeb 0.2 % 

for effective disease control. 

 

3. Spotted wilt 
Tomato spotted wilt  disease (TSWV),                  

Groundnut bud necrosis virus 

 

Infected fruit      with circular spots 

 The affected plants should be 
removed and destroyed. 

 Alternate or collateral hosts harboring 
the virus have to be removed. 

 Raise barrier crops – Sorghum, Maize, 
Bajra 5-6 rows around the field before 
planting tomato. 

 Spray Imidachloprid 0.05% or any 
systemic insecticide to control the 
vector. 
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4. Bacterial Leaf Spot  
(Xanthomonas campestris pv.   
vesicatoria) 

 Disease-free seed and seedlings 
should always be used and the crop 
should be rotated with non-host crops 
so as to avoid last years crop residue. 

 Seed treatment with mercuric 
chloride (1:1000) is also 
recommended for control of disease. 

 Spraying with a combination of 
copper and organic fungicides in a 
regular preventative spray program at 
5 to 10 day intervals or Spraying with 
Agrimycin-100 (100 ppm) thrice at 10 
days intervals effectively controls the 
disease. 

 

 

Infected leaf 

5. Fusarium wilt 
(Fusarium oxysporum sp. lycopersici) 

 

Infested plant 

 The affected plants should be 
removed and destroyed. 

 Spot drench with Carbendazim (0.1%) 
 Crop rotation with a non-host crop 

such as cereals. 

6. Tomato leaf curl virus 
(Vector: Bemisia tabaci) 

 

Affected Plant 

 Keep yellow sticky traps @ 12/ha to 
monitor the white fly. 

 Raise barrier crops-cereals around the 
field. 

 Removal of weed host. Protected 
nursery in net house or green house. 

 Spray Imidachloprid 0.05 % or 
Dimethoate 0.05% @ 15, 25, 45 days 
after transplanting to control vector 
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Tips for Tomato seed production: 
Beside all cultural practices, the following 
points are essential to produce quality 
tomato seed. 
Isolation 
 Maintain isolation distance of 50 m for 
foundation seed and 25 m for certified seed 
between two varieties. 
Roguing 

 Off type plants should be removed 
as soon as they are observed. Lants with off 
type foliage should be removed before they 
blossom, to reduce any possibility of cross 
polliantion. As the first fruits are 
approaching edible maturity, plants with 
undesirable fruit type must be rogued out. 
When the fruits begin to show their final 
colour of red, occasional plants with off 
colour fruits have to be removed. In 
addition to off type plants, remove plants 
affected by early blight, leaf spot and 
mosaic (TMV) from the seed field. 
Harvesting 

 Fruits on turning red, ripe red and 
over ripe stages are found to be good for 
extracting good quality seed. Picking at 
mature green stage and fruits of last picking 
should be avoided for seed extraction. 
Fruits could be harvested at the breaker 
stage for early seed production without loss 
of seed viability 
Seed Extraction  
There are following methods of seed 
extractions.  
Fermentation  

The ripe fruits are crushed in a non-
metallic box by hand or try any mechanical 
method. The entire mass is kept in it till it 
ferments. The duration depends upon the 
temperature. Generally at 15-20 0C, 4-5 
days are required for complete 
fermentation. Adequate foam formation on 
the top and an adhering of seed to tomato 

flesh indicate that fermentation has been 
completed. When fermentation is not 
complete, some chemical present in the 
parenchymatous tissues suppress the 
germination of seeds. Long period 
fermentation is not advisable because it 
reduces the quality of seeds. The 
fermentation temperature affects 
germination and it depends upon the 
maximum air temperature during the 
fermentation occurring before seed 
extraction. The fermented mass and debris 
on the top are removed and then all the 
liquid is decanted. The seed settle down at 
the bottom of the container and they are 
collected and washed thoroughly with clear 
water. The seeds are dried in the sun or 
with a drier and stored in a cool dry place.  
Acid Treatment Method 

 Natural fermentation gives a poor 
breakdown of the gelatinous coating of 
tomato seeds. Therefore, HCl is used for a 
quick break down of the gelatinous coating 
and extraction of seed. Use of HCl, 
however, may have an adverse effect on 
seed germination especially at high 
temperature. About 250 ml of commercial 
hydrochloric acid (HCL) is throughly mixed 
with 10 liter of slurry and left for 30 minute. 
The pulp is then again stirred and washed 
thoroughly with clear water and allowed to 
dry in the sun or with a drier. The pulp from 
ripe tomato fruit treated with concentrated 
hydrochloric acid and at the rate of 20 
ml/kg fruit for 30 minutes has been 
effective for seed extraction (Patil and Patil, 
1974). The seed extracted by this method 
have cleaned and germinated well. 
Herrington (1981) found that with the 
increase of HCl concentration from 1 to 16 
per cent seed germination has decreased 
considerably in different cultivars. 
Alkali Treatment Method  
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For quick extraction for seeds, the 
seed slurry is mixed with 10 per cent 
washing soda in equal volumes and kept 
overnight in an earthen pot. Next day, all 
the seeds will settle down at the bottom of 
the container. Now, the clean liquid is 
decanted. Seed thus obtained are 
thoroughly washed with clear water and 
allowed to dry in the sun or with a drier. 
This is the safest method of seed extraction. 
The extracted seeds are treated with 2.4 
per cent trisodium orthophosphate for 15-
30 min to inhibit tomato mosaic virus. 
Mechanical Seed Extraction  

Manual extraction of seeds is time 
consuming, labour intensive and 
unhygienic. An axial flow vegetable seed-
extracting machine has been designated 
and developed. 
Washing  

After extraction the seeds are 
washed with water to remove the pulp and 
seed. It is stirred thoroughly and is drained 
out along with pulp and other mucilaginous 
substance. This process is repeated until the 
seed are clean. 
 Seed Drying and Storage  

Seed should be dried as rapidly as 
possible by spreading in thin lying under 
partial shade is desirable. In artificial seed 
drying, the seed should be first be dried at 
low temperature and then the temperature 
could be gradually increased to 40 0C. The 
seed should be dried to moisture of 6-8 per 
cent. The seed should be packed in cloth 
bags or moisture proof/resistant containers 
and kept in a cool and dry place. Carefully 
and properly stored seed can return its 
viability for two to three years even under 
ambient conditions 
 
Tomato Processing 
1. Tomato Juice 

First of all, take fully ripe well-
developed colour tomatoes for making 
juice. Then, wash the tomatoes. After 
trimming and steaming, crush them in a 
crusher or cut into pieces with knife. Then 
heat the crushed pieces in the steam 
jacketed kettle till they become quite 
soften. 

Finally, pass the heated tomatoes 
through the pulping machine using a fine 
mesh sieve to separate juice from seeds 
and the skin. Keep heating to 85-90ºC and 
add the sugar and salt @ 1%. The hot juice 
is then filled in bottles, sealed immediately 
and processed sterilized in boiling water for 
about 30 minutes and cooled. 

2. Tomato Ketchup 
According to the Indian standard 

specification for tomato ketchup, it should 
be prepared from sound and ripe tomatoes 
with more than 25% by weight of soluble 
solids. The juice obtained as above is 
concentrated with spices, salt, sugar, etc. 
The spices like cloves, cardamom, pepper, 
cinnamon and other ingredients etc. are 
tied loosely in a muslin cloth and placed in 
boiling juice in steam Jacketed Kettle. The 
sugar, salt, and vinegar or acetic acid, etc. 
are added later on. 

3. Tomato Pulp 
To prepare tomato paste and pulp, 

juice is further concentrated under vacuum 
to around 9% to 12% solids. Tomato 
powder can be prepared using different 
technologies depending upon the end use 
of the product. The technology for Tomato 
Processing can be sourced from CFTRI, 
Mysore or from any reputed machinery 
supplier. 

4. Tomato Puree 
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First of all, take the juice obtained as 
above. Then, concentrate it under vacuum 
to about 9% to 12% total solids so as to get 
tomato puree. Finally, fill the product in 
bottles. Seal the bottles with crown cork 
and process in boiling water for 30 min. and 
cool. 

5. Tomato Sauce 
For preparing sauce, it require to 

concentrate the juice under vacuum and 

controlled temperature. In addition, add 
salt, sugar, vinegar, spices, onion etc. as per 
requirement. Then, boil this mixture under 
vacuum till it contains minimum 12% 
tomato solids and 28% total solids. Then 
pass the sauce through a sieve to remove 
fibrous and other materials. Finally, cool the 
material and add the preservative prior 
to sending it for packing. 
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Necessity of Organic farming and its methodology  
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Organic farming is a method of farming in 
which mainly aimed at cultivating and 
raising plants and crops in a manor, to keep 
the soil fertility and in good health by using 
of organic wastes products like crop, animal 
and farm wastes, aquatic wastes and other 
biological materials along with beneficial 
micro-organisms to release nutrients to soil 
for increased sustainable production in an 
eco-friendly and pollution free natural 
environment. In other word the system in 
which we avoid or largely excludes the use 
of synthetic chemicals (such as fertilizers, 
insecticides, pesticides, hormones, feed 
additives etc.) up to the maximum extent 
feasible to rely upon rotations of crops, 
crop residues, plant and animal manures, 
off-farm organic waste, additives of mineral 
grade rock and biological system of nutrient 
mobilization and plant protection is 
considered as organic farming. It is pre-
historic concept for doing agriculture. It was 
the most effective methods for sustainable 
agriculture from all times. Using of several 
practices like inter-cropping, 
mulching, rotation of crops, crops 
integration and live stocks etc. in organic 
farming results better and useful for 
cultivation of various crops without harming 
the natural properties and fertility of the 
soil. Due to excessive uses of synthetic 
fertilizers in soil reducing the fertilely of 
land day by day which is to prime concern 
matter and to overcome from this problem 
it is most essential to promote organic 
farming world widely to maintain the 
fertility of the soil. Previously, the organic 

farming concept had a very limited with 
traditional practices but the modern 
concept has come up with expanding 
horizons and many new approaches.  
 The modern concepts of organic 
farming cover all the related custom of 
agriculture that includes soil and 
water management, crop production, plant 
protection. This is the main reason by which 
organic farming is achieving its popularity 
across the world very fast. So, it is 
necessary to adopting the method of 
organic farming in a very large scale to 
achieve the balance of ecological  and 
diversity which is most essential. The 
productivity land is limited and essential to 
be conserved in order to utilization for a 
longer period of time. And if the extensive 
use of inorganic fertilizers will not be 
checked, the fertile land will reduce 
significantly which can lead to a major 
problem of shortage of food for all 
organisms Organic farming has come to a 
new hope to sustain agriculture in an eco-
friendly manner which also provides a good 
quality of food without having any harmful 
chemical compounds. India has approx. 
3.95 M ha. land where organic farming In 
India  it has been initiated and total worth 
of around US $116 million is currently 
estimated on account of organic industries 
including fruits, spices and vegetables. 
In Assam (India), a plantation of tree of 
approx. 50 acres was brought under 
certified organic cultivation at Rembeng in 
Kondoli Tea Estate during 1990s by 
Nowrojee and Nambiar for their principals 

http://www.newstrackindia.com/newsdetails/2012/4/26/89-Introduction-to-Organic-Farming.html
http://www.newstrackindia.com/newsdetails/2012/4/26/89-Introduction-to-Organic-Farming.html
http://www.newstrackindia.com/newsdetails/2012/4/26/89-Introduction-to-Organic-Farming.html
file:///F:/organic%20farning/Introduction%20to%20Organic%20Farming.htm
file:///F:/organic%20farning/Introduction%20to%20Organic%20Farming.htm
http://www.newstrackindia.com/newsdetails/2012/4/26/89-Introduction-to-Organic-Farming.html
http://www.newstrackindia.com/newsdetails/2012/4/26/89-Introduction-to-Organic-Farming.html
http://en.wikipedia.org/wiki/Assam
http://en.wikipedia.org/wiki/India
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“The Assam Co”. This work signify the 
India's most earliest successful efforts to 
position an organic food product on the 
Global market. 
Principles of organic farming 
 Organic farming has set of guiding 
principles, given by the International 
Federation of Organic Agricultural 
Movements (IFOAM) are follows: 

1. The principle of health: Organic farming 
should sustain and enhance the health of 
plant, animal, soil, and human. The first 
very important step in this chain is to 
ensure the health of the soil. 

2. The principle of ecology: Organic 
agriculture is based on living ecological 
systems and different cycles, work with 
them and help in sustain them. Food 
production is itself a major component of 
the ecology. The more production process is 
with that ecology results the smaller the 
chance of arising serious problems. 

3. The principle of fairness: Organic 
agriculture farming should be built on 
relationships that deals with fairness and 
regard to the common environment and life 
profits. This principle recognizes human and 
social issues which concerns 
environmentally. 

4. The principle of care: Agriculture should be 
managed in a safe and responsible manner 
to ensure the health and well-being of 
current and upcoming generations and the 
environment. 
 
Present status of organic farming – World: 

 Worldwide, organic farming land – 
31 million hectares. 

 Farmers – 70,000. 

 Countries growing organic food – 
138 

 Maximum land under organic 
farming - Austria 

 USA sales – US$ 26 Billion. 

 Developing countries in countries 
involved in organic farming – about 
65% 

Present status of organic farming – India: 

 Land under organic farming – 3.95 
mha (0.96 mha cultivable and rest 
forest area).  

 India's organic farming area in world 
– 33rd.  

 Ratio of agricultural land under 
organic crop to total farming area – 
88th. 

 Organic products production – 
1,624,339 MT (certified in 2009-10).  

 Cotton production – 10,887 MT 
(during 2009-10 –thelargest 
producer of organic). 

 State having highestarea under 
organic farming – Madhya Pradesh 
(1.1 mha or 52%). 

 Maharashtra is at second (0.96 mha 
or33.6%). 

 Orissa is at third (0.67 mha or 9.7%). 

 Organic states – Uttrakhand and 
Sikkim. 

Advantages of organic farming: 
Produces high quality, nutritive food that 
prevent from health care and wellbeing. 
Improve the physical, chemical and 
biological properties of the soil. It improves 
the structure and texture of the soil. It 
improves the water holding capacity of the 
soil. Helps in maintaining C/N ratio in the 
soil and increase the fertility and 
productivity of the soil. Soil health 
restoration for better land husbandry. 
Ecological balances as well as productivity 
of life supporting system. Neutralizing the 
pH of soil. It helps in growth of deep-
burrowing earthworms which already 
present in the soil. It acts as mulch, thereby 
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minimizing the evaporation and maintains 
the moisture of the soil. 
Methods of organic farming 
Crop Diversity 

Earlier, Monoculture in which only 
one crop was harvested and cultivated in a 
particular location, was the only practice 
used in the organic farming. In the recent 
world, polyculture practice has come into 
the picture wherein different types of crops 
are harvested and cultivated in a same 
location, order to meet the increasing food 
demands. 
 
 
 

Soil Management 
After the season of cultivation, the 

soil loses its nutrients and becomes less in 
productivity. Besides this using harmful 
chemicals decrease soil fertility, organic 
farming focuses on implementing natural 
ways to not only increase the qualityof soil 
but also keep safe the environment and 
human health. One of the best examples of 
natural ways to enhance soil is the use of 
bacteria that is present in animal waste and 
earthworms. These bacteria and 
earthworms helps in making the soil high in 
nutrients and more productive; much 
higher as compared to the chemical 
fertilizer. 

 
Table 1: Composition of Nitrogen, Phosphorus and potash in different products. 

 Nitrogen % Phosphorous % Potash% 

FYM 0.5 – 1.0 0.2 – 0.3 0.5 – 0.8 

Compost 1 1.5 2.3 

Vermi-compost 1 – 1.5 0.6 – 0.8 1.2 – 1.5 

Green manure 0.5 – 0.7 0.1 – 0.2 0.8 – 1.6 

Night soil 1.5 – 3.5 0.78 – 4.0 0.3 – 0.6 

Cottonseed cake 4 1.8 1.8 

Mustard cake 6.2 2 1.2 

Wood ash --- 1.5 – 2.0 4 – 6 

Bone meal 3 20 --- 

Caster cake 4.7 – 5.5 1.8 1.6 

Neem cake  5.2 1 1.5 

Groundnut cake 7.0 – 7.5 1.5 – 2.3 1.4 – 2.1 

 
Weed Management 
 “Weed”, in simple words means the 
unwanted plant that grows in the fields 
with the crop plants. In organic farming, the 
aim is not necessarily the elimination of 
weeds but their biological control. Weed 
controlling means reducing the adverse 
effects of weeds on crop growth and yield. 
Organic farming avoids the use of 
herbicides or weedicides which, like 

pesticides, leave harmful chemicals residues 
in the environment or in soil. Beneficial 
plant life such as host plants and useful 
insects may also be destroyed by using 
herbicides. 
On an organic farm, weeds are controlled 
using a number of methods: 

 Crop rotation 
 Hoeing 
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 Mulches, which prevents the soil and stop 
weed seeds from germinating 

 Hand-weeding or the use of mechanical 
weeders. 

 Planting crops close together within each 
bed, to prevent space for emergence of 
weeds. 

 Green manures or cover crops to 
outcompete weeds  

 Soil cultivation carried out at repeated 
intervals or at the appropriate time, when 
the soil is moist. 

 Animals as weeders to graze on weeds. 
Weeds do have some useful purposes. They 
can provide protection from erosion, food 
for animals, beneficial insects and for 
human uses. 
 
Controlling other organisms 
While certain organisms prove to be useful 
for the practice of the organic farming, 
there are so many others that hamper the 
field. Hence, the growth of these harmful 
organisms needs to be controlled to protect 
the soil and crops. In the ideal system there 
should be a natural balance between 
predators and pests. If the system is 
imbalanced then one population can 
become dominant to another. The goal of 
natural control is to maintain a natural 
balance between pest and predator and to 
remain pests and diseases down to an 
optimum level. The aim is not to eradicate 
them altogether. 
Chemical control - Pesticides never solve 
the pest problem. In the past few decades, 
use of insecticides has increased tenfold, 
while crop damping from pest damage 
increase doubled. Here are three important 
reasons why natural control is preferable to 
pesticide use. 

 Safety for people - Artificial Pesticides 
(chemicals) can easily find its way into food 

web and water sources. This nature can 
create health hazards for animals and 
humans. Human health can also be 
detriment people by eating foods (like fruit 
and vegetables) which still have residues of 
pesticides and other chemicals that were 
applied over the crop. 

 Cost - Natural pest and disease control 
methods are often cheaper than applying 
pesticides because natural methods do not 
implicate buying materials from the outer 
side. Most often usable products and 
material sare already found in the home 
and near the farm. 

 Safety for the environment–Some of 
harmful effects that chemical pesticides 
cause to the environment are follows: 

 Application of chemical pesticides can 
completely kill the useful insects which eat 
pests. Onetime application can have 
disturbed the balance between pests and its 
predators. 

 Artificial chemicals stay in the environment 
and in the bodies of animals, which cause 
problems for many years. 

 Insect pests very quickly resistant to 
artificial products within few breeding 
cycles, and have no longer controlled. So 
their increased amounts or stronger 
chemicals cause further economic, 
environmental and health problems. 
Natural control - Following are many ways 
by which the farmers can control pests and 
diseases organically: 

 Growing healthy crops that are resistant 
from pests and diseases. 

 Choosing crops with a natural resistance to 
specific pests and diseases. Local varieties 
are better at resisting local pest and 
diseases in compare to introduced varieties. 

 Timely planted crops can avoid the period 
when a pest cause most damage. 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

104 

 

 Mix-cropping so that pests will avoid, such 
as onion or   garlic. 

 Trapping or picking pests from the crop. 
 Identification of pest and diseases correctly 

prevent the farmer from wasting time or 
accidentally removing beneficial insects 
from the fields. So, it is useful to know life 
cycles, breeding habits, host plants and 
pest’s predators. 
Livestock - In an organic system, the 
welfare of the animals is considered very 
important. 
Animals should not be kept in limit spaces 
where they carry out their natural 
behaviour such as standing and moving 
around in an inadequate amount of space. 
However, care should be taken that animals 
don’t damage crops, Food for animals 
feeding should be grown organically, Breeds 
should be chosen, which suit local needs 
and local environmental conditions and 
resources, These factors help to ensure that 
livestock healthier, increase resistance to 
diseases and provide good yields to the 
farmer. 

 
Conclusion 
Practice of organic farming provides much 
better and more useful for crops, and cause 
no harm to the fertility of the soil, human 
and animal health and environment. 
Organic wastes such as crop husk, animal 
and farm wastes, aquatic wastes and other 
microbes which are very friendly to the soil, 
enhance the soil fertility and provide no 
harm to soil compare to the inorganic 
fertilizers. High quality of nutritious food 
that contributes in prevention of health 
care and wellbeing of the humans and 
animals produced by using organic farming 
practices. So there is need to adopt the 
organic farming. The extensive uses of 
chemical fertilizers, pesticides reduced the 
area of fertile land which is the matter of 
prime concern. To reduce this problem, it is 
very necessary to promote organic cropping 
world widely to retain the fertility of the soil 
and keep environment clean and healthy. 
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Baby corn is the ear of maize (Zea mays L.) 
plant harvested young, especially when the 
silks have either not emerged or just 
emerged, and no fertilization has taken 
place. The tender cobs are very tasty, sweet 
and can be eaten as vegetable. Baby corn is 
not a separate type of corn like sweet corn 
or pop corn and any corn type can be used 
as baby corn. Cultivation of baby corn 
generates employment for the rural poor 
since, 3-4 crops can be raised in a year. 
Baby corn is free from pesticides and its 
nutritional value is comparable to common 
vegetables. Its by products like tassel, 
young husk, silk and green stalks provide 

good cattle feed. It occupies an important 
place in the food processing industry of 
India. The superior taste and texture of 
fresh product may provide a marketing 
advantage over the processed products. 
The dehusked young ear is eaten raw as 
salad, used for cooking as vegetable, pickle 
preparation, pakora and soup. Baby corn 
salad and soup is delicacy in hotels, airlines 
and shipping companies because of its 
crispness and sweet flavor. Baby corn has 
great export potential as it is very 
extensively consumed in European 
countries. 

 

  

Baby corn 

 

The demand of baby corn is rapidly 
increasing in urban areas in India. It is used 
as an ingredient in soups, deep fried baby 
corn with meat and fish, rice and mixed 
vegetable. The nutritive value of baby corn 
is comparable to any common vegetable, in 

addition to basic nutrients it is rich source 
of thiamine, riboflavin and folic acid. Baby 
corn can be harvested within 50-55 days, 
thus multiple crop of baby corn can be 
raised which would fetch greater income to 
farmers. Thus in the areas adjoining cities or 
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other urban areas, multiple crop of baby 
corn can be raised which could fetch 
greater income to the farmers. Baby corn 
can be effectively used as both a nutritious 
vegetable and as export crop to earn 
valuable foreign exchange.  

The land preparation, soil 
requirement and crop management 
practices for baby corn are the same as that 
for sweet corn and popcorn. Hybrid Parkash 
and Composite Kesari are the most 
appropriate varieties for cultivation of baby 
corn crop, which gives an average 7.0 and 
5.7 q/acre yield of dehusked ears 
respectively. In north India planting time is 
from February to October. Nitrogen is 
applied @ 150-200 Kg/ha in three equal 
splits as basal dose at the time of sowing, at 
knee high stage and pre tasseling stage. 
Phosphorous and potassium are applied as 
basal dose at the usual rate of 60 Kg/ha and 
40 Kg/ha, respectively. Baby corn being 
highly remunerative crop, can successfully 
be cultivated in periurban agriculture. 
However, instead of cultivating baby corn as 
sole crop it may be intercropped with other 
highly remunerative crops like marigold, 
tuberose, gladiolus, radish, spices, pea etc. 
This provides additional income to the 
farmers per unit area and makes agriculture 
more sustainable.  

The ears are harvested 40-50 days 
after silk emergence when silks are 1-2 cm 
long i.e. within 1-2 days after silk 
emergence. Suitable time for harvesting of 

ears may be determined by sampling for 
size. Harvesting is usually done in the 
morning when the moisture is high and the 
temperature is low. The picking of baby 
corn is to be done once in three days and 
generally 7-8 pickings are required 
depending on genotype used. In a good 
crop an average 15-19 q/ha baby corn can 
be harvested. Additional income may also 
be obtained through sale of green fodder, 
which may yield up to 250-400 q/ha. The 
husks are carefully removed so as not to 
damage or break the ear. Subsequent to 
removal of ear husks, the shanks are 
cleared of the silks. Then the shanks are 
graded based on their size and color and 
packed in polythene sheets before 
marketing. Optimum size for market and 
cannery industry is 4.5-10 cm long and 7-17 
mm diameter of dehusked cobs. For long 
term storage and distant transport, baby 
corn is canned in brine solution (3.0 %), 
sugar (2 %) or citric acid solution (0.3 %) 
and stored under refrigerated conditions. 
Processing of Baby corn: Baby corn is 
packed dehusked in plastic punnets for 
retail markers. Polystyrene or plastic trays 
wrapped with film can also be used. 
Ventilation is required in all four side walls. 
The trays may weigh 125 g, 150 g, 170 g, 
200 g or 250 g. Baby corn is shipped to 
European countries pre packed in 250 g PVC 
over wrapped trays and shipped eight trays 
per 2 Kg carton. 
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Value added products of Baby corn 

 

Baby corn can be processed to improve the 
shelf life. Main processing methods which 
can be used to improve the shelf life are 
canning, dehydration, steep preservation 
and freezing. Canning is the most 
commonly used method for baby corn 
processing because it can be stored for 
months together for transport to far off 
places. Baby corn is packed in metal cans 
and glass jars. Baby corn preserved in brine 
and packed in glass jar is more expensive 
than canned baby corn. Flow line for 
canning of baby corn is peeled baby corn-
cleaning-boiling-soaking-grading-
containing-brine solution-exhausting-lid 
covering-processing-cooling-quality 
inspection. Dried baby corn can be packed 

in polythene pack/vacuum pack/tetra pack 
and can be stored well for long periods. 
Dehydrated baby corn can be rehydrated by 
soaking in water and can be used in 
preparation of food products. Products 
developed by using dehydrated baby corn 
have been found acceptable 
organoleptically like those prepared from 
fresh baby corn. Baby corn can be frozen 
and stored for long periods like other frozen 
vegetables. Frozen baby corn can be used 
effectively as an ingredient for food 
preparations. Frozen baby corn can be 
directly used in various preparations. Baby 
corn can be processed for other products 
like preserve, candy, pickle, kheer, halwa 
and ladoo. 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

108 

 

Cultivation of baby corn benefits farmers: 

 Highly lucrative crop: farmers can earn 
money by growing this crop in short 
possible time that further depends on 
climatic conditions. A farmer can earn a 
profit of 2 to 4 lakh from one acre of 
land annually. 

 Food/nutrition security: baby corn takes 
very less time to grow and it is rich in 
nutrients comparable to any vegetable 
and have good amounts of vitamins and 
minerals. 

 Employment opportunities:  
Employment generation is ensured 
throughout the year particularly to rural 
poor as 3-4 crops can be grown 
annually. 

 Good for diversification: Rice-wheat 
cropping system leads to several 
problems like poor soil health and 
depletion of underground water. 
However, instead of cultivating baby 
corn as sole crop it may be intercropped 
with other highly remunerative crops 
like marigold, tuberose, gladiolus, 
radish, spices, pea etc. This provides 
additional income to the farmers per 
unit area and makes agriculture more 
sustainable.  

 Value addition: Fresh packed, preserved 
and processed bay corn can be sold at 
very high price in Indian and foreign 
market. 
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Examples of successful initiatives in agricultural and rural development in south. Rome. 
Retrieved in February, 2011 http://ssc.undp.org/uploads/media/baby.pdf 

[2]. Hooda, S., and Kawatra, A. (2013) Nutritional evaluation of baby corn (zea 
mays). Nutrition and Food Science 43: 68-73. 

[3]. Kumar, R., Bohra, J.S., Kumawa, N. and Singh, A.K. (2015) Fodder yield, nutrient uptake 
and quality of baby corn (Zea mays L.) as influenced by NPKS and Zn fertilization. 
Research on Crops 16: 35-38 

[4]. Kumar, S., Banerjee, H.R. and  Kaloo, G. (2001) Baby corn: A potential vegetable for diet 
diversification. Indian Horticulture 46:34-37. 

[5]. Singh, M.K., Singh, R.N., Singh, S.P., Yadav, M.K. and Singh, V.K. (2010) Integrated 
nutrient management for higher yield, quality and profitability of baby corn (Zea mays 
L.). Indian Journal of Agronomy 55: 100-104. 
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Rooftop Vegetable Garden- A new concept of urban agriculture 
Article id: 11092 

Vikash Kumar*, Mohd Talha Ansari, Md. Ramjan, Thejangulie Angami and Kripa Shankar 

College of Horticulture and Forestry, Pasighat (East Siang), Arunachal Pradesh-791102 

Introduction 
The roof garden is a garden on the roof. 
This means that each roof covers with 
plants such as trees, shrubs, bushes and 
grasses. Roof gardening can also be defined 
as ‘environment or nature in the sky’. 
Similarly, if vegetables are allowed to grow 
on the roof in place of other ornamental 
plants than it is called roof top vegetable 
garden. Green roofs are roofs of buildings 
covered with a growth substrate and plants, 
which are also known as roof gardens, living 
roofs, and eco-roofs. Urban communities 
face many challenges related to the health 
and well being of citizens. Many of these 
challenges arise as the direct consequence 
of dense urban environments. Industry, 
automobiles, and impermeable concrete 
and asphalt surfaces combine to negatively 
impact upon the air and water quality, 
while due to climate change there is a 
continuous increase in the atmospheric 
temperature because of global warming. 
Intense competition for land decreases 
green space, and there is a subsequent 
spiritual disconnect from agricultural roots 
and the natural world. In urban locations, 
high night temperature caused by the heat 
island effect makes it difficult to live there 
comfortably in the summer.  Rooftop 
gardening is expected to reduce 
temperature and excessive heat energy 
absorption from solar radiation, thus 
resulting in a significant energy saving for 
air-conditioning in a building. In addition 
growing vegetable on roof top reduces the 
expenditure on purchase of vegetable from 

the market. It also provides minerals rich 
good quality fresh organic vegetable free 
from chemical, thus contributing to 
nutritional security. 
Types of roof top garden 
There are three primary types of roof top 
garden for vegetables production- 
Direct producing green roofs: On which 
crops are directly grown into (shallow) beds 
in a soil-based growing medium that is 
possibly placed on top of a waterproof 
membrane or additional layers such as a 
root barrier, drainage layer and an irrigation 
system.  
 Rooftop container gardens:  Involve 
growing of vegetables, herbs, flowers in 
pots, buckets, containers, bottles or raised 
beds which contain a soil-based growing 
medium. This medium can be made up of 
mixtures of soil, compost or woodchips. 
Rooftop containers can range from simple 
pots to more elaborate systems. As much as 
possible locally available and recycled 
material could be used. 
Rooftop hydroponic systems: Which 
involve growing plants using water based 
nutrient solutions in place of soil. They 
require on-going fertiliser inputs. There are 
exposed hydroponic systems used in open-
air settings, as well as hydroponic systems 
grown under cover (glass or plastic) to help 
increase yields and extend the growing 
seasons. 
Benefits of Roof top Garden- 

 Reducing GHG emissions and energy use by 
reducing the Urban Heat Island Effect 

 Reducing rainwater run-off 
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 Improving biodiversity 
 Reducing air pollution 
 Reducing food insecurity 
 Improved living environment 
 Create habitat for birds, butterflies and 

bees 
 Provide outdoor space for you to enjoy 
 Beautify the built environment 

Technical aspects of rooftop garden 
As weight is a concern, rooftop growing is 
often taking place in shallow beds or 
containers. If the roof is quite limited in the 
weight it can bear, then some lightweight 

material should be mixed with the soil, or 
the beds made very shallow. If sufficient 
compost is not available, plants can be 
successfully grown in fresh organic matter 
of many kinds (such as woodchips). Such 
beds are fertilized and covered with at least 
a thin covering of compost or soil. Almost 
any vegetable can be grown in shallow 
beds. Once the beds or containers are 
established, they are like regular gardens 
except in their need for more frequent 
watering. 

 

Table: Comparison of different roof system in their various technical aspects: 

Option Shallow beds Container 
gardens 

Hydroponic systems 

Weight Heavier system which may 
require structural supports. 
Depends on depth of beds and 
growing media used 
 

Lighter system depending 
on the type and number 
of containers used, which 
can be installed on an 
existing roof with 
sufficient structural 
capacity and on roofs 
with slopes up to 15 
degrees 

High variability 

Installation Need to protect the rooftop 
from direct contact with roots 
and the growing system 
(protective layers need be 
installed first) 

Quick installation, 
containers may 
be moved 

Costs of growing 
containers and 
structural 
supports, as well as 
soluble fertilizers, 
generally high 

Cost Costs dependent on rooftop 
protection and structural 
supports needed 

Costs depend on the 
number and quality 
containers. Consider 
using recycled materials. 

Costs of growing 
containers and 
structural supports, as 
well as soluble 
fertilizers, generally 
high 

Repair and 
Maintenance 

Problems with the rooftop 
requires to lift layers and 
disturb vegetables 

Containers can be moved 
easily 

Maintenance requires 
a 
higher technical level 

Alteration 
and 

Additions 

Alterations are difficult and a 
new installation takes a long 
time 

Alterations and additions 
can be made easily 

Alterations are difficult 
and a new installation 
takes a long time 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

111 

 

Plants Root growth limited by depth 
of the beds 

Root growth limited by 
the container capacity. 
However containers may 
allow for planting even 
small trees. 

Vegetables that grow 
in 
Water 

         (Van Niekerk et al. 2011) 
 
Growing Medium 
Great emphasis should be placed on 
developing lightweight systems for rooftop 
applications. If there were no weight 
considerations, a rooftop bed or container 
of 9-12 inches depth would be about ideal. 
The choice for composition of the growing 
medium depends on weight considerations 
and on the space and nutrients that 
different plants need for their growth. It is 
thus more efficient to choose a lighter 
medium in order to have a deeper soil 
depth and as a result a more efficient plant 
growth and health. Several growing 
materials like vermiculite, sand, wood chips, 
grass clippings that have spent several 
weeks in a pile, household compost, 
corncobs, rice hulls, shredded coconut 
husks, sugar cane bagasse (what is left after 
the juice is squeezed from the cane), coffee 
pulp etc. and perlite can be used to make 
up the medium. The growing medium 
should contains sufficient organic matter 
and allow the roots to aerate sufficiently. 
 
 
 
 
 

Selection criteria of vegetables for rooftop 
gardening- 

 Crops should be durable, and capable of 
resisting wind and other hard climatic 
conditions are ideal for rooftop gardening. 

 Thin, crisp stems plants should be avoided. 
 Root vegetables, like carrots, radish and 

turnips are well-suited due to relatively low 
growth. 

 A thick root also helps to anchor the plants 
into the ground, providing resistance to 
wind. 

 Low growing greens, including lettuce and 
spinach, are also well-suited to rooftop 
growing, as are some varieties of climbing 
beans which can withstand consistent 
exposure to wind. 

 For best results, vegetables grown on 
rooftops should be started in flats or similar 
containers under screens or netting that 
will prevent soil from drying out. 

 Amend growing medium with plenty of 
water high-quality organic constituents, 
such as compost; and spread a thin layer of 
mulch around plants upon transplanting. 

 These measures will help to retain 
moisture. Ideally, starts should be 
transplanted into larger containers on 
cloudy or slightly overcast days to prevent 
sun and heat shock. 
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Potential yield of some of the vegetable crops growing on the roof top- 

Sl. No Crop Season Yield (Kg m-2) 

1. Lettuce Autumn 1.5  

2. Tomato Spring/Summer 13.4 

3. Brinjal Spring/Summer 8.2 

4. Chilli Spring/Summer 4.1 

 

Conclusion: 

As population of Indian cities are growing higher and higher, demand for food and expenditure 
on food are also increasing. But the resource is scarce as agricultural land is converting to 
residential, commercial or industrial land uses. Thus it reduces the possibility to grow more and 
different agricultural food products. Again food contamination such as harmful chemical and 
inorganic fertilizer and pesticide usage to increase production etc. is increasing at an alarming 
rate. In this circumstance, to solve these problems and find a way out, initiation of growing 
vegetable on roof top can be a possible and potential solution. Rooftop vegetable farming can 
help to meet food demand by supplying fresh and hygienic vegetables, reducing household 
expenditure for buying vegetable, creating healthy atmosphere by improving air quality and 
absorbing carbon from air and lessening the impact of climate change.  
 

References: 

Van Niekerk M., Greenstone C., and Hickman M. (2011) Creating space for biodiversity in 
Durban: Guideline for designing Green Roof Habitats. In : The Official Website of the eThekwini 
Municipality, Environmental Planning and Climate Protection 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

113 

 

Black Carrot Beverage (Kanji): The miracles drink for human health benefits 
Article id: 11093 

Bahiram, V. K., Mahorkar, K. D. and Ghule, V. S. 
Ph.D., Scholar, Department of Horticulture, Post Graduate Institute, 

Mahatma Phule Krishi Vidyapeeth, Rahuri-413 722 Maharashtra. 
 

 

 

Introduction:  
Carrot is one of the most popular 

and important cool season vegetable crop 
cultivated and consumed throughout the 
world. Cultivated carrots originated in the 
Afghanistan region and from this center of 
domestication they were grown as a root 
crop to the East and the West with the 
incorporation of several characteristics 
contrasting the environmental conditions. It 
is grown all over the world in spring, 
summer and autumn in temperate 
countries and during winter in tropical and 
subtropical climate. Black carrot (Daucus 
carota L.) belonging to family Umbelliferae 
is an important winter vegetable and is rich 
in α and β carotene and several other 
vitamins like thiamine, riboflavin, niacin, 

Vitamin C, folic acid and minerals. They are 
a rich source of carotene, which is 
converted to vitamin A in the body. Carrots 
are widely cultivated all over the world and 
are eaten both raw and cooked. It is very 
good for skin, health and building the 
immunity system.  
 
Fermented beverage Kanji: 
Production of black carrot beverage named 
‘Kanji’ in Northern India typically relies on 
spontaneous natural fermentation. During 
fermentation, pH of the juices decreases 
usually from 6–6.5 to 3.8–4.5. A rapid 
decrease of pH at the beginning of 
fermentation has decisive importance for 
the quality of the final product.
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Black Carrot Kanji Recipe 

 

Ingredients 

 Black carrots (kale gajar) 4 large 

 Mustard seeds coarsely powdered 4 tablespoons 

 Salt 3 tablespoons 

 Coarse red chilli powder 1 1/2 tablespoons 

Method 
Step 1: Scrub carrots and wash under running water. Peel and cut carrots into batons. Take 
eighteen cups of water in a large jar or a clay pot (matka), which will be able to hold four litres 
of water. 
Step 2: Add carrots, mustard powder, salt and red chilli powder and mix. Cover the pot with a 
muslin cloth and tie it up around the rim. 
Step 3: Let it stand in sun for three to four days. When it gets ready keep it in the fridge to 
chilli. Pour into tall glasses with some pieces of carrot and serve chilled. 
 
Medicinal and Health Benefits of Kanji 

Kanji is a quite popular remedy for the treatment of indigestion, loss of appetite and 
liver disorders. It is prepared and used extensively as an appetizer in early summer season. 
Since long, it is being prepared both in homes as a house-hold remedy and on a small industrial 
scale by road-side vendors. Despite such long usage history, it is neither characterized 
analytically nor evaluated biologically, which necessitates the investigation of this remedy to 
make it an evidence based product.  

 
 The tuberous roots of black carrots, the main ingredient of Kanji, possess diuretic, 

digestive tract soothing, hepatoprotective and uterine stimulating properties.  
 These are reported to have menstruation delaying and uterine contraction inducing 

effects.  
 The decoction of roots is efficacious in removing urinary tract stones.  
 The use of infusion of roots for treating edema, flatulence, indigestion and menstrual 

problems are other traditional claims.  
 The use of Kanji significantly showed inhibitory activity towards Staphylococcus aureus 

due to bacteriocins produced by the Lactobacilli species and can be used as a probiotic. 
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 Probiotics fall into a group of microrganisms known as Lactic acid bacteria (LAB), which 
when administered in adequate amounts of 10 billion CFU per ml confer a health 
benefit e.g. treatment of diarrhoea associated with antibiotic therapy, viral infections, 
chemotherapy, inhibition of pathogenic microbes, hypocholesterolemic properties, 
strengthening of intestinal mucosal barrier, antimutagenic and anticarcinogenic 
activities, stimulation of immune system. 
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Waste management 
Article id: 11094 

Katayani1, Nimesha Awasthi2, Aradhana Kushwaha3, Rekha Dayal4 
1,3Department of FRM, MAB College of Home Science, C.S.A.U.A. & T., Kanpur, 2Programme 

Assistant, Department of FRM, MAB College of Home Science, C.S.A.U.A. & T., Kanpur , 
4Ex-Dean MAB College of Home Science, C.S.A.U.A. & T., Kanpur 

 

Waste management is the process of treating solid wastes and offers variety of solutions for 
recycling items that don’t belong to trash. It is about how garbage can be used as a valuable 
resource. Waste management is something that each and every household and business owner 
in the world needs. Waste management disposes of the products and substances that you have 
use in a safe and efficient manner. 

Recovery and Recycling  
Resource recovery is the process of taking useful discarded items for a specific next use. These 
discarded items are then processed to extract or recover materials and resources or convert 
them to energy in the form of useable heat, electricity or fuel. Recycling is the process of 
converting waste products into new products to prevent energy usage and consumption of 
fresh raw materials. Recycling is the third component of Reduce, Reuse and Recycle waste 
hierarchy. The idea behind recycling is to reduce energy usage, reduce volume of landfills, 
reduce air and water pollution, reduce greenhouse gas emissions and preserve natural 
resources for future use. There is no doubt we are living in a country filled with garbage. 
Currently, India produces about 100,000 tons of municipal solid waste every day, which sums 
up to about 36.5 million tons annually. Civic authorities are spending about INR500 to INR1500 
per ton for handling solid waste. 

The management of waste primarily involves collection, transferring to the treatment site, 
treatment and then, disposal. The major expenditure of about 65% occurs in the collection of 
waste. The current piece focuses on the reuse of paper and plastic waste to reduce the amount 
of waste produced. 

Why should we re-use paper? 
Nearly 93% of the paper we use is derived from trees. To produce one kilogram of paper, 324 
liters of water is used, while one sheet of A4 paper takes up 10 liters of water. To meet the 
amplifying demand for paper, trees are being cut rapidly and we are faced with serious 
repercussions of deforestation. While it was estimated that the ongoing electronic revolution 
will reduce the demand for paper, the lack of equal distribution and opportunity to access 
electronic benefits has meant that the demand for paper continues to rise in developing 
countries and it is predicted to double by 2030. 

 

https://www.conserve-energy-future.com/sources-effects-methods-of-solid-waste-management.php
https://www.conserve-energy-future.com/RecyclingFacts.php
https://www.conserve-energy-future.com/reduce-reuse-recycle.php
https://www.conserve-energy-future.com/reduce-reuse-recycle.php
https://www.conserve-energy-future.com/sources-and-causes-of-water-pollution.php
https://www.conserve-energy-future.com/GreenHouseEffect.php
https://99junkremoval.com/
http://www.ecoideaz.com/expert-corner/make-paper-at-home
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Ideas to Reuse Waste Paper 

Here are some simple yet wonderful ideas to reuse waste paper lying at home. 
1- Paper Mache Decoration Item 

 

Source 

Paper mache is a paste formed by mixing 1/4th of water and glue to 3/4th of paper. Use waste 

paper strips along with the paste to create decoration items of different shapes and sizes. 

http://www.pamgarrison.com/2009/07/creatures-from-an-enchanted-forest.html
https://i1.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Paper-Mache.jpg?fit=702,706
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2-Paper Mache Paper Bowl 

 

Source 

To make a paper mache bowl, use a plain bowl (glass or steel) and stick bits of paper all around 

it until you get the desired thickness is achieved. Let it dry for at least 10 hours. 

 

http://www.artscraftsandmore.com/paper-crafts-image-gallery/
https://i0.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Paper_bowl.jpg?fit=900,764
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3-Newspaper Baskets 

 

Source 

Baskets can be weaved using strips of newspaper moulded in varying patterns, but this needs 

skills of basket weaving. 

https://www.pinterest.com/pin/21744010675886425/
https://i0.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Paper-basket.jpg?fit=600,601
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4-Recycled Paper Photo Frames 

 

Source 

Photo frames can be created by lumping together sheets of paper into the sides of frame. You 

can also add in ornamental items made from paper onto the frames. 

http://totallygreencrafts.com/2012/09/a-look-at-paper-reed-frames/
https://i1.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Paper-Photo-Frames.jpg?fit=800,776
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5-Recycled Paper Bags 

 

Source 

Use two sheets of newspaper folded horizontally and stapled at the loose ends to create one 

paper bag. Pitch in old cloth strings or jute threads for the the support or handle. 

http://www.instructables.com/id/How-to-Make-An-Eco-Friendly-Bag/
https://i0.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Paper-Bags.jpg?fit=600,420
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6-6-Recycled Ice Cream Sticks Bookmarks 

 

Source 

Collect ice cream sticks and paint them in different patterns. For children, go with animal and 

cartoon shapes while readers can choose short quotes or name of the book’s author on the 

stick. 

http://artsycraftsymom.com/ice-cream-stick-animal-bookmarks/
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7-Pen Stand 

 

 

Source 

Collect and shape strips of newspaper into sticks. You can also use colorful paper tapes to keep 

them from disassembling. Use a cardboard piece as the bottom. Place the sticks together using 

glue or stitch them together using cotton threads. 

http://shalmalipatkar.blogspot.in/2012/01/recycled-pen-holder-ideas.html
https://i2.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Pen-Stand.jpg?fit=720,483
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7-Recycled Paper Wall Hangings 

 

Source 

Cut variously colored newspapers into circular shaped pieces. Use a rubber or plastic ball as the 

base. Apply glue or double side tap over the circumference of the ball and stick the pieces onto 

them. 

http://www.greendiary.com/wall-hanging-made-using-recycled-paper.html
https://i2.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Paper-Wall-Hangings.jpg?fit=600,400
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7-Recycled Paper Bracelets 

 

Source 

Immerse the sticks in boiling water for 30 minutes. Drain the water and bend them. Let the 

sticks cool. Use glass tumbler to give the sticks appropriate shape. 

https://diy.org/phweeb/38360
https://i2.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/Paper-Bracelets.jpg?fit=800,549
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8-Upcycled Paper Ear Rings 

 

Source 

Paper earrings need to be created using thick-sized sheets. You can find these in magazine 

covers or also using paper mache paste. Use paper tape to bring the sheets into circular or any 

desired shape. The advantage of using paper tape is that you can paint it to the color you wish 

before gluing them together to complete the earring. 

https://www.pinterest.com/pin/454089574902275327/
https://i1.wp.com/www.ecoideaz.com/wp-content/uploads/2015/10/paper-ear-rings.jpg?fit=700,542
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Bell pepper: cultivation, health benefits and value added products 
Article id: 11095 

Ramandeep Kaur, Kamaljit Kaur and Poonam Aggarwal 
Department of Food Science and Technology 

Punjab Agricultural University, Ludhiana 
 

Bell pepper is widely distributed 
throughout the world and it belongs to the 
family Solanaceae genus Capsicum. The 
historical roots of the bell pepper can be 
traced back to Mexico and Central America 
who first cultivated it between 5200 and 
3400 BC. The genus Capsicum  includes over 
30 species out of which only five are 
domesticated include C. baccatum, C. 
chinense, C. frutescens,  C. annuum, and C. 
pubescens while rest of these are 
considered as wild. Capsicum chinense is 
known as pungent fruit among the 
domesticated Species. Bell peppers are 
differing in size, color (green, red, yellow, 
orange and purple) and shape of the fruits, 
capsaicin content, antioxidant activity and 
usage. Domesticated peppers based on 
their level of pungency could be categorized 
into sweet (mild-flavoured varieties) which 
are used for stuffing, garnishing and salads 
and hot types varieties which are mainly 
used to add color, pungency, and aroma in 
the cuisinesof most of the world. The main 
source of pungency in peppers is the 
chemical group of alkaloid compounds 
called capsaicinoids, which are produced in 
the fruit. The first test developed to 
measure pungency was the Scoville test, 
which is first introduced in 1912 by Wilbur 
Scoville. It measures ‘heat’ as Scoville heat 
units (SHU) in a given food. Sweet peppers 
have 0 SHU, chillies may have 100 to 500 
SHU, and the blistering habaneros have 
between 200,000 and 300,000. Nowadays, 
the Scoville organoleptic test has been 

largely replaced by chromatographic 
methods which are considered to be more 
reliable and accurate. 
Cultivation of bell pepper: 

Bell pepper thrives best in deep, 
fertile, well-drained soils (pH 6.0 -7.0) 
underwarm climateconditions (25-
35°C).Excessively high temperatures will 
reduce fruit size. Moreover the exposure of 
flowers and pollen to high temperatures 
(>33 °C) leads to flower abscission and 
pollen becomes non-viable and appears to 
be deformed,clumped and empty. Whereas 
if seed is sown too early when the 
temperature is low (below 24oC) it leads to 
prolonged germination and seedling growth 
which increases the exposure to insects, 
diseases and results in fruitless plants. 

Cultivation of bell pepper is done in 
the open field and green house. Cultivation 
in open field is in tend to be much easier 
and economical as compared to green 
house. However in green house crop yields 
increases by four to ten times as compared 
to plants grown in open field conditions. In 
addition the quality of the greenhouse 
product is normally higher than open field 
crop. 

Bell pepper seed may be sown 
directly (open pollinated varieties) or by 
transplantation (Hybrid varieties). The 
quantity of seed required for direct sowing 
and to produce seedlings for 
transplantation is 2kg per hectare and 400 
to 800 g per hectare respectively. For 
transplantation, sowing of seeds is done in 
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seed trays under shade-cloth conditions or 
in greenhouse. Bell pepper seedlings are 
ready to be transplanted after 6 to 8 weeks 
when the seedlings are 150 to 200 mm tall. 
Seedling produced under greenhouse 
conditions is more uniform, can 
tolerateearly unfavourable plant growth 
conditions and achieve earlier maturity 
than direct-seeded plants.  

Bell peppers are sown in October 
and March and harvested after the five 
months of planting.  The accurate time to 
maturity varies depending on the exact 
variety of bell pepper. Most sweet peppers 
mature in 60 to 90 days after planting 
whereas, hot peppers can take up to 150 
days. The yield of bell peppers is about 6 to 
10 tons/hectare depending on sowing 
methods and varieties. More expensive 
growing methods such as greenhouse or 
organic are most often used for coloured 
pepper production that offers the 
possibility of higher returns. 

Nutritional and medicinal value: 
 Bell pepper exhibits nutritional as 

well as nutraceutical importance. Bell 
peppers are rich in phytonutrients 
(capsaicinoids, flavonoids, phenolic 
compounds & carotenes) which plays key 
health-promoting functions such as 
protection against oxidative damage to 
cells, cancer insurgence, diabetes 
prevalence, cardiovascular disorders, 
cataracts, Alzheimer’s and Parkinson’s 
disease. Bell peppers are also good sources 
of fibre, vitamins (A, K, C, E & B) and 
minerals (Fe, Cu, K, Mg) in addition to 
phytonutrients. As vegetables, the red 
sweet pepper contains twice the pro-
vitamin A as carrot and twice the vitamin C 
contents of green pepper. One medium size 
bell pepper can provide up to 8% of the 
recommended daily allowance of Vitamin A, 
180% of Vitamin C, 2% of calcium and 2% of 
iron.

 
Proximate composition of green bell pepper 

Parameters Quantity 

Ash(g) 0.109 

Fat (g) 0.311 

Protein(g) 0.216 

Carbohydrates(g) 1.019 

Dietary fibre(g) 0.490 

Vitamin C (mg) 0.133 

Calcium (mg) 2.664 

Energy (kcal) 5.724 
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Other health benefits of capsicum are: 

 Anti-inflammatory effect of capsicum may help alleviate pain related to arthritis. 

 Capsicum contains tannins, an astringent compound used to treat 
gastrointestinal disorders such as dysentery, diarrhea, and other microbial disorders. 

 capsaicin, an active component of capsicum, has shown to change the genetic 
expression related to cancer cell survival, growth arrest, and metastasis 

 Bioactive compounds in capsicum provide antioxidant effects that allow it to repair and 
protect tissues and DNA damage. 

 Capsicum contains vitamin C, which is a good bioactive phytochemicals that supports 
immune system, lower the risk of oxidative stress, repair damaged brain tissues. 

 Red bell peppers are good source of lycopene which are good for heart whereas green 
bell peppers are good for lowering cholesterol. 

 
Value added food products of bell pepper: 

In food, peppers can be consumed in various forms such as fresh, dried, fermented, 
processed or as an oleoresin extract. However, bell pepper is also a perishable commodity and 
large amount is perished due to the lack of post-harvest processing facilities in India. In 
addition, due to changing lifestyle, people habits have been changed. They demand for healthy 
and ready to serve (RTS) foods. Therefore the best way is to convert fresh produce into value 
added products which has extended shelf life. Moreover, food products prepared from peppers 
have received great attention due to the presence of bioactive compounds such as 
antioxidants, capsaicinoids, flavonoids, phenolic compounds and carotenoids. 

Oleoresin: Oleoresin obtained from bell pepper act as functional food ingredient. It is 
used as a flavour and dyes in various food. Oleoresins are commercially produced by  

 

Bell pepper oleoresin 

supercritical fluid extraction process. Many studies reported that it has anti-cancer, analgesic, 
anti- cholesterol and anti-obesity effect. Due to its high antioxidant properties, it can scavenge 
the free radicals and protects the body against cancer and cardiovascular diseases. 

Powder: Bell pepper powder is incorporated in various convenience products  
(such as soups, pizzas, bread and dry salad mix etc.) so as to increase the nutritional value of 
product. Traditionally, bell pepper has been dried by sun drying which usually takes 3-6 days, 
which adversely affects the quality of the product. In modern days drying of bell pepper has 
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been done by using various techniques which includes hot air drying, freeze drying, osmotic 
dehydration etc. 

 
Dried green and red bell pepper 

Paste and puree: Bell pepper paste and pureeis prepared by using open pan and 
vacuum pan technique. Bell pepper paste and puree is used to prepare various culinary 
products like ketchup, sauces, soups, chutney etc. Various studies reported the numerous 
health benefits of antioxidant rich bell pepper paste. 

1  

Bell pepper paste and pickle 

Pickle: Pickling is the one of the oldest method of food preservation. It is used as main 
side dish. As thermal treatment has some adverse effect on the quality of product. Therefore, 
pickling is the best way to extend the shelf life of product. During pickling fermentation takes 
place which strengthen the nutritive value of pepper by extracting the bioactive components. 

Paprika: Paprika, the dehydrated and milled product from certain varieties of pepper. 
Paprika is most widely used as food flavour and colorants for culinary and industrial purposes. 
Because of its high flavouring and colouring capacity, it is used to modify the color and flavour 
of sausage, soups, stews, cheese, snacks, salad dressing, sauces, pizza, and confectionary 
products etc. Paprika is well-known for their health benefits. It clears the lungs and sinuses, 
triggers the brain to release endorphins which act as natural painkiller, makes mouth water 
which helps to neutralize cavity-causing acids, and act as anti-carcinogenic. 
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      Bell pepper paprika 

Conclusion:  
The bell pepper is used worldwide as a food and is available in green, red and yellow 

colours. With sweet taste, few seeds, convenience as a snack, miniature varieties are grown 
worldwide. Due to its low price and high nutrition profile it has potential to be an excellent 
functional food. However, being highly perishable there is need to utilize bell pepper into 
various forms includes powder, puree, paste and essential oil etc.  This will also provide the 
opportunities to the entrepreneurs and food industry for developing high value functional food 
products thus obtaining higher profits. 
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Introduction 

Soil is known as the mother of all living 
creatures. It was impossible to think of any 
kind of life to flourish without soil. It is the 
home for various life forms starting from a 
small bacteria to entire mankind. It is the 
main source of nutrition for the primary 
producer of the earth i.e., the plants who 
are the real reason for the sustenance and 
growth of any other forms of life on this 
planet. None of our ancestors could have 
imagined that it will be possible to grow 
anything without the existence of a healthy 
soil, but a few 100 years back a man named 
William Frederick Gericke from University of 
California brought a new idea in front of the 
world and popularized the idea of soilless 
cultivation calling it "Hydrophonics". During 
his research he found that it is not the soil 
which is important but the nutrients 
present in it are the true sole of it. Hence, 
he proposed that plants can be grown as 
successfully without the actual presence of 
soil if the nutrients could be provided. 
Though the technique of is may be 
thousands years old  and can be seen in 
Hanging Gardens of Babylon and the 
Floating Gardens of China, still undoubtedly 
everyone doubted Gericke's findings but 
soon he proved them all wrong when he 
grew a tomato plant just by using water and 
nutrients. Since then Hydrophonics has 
gained immense popularization amongst 
the growers and the scientists to discover 
more potential uses of it.  

Types of Hydrophonics systems 
There are six major types of hydrophonics 
systems though it can be categorised into " 
active and passive" and " recovery and non-
recovery" type. No matter which method it 
is the principle components of a 
hydrophonic system is, moisture, oxygen 
and nutrient.  

1. Wick system: Capillary movement of 
the wick is used to deliver the nutrient 
solution to plant root from the growing 
tray after it has been pumped from the 
reservoir. This type of system is easy to 
establish but is not suitable for larger 
systems. 

2. Deep water culture system: In this the 
roots of plants are directly suspended 
into the oxygenated nutrient solution. It 
is also low cost but not suitable for 
larger systems and plants with longer 
growing period. 

3. Nutrient Film Technique: The nutrient 
solution is continuously pumped into 
the growing tray and unused solution is 
collected back to the reservoir. 
susceptable to system failures and 
suitable for larger systems. 

4. Drip system: Nutrient solutions are 
made available to the plants through a 
network of drip system timely with the 
help of a timer. Suitable for larger 
gardens but pH fluctuation may be a 
problem. 

5. Aerophonics: The roots of plants are 
suspended in the air and are moistened 
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using the sprinklers continuously within 
short span of time. It has good root 
aeration but a bit costlier than other 
system and is vulnurable to drying if any 
system failure occurs. 

6. Ebb and flow system: It is also known as 
flood and drain system. Here the 
nutrient solution is flooded into the 
growing tray and then again collected 
back using a pump. It is best  suited for 
water carving plants like lettuce. 

Now comes the question is hydrophonics is 
really useful if yes how and if no then why. 
We all know each fact has two sides and to 
understand anything we need to 
understand both side of it. 

Pros of Hydrophonics 

1. No need of soil 
It is the major property of 
hydrophonics as the words suggests 
“hydro”, which means water, and 
“ponos”, meaning labor, there is no 
mention of soil anywhere in it. 
Hence, according to this soil does 
not play any role in production of 
crops. This makes hydrophonics the 
farming technology of future, as we 
all know that the land is a limiting 
resource and available land of 
cultivation is shrinking day by day 
due to population as well as 
pollution. Fresh and heavy metal 
contamination free vegetables can 
be grown using this technique. 
Cultivation is also possible in dry and 
arid areas where vegetable 
cultivation were almost impossible 
earlier. The importance of soilless 
cultivation is such that NASA is using 
this technique in its space 

researches. In short we can say that 
it is a gift and only scope for the 
future of mankind if we ever have to 
leave the earth and stay in the 
space. 

2. Availability of fresh vegetables 
throughout the year with better 
control of growth of plant 

Hydrophonics are practiced inside a 
room or chamber under a controlled 
condition just like green house 
cultivation or protected cultivation 
the only difference is the absence of 
soil. Various environmental factors 
related to growth and life cycle of 
plants are under control and can be 
manipulated according to the need 
hence all season vegetables can be 
produced irrespective of the time 
and season. This will help the 
grower to avoid the glut situation 
during season and earn extra in 
return of what is spent as off season 
vegetable always fetch a good 
amount than the seasonal 
vegetables. 

3. Better use of resources 
a) Efficient use of water: 

Hydrophonics saves around 
90% of the water as compared 
to conventional cultivation. The 
water unused by plants are 
recycled and re-circulated 
again. The only loss could be by 
evaporation and leakage but 
this can be controlled by 
efficient management. 

b) Effective use of nutrient 
applied: The nutrients are 
dissolve in water as and when 
required by the plant with 
proper analysis and estimation 
of the stage of the growth. 
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Hence nothing is added extra or 
less than what is actually 
needed. 

4. No extra expenses on inter cultural 
operations and disease-pest control 

Weeds are the most irritating thing 
in the land cultivation and a lot of 
labour is needed to control them 
when the crop is standing on field. 
Absence of soil automatically solves 
this problem as there is no space for 
weeds to grow. The controlled 
environment also minimizes the 
incidences of disease and pests 
attack thus saving the expenditure 
to control them. 

5. Effective tool for scientific experiments 
Hydrophonics gives the opportunity 
to conduct various scientific 
experiments in less space and time. 
Experiments on bio-fortification of 
various nutrients can be conducted 
by minimizing any error and 
influence of other nutrients. 

6. Vegetable are of high quality 
The produced vegetables are fresh 
and devoid of any contamination of 
chemical or dirt. The controlled 
environment allows the plants to 
grow its best shape and nutrient 
composition. 
Cons and challenges of 
Hydrophonics 

1. Time, capital and labour intensive 
Unlike the field cultivation where 
plants can be left on their own and 
still they can survive plants grown 
through hydrophonics need utmost 
care and time else they will die more 
quickly than the field grown crops. 
The plants are totally dependent on 
the grower and cannot cope up with 
even a minute stress by themselves. 

They are more prone to biotic and 
abiotic stress if the grower is not 
well informed and know the 
technical knowhow of the 
hydrophonics system. The initial cost 
of establishing a hydrophnics system 
and structure is also very costly as 
high graded automated equipments 
are used along with quality 
technically well knowledgeable 
person. The crop are needed to be 
monitored regularly for any stress 
symptoms and immediate measure 
is to be taken without any delay. As 
in this types of systems the risk of 
spread of disease is much more 
higher and many a times nutrient 
deficiency may also get confused 
with disease incidence.  

2. System failure and risks 
The entire hydrophonics system is 
dependent on water and the 
electronics. any negligence may lead 
to electrification of water and can 
be a risk to the workers. In case of 
any power shut downs the entire 
system will stop working and the 
plants will dry very quickly in 
absence of any life support. 

3. Single mistake can cause a huge 
loss 
As the cost of establishing a 
hydrophonics structure is too high 
even a single mistake or fault may 
lead to a huge loss of yield and 
compromise in quality of the 
vegetables. Here the errors in 
cultivation is much more costly than 
the field cultivation. Hence proper 
and regular monitoring of the unit is 
important. 
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Vegetable suitable for Hydrophonics 
cultivation 

1. Leafy greens: Green leafy vegetables 
like Lettuce, kale, cabbage, spinach, 
chard, mustard greens can be easily 
grown using hydrophonics.  

2. All Brassicaceae vegetables: he 
vegetables of family Brassicaceaae 
can be grown using hydrophonics 
because of their shallow roots. 

3. Root crops: Root crops like carrot , 
beet, onion, garlic, potato etc are 
easily grown by hydrophonics. 

4. Other vegetables: other vegetables 
like tomato, pepper and cucumber 
can be easily grown under 
hydrophonics. 

Conclusion 
Each and every technique has its down side 
so does hydrophonics but the positive 
aspects of hydrophonics is so immense that 
the little cons can be ignored and overcome 
with a little experience and planning. In the 
present situation lack of fresh water and 
cultivable land is a hot an issue for 
agriculture, here hydrophonics can be a 
major way out to overcome these in a 
sustainable way.  The Pros of hydrophonics 
clearly proves that it is the future of 
modern agriculture and a small price should 
be paid without hesitation for its further 
improvement.  
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Alpinia galanga (L.) Willd known as greater 
galangal is a perennial aromatic 
rhizomatous herb. A moderate shrub 
mostly referred as galangale or galanga, is a 
very popular spice in whole South East Asia 
and especially typical for the cuisine of 
Thailand. It is also known and used in 
Malaysia, Indonesia, Cambodia, Vietnam 
and Southern China. Chinese five spice 
powder is sometimes enhanced with 
galangale. In Western countries, however, 
galanga is not well known, at least in recent 
days; it has, however, been a valued spice 
in the early Middle-ages. Galangale is 
sometimes confused with other spices of 
the ginger family. Its taste and appearance 
are, however, characteristic; it cannot be 
substituted by any other spice. In India, it is 
growing in Kerala, rhizomes are used for 
seasoning fish in pickling. Dried rhizomes 
are used as a food in Tamilnadu. 
 
Introduction 
Plants have been one of the important 
sources of medicines even since the dawn 
of human civilization. In spite of 
tremendous development in the field of 
allopathy during the 20th century, plants 
still remain one of the major sources of 
drug in the modern as well as traditional 
system of medicine throughout the world. 
Alpinia galanga Willd. commonly known as 
galangal, is an important cultivated 
medicinal crop of India. It is well known 
official drug throughout the country as a 
holistic gift of nature for medicinal, culinary 

and cosmetic use. Alpinia galanga 
commonly found in Indonesia, India, China, 
and Arabic gulf areas, Malaysia, Egypt and 
Sri Lanka. It grows in open, sunny places, 
forests and brushwood. It is commonly 
cultivated in the mid and low country in Sri 
Lanka. In India the plant is distributed in the 
Himalaya and Southern region of Western 
Ghats (Anirban Chouni e.t al., 2018). 
 
Taxonomy Details 
Alpinia galanga belongs to the Tribe 
Alpinieae of Alpinioideae subfamily under 
the Zingiberaceae family of Zingiberales 
order. Alpinia galanga is known by several 
synonyms such as Amomum galangal, 
Alpinia viridiflora, Maranta galangal, 
Languas galangal, Languasvulgare. It is 
known by several common names such as 
Kulanjan in Hindi, Dhumarasmi in Kannada, 
Kulingjan in Bengali, Kulinjan in Gujrati, 
Arattha in Malayalam, Pera-rattai in Tamil, 
Dhoomraasmi in Kannad, Pedda-dhumpa in 
Telugu, Mahabaracach, SugandhaVacha, 
Rasna in Sanskrit, Greater galangal in 
English. 
 
Botanical Description 
The plant is a rhizomatous, perennial herb, 
and attains a height of about 1.5–2.5 m. The 
rhizome is very prominent and aromatic. 
Externally, it is reddish brown-white and 
internally reddish-white. Leaves are 
leathery, about 30–60 cm long and 10–15 
cm, glossy on both surfaces, lanceolate and 
smooth, with white margins. Flowers are 
greenish-white, about 3 cm long, and occur 
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in dense panicles. Corolla has distinctly 
clawed lips. Flowering occurs in May and 
June, while fruiting occurs in August and 
September. Fruits are orange-red in colour. 
Medicinal Properties of Alpinia galangana 
The plant bears underground stems called 
rhizomes which have a strong aromatic 
smell with conspicuously nodes and 
internodes. The seed of A. galanga is used 
in emaciation and cleaning of the mouth, it 
stimulates the digestive power and 
appetite. It is also used as a purgative. 
Usually the rhizome is used as a spice and a 
source of essential oil. Young shoots and 
flowers are used as vegetable or as spice. 
The plant is broadly used in dietary intake 
as well as in the traditional system of 
medicine viz. Ayurveda, Unani, Chinese and 
Thai folk medicine. Along with an aromatic 
ginger like odour, it has a pungent hot and 
spicy taste. As the rhizome has a 
characteristic fragrance as well as 
pungency, it is widely used as a condiment 
for foods and local medicine in China and 
Thailand. It has been found to possess 
various therapeutic activities, viz. 
immunostimulant, anticancer, antioxidant, 
antiamoebic, anti-inflammatory, analgesic, 
antiallergic, antifungal, antidiabetic, 
antibacterial, antiulcer, antidermatophytic 
and many more. It can be used as an 
alcohol enhancer or an alcohol replacer in 
alcohol and alcohol-free beverages. The 
stability of galangal acetate was studied 
under various conditions (Gupta RK., 2010). 
 
Agrotechnology for Alpinia galangana  
Alpinia galangana is Galangal is best suited 
for planting in shaded open areas in warmer 
climates as it’s a tropical plant and is 
extremely sensitive to frost and drought 
conditions. This plant will rot easily when 
left exposed to cold, wet conditions. With 

adequate irrigation provisions, it can be 
grown up to an altitude of 1000 m. The soil 
should be rich in organic matter such as 
sandy loam. This type of soil provides the 
thick roots with space to grow while 
allowing water to properly drain. The land 
should be prepared with farmyard manure 
with a combination of green manure as a 
basal dose just before planting. Well 
decomposed humus or vermicompost may 
also be used as manure instead of farmyard 
manure. It is commonly propagated by 
rhizome splits. The Rhizomes should be 
planted in southern India April to May. 
February to mid-April is the best time for 
raising the crop in north-eastern hilly tracts. 
The planting material requirements 
depends on the duration of crop and 
spacing. Planting rhizome slices 5.5 tonnes 
per hectare with a spacing of 30 cm × 30 cm 
for one-year crop and 3.5 tonnes per 
hectare with a spacing of 45 cm × 30 cm for 
two-year duration crop is recommended. 
Watering is done only during long dry 
spells. Even though it is best to harvest the 
remaining Alpinia galangana roots during 
the early winter to prevent rotting, one can 
leave a few hands, (what the roots are 
referred to as) in the ground over the 
winter if one can heavily mulch the entire 
area to keep them warm and dry. For a 12-
month-old crop, yield of fresh rhizome is 
23.93 tonnes per hectare, which on drying 
reduces to 5.65 tonnes per hectare. For 24-
month-old crop, yield of fresh rhizomes is 
82.91 tonnes per hectare, which gives 22.65 
tonnes per hectare of dry rhizome. Alpinia 
galangana can be stored in the vegetable 
drawer of a refrigerator for two to three 
weeks. The Alpinia galangana should be 
plastic wrapped preferably, wrap the root 
first in a damp cloth, then in a plastic bag. 
Galangal can be frozen without losing any 
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of its flavor. Raising profitable intercrops is 
suggested as a viable alternative for the 
better utilization of resources and 
increasing income. Growing Alpinia 
galangana is more economic than pure 
crop. System approach seeks to increase 
the benefits derived from crop production 
by efficient utilization of natural resources 
resulting in sustainable productivity of 
crops (Yang et. al., 1999). 
 
 

Conclusion 
Alpinia galangana rhizome extract also acts 
as a potential source of platelet activating 
and in the baking trade to flavor cakes, 
cookies and biscuits. It has definite 
medicinal uses and a role in the biofuel 
industry. The evaluation needs to be carried 
out on Alpinia galanga in order to uses and 
cultivation of the plant in their practical 
clinical applications, which can be used for 
the welfare of mankind. 
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What are food additives? 
Food additives are substances which are added to food which either improve the flavor, 
texture, colour or chemical preservatives, taste, appearance or function as processing aid. Food 
additives as non nutritive substances added intentionally to food, generally in small quantities, 
to improve its appearance, flavor, texture or storage properties. 
 
Need for Food Additives: 
 Additives provide protection against food spoilage during storage transportation, 

distribution or processing.  
 A number of factors have led to the demand for foods with built in preparation of 

“convenience” foods.  
 Many of these chemical additives can be manufactured so that foods can be “fortified” or 

“enriched”. Potassium iodide, for instance, added to common salt can eliminate goiter. 
 The conversation of the quality of foods against agents causing microbial or chemical 

deterioration of food requires the addition of preservatives.  
 Additives are also used to colour foods, add flavor, impart firmness, and retard or hasten 

chemical reaction in food. 
 The use of food additives is to maintain the nutritional quality of food, to enhance stability 

with resulting reduction in waste, to make food more attractive, and to provide efficient 
aids in processing, packaging and transport. 
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Table – Food additives classification with their function, permissible amount and 
estimation methodology 

Additive 
type 

Additives comes 
under this group 

Their main function Permissible 
amount 

Estimation 
technology 

Anti-
oxidants 

Butylated  
hydroxyanisole 
(BHA), Butylated 
hydroxytoluene 
(BHT), Propyl 
gallate (PG) and 
Teriarybutyl 
hydroquinone 
(TBHQ) 
Tocopherols 
(Naturally 
occurring) 

Added to fats and 
fat-containing 
substances to 
retard oxidation 
and thereby 
prolong their 
wholesomeness, 
palatability 

Maximum 
permitted level of 
BHA 400 mg/kg 
being allowed in 
dietary 
supplements and 
chewing gum.  
Acceptable Daily 
Intakes (ADls) of 
BHA and BHT and 
set them at 0-0.5 
mg/kg body 
weight for BHA 
and 0-0.3 mg/kg 
body weight for 
BHT. 
 
  

GC, HPLC, 
micellar 
electrokinetic 
chromatograph
y 
(MECC),spectro
photometric, 
voltammetric 
and TLC 

Chelating 
Agents 

Citric acid, EDTA Serve as scavengers 
of metals which 
catalyze oxidation. 

Recommended 
usage levels for 
citric acid 
typically vary 
between 0.1 and 
0.3 per cent with 
the appropriate 
anti-oxidant at 
levels ranging 
between 100 and 
200 ppm) 

 

Colouring 
Agents 

Bixin, derived 
from the seed 
coat of Bixa 
orellana, Annatto, 
turmeric, saffron 
 
Chlorophyll 
(E140), Carotene, 
Cochineal (E120), 
Caramel 

Frequently added 
to restore the 
natural ones lost in 
food processing or 
to give the 
preparations the 
natural colour we 
expect. 

The maximum 
permitted level of 
annatto extracts 
is 50 mg/kg 
allowed in Red 
Leicester cheese, 
10–25 mg/kg in 
snacks and 10 
mg/kg in liqueurs. 
The acceptable 
daily intake (ADI) 
for annatto 
extracts (as bixin) 

HPLC, 
Spectrophotom
etric,Voltamme
tric and more 
recently 
capillary zone 
electrophoresis 

Synthetic- 
Sunset yellow,  
Tartrazine -  
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Yellow (E120) Red 
(E128) Green 
(E142) Amaranth 
-purply-red 
(E123) 
FD&C Blue Nos. 1 
and 2, FD&C 
Green No. 3, 
FD&C Red Nos. 3 
and 40, FD&C 
Yellow Nos. 5 

is 0.065 mg/kg 
body weight. 
 
 
Maximum  
permitted level of 
500 mg/kg 
(Sunset yellow) 

Curing 
Agents 

Sodium nitrite Used to preserve 
(cure) meats, give 
them desirable 
colour and flavor, 
discourage growth 
of micro-organisms, 
and prevent toxin 
formation 

The acceptable 
daily intake (ADI) 
for nitrites, 
expressed as 
sodium nitrite, is 
0.1 mg/kg body 
weight. 

Methods of 
analysis include 
spectroscopic 
determination 
after enzymatic 
reduction,ion-
exchange 
chromatograph
y 
(IC), flow 
analysis (FA), 
differential 
pulse 
voltammetry 
(DPV) 
and capillary 
electrophoresis 
(CE) 

Emulsifier
s 

Soy lecithin, 
mono- and 
diglycerides, egg 
yolks, 
polysorbates, 
sorbitan 
monostearate 

Used to obtain a 
stable mixture of 
liquids that 
otherwise would 
not or would 
separate quickly. 

Peanut butter 
contains up to 10 
per cent 
emulsifiers. 

 

Flavours 
and 
Flavour 
Enhancers 

Natural flavor are 
substances, such 
as spices, herbs, 
roots, essences, 
and essential oils 

Give  the 
characteristic flavor 
to almost all the 
foods in our diet 

  

Synthetic  flavor 
additives are 
amyl acetate for 
banana, methyl 
anthranilate for 
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grapes, ethyl 
butyrate for 
pineapple, etc. 
Flavour enhacer-
monosodium 
glutamate (MSG) 
Flavor improvers-
benzoyl peroxide 
((C6H5CO)2O2) 
Materials used 
both for 
bleaching and 
improving are 
chlorine gas, (Cl2); 
chlorine dioxide, 
(ClO2); nitrosyl 
chloride, (NOCI); 
and nitrogen di 
and tetra oxides, 
(NO2 and N2O4).  
Oxidizing agents 
used only for 
dough 
improvement are 
potassium 
bromate, (KBrO3); 
potassium 
iodate,(KIO3); 
Calcium iodate, 
[Ca(IO3)2]; and 
calcium peroxide, 
(CaO2). 

Humectan
ts 

Propylene  glycol 
(CH3.CHOH.CH2O
H), glycerol, and 
sorbitol and 
mannitol [CH2OH 
(CHOH)4 CH2OH] 

Humectants are 
moisture retention 
agents, mainly used 
to control of 
viscosity and 
texture, bulking, 
retention of 
moisture, reduction 
of water activity, 
control of 
crystallization, and 
improvement or 
retention of 
softness. 

Maximum 
permitted level of 
propylene glycol 
is 10 000 mg/kg - 
30 000 mg/kg.  
 
The ADI for 
propylene 
glycol is 25 mg/kg 
body weight/day. 

gas 
chromatographi
c–tandem mass 
spectrometric 
(GC–MS–MS) 
method, HPLC,  
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Nutrient 
Suppleme
nts 

Vitamin  C, 
thiamine, 
nicotinic acid, 
iron and calcium  

Restore values lost 
in processing or 
storage, or ensure 
higher nutritional 
value than what 
nature may have 
provided. 

  

Non-
nutritive 
Sweetener
s 

Saccharin  
(sodium ortho 
benzene 
sulphonamide or 
the calcium salt), 
Acesulfame K, 
Aspartame 

 Maximum 
permitted levels 
of saccharin is 
100–200 mg/kg. 
The acceptable 
daily intake (ADI) 
for saccharin 
(expressed as 
saccharin acid) is 
5 mg/kg body 
weight. 

Spectrometric, 
differential 
pulse 
polarography, 
sublimation, 
potentiometric, 
micellar 
electrokinetic 
capillary 
chromatograph
y (MECC) and 
HPLC 

pH 
Control 
Agents 

Acids , alkalis and 
buffers 
Lactic acid, citric 
acid, ammonium 
hydroxide, 
sodium carbonate 

Control acidity and 
alkalinity, prevent 
spoilage 

  

Preservati
ves 

Natural 
preservatives, 
such as sugar, 
salt, acids, etc, as 
well as synthetic 
preservatives. 
 
Ascorbic acid, 
citric acid, sodium 
benzoate, calcium 
propionate, 
sodium 
erythorbate, 
sodium nitrite, 
calcium sorbate, 
potassium 
sorbate, BHA, 
BHT, EDTA, 
tocopherols 
(Vitamin E) 

Prevent food 
spoilage from 
bacteria, molds, 
fungi, or yeast 
(antimicrobials); 
slow or prevent 
changes in color, 
flavor, or texture 
and delay rancidity 
(antioxidants); 
maintain freshness 

Permitted levels 
of sorbic and 
benzoic acid 
varies upto 200–
2000 mg/kg and 
200-1000 mg/kg 
for different food 
groups, 
respectively. 
The acceptable 
daily intake (ADI) 
for sorbic acid 
and benzoic acid 
is 25 mg/kg and 5 
mg/kg body 
weight, 
respectively. 

Methods that 
have been 
developed for 
sorbic acid and 
benzoic acid in 
foodstuffs 
include gas 
chromatograph
y 
(GC), high 
pressure liquid 
chromatograph
y 
(HPLC),spectrop
hotometric, 
high 
performance 
thin layer 
chromatograph
y (HPTLC)and 
micellar 
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electrokinetic 
chromatograph
y (MECC) 

Stabilizers 
and 
Thickener
s 

Polysaccharides  
such as gum 
Arabic, guar gum, 
carrageenan, 
agar-agar, alginic 
acids, starch and 
its derivatives, 
carboxy 
methylcellulose 
and pectin. 
Gelatin 

Improve and 
stabilize the texture 
of foods, inhibit 
crystallization 
(sugar, ice), 
stabilize emulsions 
and foams, reduce 
the stickiness of 
icings on baked 
products, and 
encapsulate 
flavours. 
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sustainability 

    Article id: 11099 
Alamuru Krishna Chaitanya et al*1 ,  Dr.Sable P.A2 ,  Shreya Jillella et al 1 

                                       1  College Of Agriculture ,Sonai   
Mahatma Phule Krishi Vidyapeeth ,Rahuri , Maharashtra. 

           2Assistant Professor (Horticulture) 
Sardarkrushinagar Dantiwada Agricultural University, Banaskantha (Gujarat) 

 

INTRODUCTION 

According to the United Nations forecast, seventy percentage of the world population will 
be living in cities by 2050 (Anonymous, 2007). Such major shift away from rural and 
naturally vegetated to the polluted, noisy and crowded concrete jungle of modern cities is 
and will continue to be profound. We must find new and innovative ways to better integrate 
nature into our new expanding cities. "Liveable city" concept emerged as a new urban 
approach in 21st century. Green roofs and parks are one way to do this, but there are 
substantial amounts of vertical space that for the most part have been underutilized. 
Minimizing the pressure on the limited/ non-renewable resources in order to convey them 
to the future generations describes the concept of sustainability. The terms green wall, 
living wall, plant wall or vertical garden are used interchangeably but appertain to the same 
general concept. Green walls are self-sufficient vertical gardens that are attached to the 
exterior or interior of the building. They differ from green facades in that the plants root in a 
structural support, which is fastened to the wall itself (Anonymous, 2009). 
“Imagine a 10-story building whose walls are green and growing – nurtured by the 
structure’s bio permeable skin and compatible mechanical structural system. Picture mile 
after mile of leafy, flowering sound barriers  along our highways, every square yard 
producing oxygen, fixing atmospheric carbon, settling particulates and even sheltering bird 
nests. Green walls” -Jon Charles Coe. 
 

What are Green Walls?  
This paper looks at means of masking 
architecture in facades of plant material. 
Covering them with green screens  
(climbing plants) and living walls (plants 
rooted on the wall) is the primary focus. 
Other means, such as the use of hedges or 
green roofs, should be considered outside 
the immediate scope of research. They 
may be referred to at times, but the goal 
is to look at the functions, advantages and 
disadvantages of green wall technology. 
The hope is that green walls and similar 
elements will achieve a more mainstream 
understanding and acceptance and be 
added to the toolbox of every landscape 

architect. Designers are often limited by 
more than just their  imaginations, and 
this paper should provide ammunition to 
any designer who wishes to make the case 
for green walls. 
Historical Uses  
Historically, green walls and similar 
methods of construction have had 
extensive use throughout the world. 
Despite the recent resurgence of the 
technology, the advantages associated 
with green walls have been known and 
put to use for thousands of years. 
Techniques similar in style and effect to 
green walls and screens include espalier, 
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green roofs, turf houses and earth 
shelters. 
 
Social Benefits & Biophilics :- 
The environments people live in have an 
impact on their attitudes and behavior. 
Few would doubt this to be true and yet 
the approaches that have been taken vary 
widely. The City Beautiful movement of 
the early 20th century attempted to 
create “moral and civic virtue among 
urban populations” through monumental 
architecture (Bluestone, 1988). Previously  
in the India saw the widespread 
emergence of socialized project housing in 
an attempt to revitalize depressed areas. 
The present day consensus is that both 
movements did little good, and in the case 
of housing projects actually created 
blighted areas. More recent studies show 
that greenery and vegetation play a large 
role in determining contentment among 
residents.Thus on adopting the 
technology of the vertiscaping developing 
country like India enhances the natural 
aesthetic pleasure to the people therefore 
resulting the relaxing  mind of the people.  
TECHNOLOGIES 
GREEN WALLS:- 
This term refers to a wall that 
incorporates vegetation into its structure 
or onto its surface, and which does not 
require plants to be rooted in a substrate 
at the base of the wallas with green 
facades. 
i. Hydroponic system  
 In this  system, a frame  is erected, simply 
a vertical beam or, for  large projects, as 
lattice work and waterproof panels are 
then fastened to it. Two layers of material 
are stapled to the waterproof panels. The 
material is made up of recycled synthetic 
fiber spun non woven matrix. Plants are 
placed between the two layers of material 
in hand cut pockets. The plants are placed 
with inert substrate like per litre or 

vermiculite around the roots to hold the 
moisture for  longer time.  The drip  
irrigation system  is  placed  between  the  
two  layers of  material allowing the water 
to slowly percolate downward for 
irrigation as well as fertigation.  
ii. Modular boxes 
This system use substrate holding 
containers made of plastic or metal. The 
substrate is packed directly into the 
empty container or placed in a water 
permeable, synthetic fiber bag.The  
containers are  connected  together  and  
anchored  to  the  wall  or  to  an  
independent structurally  secure  metal  
rack  or  framework.  Alternatively,  plastic  
or  metal  growing containers can be hung 
on a metal grid or plastic modules having 
bracket fixed into wall on which pots are 
fixed. 
COST CONSIDERATION 
Each green wall or facade will vary 
significantly in terms of cost, depending 
on 
the site, the system installed and the 
construction materials used. Costs can be 
reduced in 
small projects as ‘do it yourself’ 
installations, involving less personnel and 
smaller spaces, 
but these are also difficult to  estimate. 
Construction costs will vary according to 
location, 
access for installation may required 
mobile cranes etc.  
  

II. ENVIRONMENTAL AND ECOLOGICAL 
IMPACTS 

Vertical gardens positively contribute to 
both living space and the city by creating a 
living environment inside. 
Reduction of urban heat island effect 
Water loses from the plants through 
evapotranspiration reduces the 
temperature 
in the surrounding atmosphere.  
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Improvement of air quality 
Plants absorb the sun light and produce 
glucose and oxygen by splitting the carbon 
dioxide produced by living things and 
water. Vertical garden practices in interior 
and exterior spaces filters chemical 
particles in the air such as CO2, NO2, SO2, 

CO etc. Plants in the interior vertical 
gardens can degrade VOCs, benzene, 
toluene and other toxic fumes (Darlington 
et al., 2001). 
 
Improvement of energy efficiency 
The vertical garden, creating an air gap 
between the garden and the wall, slows 
down 
the vertical movement of heat, and thus 
heat is captured during cold weather and 
isolated 
during hot weather. A vertical garden can 
reduce impact of the wind by 75% and 
heating 
demand by 25% (Peck et al., 1999). 
Noise reduction 
Vertical gardens can be considered as an 
additional layer absorbing the external 
and 
internal noise (Peck et al., 1999). 
Biodiversity enrichment 
Green wall designers need basic 
knowledge on biodiversity and ecological 

restoration  for plants as well as on fauna 
for animals. Climbing hydrangea 
(Hydrangeaanomala petiolaris) and 
morning glory (Ipomoea tricolor) attract 
butterflies and 
hummingbirds (Anonymous, 2008); other 
climbers like Campsis 
radicans, Mandevillea spp., Passiflora  
incarnata, Russelia equisetiformis also  
attract  purple  sunbird  under  tropical 
weather. Storm water ponds and filtration 
systems help in reconstruction of the 
habitat with certain leaved plants. 
 
Urban agriculture 
Rapid urbanization and reduction of rural 
areas adversely affect the agricultural 
areas. New food production techniques 
are tested due to increasing population 
and urbanization. One of them is vertical 
agricultural practices emerged due to the 
reduction of horizontal spaces… some of 
the cities in like Hyderabad, Chennai, 
Tirupathi and different places ,the roads 
on which pillars are constructed upon 
with vertical farming for pleasure and as 
well as to control the pollution and also 
helps the people in the traffic to make 
their mood and keep them at low temper 
level.  
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Photos showing pillars on the road with vertical farming in the city of Hyderabad. 
Source:- original photos on Hyderabad Roads by co-author Miss Shreya jillella . 
 
SOCIAL IMPACTS:- 
Social impacts present the relationship between the human behaviour, activities and 
vertical gardens. 
Psychological impact 
Horticulture has a therapy field regulating human-plant relationship to reduce stress, fear, 
anger,  blood pressure and  muscle tension (Brown et al., 2004). A study showed  that green 
plants in the working places reduce absence of the employees by 5-15%. The plants in the 
classrooms  reduced the stress level and increased productivity of the students by 12% 
(Butkovich et al., 2008). 
Aesthetic impact 
The unwanted impacts of artificial and aesthetically weak look can be reduced with vertical 
gardens.  Urban  aesthetics increases  with  the  vertical  garden  practices,  deformed 
structure surfaces can be covered with plants and urban image can be renewed. 
Health impact 
From a physiological perspective, vertical gardens might have an impact of reducing 
heart rate and stress (Peck et al., 1999). It is reported that symptoms such as headache 
might be reduced by at least 20% (Bringslimark et al., 2009). 
Job opportunities 
New  business  and  job  opportunities  are  created  in  the  market  when  the  local 
governments  and  private  sector  started  vertical  garden  practices  for  urban  memory  
and identity in the institutional green market. 
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SUMMARY:- 
 
 
 
 
 
 
 
 
 
 
 
 

 
Picture:- Vertical farming Model visit 

 
 
Vertical  gardens  ecologically  contribute  
to  urban  life  quality  by  many  ways  to 
mitigate the problems caused by urban 
pollutions as well as creating opportunity 
for urban agricultural  practice. Vertical  
gardening poses many  challenges  in  
terms  of appropriate construction  
methods,  plant  selection,  maintenance  
and  sustainability. There  have  been 
various approaches worldwide towards 
designing and construction of vertical 
gardens, each with its own advantages 
and disadvantages and with some more or 
less sustainable. The new plant  species  
suitable  for  vertical  gardening  should  
be  explored  and  the  success  of  the 
existing plants should be monitored and 
taken as a research opportunity. 
  

FUTURE SCOPE:- 
points those are to be considered for 
future considerations  which might  be  
very  helpful  for  successful  maintenance  
of  bio-wall  for  a  longer  time 
viz.,standardization  of  suitable growing 
media,  study  on  selection  of  plants  
based  on  salt tolerance,  cutting  and  
pruning  endurance, salt  accumulation  
inside  the  media  through fertilizer 
application, standardization of dose for 
soluble graded micro and macro 
fertilizers, reuse of irrigation water, 
selection of organic fertilizers, bio-
pesticides, bio-fertilizers which have 
almost zero residual effects, cost effective 
installation and materials, a unique 
habitat creation for rare species with 
comprehensive bio diversity approach. 
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According to the World Food Programme (WFP, 2005), about 805 million people, 
mainly from Asia and sub-Saharan Africa are suffering from malnutrition and hunger 
severely. Besides this, as the global population is going to reach a peak of 9 billion by 2050, 
there will be an increase in protein demand by 76% from 2005 (FAO). This increasing 
demand will be more in developing countries than the developed ones. To combat this 
inevitable future protein crisis, we should consider the unconventional protein sources. 
Entomophagy can be our weapon in this war of survival. Entomophagy is nothing but 
practice of eating insects, especially by human which is also termed as 
‘anthropoentomophagy’. Though the term may be quite alien to most of the people, the 
practice of devouring these six-legged arthropods are quite an age-old practice. a range of 
various insect species like beetles, caterpillars, bees, wasps, ants, bugs etc. are consumed in 
many countries of central Africa. As the insects are rich in protein and micronutrients, they 
can be both used as food for human and feed for the livestock as well. India being one of 
the tropical country with extremely rich biodiversity can be a potential centre for testing the 
insect resources for mitigating the growing demand of food and nutrition. 
Social perception about eating insects: 

Though the tribes of all the subcontinents are quite familiar with eating insects 
either in their regular diet or occasionally but devouring an insect is unchangeably an ‘yuck-
factor’ among civilized city dwellers. Maximum species of consumed insects are so far 
reported from Mexico followed by Asian countries like China and Thailand but they are 
popular only among rural tribes, not among ‘office-going’ urban people. Nowadays local 
markets in south Asian countries have become major sites of attraction for tourists as they 
often like to try the insect cuisines either willingly or because of the ‘dare-trend’ among 
friends and families. People of western cultures often consider ‘insect eating’ as disgusting, 
primitive and a sign of poverty. According to some scientists, the ‘disgust factor’ may be an 
output of ‘neophobia’ which is fear for trying something new and in this case eating insects 
out of conventional diets. The civilized urban people are habituated with processed and 
packaged foods which may be a reason that they do not mind to try a regular biscuit 
fortified with insect extracts but will always held a strict ‘no-no’ towards raw milk from a 
cow. Tao and Li (2018) carried out a survey in California State Polytechnic University among 
a group of people comprising all age groups, different levels of education (B.Sc. 1st year to 
Post Doc.) and different origins (White, Black, Latino, Asians etc.) about their perception 
regarding entomophagy. They found 42% people are experienced with entomophagy at 
least once by a direct or an indirect way and 38% people are willing to eat insect in future 
(fig.1). As there is a positive attitude towards eating insects even in educated people of 
developed countries they suggested incorporation of insect products in their regular diets 
like insect flours incorporated in extruded rice products can increase the acceptance of 
entomophagy disguising the ‘yuck factor’ and at the same time conventional food items can 
be fortified for better nutritional quality.  
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Do Indians eat insects? 

 Though majority of Indians belong to Hindu religion which does not encourage 
consumption of animals, still a lot of rural tribes practice entomophagy through ages. 
According to Chakrovarty and Gahukar there are more than 200 species of insects taken as 
food by different tribes of India (fig. 2). Among these edible species of insects, consumption 
of coleopteran species was highest constituting about 34%; followed by Orthoptera (24%); 
Hemiptera (17%); Hymenoptera (10%); Odonata (8%); Lepidoptera (4%); Isoptera (2%) and 
the least was Ephimeroptera (1%). Gope and Prasad in 1983 analyzed 20 species of insects 
used as food in Manipur, state of Northeastern India and found that, on a fresh weight basis 
the insects provide them crude protein ranging from 4.4% (Belostoma indicus) to 28.4% 
(Acridium sp.) and calorific value (kcal/100g) ranging from 63.2 to 486 (Odontotermes feae). 
Roy and Rao (1957) conducted a dietary investigation with Muria tribe in southeastern 
Madhya Pradesh where they found the tribe unable to afford killing livestock for animal 
protein (except in some religious festivals where they offer animals to please God) consume 
larvae of an insect infesting date palm, each larva weighing about 50g. Bhattacharjee (1990) 
surveyed in different parts of Assam and found three tribes: Bodo, Demasa and Sonowal 
actively consuming insects in their regular diet. After a two-week long field survey Rochow 
and Changkija (1997) reported that 42 species of insects are consumed by Ao-Naga tribes in 
northwestern India. Red ant or Weaver ant (Oecophylla smaragdina), a common pest of 
number of fruit trees are often roasted and pounded into a paste with salt, chili and pepper 
added to it and used as condiment with curry by rural tribes in different corners of India. 
Kirby and Spence in 1822 reported how termites are collected using smoke. Rajan in 1987 
reported that with first hint of monsoon a tribe in in Tamilnadu, locally known as Irumbars 
sets three-four lighted lamp around termite mounds. The next morning, they collect the 
dead termites, remove the wings, clean them and fry with spices, groundnut, Bengal gram 
and sell in local market. Entomologists like Fletcher, Lefroy and Bodenheimer reported 
feeding of locust (Schistocerca gregaria) by common Indian people during the swarm. 
Insects as a feed choice is also reported several times from India. Pupa of silkworm is not 
only identified as a high protein source but they are also tested as alternative to fishmeal in 
poultry and egg production. Das (1945) reported tons of dried locusts can be exported from 
India to United Kingdom as a feed to insectivorous cage and game birds which are reared on 
costly ant eggs. Studies carried out by Chopra (1970) and Malik et. al. (1971) revealed that 

Figure 1: left) a pie diagram showing the experience of entomophagy in the sample population, right) willingness of 
eating insects in future (adapted from Tao & Li, 2017) 
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de-oiled silkworm pupa can replace half of the fish meal and groundnut cake meal for chick 
feeding and provide crude protein value as high as 76%. Saikia et. al. reported that silkworm 
pupa fed White Leghorn pullets produced eggs with larger size, lesser mortality and thickest 
egg shell. 

Insects as nutritional treasure: 

Insects are a rich source of protein, fat, energy, minerals and vitamins which make 
them comparable with traditional sources of protein either plant and animal both (table 1). 
Studies carried out in China and Thailand showed that protein content in selected insects 
range from 13% to 77% and from 37% to 54% respectively (on dry weight basis). Most edible 
insects provide essential amino acids in satisfactory amount (46%-96%) and the protein 
digestibility ranges from 77% to 98% in most species. Edible insects collected from sub-
Saharan Africa were analyzed for lipid content and fatty acid profile which unraveled that 
insects are not only good source of fat (9.12%-67.2%, on dry weight basis) but they are rich 
in polyunsaturated fatty acids (PUFAs) such as linoleic (omega 6) and linolenic (omega3) 
acids. PUFA content in insects is significantly higher than poultry and red meat. The caloric 
content in insects roughly varies from 293 to 762 KJ per 100g of dry matter which make 
them excellent source of energy. The much familiar menace, migratory red locust (Locusta 
migratoria) can alone provide 598 to 762 KJ per 100g fresh weight. Edible insects may also 
serve as efficient source micronutrients like zinc, iron, calcium, potassium and some 
vitamins. Plant irons are ‘non-haem’ irons which are not readily bioavailable to us compared 
to ‘haem’ irons which are present in animals having a closed circulatory system. Though 
insects do not contain ‘haem’ irons, their iron is readily bioavailable which give them an 
edge over plants as nutrient source. Insects also have higher amount of fiber compared 
(13%-65%, on dry weight basis) to conventional plant and animal sources which make them 
superior to other high protein foods such as poultry and meat.  

 

Figure 2:  No. of edible insect species in different states of India (adapted from Chakravorty, 2014); a) 
Red ant chutney, b) Eri Polu, an Assamese delicacy made with silkworm pupa 
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 The proportion of nutrients in insects greatly varies between insect species and 

different metamorphic stages of same species and it is also influenced by the quality of 
dietary components. Like conventional crop breeding there is always a chance of selection 
of better strains having enhanced nutritional quality and even integrating biotechnological 
approach can result into production of efficient strains. 
Can insects cure diseases? 

Insects are used to cure human and animal diseases since the dawn of civilization. 
We are well versed with the therapeutic properties of honey but very few of us know about 
the numerable compounds produced by a sheer number of insect species possessing 
medicinal properties. About 300 years ago mandibles of termites were used to stitch the 
wounds, maggots and honey were used to heal post-surgical wounds and in conventional 
dressing. Antimicrobial peptides derived from insects are constituting a major area of 
research recently to cure several pathological disorders. Chitin, an abundant cellulose-
protein complex found in insect cuticle was discovered to improve immunity significantly. 
Currently Blister beetles are used to cure cancer and other chronic diseases. These curative 
properties of insects along with high nutritional values can make them subjected to 
extensive research for exploring novel compounds and industrial farming. 
Is insect farming environmentally sustainable? 

One of the main reason for selecting insects as alternate to conventional meat 
source is due to its excellent feed conversion efficiency(fig. 3). Yellow mealworms utilize 
22%-45% of dietary protein, black soldier fly about 45%-35% and Argentine cockroaches 
51%-58% whereas poultry converts only 33% of dietary protein to edible body mass. This 
high protein conversion ratio makes insect farming extremely easy in terms of input when 
compared to poultry, cows and pigs.  Both traditional and modernized agriculture and 
livestock farming are subjected to sustainability debates when it comes to concern about 
our rapidly degrading environment. Water and land usage and emission of CO2 are 3 major 
environmental factors to be considered in this case. Recently 70% of agricultural lands 
worldwide is directly and indirectly occupied by livestock sector. Increasing demand of meat 
in this highly populated planet is leading to increase in amount of livestock which demands 
for more land area often involving deforestation, extensive use of chemicals and massive 
‘water footprints’. Farming insects on the other hand requires very small land area and very 

Common 
name 

Sc. name Order Stage(s) used Protein (% 
of dry 

matter) 

Fat (% of 
dry 

matter) 

Energy 
(Kcal/100g) 

House 
cricket 

Acheta domesticus Orthoptera adults 60-75 7-20 455.19 

Banded 
cricket 

Gryllodes sigillatus Orthoptera adults 60-75 7-20 - 

Migratory 
locust 

Locusta migratoria Orthoptera adults 40-60 10-25 600 

Housefly Musca domestica Diptera larva 55-70 10-25 - 

Black 
soldier fly 

Hermetia illucens Diptera Larva/prepupa 40-60 20-40 400 

Mealworm Tenebrio molitor Coleoptera larva 45-55 25-35 436 

Lesser 
mealworm 

Alphitobius 
diaperinus 

Coleoptera larva 45-60 25-30 - 

Greater 
wax moth 

Galleria mellonella Lepidoptera larva 35-45 40-60 650.13 

Silkworm Bombyx mori Lepidoptera Larva/pupa 50-70 8-10 389.6 

Table 1: A summary of nutritional contents in some of the extensively farmed insects worldwide 
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low amount of feed compared to livestock. Some of the insects like wax moth, mealworms 
can utilize bio-waste as efficient food material.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: 

Populations, especially children in Asia, Latin America and Africa often suffer from severe 
malnutrition (marasmus, kwashiorkor) due to lack of protein and energy in their diet. 
Popularizing entomophagy can surely play an important role in addressing the protein crisis. 
This can be achieved by 1) exploring insect biodiversity for selection of nutritious insects; 2) 
developing suitable techniques for insect farming with least environmental footprint; 3) use 
of conventional and biotechnological approach for selection of better strains which can be 
used as food and feed; 4) promoting entomophagy through exhibition and awareness 
programs. There are good numbers of agricultural pests which are nutritious and edible. 
Exploring these pests for entomophagy can reduce both the pest and pesticide pressure on 
crop plants and subsequently on environment too. Still there is lack of research regarding 
cross toxicity of insect products on human physiology and development of suitable 
marketing chain in commercializing edible insects or their products. Farming insects and 
encouraging entomophagy will not only meet the nutritional demand of growing global 
population but will surely be a way of income generation by tribal insect hunters and it can 
further secure employment in industrial scale.  
 
 

Figure 3:  Comparison between insect farming and conventional livestock farming with respect to a) percentage of 
digestible biomass, b) feed conversion ratio, c) global warming potential, d) energy use, e) land use and e) water 

use (modified from Dossey et. al. 2016) 
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Introduction:  

The semi-arid regions are primarily 
water stressed ecosystems. This region is 
also characterised with diverse 
physiographic, edaphic factors and 
climatological extremes. The natural 
resources are largely managed by 
resource constrained farming 
communities. The regions also inhabited 
large tribal and nomadic populations 
practicing subsistence rain fed farming. 
With rapid increase in human and 
livestock population and the rising 
demand of food, feed, fuel, fodder, fibre, 
timber and the other developmental 
activities, the farmers have been forced to 
exploit forestland and water resources at 
sub-optimal level in complete defiance of 
the inherent potential. This has resulted in 

progressive decrease of forest cover, loss 
of biodiversity, serious soil erosion leading 
to depletion of plant nutrients, gradual 
degradation and decline in land 
productivity and its carrying capacity, 
silting of major river basins causing 
frequent floods in the plains and drying up 
of perennial steams as well as ecological 
imbalances. Gradual degradation of these 
resources is of primary concern and calls 
for location-specific measure to efficiently 
conserve, utilize and manage these 
resources for optimizing production on 
sustained basis without adversely 
affecting its quality. Hence, sustainable 
use and management of soil, water and 
biodiversity are required for protecting 
the land from further degradation. 

 
Status of Semi-arid Regions of India:  

 

(Source: Agro-ecological subregions of India, NBSS&LUP (ICAR), Nagpur) 

Fig.1. Status and Distribution of Semi-arid Region of India 
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The semi-arid zone covers with 
rain fed agriculture with more or less 
sustained levels of production. Sedentary 
livestock production also occurs. Native 
vegetation is represented by a variety of 
species, such as grasses and herbs, forbs 
and sedges, shrubs and trees. Annual 
precipitation varies from 450-800 
millimeters. The semi- arid zone is very 
extensive and comprises 104 districts 
covering 16 in Andra Pradesh 10 in Tamil 
Nadu, 15 in Maharastra, 14 in Madhya 
Pradesh 8 in Uttar Pradesh, 2 in Hariyana, 
2 in Punjab, 15 in Rajastan, 13 in Gujarat, 
10 in Karnataka and entire Dehli region 
(Reddy and Reddy,1981). Extreme range 
variability of rainfall between seasons and 
within a season imposes severe 
restrictions on crop production. Soil does 
have own location specific problems. By 
and large, the setting of dryland farming 
problems viz., i) High intensity and erratic 
rainfall resulting in severe soil erosion, ii) 
High evaporative demand iii) Insignificant 
carryover of residual moisture from 
season to season, iv)  Poor fertility status 
of soil and low rainfall and v) Varied socio-
economic situations of the farmers. 
Importance of resource conservation in 
semi-arid lands 

Resource conservation in semi-arid 
area is highly complex and risk-prone. 
Land cover with vegetation is an effective 
strategy for 
managing/controlling/handling land 
degradation. Vegetative cover reduces the 
impact of raindrops on the soil surface, 
thus decreasing the erosive capacity of 
the rainwater. Several studies have shown 
that maintenance of soil cover favours the 
reduction of soil, water and organic 
matter losses due to erosion. Plantation of 
woody perennials has often been 
advocated for conservation as well as 
production in frequent drought prone 
areas. The effect of perennial vegetation 

in controlling erosion in forest ecosystems 
depends on a number of factors such as 
canopy cover, ground vegetation, floor 
litter and root characteristics. Tree-crop 
combination maintains soil health and 
also keeps food production stable.  

Moisture stress is one of the major 
limiting factors in production of trees in 
dryland farming. The water conservation 
technology in arid and semi-arid regions is 
an old yet an effective way of 
establishment and subsequent growth of 
trees. Rain water harvesting is defined as 
collection of runoff from catchment area. 
There are several methods prevalent 
indifferent parts of the world, which 
basically are based on the principle of a 
donor area and a collector area. In such a 
system a major portion of the land (donor 
area) remains unutilized. The catchment 
to command area ratio is about 3:1 and is 
suitable for rainfall of 300-600 mm/yr. 
Rain water harvesting is technology to 
increase plant survival and establishment 
in drought prone areas. In addition to 
conservation of soil and moisture through 
contour bunding, further saving of 
moisture is possible through mulching. 
Dry leaves, grasses, other organic wastes 
and garbage can are used as a cover 
around the plant. If such materials are not 
available, small stones and pebbles can be 
spread as mulch. Planting of shrubs and 
trees as shelter-belt around the boundary 
of the plantation and on either side of the 
roads within the plantation will help 
reduce the wind velocity as well as 
moisture loss. Erosion control and 
recharge of ground water are additional 
advantages of rain water harvesting 
techniques.  

Soil moisture conservation 
methods like half moon micro-catchment, 
v-shape micro-catchment, earthen basins, 
ring pits, contour trenches, double 
contour trenches, staggered contour 
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trenches are direct method of harvesting 
where water is stored in root zone of each 
plant for its subsequent use. In India, tree 
plantations have been promoted on a 
wide scale in watershed development 
programme including soil and water 
conservation measures such as 
continuous contour trenches, staggered 
contour trenches, earthen check dams, 
peripheral bunds, pitting cum trenches 
etc. The type of soil and water 
conservation measure mainly depend on 
the size and shape of the areas to be 
developed for cropping, its location within 
the watershed of which this area is a part, 
what kind of plantation being taken up 
etc. The ground slope is a key limiting 
factor to water harvesting. Water 
harvesting is not recommended for areas 
where slopes are greater than 5% due to 
uneven distribution of run-off and large 
quantities of earthwork required which is 
not economical. For small farm fields 

areas, in situ conservation practices such 
as formation of basins or micro catchment 
systems along with different mulching 
based conservation practices may suffice.  
Importance of Soil and Water 
Conservation Systems: 

Majority of soil and water 
conservation measures include some type 
water harvesting with in the field which is 
often known as micro catchment water 
harvesting in which surface runoff is 
collected from a small catchment area and 
storing it in the root zone of an adjacent 
infiltration basin. This infiltration basin 
may be planted with a single tree, bush or 
with annual crops. The advantages of MC-
WH systems are: i) Simple design and 
cheap to install, therefore easily replicable 
and adaptable, ii) Higher runoff efficiency 
than medium or large scale water 
harvesting systems; no conveyance losses 
and iii) Erosion control function.  

 

Typical examples of soil and moisture conservation system for horticulture and plantation 
tree crops:  

 

Photo.1 – Moisture conservation with different soil moisture conservation techniques 
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Micro-catchment: 
Micro-catchment is direct method 

of harvesting where water is stored in 
root zone of each plant for its subsequent 
use. Micro catchment systems provide 
many advantages over other irrigation 
schemes. They are simple and inexpensive 
to construct and can be built rapidly using 
local materials and manpower. Pitting 
system consists of small circular pits, with 
about 30-50 cm in diameter and 20-50 cm 
deep, dug to break the crusted soil 
surface, to store water and to build up soil 
fertility. Organic manure and compost are 
usually added into the pit to improve 
fertility. It works by combination of water 
harvesting and conservation of both 
moisture and fertility in the pit.  
 
Earth Basins 

Earth basins are normally small, 
circular, square or diamond shaped micro 
catchments, intended to capture and hold 
all rainwater that falls on the field for 
plant use. They are constructed by making 
low earth ridges on all sides, to keep 
rainfall and runoff in the mini-basin. 
Runoff water is then channelled to the 
lowest point and stored in an infiltration 
pit. The technique is suitable in dry areas, 
where annual rainfall amounts are at least 
150 -200 mm, slops steepness ranges 
from flat to about 5 per cent, and soil that 
is at least 1.5 m deep to ensure enough 
water holding capacity. Earth basins are 
especially for growing fruit crops and the 
seedling is usually planted in or on the 
side of the infiltration pit immediately 
after the beginning of the rains. The size 
of the basin may vary between 1 to 2 m in 
width and up to 30 m in length for large 
external catchments with a deep at about 
0.5 m. 
 
 
 

Earthen Bunds: 
Earthen bunds are various forms 

earth-shapings, which create earthen 
structures for ponding runoff water. The 
most common are within-field runoff 
harvesting systems, and can be easily 
done by manual labour. The normal 
designs for semicircular bunds involve 
making earth bunds in the shape of a 
semi-circle with tip of the bunds in the 
contour. For common fruits, the holes are 
made with a radius of at least 0.6 m and a 
depth of 0.6 m. the sub-soil excavated 
from the pit is used to construct a semi-
circular bund with a radius ranging from 3 
m to 6 m on the lower side of the pit. The 
bund height is normally 0.25- 0.30 m. the 
pits are mixed with mixture of organic 
manure and top soil to provide the 
required fertility and also to help retain 
the moisture.  
 
Staggered Contour Trenches (SCT): 

The SCT made with size of 3 m 
length x 45 cm width x 45 cm depth are 
prescribed at suitable spacing depending 
on the degree of slope, soil type, etc., in 
several kind of degraded lands. Supportive 
staggered trenching is prepared by 
standard trench size (3.0 m  length x 0.5 m 
depth x 0.45 m width ) are practiced in 
ravine to collect more rainwater using 
more depth of trench. Due to, intense 
rains are mostly happened with short 
period of time in ravine region. The 
trenches dug in the field for water 
conservation can be used for planting the 
seedlings and additional pits can be dug, 
wherever necessary. In case of staggered 
trenches, it is preferable to plant seedlings 
at upstream or downstream side of trench 
(Photo-1). Thus the water collected will be 
available to plants. Avoid planting 
seedlings in the middle of the trench as 
this may cause water logging. Additional 
pits can be dug in the interspaced 
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between the contour bunds to increase 
the tree density in the plantations.  
 
Conclusion   

The best scientific land use for 
resource poor semi-arid degraded lands is 
to be put them under perennial vegetative 
cover with multipurpose plants including 
fruit and forest trees along with forage 
grasses and energy yielding fuelwood 
shrubs species. Farm income stabilization, 
nutritional security and employment 
generation are possible by harmonizing 
fruit plants with arable crops. Horticulture 
in drylands has wide scope, provided 
selection of right fruit plants and elite 
planting material having short gestation 
period. Agri-horticulture system is highly 
suitable for semi arid drylands, both for 
arable and non-arable lands. Suitable soil 
working techniques, choice of  tree 
species along with moisture conservation 
are major criteria for getting success in 
any kind horticulture and forest plantation 
development, silvipastoral /hortipastoral 
system (comprising of fruits/ forest trees 
and fodder grasses) under degraded land 
development programmes. In order to 

sustain high profitability from agri-
horticulture infrastructure facilities such 
as, cold storage, processing and marketing 
network need strengthening 
simultaneously. Capacity building and 
adequate infrastructure for technology 
flow to grass root level, and related 
facilities needs to be created and nurtured 
for successful implementation of fruit 
cultivation and other agroforestry systems 
on watershed mode. Hence, through an 
effective organized massive cultivation of 
fruit species and integrated watershed 
management programme with community 
participation could helpful to increase the 
green cover and establish industries that 
provide optimum livelihood development 
to the local community of these region in 
sustainable way. We sincerely hope that, 
these farmer friendly technologies would 
immensely helpful to the farmers and 
many user agencies. Therefore, use of 
multipurpose fruit and forest trees species 
is well suited to semi-arid region due to 
meet the twin concerns of livelihood 
enhancement and environmental 
protection - the key components for 
developing these resource poor lands.  
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INTRODUCTION 
Marigold (Tagetes spp.) is one of the commercial loose flowers cultivated in India 
throughout the year for its attractive flowers of various colors. Plant belongs to family 
asteraceae having Mexico as its main center of diversity. Out of 33 species in genus Tagetes, 
the most commonly cultivated species are Tagetes erecta (African marigold) and Tagetes 
patula (French marigold). Marigold is commercially cultivated in different parts of India, 
especially in the plains. In India, it is cultivated over an area of 64.65 thousand hectares with 
616.87 thousand metric tonnes of production and ranks first among loose flowers in India 
(Horticulture statistics at a glance, 2016).  
Marigold flowers are extensively used in making garlands for religious festivals and flower 
decoration, extraction of xanthophylls (mainly Lutein), landscaping purposes (edges, 
rockery, herbaceous borders, bedding purpose). Plants attract insect pests, hence it is used 
as trap crop in vegetables and cereal crops. It has been used as a trap crop against 
nematodes due to its nematicidal property. Marigold is gaining momentum at this period of 
time for its ability to grow in all kinds of climatic conditions, short duration and easy crop 
production, wide variations in color, shape and a long shelf life. Marigold popularly called as 
“Yellow Gold” is considered a very important flower from days immemorial. 
Raising healthy, disease free seedlings is essential to obtain quality and high yield of flowers. 
Marigold being a transplantable crop is highly suitable for plug plant production. Production 
of marigold seedlings through plug trays is explained below in detail to familiarize farmers 
with marigold varieties and good nursery management techniques 
VARIETIES  
Breeders have worked extensively to develop cultivars in a wide range of colors, plant sizes 
and flower forms. In India, several varieties have been developed from different research 
institute/ universities in African (Tagetes erecta) and French (Tagetes patula) group which 
are mentioned below table.  

Table 1. Important cultivated varieties and their characteristics 

Sl.No Types Variety Flower color  Institutes 

1 African 
marigold  

Pusa Narangi Gainda Dark Orange IARI, New Delhi 

Pusa Basanti Gainda Sulfur Yellow IARI, New Delhi 

Arka Bangara-2 Yellow IIHR, Bengaluru 

Arka Agni Orange IIHR, Bengaluru 

Bidhan Marigold 1 Yellow BCKV, Kalyani 

Bidhan Marigold 2 Orange BCKV, Kalyani 

2 French 
marigold  

Pusa Arpita Light Orange IARI, New Delhi 

Pusa Deep Dark Red  IARI, New Delhi 

Hisar Beauty Red HAU, Hisar 

Hisar Jaffri  Orange HAU, Hisar 
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SOIL AND CLIMATE 

Marigold can be grown successfully in a variety of soils due to wide adaptability. However, it 
requires a deep, fertile, friable soil having good water holding capacity. It should be well 
drained having neutral pH (pH 7.0 – 7.5) in reaction. An ideal soil for marigold cultivation is 
fertile and sandy loam. Saline and alkaline soils are not suitable for marigold cultivation 
Marigold requires mild climate for luxuriant growth and flowering. Mild climate during 
growing period (14.5° - 28.6°C) greatly improves flowering while higher temperature (26.2° - 
36.4°C) adversely affects flower production. Severe frost during winter may kill the plants 
and they become blackened. Marigold can be grown three times in a year – rainy, winter 
and summer seasons. Planting of African marigold after 1st week of February and before 1st 
week of July greatly affects the quality and yield of flowers. So staggered planting between 
1st week of July to 1st week of February at monthly intervals assures supply of flowers to 
market over an extended period from October to April, however maximum flower yield can 
be obtained from September planted crop. The season of sowing and transplanting of 
seedlings for obtaining flower at different periods of the year are given below: 

Table 2. Seasons of seed sowing, transplanting and flowering periods of marigold (NHB, 

2009) 

Planting Season Transplanting Flowering Remarks 

Summer Season 
(February) 

March April-July Size of flowers smaller due to high 
temperature. Good returns obtained 
due to higher market rates 

Rainy Season 
(May) 

June July-
October 

Crop fetches good price due to higher 
market demands. 

Winter Season 
(August) 

September November- 
January 

Profuse blooming, best quality of 
flowers. Higher yield per unit area but 
low market rates. 

Spring Season 
(November) 

December Feb-April Higher yield per unit area but 
moderate market rates. 

 

PLUG PLANT PRODUCTION 

Material required 

Growing flower seedlings in plug trays can 
bring higher profit for both farmers and 
nursery men. There is a high demand for 
seedlings grown on plug trays from 
growers as they can offer premium price 
for high quality seedlings. Therefore, 
careful planning is necessary to produce 
transplantable marigold seedlings. 
Farmers and nursery men are always 
being advised to purchase healthy, 
recently produced seeds of local varieties 
from authenticated sources. Seedlings 

grown in plugs trays are highly preferred 
over those grown in nursery beds. 
Seedlings can be grown in less seeds with 
less time to transplant. There is a higher 
survival rate of seedlings with minimum or 
no root loss during transplanting. Plugs 
obtained are highly uniform with low 
incidence of pests and diseases. Different 
kinds of trays containing various numbers 
of plugs per tray are available in the 
market. In most cases, 72-288 plugs/tray 
are used for ornamental crops. Plug trays 
are required to be kept inside protected 
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structures like simple shelters to 
sophisticated greenhouses after seeding 
to get good-quality transplants. All the 
structures should protect seedlings from 
heavy rainfall, low or high temperatures, 
intense sunlight, high relative humidity, 
and exposure to pests and diseases. 
Simple net houses or net tunnels covered 
with 50-60 mesh nylon netting are highly 
recommended to prevent insect pests. 
 

Growing medium  
The growing medium should be light, well 
drained having good aeration and water 
holding capacity. Soilless medium having 
mixture of cocopeat, vermiculite and 
perlite (3:1:1 ratio) is most commonly 
used. It is having neutral pH with an EC 
less than 1.0 mmhos/cm. A media pH 
lower than 5.8 may cause iron and 
manganese toxicity. Symptoms of toxicity 
appear as speckling, necrotic margins, 
necrotic spots on the older leaves, and, in 
extreme cases, death of the growing tip. 
Toxicity symptoms may also appear with 
the excess application of micronutrients. 
 

Sowing seeds and care of seedlings 

Seeds of wide range of varieties are 
available in market of above mentioned 
types. Local varieties are selected 
according to the market demand. 
Marigold is propagated by seeds as it 
germinates easily and produces vigorous 
plants. 1.5 to 2 Kg seeds are needed to 
raise seedlings for one hectare area. Extra 
seeds may be sown to compensate 
damage during transplanting to the main 
field. The marigold seeds count about 
300-350/gram. The seeds remain viable 
for about 1-2 years. The germination of 
fresh seeds is about 90-95%. Manual 
sowing is done in plug trays containing a 
moist, well-drained, sterile medium such 
as cocopeat, vermiculite and perlite. 

Germinating media have neutral pH with 
an electrical conductivity less than 1 
mmhos/cm. Before sowing the seeds, 
thoroughly moisten the medium with 
water. Light is not required for marigold 
seed germination; therefore, sow seeds 
directly on the medium surface, and cover 
the seeds with a thin layer of coarse-grade 
vermiculite/cocopeat. Vermiculite helps 
maintain adequate moisture around the 
seed. Seeds of the African and French 
types germinate in 3 to 5 days at 23° to 
26°C medium temperature. Seeds of the 
triploid type may require extra days to 
germinate. Bottom heat greatly enhances 
seed germination and early growth, 
especially on crops early in the spring 
season. Keep the germinating medium 
moist, but not saturated. Watering should 
be done lightly over the seedlings with 
watering can. Begin fertilizing seedlings 
once or twice per week at 50 to 75 ppm 
nitrogen, using a 15-0-15 fertilizer or 
calcium nitrate and potassium nitrate 
when cotyledons (seed leaves) unfold. 
This quantity can be increased to 100 to 
150 ppm nitrogen after development of 
true leaves. 

Transplanting 
Marigold seedlings are quickly establish in 
the main field after transplanting with 
minimum or zero mortality. We have to 
examine marigold seedlings carefully if 
marigold plugs are purchased from a 
nursery. The plants must have reached an 

appropriate size (7-10 cm) for 
transplanting. Overgrown seedlings are 
difficult to grow into high-quality plants 
and seedlings that are too small are 
difficult to transplant and slow to 
establish. Remove few seedlings from the 
plug trays and observe the root system. 
Marigold roots should be large, white, and 
fuzzy, covering about two-thirds of the 
outer surface of the medium. Look for 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

165 

 

signs of overwatering and root diseases 
showing visible brown or black 
discoloration. Inspect the foliage for 
diseases, insects, or nutrient disorders. 
Immediate transplanting of the seedlings 
is advised once they have reached 
appropriate growth. Generally, marigold 
seedlings are ready to transplant from 
plugs when three to four mature leaves 
are present and attained a height of 7-8 
cm. It is important to transplant when 
seedlings just begin to crowd. Holding 

plugs in the greenhouse for too long 
results in stunting and premature 
flowering. Plant seedlings in a well 
prepared land in evening hours especially 
during rainy and summer season to avoid 
exposure to transplanting shock and harsh 
weather. Proper spacing between plants is 
required for better plant development 

and higher flower yield. Generally 
recommended spacing for African 
marigold is 40 X 30 cm or 60 X30 cm 
while, for French marigold 20 X 20 cm or 
20 X 15 cm has been advised. During 
transplanting, soil should be pressed 
firmly around the root zone to the depth 
of the root ball and ensure no air spaces 
left. Light irrigation is highly essential 
immediately after transplanting.  

Plant Protection 

Seedlings infested by sucking pests like 
red spider mites, aphids, thrips, and leaf 
miners can be managed by prophylactic 
spray of pesticides like dimethoate or 
monocrotophos at 0.5ml per litre.  A 
protective foliar spray of fungicides like 
Carbendazim or Hexaconazole at 0.5g per 
litre can be taken for Alternaria leaf spot 
especially on the African type. 
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An adorable abode supporting 
diversity in billions, cuddling on lap of 
equator is the huge Rainforest in the 
tropical basin of the Amazon River, 
representing over half of the planet’s 
remaining rainforest and sharing its 
territory with 9 nations, majority being in 
Brazil. Sunrays tiptoe through its dense 
canopy to kiss the mother earth. A huge 
happy family with a scoop of fantasy 
amongst every creature in individual 
scintillates this wet tropical rainforest. 
Being the most species-rich biome and 
having unparalleled biodiversity, near 
about 2.5 millions of insect species, 
10,000 of tree species, 2000-3000 animals 
and birds and several parasites and 
disease vectors and containing 10% of all 
biomass on Earth. Respiring for entire 
living being in legacy, purifying the air we 
breathe, keeping the land warm with 
frequent and adequate rain fall and 
grinning wide with green coverage, 
solacing entire nature as the Lungs of the 
Earth. Standing through every odds and 
evens has restored its vitality and 
responsive interaction till date. Greed of 
human is better known, couldn’t spare a 
little dodo and a huge mammoth then, 
and now having greedy eyes on Amazon 
rainforest. 

 
For centuries together near about 

400 tribes ruled and cared for these 
rainforest in Brazilian and Peruvian belt. 
Then mutually beneficial were those 
having advanced brain and speechless 
creatures dwelling together. But 

developed brain and greedy desires of 
man wanted more. Hence, required more 
space for farming, fine logs for furniture, 
delicate parts of animal body for interior 
decoration and lastly space for itself to 
live in leading to its ultimate destruction 
by smashing out over 2,89,000 sq miles of 
Amazonian rainforest. 

 
More than 56% of the dust 

fertilizing the Amazon rainforest comes 
from the Bodele Depression in Northern 
Chad in the Sahara desert which is 
phosphorus laden important for plant 
growth. Highly fertile soil with suitable 
climate helps in increasing the plant 
population. That has intensified 
agricultural activities. Illegal deforestation 
was at heights during 2015 for the first 
time, owing to increased demand of 
consumers for products like palm oil and 
soybean. Report says 2003 to be the peak 
year of deforestation when more than 20 
percent of the Mato Grosso state's forests 
were converted to cropland for soy 
cultivation. During 1960s Jhum cultivation 
along with other traditional crop 
production practices of agriculture were 
adopted by local villagers and tribes 
destroying a massive forest area.  With 
growing tourist and communication Trans-
Amazonian Highway was constructed 
deep into the forest during 1972 
disturbing its normal life. Amazonian belt 
was ruled by cattle raising because 
ranching required little labor, generated 
decent profits, and land under state 
ownership to private companies, without 

https://en.wikipedia.org/wiki/Palm_oil
https://en.wikipedia.org/wiki/Mato_Grosso
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term limits on the property rights. 
According to a Greenpeace report (2009), 
the cattle sector in the Amazon, 
supported by the 
international beef and leather trades, was 
responsible for about 80% of all 
deforestation in the region, or about 14% 
of the world's total annual deforestation, 
making it the largest single cause of 
deforestation in the world. Production 
and export of biodiesel, oil spill and gas 
production has ultimately disturbed the 
Amazonian ecosystem. After 
industrialization exploitation of a small 
piece of land has increased on its own 
interest. Rigorous mining and logging has 
enhanced to satisfy the need of raw 
materials in secondary sectors. Clearing 
several lands for infrastructural projects 

has become a common practice. Note in 
billions has urged human needs to an 
unquenched thirst to wring out the 
nature. 

 
We have only a planet to share, so 

we must ensure its health and 
sustainability. Teasing the lungs can be a 
severe health issue in future. Trends 
reversed with increased awareness and 
legal laws, actions, projects and programs 
to procure and retain the vitality of the 
Amazon river and rainforest for future 
generations to come. Concerned with the 
theme of International Forest day, 21st 
March 2019, i.e. “Forest and Education” 
the significance of a pair of lungs for a 
human body dignifies the gravity of 
rainforest for planet Earth. 
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Colour and appearance attract the consumer to a product and can help in impulse 
purchases. At the point of purchase the consumer uses appearance factors to provide an 
indication of freshness and flavour quality. External appearance of a whole fruit is used as 
an indicator of ripeness, although it can be a misleading one (Shewfelt, 2000). Consumers 
have a preferred colour for a specific item (Crisosto et al., 2003). Bananas are supposed to 
be yellow with no brown spots, tomatoes red not orange, cherries red not yellow, and 
kiwifruit green-fleshed not yellow. With the exception of the outside of a few fruits like Bosc 
pears and kiwifruit, fresh fruits and vegetables should not be brown. Gloss on the outside of 
whole fruits tends to be a desirable attribute for whole fruits. Fresh-cut fruits and 
vegetables must appear to be fresh, generally indicated by the brightness of colour and the 
absence of visual defects or drip. Sheen on the outside of most cut fruits is preferred to a 
dried appearance. Colour and appearance of the package can also influence the purchase 
decision.  
Just as an attractive product can stimulate impulse purchases, an unattractive appearance 
can repel a consumer away from an intended purchase. Colours that are not appropriate for 
the item, indicative of loss of freshness or suggestive of a lack of ripeness, can turn away 
willing consumers. 
Pigments and enzymatic reaction responsible for colour development: 
Colour is derived from the natural pigments in fruits and vegetables, many of which change 
as the plant proceeds through maturation and ripening. The primary pigments imparting 
colour quality are the fat soluble chlorophylls (green) and carotenoids (yellow, orange, and 
red) and the water soluble anthocyanins (red, blue), flavonoids (yellow), and betalains (red). 
In addition, enzymatic and non-enzymatic browning reactions may result in the formation of 
water soluble brown, gray, and black coloured pigments. The enzymes involved in browning 
reactions include polyphenol oxidase, which catalyzes the oxidation of polyphenolic 
compounds, and phenylalanine ammonia lyase, which catalyzes the synthesis of precursors 
to phenolic substrates. 
 
 
Color Pigment stability (Clydesdale and Francis, 1976):  

 The chlorophylls are sensitive to heat and acid, but stable to alkali whereas their 
counterpart carotenoids are sensitive to light and oxidation but relatively stable to 
heat.  

 Carotenoids may be bleached by an enzyme called lipoxygenase, which catalyzes the 
oxidation of lipid compounds.  

 Anthocyanins are sensitive to both pH and heat, while the flavonoids are sensitive to 
oxidation but relatively stable to heat.  

 Betalains are heat sensitive as well.  

We perceive colour when light reflected off the fruit or vegetable’s surface falls upon the 
eye’s retina; there is no colour without light. There are three components necessary to the 
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perception of colour— 1) a source of light, 2) an object that modifies light by reflection or 
transmission and 3) the eye/brain combination of an observer (Leggett, 2004). 
 
Evaluating colour can be subjective or objective: 
1. Subjective: The human eye is used to evaluate color. 
Advantages: 

 Faster and easier than objective measures. 
 Requires no specialized equipment. 
 Color charts or guides can be used as references for matching and describing colors 

as in bananas, nectarines and tomatoes. 

Disadvantages: 
 Results can vary considerably due to human differences in color perception and 

human error. 
 Available light quantity and quality can influence color perception. 

2. Objective: An instrument is used to provide a specific color value based on the amount of 
light reflected off the commodity surface or the light transmitted through the commodity. 
 
Advantages: 

 Less variability in color measurement. 
 Can measure small differences in color accurately. 
 Can be automated on the packingline. 
 Portable hand-held units are available. 

Disadvantages: 
 Requires specialized equipment at a significant cost. 
 May be slower than subjective evaluation. 

Comparative study of subjective and objective colour evaluation: 
Subjective scoring of colour may be more practical and faster and values can be referenced 
to objective colour values and to pigment concentrations. For small leafy tissues, for 
example, samples representative of a 5 point colour scale are evaluated for objective color 
values and chlorophyll and carotenoid concentrations. Routine evaluations are done by 
subjective scoring, but referencing to objective measurements adds valuable information to 
the scores. 
Determination of commodity colour can be accomplished subjectively through the use of 
comparative colour charts or objectively with a Minolta Colorimeter.  
Colour charts can be very effective and useful if the colours truly match the colour change in 
the commodity of interest. 
The Minolta Colorimeter can detect small differences in colour and provides separate 
values for lightness to darkness, green to red and blue to yellow scales. 
Colour Notation: 

 Hue: Red, yellow, green, blue, purple or intermediate colours between adjacent 
pairs of these basic colours, e.g. RY, YG, GB, BP. 

 Value of lightness: The degree to which an object is judged to reflect more or less 
light than another object. 
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 Chroma or saturation: The degree of departure from the gray of the same lightness. 
 

 

Figure 1 Canning peach colour discs for Dixon cultivar (left) and other cultivars (right) 

 

Colour perception way through human eyes VS Instrumental perception: 
 

Figure 2 Measuring external 

colour of apples using a 

Minolta colorimeter 
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At the back of the retina of the human eye, there are two kinds of receptors—rods, which 
are light sensitive at low light levels, and cones, which function at higher light levels 
(Leggett, 2004). Cones may be further divided into receptors sensitive to red (long 
wavelength), green (medium wavelength), and blue (short wavelength) light. The 
integrated, trichromatic response of the red, green, and blue-sensitive cones stimulates how 
we perceive color. Each pigment in fruits and vegetables corresponds to a primary hue—
red, blue, and green (Gross, 1987).  

Tristimulus colorimeters simulate the human eye by replacing the receptors with 
filters—one for each primary hue. Color may be further characterized by determining 
lightness or degree to which an object reflects light, and chroma or saturation, which is the 
intensity of color or difference from gray of the same lightness. The Commission 
Internationale de l’Eclairage (CIE) or International Commission on Illumination is the 
international body that governs the measurement of color. Publications from this body may 
be found on-line at www.cie.co.at. Color space may be divided into a three-dimensional (L, 
a and b) rectangular area such that L (lightness) axis goes vertically from 0 (perfect black) to 
100 (perfect white) in reflectance or perfect clear in transmission (HunterLab, 1996; Leggett, 
2004). The a axis (red to green) considers the positive values as red and negative values as 
green; 0 is neutral. The b axis (blue to yellow) expresses positive values as yellow and 
negative values as blue; 0 is neutral. Fruits and vegetables are often described in terms of 
their L, a, and b values. For fruits, the a/b ratio is quite useful, as the ratio is negative for 
green fruits, approximately 0 for yellow fruits, and positive for orange to red fruits (Gross, 
1987). 
 

 

 

Figure 3 Diagram depicting 

three dimensional L, a and b 

colour space. 
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Spectrophotometric colour evaluation: 

Spectrophotometers provide wavelength-by-wavelength spectral analysis of the 
reflecting and/or transmitting properties of objects, and are more commonly used in 
research and development laboratories (HunterLab, 1995). 
Fruit and vegetable pigments may also be analyzed quantitatively by extraction with specific 
solvents, filtration, and the use of various methods based on spectrophotometry. Prior to 
extraction it is necessary to homogenize, grind, or cut up the fruit and vegetable material in 
order to improve the degree of extraction. Separation using reversed phase high 
performance liquid chromatography (HPLC) may be useful prior to measurement of 
absorption of light in the uv/visible wavelength spectrum.  

Water-miscible solvents such as acetone, methanol, or ethanol are used to extract 
chlorophyll and other carotenoids from the cellular matrix. Anthocyanins are sensitive to 
light and heat, therefore the extraction of the pigments is done with methanol acidified with 
1% HCL (Gross, 1987). Chlorophyll absorption is typically measured in the region between 
600 and 700 nm, and it is possible to mathematically separate the contribution of 
chlorophyll a(E = 663 nm) and chlorophyll b(E = 645 nm) (Gross, 1987). Quantitative 
determination of carotenoids and anthocyanins is spectrophotometric and extinction 
coefficients for most major pigments have been tabulated. Measurement of lycopene in a 
hexane medium following extraction using hexane: ethanol: acetone solvents has recently 
been optimized for routine analysis (Anthon and Barrett, 2005). In red tomatoes, trans-
lycopene absorbs at 503 nm and there is little interference (less than 5% error determined 
by excluding) from cis-lycopene or other carotenoids such as ß-carotene. 
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“BAU KOOL” A Potential Ber Variety of West Bengal 
Article id: 11105 

T. Adhikary 

1Dept. of Fruits and Orchard Management, Bidhan Chandra Krishi Viswavidyalaya 
 

Ber or Indian jujube (Ziziphus mauritiana 
Lamk.) is the hardiest fruit tree cultivated 
all over India. Ber oftently called as the 
poor man’s fruit. Ber is high tolerance to 
both water-logging and drought. This 
fruits can be consumed as raw or pickled 
or used in beverages. This fruits comes in 
the market of West Bengal when no other 
fruits exist in that juncture. Important 
cultivars of ber cultivated in India are 
Umran, Banarasi, Gola, Illaichi, Punjab 
Chuhhara, Seb, Kadak, Kaithli, Katha phal, 
Dandan, Gular Bashi, Kheera, Nazuk and 
Sanur. The cultivation of ‘Narikeli’ ber is 
confined to few districts mainly in South 
24 Parganas in small areas.  Favourable 
climatic condition prevails in West Bengal, 
though cultivation of ber has not been 
popularized yet. The area of ber in this 
state is decreasing day by day due to poor 
productivity of this variety. Again the 
markets are flooded with ber fruits from 

other states much earlier than the local 
variety. 
 
What is “BAU Kool”? 
Two ber varieties (BAU-1, BAU-2 etc.) 
recently introduced from Bangladesh 
(originated in Thailand) to Southern 
district of West Bengal, this crop is gaining 
popularity to the progressive farmers for 
the last few years due to:- 

 Higher plant population per unit 
area 

 Bearing after 6-8 months of 
planting  

 More or less spiny 

 High yield and high profit.  

 Available early in the market  

 Good quality 

 Competing well with the varieties  

 Getting good market price 

 

Physico-chemical characters of “BAU-1 kool” 

1. Growth habit Semi spreading 

2. Leaf length 5.2 cm 

3. Leaf width 4.5 cm 

4. Leaf area 49.7 cm2 

5. Flowering Last week of August 

6. Fruit Shape Round 

7. Fruit length 4.8 cm 

8. Fruit Diameter 4.3 cm 

9. Flesh thickness 1.6 cm 

10. Fruit colour Greenish yellow 

11. Fruit Set 26.5 % 

12. Fruit retention  22.4% 

13. Full bloom to  maturity  111 days 

14. Fruit maturity Mid to end of December (Early) 

15. Fruit weight 45-50 g 



AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

   

174 

 

16. Pulp to stone ratio 12.6 

17. Yield 50-60 kg 

18. TSS 15.8°brix 

19. Total sugar 8.8% 

20. Reducing sugar 5. 6 % 

21. Non reducing sugar 3.1 % 

22. Titrable acidity 0.2% 

23. TSS/Acid ratio 87.8 

24. Ascorbic acid 61.2 mg/100g  

 

Farmers are often confused between BAU Kool and Apple Kool. There is a Significant 
Difference between BAU and Apple Kool.Those are as followes: 
 

CHARACTERS “BAU KOOL” 

 

“APPLE KOOL” 

 
Shape Round Apple shaped 

Colour Green Red 

TSS Less High 

Wt. 45-50g 10-15g 

  

Agro techniques required for improvement work 

A need of area expansion with suitable 
agro techniques for growing the exotic 
varieties in different lateritic zones of 
West Bengal including the areas where 
dry weather prevails. But the suitable 
exotic variety along with plant spacing, 
nutrition and plant population per unit 
area has not been standardized yet under 
different agro climatic condition of West 
Bengal.  
Considering these, the present objectives 
of income generation of farmers should 
be through area expansion of exotic ber 
fruit crop, value addition, extra income 

through intercropping and agro-economic 
analysis of production and marketing. 
 
Present status of “Bau Kool” In West 
Bengal 
BAU-1, BAU-2 etc. growing profitably in 
West Bengal (introduced from Bangladesh 
and originated in Thailand)  in some 
pockets of southern districts with good 
consumers preference. Few farmers have 
replaced the area of guava by these highly 
remunerative ber varieties. 

The cultivation of newly 
introduced ber varieties, tried by few 
farmers, has already been successful in 
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southern districts of West Bengal 
particularly in few pockets of North 24 
Parganas and Nadia. The performance of 
these varieties, particularly in respect of 
yield, is much higher than the existing 
indigenous varieties. These exotic ber 
varieties (BAU-1, BAU -2), are planted with 
much closer spacing of 8-10 ft. X 8-10 ft. 
as compared to 15-18 ft x 15-18 ft. in 
existing varieties. Maintenance is easy due 

to dwarf stature. Plant bears after 6-8 
months of planting with average fruit 
weight of 60-100g. Fruits mature during 
December to January quite early than any 
other ber varieties thus fetching good 
market price. Higher fruit yield of 50-60 
kg/plant from 3rd year of plant age. Cost 
of cultivation and gross return per ha. are 
Rs. 1,04,142.86 and Rs. 8,75,312.64 
respectively. 

 

Conclusion 

By introduction of such new productive exotic varieties will ensure: 
[1]. Higher Production 
[2]. Higher Income 
[3]. Ensure nutritional security 
[4]. Employment generation 
[5]. Socio economic upliftment of rural people 
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Rehabilitation prospects and opportunities for coal mine affected areas of eastern india 
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and B. P. Bhatt2 
1 ICAR Research Complex for Eastern Region, Research Centre, Ranchi, Jharkhand 

2 ICAR Research Complex for Eastern Region, Patna, Bihar. 
 

Abstract 
The coal mined areas require immediate 
attention for its rehabilitation, if the 
present situation is allowed to continue, it 
will degrade air quality, water quality and 
land productivity. Thus this will not only 
cause inconvenience to the people but 
also affect the health and environmental 
conditions. Hence, to create better 
condition and environment, one has to 
consider the various means and ways of 
rehabilitation, followed by area specific 
technological interventions. One of the 
interventions may be the plantations (e.g. 
afforestation/ reforestation/ agroforestry 
models). It is evident from earlier studies 
that, the performances of leguminous 
species like Acacia catechu, Albizia 
lebbeck, Dalbergia sissoo and Pongamia 
pinnata planted on mined areas are better 
than many others species. Even, bamboos 
like Dendrocalamus strictus, Bambusa sp., 
etc. are also found to grow well under 
such extreme mined situation. Hence, 
research efforts need to be strengthened 
further for identification of species with 
short gestation period suitable for coal 
mined areas and making available the 
quality planting material by establishing 
nursery.  
 
Introduction 
India has abundant domestic reserves of 
coal. Most of these are in the states of 
eastern India viz., Jharkhand, Odisha, 
West Bengal, Bihar and Chhattisgarh. Coal 
mining is the major mining activity 
performed in the India. Presently, there 
are 581 coal mines in India (CSE, 2012) of 

which 177 coal mines are now in 
operation in Jharkhand (38 %). Jharkhand 
is the largest coal producing state in the 
country followed by Orissa (13.4 %), 
Chhattisgarh and West Bengal. In India 
coal contributes to about 55% of the 
commercial energy consumption as 
compared to 27% of world average where 
60% of electricity generation capacities 
are coal based (IEA, 2015).  
 There are two types of methods 
applied for mining such as opencast 
mining and underground mining. Both 
produce huge amount of wastes, 
especially the opencast mining. 
Approximately 70% of the mining is 
expected to be done by open cast method 
(Sinha, 2013). It involves displacement of 
large amount of overburden to excavate 
the valuable mineral. In due course, the 
soils are affected by various activities such 
as blasting, drilling and quantity of 
explosives used and thus the soil, an 
important resource for land management 
is lost and it degrades the quality of 
agricultural land.  
 
Consequences of coal mining activities 
 The most serious impact of mining 
is the land degradation. Besides, serious 
impacts of coal mining are impact on top 
fertile soil, microbial population, heavy 
metal toxicity, ecology and vegetation, 
habitat destruction and degradation of 
ecosystem as a whole. The mine spoils or 
overburdens created during opencast 
mining are devoid of nutrients and have 
low water holding capacity. These are 
chemically, physically and biologically 
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unstable (Chaubey et al., 2012). Coal 
mining activities are leading to loss of 
forest biodiversity and rich top soil (Sinha, 
2013). The soil quality in those subsided 
areas had relatively low pH, low moisture 
content and high conductivity (Rai et al., 
2010). Das et al. (1992) in his preliminary 
report on coal overburdens in eastern 
India reported that pollution problems 
and soil erosion occurs due to mining 
activities, and hence destruction of soil 
properties too exist (Doubleday, 1974 and 
Sadhu et al., 2010).  Sharma and Agarwal 
(2005) studied on biological effects of 
heavy metals and found that plants 
physiological activities got affected due to 
presence of heavy metals.  
 Opencast mining is more severe to 
air pollution problem than underground 
mining. The high levels of suspended 
particulate matters increase the 

respiratory diseases like chronic bronchitis 
and asthma, while gaseous emissions 
contribute towards global warming 
besides causing health hazards to the 
exposed population. The sulphur dioxide, 
dust particulates, ozone, etc. caused by 
coal mining operation reduces the life 
expectancy (Garada, 2015). 
 Mining and its associated activities 
not only uses a lot of water but also 
affects the hydrological regime of the coal 
mine areas and often affects the water 
quality. Large and deep opencast mines 
usually have great impact on the 
hydrologic regime especially on the 
ground water regime of those areas 
(Tiwary, 2001). Therefore, there is utmost 
need to rehabilitate those coal mine 
affected areas to reduce it’s adverse 
affect on surrounding environment. 

 

Rehabilitation prospects and opportunities 

It is seen that, many such coal mine 
affected areas got rehabilitated by the 
forest department, mainly focussing only 
on the rehabilitation and reclamation 
activities. But due to lack of scientific 
findings, forest officials are unable to 
rehabilitate those areas properly. 
Moreover, they are also not giving any 
emphasis on the needs of the local 
people. 
 Since past few decades, the coal 
mining and its affected areas 
rehabilitation programme was highlighting 
at every desks of concern. Even then no 
such scientifically and technically sound 
plantation systems or technology had 
been developed so far for livelihood 
security of native communities who live in 
and around those coal mine affected 
areas. But there are very little studies 
available, related to soil properties and 
particular plant growth parameters 

conducted by many workers. The available 
information is hardly being used for 
rehabilitation of such degraded land. 
Quite often, it is observed that, in most of 
the overburden dump areas, forest 
department generally do planting the 
hardy species like Acacia spp., Cassia 
siamea, etc. and broadcast the seeds of 
many other plant species including grasses 
primarily to stabilise the dump areas and 
to control soil erosion. They also have 
been engaged for plantation on roadsides 
besides plantation on the overburden 
dumps and other empty lands. Deo (2005) 
studied on vegetation and flora of an 
open cast mined area in South Bolanda, 
Talcher, Odisha and reported that in mine 
waste, most of the plants grow well but 
some species show abnormal growth 
because of nutrient deficiency and 
presence of heavy metals. Singh (2015) 
reported that growth performance of 
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selected leguminous species viz., Acacia 
catechu, Albizia lebbeck, Dalbergia sissoo 
and Pongamia pinnata was found better 
than non leguminous species except few 
like Gmelina arborea and Azadirachta 
indica. Many workers reported that 
bamboos like Dendrocalamus strictus, 
Bambusa sp., etc. can also be grown 
under such condition. In many of the coal 
mine affected areas, afforestation with 
bamboos was reported successful (WCL, 
2013). Mishra et al. (2007) reported that 
aquatic plants like Eichhornia crassipes, 
Lemna minor and Spirodela polyrhhiza can 
be used or planted for the removal of 
heavy metals from the coal mining 
effluent.  
 Hence, based on earlier studies, 
one can select the indigenous species to 
be grown at properly spaced and start 
developing various agroforestry models 
(like agrosilvopastoral, silvopastoral and 

agri-horti-silvi-pastoral systems) or multi-
tier system approach for rehabilitating 
coal mine affected areas. Above all, 
species belongs to leguminosae family 
should be given the first priority followed 
by species specific characters like fast 
growing, low gestation period, deep tab 
root system, hardiness and locally 
valuable. Sarkar et al. (2017a, b & c) and 
Das et al. (2019) reported that, Dalbergia 
sissoo, Melia azedarach, Gmelina arborea, 
Pongamia pinnata  and bamboos (Sarkar 
et al., 2019) etc. are some of the 
important fast growing MPTs of this 
region, which might have the potential for 
being selected and evaluated during 
rehabilitation of such mined out areas. 
Hence, such type of fast growing potential 
species must be screened and selected for 
development of technology or any 
successful models or systems. 

Overburden dump area Rehabilitation programme initiated by 

Forest Department 

 

Conclusion 

It is evident from earlier studies that, the performances of leguminous species when grown 
for rehabilitation of coal mine affected areas are better than many other species. Hence, 
various plantation activities are to be carried out following the improved technology like 
agroforestry models. Further, the research efforts need to be strengthened for screening 
and identification of species with short gestation period suitable for coal mined areas and 
making available the quality planting material by establishing nursery.  
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Introduction 
Stress…. 
Significant deviation from optimal conditions for life that adversely affect growth, 
development and productivity. 
What stress will do…..?  

 Abiotic stress is the major limitation to crop production worldwide. 
  Depending on crop Biotic and Abiotic stresses reduce average productivity by 65% 

to 87%. 
  For instance, Bray et al. (2000) estimates that 51–82% of the potential yield of 

annual crops is lost due to abiotic stress.  
Abiotic stress is any adverse factor acting on physiological processes/ biochemical activity of 
the plants is called as abiotic stress.  

 

 

Abiotic stress due to climate change in horticulture 
Two main parameters 

1) Increasing temperature  
2) Change in rainfall 

A) Temperature  
1. Chilling injury  
Chilling injury is separate phenomenon from freezing injury, which results from freezing of 
the tissue and formation of ice crystals at temperatures below the freezing point  
Losses due to low temperature  
• Surface symptoms – e.g. Chinese cabbage may develop browning of the mid rib.  
• Internal discolouration and tissue breakdown.  
• Compositional changes. Eg beet may become abnormally hard and develop earthly 

flavor.  
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• Abnormal ripening.  
• Loss of growth capacity.  
• High perishability.  
 
Tolerance Mechanisms 

1. Biochemical and physiological basis of tolerance 
a) Polyamines 
b) Membrane lipid unsaturation  

c) Phytohormones  
d) Varnalization  

2. Morphological basis of tolerance 
a) Pollen fertility  
b) Enhance seed germination and 

seedling vigour  

c) Floral plant variation 
d) Cell size 

3. Use of chemicals to induce chilling tolerance 
2. High temperature  
 
Losses due to High temperature injury  
• Retarded growth and undersize or failure to mature flowers and fruit.  
• Localized killing of tissue or a sunburn or sunscald of leaves, flowers or fruits.  
• Localized killing of stem tissues of formation of heat cankers.  
• Defoliation or premature shedding of leaves.  
• Premature ripening of fruits.  
• Death of the plant as the result of a general heat necrosis.  
 
Tolerance Mechanisms 
1. High temperature avoidance mechanism 

a) Transpiration 
b) Leaf pubescence 

c) Reduction in the amount of foliage 
d) Adaptation to warm temrature  

2. High temperature tolerance mechanism 
a) Membrane stability 
b) Amylopectin content 
c) Osmoregulator content 

d) Plant growth regulator 
e) Thermostability of photosystem II 
f) Repairing of injured cell 

 
Screening for High temp  & cold stress  
1. Germination and seedling vigour under chilling or hot environment  
2. Growth and development under chilling stress 
3. Pollen fertility 
4. Membrane stability 

5. Acclimation 
6. Chlorophyll fluorescence 

B) Water Stress 
1. Drought  

 
Losses due to Drought  
• Symptoms on broad leaf plants  
• Wilting  
• Chlorosis  

• Browning of leaf margins  
• Premature defoliation  

• Shoot growth and leaf foliage- stunted & chorotic  
• Twig and branch dieback occur  
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Mechanisms of Drought Resistance: 
1. Drought Escape: 

The simplest way of survival under drought conditions is to escape drought. 
Generally, drought occurs either in the mid or late-crop season. Drought escape is most 
common in case of plants grown in desert regions. They complete their life cycles in 4 to 6 
weeks. Drought escape also plays an important role in some crop plants. For Example, yields 
of early varieties of wheat, sorghum, maize, and rice are less affected by severe drought 
than late maturing ones. All these crops have determinate growth habit. In spring wheat, 
late maturing varieties give higher yield than early types especially when drought occurs 
early in the season and is over before anthesis.   

 
2. Drought Avoidance: 

Drought avoidance refers to ability of the plant to maintain a favourable internal 
water balance under moisture stress. In other words, plants which avoid drought retain high 
water contents in their tissues. Drought avoidance can permit a longer growth period in the 
crop through reduced water use or increased water uptake. However, drought avoidance 
leads to reduction in photosynthesis and thereby reduction in the growth of aerial parts. It 
leads to increase in root development and therefore, is more important than drought 
tolerance. In cereals, drought avoidance operates during vegetative phase, while tolerance 
operates during reproductive phase. Drought avoidance mechanisms are of two types. First 
those which reduce water loss through transpiration. Such features include stomatal 
characteristics and shape, size and orientation of leaves. The second, those which maintain 
water uptake during drought period.  

 
3. Drought Tolerance: 

The ability of crop plants to withstand low tissue water content is referred to as 
drought tolerance. Drought tolerance is more desirable because the crop can produce more 
yield at lower water potential. In cereals, drought tolerance generally operates during 
reproductive phase. Tolerant cultivars exhibit better germination, seedling growth and 
photosynthesis. In Sorghum, a drought resistant line exhibited higher photosynthetic rate at 
leaf water potential than a less drought resistant line. Drought tolerance differs from 
drought avoidance in several aspects.  

 
4. Drought Resistance: 

Drought resistance is the sum of drought avoidance and drought tolerance. In other 
words, drought resistance refers to the ability of crop plants to give good yield under 
moisture deficit conditions. Drought resistance is measured in terms of various mechanisms 
associated with drought tolerance and yield under soil moisture deficit. In winter wheat, 
both avoidance and tolerance features are important for drought resistance.  
 
Source of Drought Resistance in Plant Breeding 

1) Cultivated varieties, 
2) Germplasm collections, and 
3) Wild relatives and wild species. 
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Transfer of drought resistance is easy from cultivated variety and germplasm of cultivated 
species, because such material can be easily used in the breeding programmes. Moreover, 
there is no problem of cross incompatibility. When the source of drought resistance is a wild 
species, the transfer of resistance poses several problems such as cross incompatibility, 
hybrid inviability, hybrid sterility and linkage of several undesirable genes with desirable 
ones. Wild sources of drought resistance have been reported in wheat, sugarcane, tomato, 
and several other crops.  

 
C) Salt  Stress 
 
Losses due to salt stress 
 
1. Tip and edge burn of leaves, slow growth, nutrient deficiencies, wilting and 
eventually death of the plant can occur. 
2. Increase salinity decrease and delay in seed germination 
3. At seedling stage, causes substantial reduction in plant stand, shoot length , root 
shoot dry weight and finally grain yield. 
4. Salinity stress decrease chlorophyll content, total sugar, starch and potassium in 
seedling stage  
 
 
 
 
Salt Tolerance Mechanisms 
1. Cell Membrane Stability  

 Cell membrane stability is an indicator of degree of salt damage. 
 

2. Osmotic  Adjustment 
 Salt tolerance of plant is characterized by its capacity to endure the effect of excess 
salt in the medium of root growth i.e plant can withstand a precise amount of salt 
without adverse effect. 
 

3. Phytohormones  
 The major effect of salinity in the root environment has been attributed to reduce  
hormone delivery from root to leaves, which could induce an inhibition of crop 
growth 
 

4. Enzymes 
5. Vitamins in salt tolerance 
6. Ion accumulation and ion balance 
7. Ion exclusion 
8. Silicon supply 
9. Leaf characteristics 
10. Crop stages 
11. Biological inoculums 
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Introduction 
Integrated pest management (IPM), also known as integrated pest control (IPC) is a 

broad-based approach that integrates practices for economic control of pests. IPM aims to 
suppress pest populations below the economic injury level (EIL). The UN's Food and Agriculture 
Organization defines IPM as "the careful consideration of all available pest control techniques 
and subsequent integration of appropriate measures that discourage the development of pest 
populations and keep pesticides and other interventions to levels that are economically 
justified and reduce or minimize risks to human health and the environment. IPM emphasizes 
the growth of a healthy crop with the least possible disruption to agro-ecosystems and 
encourages natural pest control mechanisms. Entomologists and ecologists have urged the 
adoption of IPM pest control since the 1970s. IPM allows for safer pest control. 
Objectives of IPM 

IPM has three main objectives: first, maintaining a balanced sustainable ecosystem and 
a healthy environment by reducing the use of pesticides and their negative impacts; second, 
saving money by reducing chemical pesticides inputs, crop losses due to insect damage and 
eventually by reducing the pest management cost; and third, protecting human and animal 
health by providing food and feed that is free of pesticide residues. 
General principles of IPM 

 Prevention and suppression: The first line of defense in IPM is to prevent and suppress 
insect pest population through nonchemical methods such as cultural practices, use of 
resistant varieties, proper irrigation and fertilization, and natural enemies. 

 Monitoring: Continuous surveillance and monitoring of insect pests population is 
essential for assessment of damage and for determining the needs for actions to be 
taken. 

 Decision-making: Management decisions should be based on monitoring and 
population levels of insect pests, as well as reliable thresholds. 

 Nonchemical methods: Sustainable biological, physical, and other nonchemical 
methods must be preferred to chemical methods if they provide satisfactory pest 
control. 

 Pesticide selection: Selective pesticides, which have minor negative impacts on human 
health and beneficial insects, shall be used only when needed. 
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 Reduced pesticide use: Pesticide use should be kept to the minimum through reduction 
of doses and application frequency without encouraging resistance development in pest 
populations. 

 Antiresistance strategies: Pesticide resistance in insect should be managed carefully 
using strategies such as application of pesticides with different modes of action. 

 Evaluation: The success of control tactics must be measured using indicators based on 
monitoring of harmful organisms, beneficials, pesticide use, and impact on the 
environment. 

Components of IPM: 
The more that you know about a pest, the easier and more successful pest management 

becomes. Once you have identified a pest, you can access information about its life cycle and 
behavior, the factors that favor development, and the recommended control procedures. 
Following identification of an insect pest is monitoring to determine the pest status. If there is a 
need to control the pest, based on monitoring, then you develop a management program 
followed by implementation and evaluation as illustrated. 

 

AIM of Selected IPM strategies and prescriptions: 
 Promote natural controls. 
 Protect human health. 
 Minimize negative impacts to non-target organism. 
 Enhance the general environment. 
 Be most likely to produce long-term, beneficial results. 
 Be cost-effective in the short and long-term 
 Be easily and efficiently implemented. 
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The necessities of implementation in integrated pest management: 
1. Having integrated pest management model for each specific area, which 

economically efficient, ecologically suitable 
2. Co-operation and participation by target groups. 
3. Having a strategy to promote the vast land. 
4. Elimination of limitation of promoting integrated pest management. 
5. Measure, evaluate and promote the results of the implementation of integrated 

pest management  

Advantage of Integrated Pest Management: 
1. Fits better in National Economy. Pest control activities at present are mainly based on the 

application of chemical pesticides, quite a large proportion of which has to be imported. The 
expenditure envisaged for plant protection runs into crores of rupees even when only one or at 
the most two pesticide application are envisaged per crop. High yielding varieties show that 
many more pesticide applications are called for many crops if pest control has to depend only 
on the use of pesticide. Thus a time has come where Integrated Pest Management is not only 
advisable but also inevitable. 

2. More efficient and cheaper method. In IPM schedule efforts are made to utilize various 
methods of control including use of pesticides but some times and in some cases it is feasible to 
nip the trouble in the bud itself even by a mechanical campaign like destruction of egg masses of 
some pests or collecting the caterpillar stages. In such cases it envisages a lot of saving in the 
use of pesticides, this means saving of money and saving of foreign exchange and also the 
destruction of the pest before it has been able to inflict damage. 

3. Avoid upsetting the balance of nature. Chemical control has often been reported to upset the 
balance of nature at times leading to upsurge of new type of pest problem which did not exist 
before. The seriousness of mites in many parts of the world has occurred by the use of DDT. It is 
confidently expected that such adverse side effects will be much less as a result of integrated 
pest management schedule 

4. Minimizes residue hazards of pesticides: It is obvious that in an IPM schedule the use of 
pesticides will be considerably reduced, hence the pesticide residue hazards will also get 
automatically minimized. 
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Introduction 
Endophytes are the microorganisms, 

which colonize symptomless the living plant 
tissue without causing any immediate, overt, 
negative effect on the plant. Anton de Bary 
first introduced the term “epiphytes” for 
fungi that live on the surface of their host and 
“endophytes” for those living inside the plant 
tissues. Later, this term was expanded as 
fungi and bacteria, including actinomycetes, 
which spend the whole or part of their life 
cycle colonizing inter- or intra- cellularly, 
inside the healthy living tissues of the host, 
typically causing no apparent symptom of 
disease. The word endophyte came from two 
Greek words, “endon” means within and 
“phyton” means plant.  Endophytes were 
mentioned for first time by Bary in 19th 
century  and have been defined in many 
ways. Wilson (1995) defined endophytes as 
the fungi that live internally and remain 
asymptomatic for at least part of their 
lifecycle. He also described the symptomless 
nature of endophyte occupation in plant 

tissue, symbiotic and mutualistic relationship 
between the endophytes and their host. But 
they can also be aggressive saprophytes or 
opportunistic pathogens. Endophytes are 
plant-associated prokaryotes that form 
association with their host plants by 
colonizing the internal tissues, which has 
made them valuable for agriculture as a tool 
in improving crop performance. There have 
been several studies on the plant endophyte 
relationship, especially for grasses such as tall 
fescue, where it has been shown that 
endophytes produce toxins that discourage 
insects and other grazing animals. Persian 
darnel, an annual grass, considered as a 
troublesome weed by wheat farmers, is 
probably the plant that has been studied 
most extensively as far as endophytes are 
concerned. It has been discovered that 
grasses with high endophyte content are 
often resistant to attack by certain insects.  
There has been considerable interest in 
screening the endophyte for bioactive 
compound. A large number of compounds 
(secondary metabolites) have been extracted, 
isolated and characterized from endophytic 
microbes. This article reviews the different 
endophytes associated with the crop plants, 
their mode of infection in the plants and how 
plants can be benefited with endophytisms. 
Plant-associated fungi are usually divided into 
five main functional groups: mycorrhizal, 
pathogenic, epiphytic, endophytic, and 
saprotrophic fungi (Figure1). 

 

Figure1. As part of a fungal community, endophytic 

fungi may have one or multiple functional roles during 

their lifecycles or in reponse to plant or environmental 

cues. 
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Table 1: Symbiotic criteria used to characterize fungal endophytic classes 

 

 
Types of endophytes 

Unlike mycorrhizal fungi that 
colonize plant roots and grow into the 
rhizosphere, endophytes reside entirely 
within plant tissues and may grow within 
roots, stems and/or leaves, emerging to 
sporulate at plant or host-tissue 
senescence. In general, two major groups of 
endophytic fungi have been recognized 
previously, reflecting differences in 
evolutionary relatedness, taxonomy, plant 
hosts, and ecological functions (Table 1): 
the clavicipitaceous endophytes (C-
endophytes), which infect some grasses; 
and the nonclavicipitaceous endophytes 
(NC-endophytes), which can be recovered 
from asymptomatic tissues of nonvascular 
plants, ferns and allies, conifers, and 
angiosperms.  

Most of the studies have been 
conducted with pasture endophytes 
focusing on a few plant spacies: Lolium 
perenne and Festuca arundinaceae. 
Regardless of their systematic classification, 
Schultz et.al classified fungal endophytes 
into 3 main ecological groups- 1) Mycorhizal 

2) Balansicaeous 3) Non pasture 
endophytes. 
 
Advantages of endophytism 

Endophytism offers several 
advantages to the host plants. They are (i) 
greater access to the nutrients, (ii) 
protection from desiccation, and (iii) 
protection from the surface feeding insects, 
parasitic fungi, etc. Episymbiotic fungi 
modify the host tissue in order to acquire 
their nutrients. Epidermal cells in close 
association to stromata are hypertrophied 
and lack the waxy cuticle that normally 
prevents the escape of water and nutrients 
from the leaf. Because the cuticle is absent 
on the leaf, the episymbiont may extract 
the nutrient from the leaf across the 
modified epidermal layer. In case of 
endosymbiosis, mycelium is distributed 
among the internal cells of the plant tissues. 
The extraction of nutrients from the host 
may be enhanced by modifying both 
internal and external tissues of the host 
plant to enhance the flow of nutrients to 
the stromal mycelium.  
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Mechanism of fungal endophytes 
Mechanism of fungal endophytes 

occurs by 3 ways viz. Direct effect 
(interaction between endophytes and 
pathogens) and Indirect effect (enhanced 
plant defense). 
 
Direct inhibition of plant pathogens: 

Many studies recently found that 
endophyte fungal have the ability to protect 
host from diseases and limit the damage 
caused by pathogen microorganism (Arnold 
et al., 2003; Ganley et al., 2008; Mejıa et al., 
2008). The common methods of these 
researches were in vitro coculture with 
pathogens and endophytes, or comparison 
of the   survival    rate    of    plant   
inoculated    with   fungal  endophytes with 
endophyte-free plant. In the case of direct 
effect, endophytes directly suppress 
pathogens by producing antibiotic, 
secreting lytic enzymes. However, the direct 
interactions between fungal endophytes 
and pathogens are complex and sensitive to 
species-specific antagonism. 
Antibiotics produced by endophytes: 

Many fungal endophytes produce 
secondary metabolites and some of these 
compounds are antifungal and antibacterial 
which strongly inhibit the growth of other 
microorganisms including plant pathogens. 
A group of biocontrol strains can produce 
single or multiple kinds of antibiotics 
including terpenoids, alkaloids, aromatic 
compounds and polypeptides which have 
been proved that plant pathogens are 
sensitive to. Eg : Altersetin, a new alkaloid 
isolated from endophytic Alternaria spp. 
which has antibacterial activity against 
several pathogenic gram positive bacteria. 
Indirect effects to enhance plant resistance: 

Plants emerge a series of 
mechanisms against unfavorable 
environment such as drought, cold, salt 
stress or pathogens. Morphological and 
biochemical changes including cellular 
necrosis, hypersensitive response and 
phytoalexin production respond to the 
various stresses rapidly. During the long 
term evolution, two types of innate 
resistance: non-specific (general) resistance 
and specific resistance are formed to resist 
pathogens infestation. The former form is 
effective against several pathogenic species, 
while the latter can resist infection of one 
or a few pathogenic strains. Since fungal 
endophytes may evolve from plant 
pathogenic fungi, plant defense could be 
triggered by fungal endophytes like 
pathogens. Actually, the defense of plant 
associated with endophytes is increased 
through resistance enhancement and 
secondary metabolites production. 
Induction of plant resistance: 

Over the past two decades, many 
researches have focused on plant resistance 
responses to pathogens and parasites of 
various scales. Systemic acquired resistance 
(SAR) and induced systemic resistance (ISR) 
are two forms of induced resistances in 
which scholars are interested. SAR, induced 
by pathogen infection, is mediated by 
salicylic acid and associated with the 
accumulation of pathogenesis-related (PR) 
proteins. ISR, induced by some non 
pathogenic rhizobacteria, is mediated by 
jasmonic acid or ethylene and is not 
associated with the accumulation of PR 
proteins. These PR proteins comprise a 
variety of enzymes, some  of  which  may  
act  directly to lyse the invading cells, 
including chitinases and -1, 3-glucanases, 
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reinforce cell wall boundaries to resist 
infections, or induce localized cell death. 
Fungal endophytes induced ISR may also 
associate with expression of pathogenesis-
related genes.  Fusarium solani isolated 
from root tissues of tomato elicited induced 
systemic resistance against the tomato 
foliar pathogen Septoria lycopersici and 
triggered PR genes, PR5 and PR7 expression 
in roots. 
 
Stimulation of plant secondary 
metabolites: 

Plant secondary metabolites are a 
group of compounds, which do not play 
important role in basic life functions, but 
play a major role in the adaptation of plants 
to their environment. Among these 
compounds, plants produce low molecular 
weight antimicrobial molecules called 
phytoalexins, which contain multiple 
substances including   flavonoid,    
terpenoid,    etc. For example Fusarium E5 
elicitor could induce diterpene and 
triterpene production in E. pekinensis cell 
suspension cultures and activities of 
defense-related  enzymes  including PAL, 
POD, CAT. 

 
Hyperparasites and predation: 

Hyperparasites is another ecological 
strategy that endophytes provide to protect 
host plant. In hyper parasitism, the 
pathogen is directly attacked by a specific 
endophyte that kills it or its propagules. 
Fungal endophytes parasitize around 
hyphae of pathogens by various means as 
twisting, penetrating the hyphae of 
pathogens and secreting lyase to 
decompose cell wall of pathogens. For 
example, Trichoderma are able to parasitize 

hyphae of plant pathogen Rhizoctonia 
solani and many of these observations are 
linked with biocontrol. In contrast to hyper 
parasitism, microbial predation is a more 
general way to suppress plant pathogens. 
Some endophytes show predatory behavior 
under nutrient-limited conditions. For 
example, Trichoderma produce a range of 
enzymes that are directly used against cell 
walls of fungi to utilize the fragment of 
pathogens. 
 
Role in plant protection 
         Some endophytes may be latent 
pathogens, some may be derived from 
pathogens, and others may be latent 
saprotrophs, but many are neither. Endophytes 
have been shown to protect various plants from 
a wide range of pathogens and insect pests by 
antagonism, inducing host defenses, and/or 
improving plant health and nutrition. 
Endophytes are a mine for bioprospecting. 
Conclusion 

Endophytes are naturally occurring 
biocontrol agents with potential beneficial uses 
in the plant. Of the nearly 3,00,000 plant 
species, that exist in the earth, each individual is 
the host to one of more endophytes. Only a few 
of these plants have ever been completely 
studied relative to their endophytic biology. The 
use of endophytic microorganism for the plant 
disease control is relatively new and unexplored 
area of research. Little is known about the 
interaction between the endophytes, host plant 
and pathogen. Understanding of this interaction 
is essential for the development of proper 
biocontrol strategy. Although scientific 
approaches on the diversity of endophytes have 
just recently got momentum, information on 
endophytes’ behavior, their mutualistic 
interaction with crops remain scanty and more 
studies are needed to explore their full 
potentiality in plant protection sector. 
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ABSTRACT 
Weeds cause a yield reduction of up to 16% in wheat crop. Among these broad leaf 

weeds like Chenopodium album, Medicago denticulata, Melilotusindica, Polygonum 
plebenjiumand Coronopusdidymus are abundant.Which account 8.4, 7.5, 17.6, 13.3 and 3.3%, 

respectively, in weedy check plot.In the concerned experiment2,4 D Amine 50% SL is used to test its 
bioefficacy against these broad leaf weeds. It was found that 2,4 D amine 50% SL (SS) at 750 and 1000 

g a.i./ha can safely be used for controlling BLWs in wheat in Rabi. 

METHODOLOGY 
An experiment was conducted at GBPUAT NEB CRC, Pantnagar during 2017-18 Rabi to evaluate 
best weed control management practice for which 9 treatments were taken. The treatments 
were T1: 2,4 D Amine 50% SL (SS)@ 250g a.i./ ha,T2: 2,4 D Amine 50% SL (SS)@500g a.i./ha,T3: : 
2,4 D Amine 50% SL (SS)@750g a.i./ha,T4: 2,4 D Amine 50% SL (SS) @1000g a.i./ha,T5: 2,4D 
Amine 58% SL (MS) @ 500g a.i./ha,T6: Metsulfuron methyl 20% WP @4.0g a.i./ha, T7: Hand 
weeding (twice) at 30 and 60 DAS, T8: Unweeded control, T9: 2,4 Amine 50% EC (SS @2000g 
a.i./ha. 
Experiment details  

Season   Rabi ,2017-18 

Crop Wheat  

Variety               PBW 502 

Location D2 block GBPUAT, Pantnagar 

Design Randomized Block Design 

Treatments 8 

Replications Three 

Plot size  2.0 m X 5.5 m 

Date of sowing 14/11/2017 

Date of post-emergence herbicide 

application 

21/12/2017 

Date of harvesting     21/04/2018 

Spacing 20 cm 

Seed rate 100 kg/ha 

Type of spray and nozzle used Knapsack sprayer with flat fan nozzle 

Spray volume used 500 l/ha of water 

Type of application Post emergence herbicides- 2,4 D amine 50% SL 

 



 

AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

 

193 

 

RESULTS 

Weed Density   
At 20 DAA, all the weed control 

treatments proved significantly effective in 
reducing the density of all the broad leaf 
weeds over the weedy check. There was 
considerable increase in the efficiency of 
2,4 D amine (SS) with the corresponding 
increase in their dose i.e. 250-1000 g a.i./ha 
towards the density of BLWs. Among all the 
treatments, application of 2,4 D amine (SS) 
at 750 and 1000 g a.i./ha had complete 
control over the population of C.album , M. 
denticulata and M.indica. None of the 
herbicides were found effective towards 
the density of P. plebenjium. Except lower 
dose of 2,4 D amine (SS) at 250 g a.i./ha and 
2,4 D amine (MS) at 500 g a.i./ha all the 
doses herbicides provided completly control 
over the population of C. didymus.   

Implementation of various weed 
management practices had greater 
influence over total weed population at 40 
DAA. Treatments under evaluation brought 
about significant variation in the density of 
all the broad leaf weeds. Application of post 
emergence herbicide 2,4 D amine (SS) at 
500,750 and 1000 g a.i./ha as well as and 
metsulfuron methyl at 4 g a.i./ha (standard 
check) provided 100% control over the 
population of C. album . The lowest density 
of M. denticulatawas recorded with 
application of 2,4 D amine (SS) at 750 and 
1000 g a.i./ha and metsulfuron methyl at 4 
g a.i/ha. Post emergence application of 2,4 
D amine (SS) at 750 and 1000 g a.i./ha 
provided lowest population of C. axillaris 
over the lower doses of 2,4-D and standard 
check. This was followed by the application 
of 2,4 D amine (SS) at 500 g a.i./ha and 
metsulfuron methyl at 4 g a.i./ha . Except 

the application of 2,4 D amine (SS) at 250 g 
a.i./ha and metsulfuron methyl at 4 g 
a.i./ha, all the herbicides provided complete 
control over the population of C.didymus.  
 The density of all the weeds were 
influenced significantly due to various weed 
control treatments applied at 60 
DAA.Density of weeds decreased and their 
control increased with respect to increasing 
the doses of 2,4 D amine (SS) from 250 to 
1000 g a.i./ha. All the herbicides except 2,4 
D amine (SS) at 250 g a.i./ha and 2,4 D 
amine (MS) at 500 g a.i./ha have complete 
control over C.album and M.indica. Higher 
doses of 2,4 D amine (SS) at 750 and 1000 g 
a.i./ha as well as application of metsulfuron 
methyl at 4 g a.i./ha (standard check) were 
found more effective towards the 
population of M. denticulata as compared 
to other herbicidal treatments. The lowest 
density of P.plebenjiumwasrecorded with 
application of metsulfuron methyl at 4 g 
a.i./ha followed by the application of 2,4 D 
amine (SS) at 1000 g a.i./ha and 2,4 D amine 
at 500 g a.i./ha(MS). All the herbicides 
except 2,4 D amine at 250 g a.i./ha (SS) and 
metsulfuron methyl at 4 g a.i./ha (standard 
check)  were found significantly superior in 
reducing the population of C.didymus over 
the weedy check 
 
 
Weed dry weight and Weed control 
efficiency 

 At 20, 40 and 60 DAA, the lowest 
dry matter accumulation of  0.2,1.5 and 1.7 
g/m2 was obtained with  post emergence 
application of  2,4 D amine (SS) at 1000 g 
a.i./ha followed by its lower dose applied at 
750 g a.i./ha and metsulfuron methyl at 4 g 
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a.i./ha (standard check). At 20 and 40 DAA 
the weed dry matter accumulation in the 
aforesaid treatments remained at par 
among themselves and significantly 
superior over the rest of the herbicidal 
treatments.  
 The weed control efficiency derived 
from the weed dry matter revealed that, 
highest weed control efficiency 
99.4,96.8,97.5% was recorded with 
application of 2,4 D amine (SS) at 1000 g 
a.i./ha at 20, 40 and 60 DAA, respectively. 
This was followed by the application of 2,4 
D amine (SS) 750 g a.i./ha 97.1,96.4,96.4% 
at 20,40 and at 60 DAA, respectively. 
Effect on yield and yield attributes  

Weed control treatments exerted 
significant influence on yield attributes of 
wheat viz., spikes (No./m2), grains/spikes 
and 1000 grain weight. Among the 
herbicidal treatments all the doses of 
herbicide either sponsor or market sample 
producing the grain yield similar to twice 
hand weeding and there were no 

significant differences obtained with 
application of 2,4 D amine (SS)  at various 
doses. 2,4 D amine (SS) applied at 1000 g 
a.i./ha recorded the highest grain yield of 
5041 kg/ha which was at par with 
application of 2,4 D amine (SS) at 750 g 
a.i./ha and metsulfuron methyl at 4 g 
a.i./ha.This was followed by 2,4 D amine 
(SS) at 500 g a.i./ha. There was slightly 
decrease in the grain yield obtained with 
application of 2,4 D amine (SS) at 1000 and 
750 g a.i./ha only upto an extent of 2.4 and 
3.2 %, respectively over the weeded twice 
at 30 and 60 DAS. Similarly, the straw yield 
was also influenced by the application of 
herbicide and 2,4 D amine (SS) at 1000 g 
a.i./ha yielded highest (9026 kg/ha) which 
was on par with its lower dose applied at 
750 g a.i./ha (8925 kg/ha).This was 
followed by met sulfuron methyl at 4.0 g 
a.i./ha. Among the various doses of 2,4 D 
amine (SS) the lowest grain (4463 kg/ha) 
and straw (7955 kg/ha) yield was obtained 
with its lower dose 250 g a.i./ha. 

          
Table 1: Effect of treatments on total weed density, total weed dry matter and WCE at different 

stages ofwheat crop  

SS- Sponsor sample, MS- Market sample, WCE- weed control efficiency, DAA- days after herbicide application, Value in parentheses 
were original and transformed to square root√ X+1 for analysis. 

 

 

Treatment 
Dose 

(g.a.i/ha) 

Total Weed Dry wt.(g/m
2
) WCE (%) 

20DAA 40DAA 60DAA 20DAA 40DAA 60DAA 

2,4-D amine 50%SL(SS) 250 3.0(8.0) 3.4(10.3) 3.5(11.3) 74.6 78.2 84.2 

2,4- Damine 50%SL(SS) 500 1.8(2.3) 2.4(4.7) 2.6(5.6) 92.7 90.1 92.2 

2,4-Damine 50%SL(SS) 750 1.4(0.9) 1.7(1.7) 1.9(2.6) 97.1 96.4 96.4 

2,4-Damine 50%SL(SS) 1000 1.1(0.2) 1.6(1.5) 1.7(1.8) 99.4 96.8 97.5 

2,4-D amine 58 %SL(MS) 500 3.4(10.8) 5.2(26.5) 5.6(30.8) 65.7 43.9 56.9 

Metsulfuron methyl 4 1.5(1.7) 1.4(0.9) 1.7(1.8) 94.6 98.1 97.5 

Hand Weeding 30& 60 DAS 1.5(1.5) 2.3(4.2) 2.7(6.2) 95.2 91.1 91.3 

Weedy check - 5.7(31.5) 6.9(47.3) 8.5(71.6) - - - 

SEm± - 0.2 0.2 0.1 - - - 

LSD (P= 0.05) - 0.6 0.5 0.4 - - - 
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Table 2: Effect of treatment on yield and yield attributes of wheat 

Treatments 

Dose  
Spikes 

(No./m) 
Grains/  
Spike 

1000 grain 
weight(g) 

Grain yield 
(kg/ ha) 

Straw yield 
(kg/ ha) (g a.i./ha) 

Formulation 
(g /ha) 

2,4-D amine 50%SL(SS) 250 500 327 40.7 41.3 4463 7955 

2,4- Damine 50%SL(SS) 500 1000 353 41.3 43.3 4878 8352 

2,4-Damine 50%SL(SS) 750 1500 361 41.7 43.4 5001 8925 

2,4-Damine 50%SL(SS) 1000 2000 359 41.7 43.5 5041 9026 

2,4-D amine 58 %SL(MS) 500 862 333 39.3 42.7 4466 7983 

Metsulfuron methyl 4 20 362 41.7 43.5 5031 8783 

Hand Weeding 30&60DAS - 375 40.7 43.6 5167 9200 

Weedy check - - 288 38.3 40.6 3748 7023 

SEm± - - 28.2 0.8 2.3 253 698 

LSD (P= 0.05) - - 85.6 2.4 7.1 767 2117 

SS- Sponsor sample, MS- Market sample 

 
CONCLUSION: 
 From the above study, it may be concluded that 2,4 D amine 50% SL (SS) at 750 and 
1000 g a.i./ha can safely be used for controlling BLWs in wheat in Rabi as well as to get higher 
yield of wheat crop. 
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Introduction 

The world’s population is 
continuously increasing, especially in many 
developing countries. To feed and cloth 
these people, food crop yields need to be 
increased and more natural fibers need to 
be produced. Continuous growing of world 
population and an increased pressure on 
the available area to cultivate crop, 
demands for more intensive agriculture. 
The challenge for Indian agriculture is to 
achieve higher productivity in a sustainable 
manner despite constraints on availability 
of land, irrigation and labour. To achieve 
this, farmers need to be empowered with 
new farming technologies which include 
different irrigation systems, mechanization, 
and modern input materials like high 
yielding seeds and crop protection 
products, to increase the productivity. 

Plant protection strategies have 
significant role in the overall crop 
production programmes for sustainable 
agriculture and aim at minimizing crop 
losses due to ravages of insect pests, 
diseases, weeds, nematodes, rodents, etc. 
Total field losses in India due to insects, 
diseases and weeds ranged from 10–30 
% (Anonymous, 2015).  

In the present status of agricultural 
mechanization, plant protection equipment 
sprayer plays a vital role to protect crops 
from pests, diseases and crop destructive 
micro-organisms. Wastage of pesticides and 

poor pest control give rise to loss of yield in 
field crops.  

 
Drawback found in commercially available 
orchard sprayer 

v. Trailed type orchard sprayer 
required more headland to take 
turn. Because of this alternate row 
spraying had to be adopted and it 
required more time as well as more 
turning losses. 

vi. Drift was more and also pesticide 
falling on the ground. 

vii. Spraying was also done in 
unnecessary areas such as 
headlands, space between two 
adjacent plants, etc. 

viii. Because of the chassis of trailed 
sprayer, cost of sprayer was 
increased. 

 
Scope of Improvement 
 Following are the scopes to overcome 
above problems, 

iv. Instead of trailed type sprayer, 
mounted type sprayer may be 
develop, which has better 
maneuverability as compared to the 
trailed type, less time requirement 
for spraying and also requires less 
capital cost. 

v. Sensor based system (Variable rate 
spraying system) that recognizes 
where there are gap in crop rows for 
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which spray is not needed, may also 
be developed for orchard crops. 

vi. To overcome the losses of pesticide 
due to falling on ground as well as 
by losses due to drift, shielded 
system may be developed to recycle 
the spray liquid. 

 
Design plan- 
1) Sensor based variable rate sprayer- 

The increase in the cost of pesticides 
and greater concern about environmental 
pollution necessitate improved efficiency of 
pesticide application equipment. The 
enormous wastage of chemicals and the 
ensuing environmental pollution, due to off 
target deposition of conventionally applied 
pesticides, could be brought down by the 
use of controlled sprays. Turning off 
sprayers when there is no target or 
adjusting the sprayer application rates 
based on the canopy size and density has 
been considered by the researchers in the 
past. Various researchers have done the 
study on the use of the sensors for 
accessing the plant characteristics such as 
canopy volume, foliage density etc. in real 
time and have used this technology for 
controlled application of spray as per the 
canopy size and controlling the spray in-
between tree spaces. Their studies have 
revealed that the use of such technology 
can significantly reduce the quantity of 
spray and spray losses. Variable rate 
spraying technology can potentially deliver 
the precise amount of chemicals to match 

the tree configurations and to reduce 
pesticide use and environmental pollution. 
 
Design of sensor based sprayer- 
The sensor based sprayer shall have three 
main units: 
i) Canopy characterization unit: A high-
speed ultrasonic sensor will be used to 
detect the target canopy and to get the 
data that characterizes tree canopy. The 
sensor will be programmed to detect the 
target between 0 to 3000 mm. For given 
range, after detection of target, sensor 
measured distance of target from tip of 
sensor and then this measured distance will 
be transferred to data processing unit. 
ii) Data processing unit (micro-controller 
unit): A micro-processing unit will be 
fabricated to control both canopy 
characterization unit and spray control unit. 
In this unit, data received from sensing unit 
will then be processed to determine the 
tree size in terms of depth of canopy. Based 
on the computed canopy depth, the 
optimum spray flow rate will be calculated 
and finally control signal to be sent to spray 
control unit will be calculated. An algorithm 
will be designed to perform all these 
functions. 
iii) Spray control unit: Pulse width 
modulated proportional solenoid valves will 
be used to modulate the discharge of spray 
nozzles in order to deliver optimum flow 
rate. The opening of the valves will be 
controlled by sending analog signals 
between 0 to 10 V thus controlling flow rate 
of the respective nozzle. 
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Fig. 1 working principle of ultrasonic sensor 

2. Shielded applications 
Shielding spray from the wind while 

the in-flight droplets approach and 
penetrate the tree canopy has been found 
to reduce drift very effectively. Most of the 
spray liquid from conventional sprayers 
may drift away from the target trees, 
whereas that from shielded sprayers is 
confined within the sprayed row. 
 
Concept of tunnel sprayers 

The first sprayers with a tunnel 
shield that straddles over bush or vine fruit 
and thereby partially encloses the row, 
were developed in the early 1970s (Shanks 
et al., 1972). Morgan (1981) reports that, 
with tunnel sprayers, the large drops 

(VMD=200-500 m) produced as a 
consequence of conventional high-volume 
spraying have a greater momentum but are 
not needed to overcome wind effects. 

Instead, a finer spray (VMD=100-200 m), 
that leads to more effective cover with a 
smaller volume, offers a better biological 
effect and can be used with a low risk of 
drift. With air assistance, very fine droplets 

(about 80 m) can be applied using low 
output conventional nozzles as well as 
rotary atomizers (Controlled Droplet 
Application). Bera (1984) obtained very 
good control of apple scab (Venturia 
inaequalis) on dwarf apple trees (McIntosh, 
Golden Delicious and Jonathan cultivars) 
with a spray volume of only 10 l/ha applied 
with an air-assisted tunnel sprayer using 
rotary atomizers . The result was equally 
good at both full and half-dose rates of 
fungicide with a maximum of 2.8% of 
infected leaves and 0.5% of infected fruit 
compared with 48.9 and 58.0%, 
respectively, in the untreated control plots. 
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Fig. 2 concept of tunnel sprayer 

Spray recycling 
During treatment, spray may pass 

the tree canopy and impinge on the walls of 
the tunnel to be collected and returned to 
the sprayer tank. Beasley et al. (1983) 
reported that over 40% of the spray liquid 
applied to blueberry bushes could be 
collected and recycled without being 
deposited on the target plant itself. Thus, 
recycling permitted smaller spray volumes 
to be used with less drift and ground 
pollution than that from conventional 
systems. Reichard and Ladd (1984), with 
their recycling sprayer, used over 30% less 
insecticide while providing the same control 
of pests in sweet corn as a non-recycling 
sprayer. Similar spray savings can be 
achieved by the tunnel sprayer during 
applications to trees. 
Advantages  

iv. The main, most important 
advantage of the shielded recycling 
sprayers is an outstanding reduction 
of emission to the environment and 
considerable saving of chemicals.  

v. Since this technique permits 
application of pesticides under 
windy conditions, too breezy to use 
a conventional orchard sprayer, it 

ensures optimum timing for the 
chemical treatments. 

vi. The operator of the tunnel sprayer is 
less exposed to the spray material 
which also increases his safety and 
comfort.  

 
3. Tractor mounted air-carrier orchard 
sprayer (ULV) 
Concept: 

iv. It utilizes air stream to carry spray 
droplets on the target. 

v. Employs a blower to produce and 
deliver an air stream of sufficient 
discharge, velocity and pressure. 

vi. Turbulence of air stream causes 
thorough mixing of air and liquid. 

Advantages over the conventional sprayer: 
vii. It requires less amount of liquid per 

tree. 
viii. It saves great amount of time and 

labour. 
ix. Quick and easy pests control 
x. Due to faster application rates, 

spraying can be done in optimum 
time. 

xi. Covers whole tree canopy, upper as 
well as lower leaves.    

xii. High maneuverability. 
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Fig. 3 conceptual diagram of tractor mounted air-carrier sprayer 
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Abstract 
The coal mined areas require immediate attention for its rehabilitation, if the present situation 
is allowed to continue, it will degrade air quality, water quality and land productivity. Thus this 
will not only cause inconvenience to the people but also affect the health and environmental 
conditions. Hence, to create better condition and environment, one has to consider the various 
means and ways of rehabilitation, followed by area specific technological interventions. One of 
the interventions may be the plantations (e.g. afforestation/ reforestation/ agroforestry 
models). It is evident from earlier studies that, the performances of leguminous species like 
Acacia catechu, Albizia lebbeck, Dalbergia sissoo and Pongamia pinnata planted on mined areas 
are better than many others species. Even, bamboos like Dendrocalamus strictus, Bambusa sp., 
etc. are also found to grow well under such extreme mined situation. Hence, research efforts 
need to be strengthened further for identification of species with short gestation period 
suitable for coal mined areas and making available the quality planting material by establishing 
nursery.  
Introduction 
 India has abundant domestic 
reserves of coal. Most of these are in the 
states of eastern India viz., Jharkhand, 
Odisha, West Bengal, Bihar and 
Chhattisgarh. Coal mining is the major 
mining activity performed in the India. 
Presently, there are 581 coal mines in India 
(CSE, 2012) of which 177 coal mines are 
now in operation in Jharkhand (38 %). 
Jharkhand is the largest coal producing 
state in the country followed by Orissa (13.4 
%), Chhattisgarh and West Bengal. In India 
coal contributes to about 55% of the 
commercial energy consumption as 
compared to 27% of world average where 
60% of electricity generation capacities are 
coal based (IEA, 2015).  

 There are two types of methods 
applied for mining such as opencast mining 
and underground mining. Both produce 
huge amount of wastes, especially the 
opencast mining. Approximately 70% of the 
mining is expected to be done by open cast 
method (Sinha, 2013). It involves 
displacement of large amount of 
overburden to excavate the valuable 
mineral. In due course, the soils are 
affected by various activities such as 
blasting, drilling and quantity of explosives 
used and thus the soil, an important 
resource for land management is lost and it 
degrades the quality of agricultural land.  
Consequences of coal mining activities 
 The most serious impact of mining is 
the land degradation. Besides, serious 
impacts of coal mining are impact on top 
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fertile soil, microbial population, heavy 
metal toxicity, ecology and vegetation, 
habitat destruction and degradation of 
ecosystem as a whole. The mine spoils or 
overburdens created during opencast 
mining are devoid of nutrients and have low 
water holding capacity. These are 
chemically, physically and biologically 
unstable (Chaubey et al., 2012). Coal mining 
activities are leading to loss of forest 
biodiversity and rich top soil (Sinha, 2013). 
The soil quality in those subsided areas had 
relatively low pH, low moisture content and 
high conductivity (Rai et al., 2010). Das et 
al. (1992) in his preliminary report on coal 
overburdens in eastern India reported that 
pollution problems and soil erosion occurs 
due to mining activities, and hence 
destruction of soil properties too exist 
(Doubleday, 1974 and Sadhu et al., 2010).  
Sharma and Agarwal (2005) studied on 
biological effects of heavy metals and found 
that plants physiological activities got 
affected due to presence of heavy metals.  
 Opencast mining is more severe to 
air pollution problem than underground 
mining. The high levels of suspended 
particulate matters increase the respiratory 
diseases like chronic bronchitis and asthma, 
while gaseous emissions contribute towards 
global warming besides causing health 
hazards to the exposed population. The 
sulphur dioxide, dust particulates, ozone, 
etc. caused by coal mining operation 
reduces the life expectancy (Garada, 2015). 
 Mining and its associated activities 
not only uses a lot of water but also affects 
the hydrological regime of the coal mine 
areas and often affects the water quality. 
Large and deep opencast mines usually 
have great impact on the hydrologic regime 

especially on the ground water regime of 
those areas (Tiwary, 2001). Therefore, there 
is utmost need to rehabilitate those coal 
mine affected areas to reduce it’s adverse 
affect on surrounding environment. 
Rehabilitation prospects and opportunities 
 It is seen that, many such coal mine 
affected areas got rehabilitated by the 
forest department, mainly focussing only on 
the rehabilitation and reclamation 
activities. But due to lack of scientific 
findings, forest officials are unable to 
rehabilitate those areas properly. 
Moreover, they are also not giving any 
emphasis on the needs of the local people. 
 Since past few decades, the coal 
mining and its affected areas rehabilitation 
programme was highlighting at every desks 
of concern. Even then no such scientifically 
and technically sound plantation systems or 
technology had been developed so far for 
livelihood security of native communities 
who live in and around those coal mine 
affected areas. But there are very little 
studies available, related to soil properties 
and particular plant growth parameters 
conducted by many workers. The available 
information is hardly being used for 
rehabilitation of such degraded land. Quite 
often, it is observed that, in most of the 
overburden dump areas, forest department 
generally do planting the hardy species like 
Acacia spp., Cassia siamea, etc. and 
broadcast the seeds of many other plant 
species including grasses primarily to 
stabilise the dump areas and to control soil 
erosion. They also have been engaged for 
plantation on roadsides besides plantation 
on the overburden dumps and other empty 
lands. Deo (2005) studied on vegetation and 
flora of an open cast mined area in South 
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Bolanda, Talcher, Odisha and reported that 
in mine waste, most of the plants grow well 
but some species show abnormal growth 
because of nutrient deficiency and presence 
of heavy metals. Singh (2015) reported that 
growth performance of selected 
leguminous species viz., Acacia catechu, 
Albizia lebbeck, Dalbergia sissoo and 
Pongamia pinnata was found better than 
non leguminous species except few like 
Gmelina arborea and Azadirachta indica. 
Many workers reported that bamboos like 
Dendrocalamus strictus, Bambusa sp., etc. 
can also be grown under such condition. In 
many of the coal mine affected areas, 
afforestation with bamboos was reported 
successful (WCL, 2013). Mishra et al. (2007) 
reported that aquatic plants like Eichhornia 
crassipes, Lemna minor and Spirodela 
polyrhhiza can be used or planted for the 
removal of heavy metals from the coal 
mining effluent.  
 Hence, based on earlier studies, one 
can select the indigenous species to be 

grown at properly spaced and start 
developing various agroforestry models 
(like agrosilvopastoral, silvopastoral and 
agri-horti-silvi-pastoral systems) or multi-
tier system approach for rehabilitating coal 
mine affected areas. Above all, species 
belongs to leguminosae family should be 
given the first priority followed by species 
specific characters like fast growing, low 
gestation period, deep tab root system, 
hardiness and locally valuable. Sarkar et al. 
(2017a, b & c) and Das et al. (2019) 
reported that, Dalbergia sissoo, Melia 
azedarach, Gmelina arborea, Pongamia 
pinnata  and bamboos (Sarkar et al., 2019) 
etc. are some of the important fast growing 
MPTs of this region, which might have the 
potential for being selected and evaluated 
during rehabilitation of such mined out 
areas. Hence, such type of fast growing 
potential species must be screened and 
selected for development of technology or 
any successful models or systems.

 

Overburden dump area Rehabilitation programme initiated by 

Forest Department 
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Conclusion 
It is evident from earlier studies that, the performances of leguminous species when 

grown for rehabilitation of coal mine affected areas are better than many other species. Hence, 
various plantation activities are to be carried out following the improved technology like 
agroforestry models. Further, the research efforts need to be strengthened for screening and 
identification of species with short gestation period suitable for coal mined areas and making 
available the quality planting material by establishing nursery.  

 
References  
[1]. Centre for Science and Environment (CSE) (2012). Coal Mining. Public Watch, Centre for Science and 

Environment, New Delhi, India. 
[2]. Chaubey, O.P., Bohre, P. and Singhal, P.K. (2012). Impact of Bio-reclamation of Coal Mine Spoil on 

Nutritional and Microbial Characteristics - A Case Study. International Journal of Bio-Science and Bio-
Technology, 4(3): 69-80. 

[3]. Das, B., Sarkar, P.K., Kumari, N., Dey, P., Singh, A.K. and Bhatt, B.P. (2019). Biophysical performance 
of different multipurpose trees species in Jharkhand, India. Current Science, 116(1): 82-88. 

[4]. Das, P., Panda, P.C., Samantaray, S., Deo, B., Mallick, U.C. and Bradshaw, A.D. (1992). Revegetation 
of mined land in a monsoon climate: A preliminary report on chromites and coal overburdens in 
eastern India. Orissa Journal of Horticulture, 20(2): 32-38. 

[5]. Deo, B. (2005). Vegetation and flora of an open cast mined area in South Bolanda, Talcher, Orissa. 
Journal of Econ. Taxon. Bot., 29(1): 22-30. 

[6]. Doubleday, G.P. (1974). The reclamation of land after coal mining. Outlook on Agriculture; 8:156-
162. 

[7]. Garada, R. (2015). Coal Mining Environment and Health Problems: A Case of MCL affected 
Households at Talcher, Odisha (India). Journal of Humanities and Social Science, 20(5): 89-98 

[8]. International Energy Agency (IEA) (2015). India energy Outlook. World Energy Outlook Special 
Report, 191 p.  

[9]. Mishra, V.K, Upadhyaya, A.R., Pandey, S.K. and Tripathi, B.D. (2007). Heavy metal pollution induced 
due to coal mining effluent on surrounding aquatic ecosystem and its management through 
naturally occurring aquatic macrophytes. Bioresource Technology , 99: 930–936 

[10]. Rai, A.K., Paul, B. and Singh, G. (2010). Assessment of Top Soil Quality in the Vicinity of Subsided 
Area in Jharia Coalfield, Dhanbad, Jharkhand. Report and Opinion, 2010:2(9). 

[11]. Sadhu, K., Adhikari, K. and Gangopadhyay, A. (2010). Effect of mine spoil on native soil of Lower 
Gondwana coal fields: Raniganj coal mines areas, India. International Journal of Environ. Sci., 2(3): 
1675- 1687.  

[12]. Sarkar, P.K., Bishnoi, S.K., Shinde, R. and Das, B. (2017a). Improvement in agroforestry system. 
Indian Farming, 67(7): 19-20.  

[13]. Sarkar, P.K., Bishnoi, S.K., Shinde, R. and Das, B. (2017c). Prevalent agroforestry systems of 
Jharkhand state of India: A livelihood option. Rashtriya Krishi, 12(1): 87-89.  

[14]. Sarkar, P.K., Das, B. and Bhatt, B.P. (2017b). Bakain (Melia azedarach L.): a promising 
agroforestry species for improving livelihood to farmers of Eastern plateau and hill region of India. 
The Bioscan, 12(2): 1095-1100. 



 

AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

 

205 

 

[15]. Sarkar, P.K., Sinha, A., Das, B., Shinde, R., Dhakar, M.K. and Das, B. (2019).  Bamboo plantation: a 
step forward in doubling farmer’s income in eastern India. Agriculture & Food: e-Newsletter, 1(2): 1-
5. 

[16]. Sharma, R.K.and Agarwal, M. (2005). Biological effects of heavy metals: an overview. J. Environ. 
Biol., 26(2): 301-13. 

[17]. Singh, A. (2015). Growth Performance of Native Tropical Tree Species on a Coal Mine Spoil on 
Singrauli Coalfields. India International Journal of Bioinformatics and Biomedical  Engineering, 1(1): 
16-19. 

[18]. Sinha, A.K. (2013). Reclamation of mining degraded land by introduction of some under 
exploited plants in Raniganj and Barjora coal field of West Bengal, India. Plant Sciences Feed, 3(10): 
109-116. 

[19]. Tiwary, R.K. (2001). Environmental impact of coal mining on water regime and its management. 
Water, Air, and Soil Pollution, 132: 185–199. 

[20]. Western Coalfields Limited (WCL) (2013). Sustainability Development Report. A Subsidiary of 
Coal India Limited, Coal Estate, Civil Lines, Nagpur, p. 19. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

 

206 

 

Augmenting banana production through special cultural approaches 
Article id: 11113 

Thejangulie Angami*, Ashok Chhetri and Vikash Kumar 

Ph.D Research Scholars 
College of Horticulture and Forestry 

Central Agricultural University 
Pasighat -791102, East Siang district 

Arunachal Pradesh 
 

INTRODUCTION 
Banana is an important staple and a 

source of income for small holding growers of 
the tropical humid lowlands to dry mild 
subtropics of India. The fact that, banana 
fruits throughout the year add to its 
importance as a food security crop. However, 
the productivity and lifespan of banana has 
drastically reduced due to lack of proper 
scientific cultivation and agro techniques. 
Banana being a significant food crop, it has 
greater economic importance among the 
food crops, since it is one of the leading 
commodities in agricultural exports. Hence, 
the production performance of the crop is of 
critical importance in improving the efficient 
use of resources. 

To achieve higher yield requires skills, 
dedication, and following proper cultural 
approaches. The following special operations 
directly affect the productivity and quality of 
banana. Below are some pertinent guides 
that any banana growers should be aware of.  
 High Density Planting: To increase the 

productivity per unit area, it is advisable 
to go for high density planting. Besides 
higher yield, it helps reduce labour cost 
and increase the efficiency of utilization 
of inputs such as fertilizers and water. The 
population is increased by adjusting the 
row to row spacing and planting more 
than one sucker per hill. 

 Desuckering: it involves the removal of 
excess and unwanted suckers and it is 
practiced periodically once in 45 days, 
otherwise they compete with the mother 
plant for nutrients resulting in lower 
bunch weight and yield. One sucker is 
allowed with the mother plant for 
ratooning. 

 Propping: In case of taller varieties like 
Poovan, Monthan, Robusta etc. Forked 
branches or bamboo poles are given as 
support to the bunch to avoid damage 
due to overweight and strong wind. 

 Bagging or Bunch covering: Bagging of 
bunches with perforated polythene bags 
or blue plastic bags or dry leaves is 
practised to protect the fruits against 
cold, sunburn, insect, pest and bird attack 
as well as to develop attractive uniform 
finger colour. The right stage of bunch 
covering is when the last hand has 
opened and the male bud has to be 
removed at that time.  

 Denavelling: Removal of male bud after 
completion of female phase is referred to 
as denavelling. It helps in saving the 
movement of nutrients to unwanted sink 
and promote finger size which ultimately 
increases the bunch weight. The excised 
male bud is also used as vegetable. 

 Bunch Feeding: After male bud is 
removed, application of 15 g of fertilizer 
mixture (7.5 g of urea and 7.5 g of 
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sulphate of potash) dissolved in 100 ml 
water along with 500 g of fresh cow dung 
mixed well in a plastic bag/milk bag and 
insert to the denavelled stalk end of 
bunch tied with a strong string. It is done 
after fruit set resulting in increase finger 
size and ultimately increase the bunch 
weight. 

 Thrashing: As the dried leaves harbors the 
insects and acts as a host for some 
diseases, dry leaves should be removed as 
and when they appear. However, care 
should be taken that no green leaves 
should be cut from the plants. 

 Mattocking: After harvest of crop, the 
plant stem should be cut in stages to 
facilitate resyphoning of the nutrients 
from the mother corm to the developing 
ratoon crop plant.  

 Smoking: Bananas are not usually allowed 
to ripen on the tree as it takes long time. 
Moreover, the fruit peel splits, fruit ripens 
unevenly and fails to develop good colour 
and aroma, and hence the marketable 
quality deteriorates. Therefore, banana 
needs to be ripened artificially. Smoke 
treatment is the common method to 
induce ripening. Smoking is done with 
straw, leaves and cowdung in a closed 
chamber with bunches arranged in heap 
for 18-24 hours in summer and 48 hours 
in winter. After taking the bunches from 
the chamber they are placed in a well 
ventilated room for development of 
colour. Smoke treatment causes ripening 
of bunches within 3 days.  

 

 

Fig 1. Maintaining one sucker per mother plant  

 

Fig 2. Propping 
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Fig 3. Denavelling 

 

Fig 4. Bagging  

 

 

CONCLUSION 

 Cultural practices are crucial agro-ecological practices for enhancing food productivity. 
Banana cultivation is very profitable and viable agribusiness if planned well. Therefore, in 
banana, the above special approaches can be a strategy for further augmenting the yield which 
can be conveniently carried out by farmers with ease as the process are not cumbersome. This 
approaches need to be strengthen through knowledge extension to farmers to enhance their 
adoption in a big way. 
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Abstract: 
Physiological disorders are mainly caused by 
changing environmental conditions such as 
temperature, moisture, unbalanced soil 
moisture, inadequate or excess of certain soil 
minerals, extremes of soil pH and poor 
drainage. Physiological disorders of tomato are 
abnormalities in fruit which are caused by 
abiotic factors not caused by infections of 
diseases or insects. The abnormality occurs as a 
result of environmental, genetic factors, 
nutrition and cultural practices such as watering 
practices, training and pruning. Physiological 
disorders encountered in this chapter included 
blossom end rot (BER), catface, cracking, 
internal white tissue, irregular ripening, 
puffiness, pox and fleck, rain check, zippering 
and sun scald. 
 
Introduction: 
Vegetable is the main component of our daily 
diet. They contain varieties of nutritionally vital 
compounds such as carbohydrates, protein, 
vitamins and minerals. Vegetables often attract 
the consumers for their medicinal properties 
and also their aesthetic properties i.e., texture, 
colour, flavor and high water content.  
Therefore, vegetable showed relatively high 
metabolic activity when compared to other 
plant obtained foods as seeds. Compression to 
other crops like, fruit, cereals, pulses, oil etc the 
vegetable production increases quickly. This 
increase of production in vegetable crops is due 
to use of improved varieties, improved facilities 
for crop production and also use of improved 
technology for post harvest management. The 
morphological and quality of vegetables that we 
consume is highly influenced by both biotic and 

abiotic factors, which includes improper 
pollination or fertilization, hormonal imbalance, 
deficiency or excess of mineral elements, lack of 
nutrients, injuries due to high or low 
temperature, high rainfall, poor light, water 
logging or water scarcity and phyto-toxic 
compounds. In vegetable, sometimes more 
than one factor may be responsible for 
physiological disorder. Almost all major 
vegetable crops are prone to various types of 
physiological disorders that effecting different 
plant organs thus rendering them unfit for 
human consumption, therefore control of 
disorder is essential for profitable production of 
the crop. 
 
Tomato 
1. Blossom-end rot: Blossom end rot is a 
physiological disorder of tomato that can 
appear on fruits at any time in their 
development, but most commonly appears 
when fruits are one-third to one-half grown. 
The initial symptoms are water-soaked spots on 
the blossom end of the fruit. These spots later 
enlarge and become black. Secondary infection 
by other decay causing organisms usually 
follows. The cause of this disorder is considered 
to be calcium deficiency in the developing fruit. 
Extreme fluctuations in moisture, root pruning 
and excessive nitrogen fertilization can also 
result in blossom end rot. 
Control: Avoid excessive application of Nitrogen 
particularly in ammonium form. Application of 
lime or calcium based fertilizers (e.g. Calcium 
Ammonium Nitrate) as basal dose is commonly 
used to control this physiological disorder. 
Foliar spray of Calcium chloride (3 g/lit. of 
water) also controls this disorder. 



 

AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

 

210 

 

   

Plate 2: Blossom-end rot and Cat face 

2. Cat face: Cat face is a condition involving 
malformation and scarring of fruits, 
particularly at blossom ends. Affected fruits 
are puckered with swollen protuberances 
and can have cavities extending deep into 
the flesh. Generally, any disturbance to 
flowers can lead to abnormally shaped 
fruits. Extreme heat, drought, low 
temperature, and contact with hormone-
type herbicide sprays may cause flower 
injury. 
Control: Other than keeping herbicides 
away from flowers, the only control for cat 
face is planting less susceptible tomato 
varieties. Delayed pruning, balancing the 
internal nutrient, regulating temperature, 

the assimilation rate and the endogenous 
growth regulators can control cat-face. 
3. Puffiness: As the name implies, fruit 
suffering from puffiness appear somewhat 
bloated and angular. When cut, cavities 
may be present that lack the normal "gel" 
and the fruit as a whole isn't as dense. 
Puffiness results from incomplete 
pollination, fertilization, or seed 
development often as a result of cool 
temperatures that negatively impact 
fertilization. Similar to growth cracking, high 
nitrogen and low potassium can also lead to 
puffiness. The causal factors are high or low 
temperature and low soil moisture. 

  

Plate 2: Sunscald and Puffiness 
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4. Sunscald: Tomato fruits nearing maturity 
when exposed to the sun are prone to 
scald. The tissue has blistered water-soaked 
appearance. Rapid desiccation leads to 
sunken area which usually has white or grey 
colour in green fruit or yellowish in red 
fruits. Any factor causing a loss of leaves, 
such as disease, will expose fruits to 
sunlight and increase chances for sunscald. 
Control: Maintaining a continuous disease 
control program will lessen chances of 
foliage loss. Covering exposed fruits with 
straw, if plants are not staked reduce the 
incidence of sunscald. 
5. Cracking: Cracks results from extremely 
rapid fruit growth brought on by periods of 
abundant rain and high temperatures, 

especially when these conditions take place 
following periods of stress. Cracks of 
varying depth radiate from the stem end of 
the fruit, blemishing the fruit and providing 
an entrance for decay-causing organisms. It 
is common during rainy season when 
temperature is high, especially when rain 
follows long dry spell. Radial cracking is 
more likely to develop in full ripe fruit than 
in mature green. Fruits exposed to sun 
develop more concentric cracking than 
those, which are covered with foliage. 
Control: Picking of the fruits before the full 
ripe stage reduces the incidence of 
cracking. Soil application of borax @ 10-15 
Kg/ha or its spray at 0.25 % at the fruiting 
stage. 

   

Plate 2: Cracking and Gold Specks  

6. Gold Specks: It has been identified as 
cells containing a granular mass of tiny 
calcium oxide crystals (Den Outer and Van 
Veenendaal, 1988). These tiny yellowish 
spots are regular, less than 0.1micro meter 
across and often observed around the calyx 
and shoulders (De Kreij et al., 1992). Their 
presence affects the external appearance of 
the fruit (Groossens, 1988) and reduces 
their shelf life. 

 
 
Herbicide Injury 
This herbicide injury is caused by more 
application of 2,4-D, MCPP and other 
growth regulators. Plants are very sensitive 
to these chemicals throughout the growing 
season. The first symptom is downward 
curling of leaves and tips of growing points. 
Leaves often become narrow and twisted 
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toward the tip, with prominent, light-
colored veins. The symptoms are most 
pronounced on portions of the plant that 
were actively growing when the exposure 
occurred. In severe cases, stems and 
petioles become thick, stiff, and brittle with 
warty outgrowths. Affected plants usually 
recover. However, the fruit may become cat 
faced or develop in a plum shape, and may 
be hollow and seedless. To avoid herbicide 
injury, do not spray when wind may carry 
spray drift toward tomatoes or other 
sensitive crops. In addition, spray at low 
pressures, use a coarse-spray nozzle, apply 
the spray as close to the ground as possible. 
Avoid applying other pesticides in sprayers 
that have previously contained herbicide 
because traces of herbicide are likely to 

remain in the sprayer even after thorough 
rinsing. 
 
Conclusion: 
Plant nutrition in relation to growth and 
development continues to be a major area 
of study in vegetable crops. With rising 
awareness of the importance of fruit 
components, such as antioxidants and 
vitamins, for human health greater 
importance is now placed on the nutritive 
value of produce, as well as on the 
molecular basis of mechanisms implicated 
in the uptake and utilization of inorganic 
nutrients by the plants. In a comparative 
review of the Solanaceae, it is unavoidable 
that given its greater importance as a crop, 
tomato has been researched much more 
than pepper or eggplant. 
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Introduction 
With the golden touch of digitalization, the 
world is evolving swiftly. The most prime 
sector of mankind, i.e., agriculture is also 
coping with this change of pace. The 
horticultural crops in general and 
vegetables, in particular, are of high 
intensive nature so can be of much 
potential to be tapped by the digitalization 
to bring out more precision resulting in 
substantial high income for the growers. 
Precision Agriculture 
Precision agriculture can be described as a 
comprehensive system designed to boost 
up the agricultural production with the use 
of crop information, advanced technology, 
and management practices. In simpler 
terms, it refers to the process of putting the 
right thing, in the right amount, in the right 
place, and at the right time. Information, 
technology, and management are the key 
factors in the precision agriculture that are 
to be employed from the crop planning 
stage to the postharvest phase. 
In 1929, the concepts of precision 
agriculture were introduced by C.M. Linsley 
and F.C. Bauer. 
Precision agriculture is also known as 
precision farming, site-specific farming 
(SSF), site-specific management (SSM), site-
specific crop management (SSCM), variable 
rate application (VRA), etc. 
Precision Agriculture vs. Traditional 
Agriculture 

The level of management distinguishes 
precision agriculture from the conventional 
approach. Instead of managing the whole 
field as a single unit, management is 
designed for small areas within the fields. 
This amplified level of management focuses 
on the requirement for sound agronomic 
practices. Precision agriculture is highly 
information-intensive as compared to the 
conventional crop management that 
assumes the uniform field conditions and 
recommends average input application 
rates. 
Objectives of Precision Agriculture 

 Increased profitability and 
sustainability   

 Optimization of production 
efficiency 

 Enhancing the quality of the 
produce 

 Most efficient chemical and seed 
use 

 Efficient and effective pest 
management 

 Soil, water, and energy conservation 

 Minimizing environmental impact 

 Minimizing Risk 

Constraints in Precision Agriculture  
The major reasons for the limited 
implementation of precision agriculture in 
Asian countries in general and in India in 
particular are; 

 Small land holdings 
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 Lack of finance and credit facility 

 Heterogeneity of cropping system 

 Inadequate training and 
demonstration 

 Technical know-how and knowledge 
gaps 

 Low price fixation 

 Low water and pumping efficiency 

Precision Vegetable Farming 
Growing commercial vegetable crops 
requires a very high level of management. 
Nowadays, the competitiveness in 
commercial vegetable farming is high which 
demands a need for application of the most 
efficient and advanced technologies. 
Various hi-tech interventions have been 
employed in getting the desired outcome. 
Some of the popularized techniques are;  

i. Micro-irrigation 
ii. Fertigation 

iii. Precision seeding 

iv. In situ moisture conservation 
v. Protected cultivation 

vi. Hydroponics 
vii. Application of remote sensing, etc. 

i. Micro Irrigation 
Most of the vegetable crops are moisture 
intensive in nature, i.e., demands a high and 
precise water supply. On the other hand, 
when the water is supplied through flood or 
surface irrigation, a substantial amount of 
water is lost through evaporation and run-
off. Micro irrigation techniques (drip and 
sprinkler irrigation) can be helpful in 
meeting the above concerns. 
The available literature and the results 
obtained at precision farming development 
centers across India report that there is 50 
to 70% saving in irrigation water and 18 to 
152% increase in yield of vegetable crops 
through drip irrigation.  

 
Response of different vegetable crops to sprinkler irrigation 

Crop Water saving (%) Increase in yield (%) 

Okra 28 23 

Cabbage 40 3 

Cauliflower 35 12 

Chillies 33 24 

Garlic 28 6 

Onion 33 23 

Potato 46 4 

Source: Indian National Committee on Irrigation and Drainage (INCID), 1994 
ii. Fertigation 
In addition to the application of precise 
amount of water to the plants, the micro-
irrigation systems can be utilized for 
fertigation purpose. Fertigation refers to 
the technique of using soluble/liquid 
fertilizers to supply essential nutrients to 
crops through drip or sprinkler irrigation 

system. It is ideally suited to almost all the 
vegetable crops. 
 
 
iii. Precision Seeding 
Vegetables can be either transplanted or 
direct seeded.  If direct seeding is to be 
used, a precision vegetable seeder is 
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needed to obtain acceptable results when 
planting the small-seeded vegetable crops. 
Large-seeded crop such as beans, peas, and 
sweet com can be effectively planted with a 
standard cotton, maize, or soybean planter.  
 
 
 
iv. In situ Moisture Conservation 
In situ conservation of water refers to the 
prevention of water from being wasted and 
meanwhile, conserving at the place where it 
is received to produce the maximum 
benefit or collection and storage of 
rainwater where it is received. After the 

irrigation, water is primarily lost through 
evaporation so in situ moisture 
conservation through plastic mulch can be 
very effective in; 

 Increasing the soil temperature 
during winters 

 Minimizing soil compaction 

 Reducing fertilizer leaching 

 Controlling the evaporation loss 

 Increase in water use efficiency 

 Cleaner product 

 Reducing weed problems 

 Earlier crops and increased crop 
growth 

 
Effect of mulching on the yield of different vegetable crops 

Crop Increase in yield (%) 

Capsicum 53.00 

Cabbage  13.60 

French bean  38.61 

Broccoli  19.76 

Moreover, when the plastic mulch used along with drip irrigation it increases the benefit many 
folds over surface irrigation. 
 
v. Protected cultivation 
Distinct advantages of quality, productivity, 
and favourable market price can be 
achieved by the growers through the 
protected cultivation of vegetables. High 
availability of vegetables in the market 
during their normal season results in the 
low price, whereas the vegetable growers 
can substantially fetch a good return 
through the off-season production of 
vegetables under protected cultivation. Off-
season cultivation of cucurbits under low 
plastic tunnels is one of the most profitable 
technologies under northern plains of India. 
Walk-in tunnels are also suitable and 
effective to raise off-season nursery and 

off-season vegetable cultivation due to 
their low initial cost. Insect-proof net 
houses can be used for virus-free cultivation 
of tomato, chilli, sweet pepper, and other 
vegetables mainly during the rainy season. 
These low-cost structures are also suitable 
for growing pesticide-free green vegetables. 
Low-cost greenhouses can be used for high-
quality vegetable cultivation for long 
duration (6-10 months) mainly in peri-urban 
areas of the country to fetch an appropriate 
price of produces. 
vi. Hydroponics 
Due to the high infection of soil-borne 
diseases, the vegetable production in most 
parts of the tropics is extremely difficult. 
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Hydroponics can provide a solution to this 
problem for the grower. Hydroponics can 
be used as an essential tool in vertical 
farming in cities or for commercial 
production of vegetables. Hydroponics is 
able to solve the global issues such as 
environmental pollution and water scarcity. 
At the moment, the utilization of 
hydroponics systems for commercial 
vegetable production is limited. 
 
 

vii. Application of Remote Sensing 
Application of advanced technologies like 
remote sensing, GIS (Geographical 
Information System), etc. are recent trends 
in commercial vegetable production and 
management. With the application these 
tools, development of soil and drainage 
maps, crop health monitoring and 
management (weed, insect pests, diseases, 
nutrient stress, etc.), yield forecasting, etc. 
can be achieved.

        

 Source: Precision Agriculture and Potential Market in India (Tech Mahindra) 
 
Conclusion 
In comparison to the developed countries with respect to the economic feasibility as well as 
technological know-how, the establishment and adoption of precision vegetable farming in 
India are at a slower pace. Keeping the mind the challenges faced by the Indian farmer, there is 
need for the development of cost-effective solutions. The small sized agricultural land holdings 
of most of the Indian farmers limit the economic gains from currently available precision 
farming technologies. Still, with the application of various hi-tech interventions of precision 
agriculture, a great promise is there for the enhancement of vegetable crop production and 
improvement.  
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Restoring the lungs of the blue planet 
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An adorable abode supporting 
diversity in billions, cuddling on lap of 
equator is the huge Rainforest in the 
tropical basin of the Amazon River, 
representing over half of the planet’s 
remaining rainforest and sharing its 
territory with 9 nations, majority being in 
Brazil. Sunrays tiptoe through its dense 
canopy to kiss the mother earth. A huge 
happy family with a scoop of fantasy 
amongst every creature in individual 
scintillates this wet tropical rainforest. 
Being the most species-rich biome and 
having unparalleled biodiversity, near about 
2.5 millions of insect species, 10,000 of tree 
species, 2000-3000 animals and birds and 
several parasites and disease vectors and 
containing 10% of all biomass on Earth. 
Respiring for entire living being in legacy, 
purifying the air we breathe, keeping the 
land warm with frequent and adequate rain 
fall and grinning wide with green coverage, 
solacing entire nature as the Lungs of the 
Earth. Standing through every odds and 
evens has restored its vitality and 
responsive interaction till date. Greed of 
human is better known, couldn’t spare a 
little dodo and a huge mammoth then, and 
now having greedy eyes on Amazon 
rainforest. 

 
For centuries together near about 

400 tribes ruled and cared for these 
rainforest in Brazilian and Peruvian belt. 
Then mutually beneficial were those having 

advanced brain and speechless creatures 
dwelling together. But developed brain and 
greedy desires of man wanted more. Hence, 
required more space for farming, fine logs 
for furniture, delicate parts of animal body 
for interior decoration and lastly space for 
itself to live in leading to its ultimate 
destruction by smashing out over 2,89,000 
sq miles of Amazonian rainforest. 

 
More than 56% of the dust fertilizing 

the Amazon rainforest comes from the 
Bodele Depression in Northern Chad in the 
Sahara desert which is phosphorus laden 
important for plant growth. Highly fertile 
soil with suitable climate helps in increasing 
the plant population. That has intensified 
agricultural activities. Illegal deforestation 
was at heights during 2015 for the first 
time, owing to increased demand of 
consumers for products like palm oil and 
soybean. Report says 2003 to be the peak 
year of deforestation when more than 20 
percent of the Mato Grosso state's forests 
were converted to cropland for soy 
cultivation. During 1960s Jhum cultivation 
along with other traditional crop production 
practices of agriculture were adopted by 
local villagers and tribes destroying a 
massive forest area.  With growing tourist 
and communication Trans-Amazonian 
Highway was constructed deep into the 
forest during 1972 disturbing its normal life. 
Amazonian belt was ruled by cattle raising 
because ranching required little labor, 

https://en.wikipedia.org/wiki/Palm_oil
https://en.wikipedia.org/wiki/Mato_Grosso
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generated decent profits, and land under 
state ownership to private companies, 
without term limits on the property rights. 
According to a Greenpeace report (2009), 
the cattle sector in the Amazon, supported 
by the 
international beef and leather trades, was 
responsible for about 80% of all 
deforestation in the region, or about 14% of 
the world's total annual deforestation, 
making it the largest single cause of 
deforestation in the world. Production and 
export of biodiesel, oil spill and gas 
production has ultimately disturbed the 
Amazonian ecosystem. After 
industrialization exploitation of a small 
piece of land has increased on its own 
interest. Rigorous mining and logging has 
enhanced to satisfy the need of raw 
materials in secondary sectors. Clearing 

several lands for infrastructural projects has 
become a common practice. Note in billions 
has urged human needs to an unquenched 
thirst to wring out the nature. 

 
We have only a planet to share, so 

we must ensure its health and 
sustainability. Teasing the lungs can be a 
severe health issue in future. Trends 
reversed with increased awareness and 
legal laws, actions, projects and programs 
to procure and retain the vitality of the 
Amazon river and rainforest for future 
generations to come. Concerned with the 
theme of International Forest day, 21st 
March 2019, i.e. “Forest and Education” the 
significance of a pair of lungs for a human 
body dignifies the gravity of rainforest for 
planet Earth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Cattle
https://en.wikipedia.org/wiki/Beef
https://en.wikipedia.org/wiki/Leather
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Introduction  

Tulsi (Ocimum tenuiflorum) or holy basil is a sacred plant of India. This plant has great spiritual, 

medicinal and therapeutic value in Hindu belief. Hindus regard it as an earthly manifestation of 

the goddess Tulsi; she is regarded as a great worshipper of the god Vishnu. Usually, plant leaves 

or dal are offered in every hymen and ritualistic worship of Vishnu and his incarnation Lord 

Krishna. Traditionally, In India, Tulsi is planted in the center of the central courtyard of Hindu 

houses. Tulsi Ocimum tenuiflorum belongs to family - Lamiaceae is widely distributed in Indian 

subcontinent with two varieties viz., Krishna tulsi and Shri tulsi. There are about 160 species of 

the genus Ocimum. Its hybrid is now being cultivated in about 2000 hectares of land in India 

(Balyan & Pushpangadan, 1988) as ayurvedic and medicinal plant. Its leaves, stem, shoots, 

flowers, seeds and roots have tremendous economic importance in epidemiology and industry. 

Tulsi crop is attacked by several sucking insect pests like lace bug Cochlochila bullita (Stal), 

whitefly Aleurodicus dispersus Russell, Dialeurodes sp. and aphid Macrosiphum sp. but C. bullita 

and A. despersus found throughout the year while aphid appeared occasionally in December-

January (Sathe et al., 2014). Leaf roller, lace bug, etc. reported by Panda, (2005). 

Medicinal uses: Tulsi has many traditional health uses, including treatment of eczema, psoriasis 

and aging effects. It is also used as an antibiotic, digestion aid, an immune system booster, an 

anti-inflammatory, insect bite, teeth disorder, excretory organ stone and a stress reducer. In 

its native India, tulsi is considered a sacred plant and no household work would be there 

without the plant. Its leaves, stem, shoots, flowers, seeds and roots have tremendous economic 

importance in epidemiology and industry. 

Possible side effects: The use of tulsi while pregnant or breast-feeding could potentially be 

harmful to your unborn child. Use of tulsi is discouraged while pregnant or nursing. Avoid tulsi 
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when even considering getting pregnant. Men and women trying to procreate are also warned 

to avoid tulsi because of possible problems with fertility. 

Major pests of tulsi and their management 

1. Aphids 

Damage symptoms: Aphids are soft bodied insects remains 

on underside of leaves or stems of plant; usually green or 

yellow in color. If aphid infestation is heavy it may cause 

leaves to yellow or distorted, necrotic spots on leaves or 

stunted shoots; aphids secrete a sticky, sugary substance 

called honeydew which encourages the growth of sooty 

mold on the plants. Growth of sooty mold affects the 

photosynthesis activity of plant. 

Management:  When aphid population is limited to just a few leaves or shoots then the 

infestation can be pruned out to provide control; check transplants for aphids before planting. 

Use tolerant varieties if available. Reflective mulches such as silver colored plastic can deter 

aphids from feeding on plants. Sturdy plants can be sprayed with insecticides are generally only 

required to treat aphids if the infestation is very high. Spray with Immidachloprid 17.8 SL @ 1.5 

ml per liter of water.  Insecticidal soaps or oils such as neem oil also can use for control of 

aphids. 

2. Lace bug 

Damage symptoms: Severely damaged leaves became heavily discolored and fall off. The lace 

bugs tend to reproduce profusely on new growth and nymphs invariably remain on the plant 

throughout the season. With their inherent water stress during the dry season, the plants wilt 

at a much faster rate when C. bullita infestation is present. 

Biology 

Fig. Aphids on tulsi 
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Egg- The dark brown coloured eggs are oblong and slightly tapered towards the opercula end. 

Eggs are usually laid either in cluster or singly into the plant’s tissue leaving only the opercula 

exposed. 

Nymph- The nymph is yellowish with red eyes upon hatching but soon turns into pale brown. It 

goes through five instars to attain adult stage. Spines and pronotum become more prominent 

after second instars. 

Adults- Adult of lace bug has lacy wings with brown 

swollen part at the discoidal area. The costal margin is 

relatively curved outwards and very slightly concave. The 

adults have a prominent hood-like pronotum that 

covering their head. Body and wings with lacework are 

dark-brown in colour. 

Management 

Water can dislodge the lace bug from the plants. This can be shown during the rainy season, 

less damage was observed and fewer lace bugs were present.  

Insecticidal soap, neem oil and most synthetic systematic insecticides provide good control. 

Systemic insecticides like acephate and imidacloprid 17.8 SL are suitable for controlling this 

pest. 
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Fig. Adult of Lace bug 
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Introduction 
Curcuma longa commonly known as 
turmeric is a member of the ginger family  
sometimes called Indian saffron or the 
golden spice is a tall plant that grows in Asia 
and Central America. Turmeric has a long 
history of medicinal use for Ayurvedic 
medicine and traditional Chinese medicine. 
Evidence has linked turmeric to the healing 
of wounds, joint pains, liver and skin 
diseases, sprained muscles and respiratory 
or gastrointestinal problems. Aside from 
being a common ingredient in various 
Indian dishes turmeric is used for making 
mustard. In fact the distinct yellow color of 
this condiment comes from this spice. 
Turmeric also works as a dye for textiles 
and other articles of clothing. It is said that 
Buddhist monks who travelled all over the 
world used this spice to dye their robes.  
               Children from Kerala, a state in 
southwest India, were given turmeric-dyed 
clothing to wear during the Onam Festival 
because the color of the spice is said to be 
associated with Lord Krishna, a prominent 
figure in Hinduism. Turmeric is a significant 
part of a traditional Hindu wedding 
ceremony. The groom ties a turmeric paste-
dyed string called a mangala sutra around 
the bride's neck, signifying that the woman 
is married and capable of running a 
household. This tradition still continues in 
Hindu communities today, and is the 
equivalent of exchanging wedding rings in 
the Western world. In some parts of 

Southern India, people still wear a piece of 
the turmeric rhizome as an amulet to 
protect themselves from evil spirits. Just a 
few grams of turmeric per day either in the 
form of powder, crushed root or fresh root 
can provide enough nutrients to help you 
keep away from anemia, neuritis, memory 
disorders and offer protection against 
cancers, infectious diseases, high blood 
pressure, and strokes. 
Turmeric powder has been in use as a food 
colorant, natural food preservative, and 
flavor base since ancient times. It is 
traditionally recognized as "Indian saffron" 
since its deep yellow-orange color is quite 
similar to that of the prized saffron. 

 This is a natural food preservative. 
The paste is used to marinate fish, 
chicken, and meat to enhance shelf 
life and particularly to offset stingy 
smell of fish. 

 In India, the suns dried roots mixed 
with other spices, curry leaves, 
peppers, etc. and then gently 
roasted and ground to prepare a 
masala curry powder. 

 Turmeric powder complements well 
with any vegetable or meat 
preparations and mixes nicely with 
other spicy powders and herbs 
enhancing overall flavor and 
fragrance of the dishes. 

 Turmeric has been used in the 
preparations of soups, salad 
dressings and has been found 
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application in the food industry like 
canned beverages, baked products, 
dairy products, ice cream, yogurt, 
yellow cakes, orange juice, biscuits, 
popcorn color, sweets, cake icings, 
cereals, sauces etc. 

 Turmeric tea is a popular drink in 
Okinawan population and many 
Asian countries. 

 Turmeric leaves are added to flavor 
sweet dishes (rice-milk payasam) 
and ghee (melted butter) in some 
parts of South India, Thailand and 
other South Asian regions. 
 
 
 
 
 

Health Benefits of Turmeric 
Turmeric is known as the "Spice of Life" and 
curcumin has a role to play in making 
turmeric earn this moniker. This compound 
has shown promise in helping combat 
diseases such as: Parkinson’s and 
Alzheimer’s disease, osteoarthritis, cancer, 
anti-inflammatory properties Pain relief, 
improving liver function etc. The 
antibacterial properties of curcumin are 
nothing short of extraordinary as well, as it 
is effective against gastritis, peptic ulcer and 
gastric cancer, which are all caused by 
Helicobacter pylori bacteria. 
             It has a particular affinity for the 
blood and is thereby able to circulate its 
powerful health benefits throughout the 
body. It is used to support a number of 
systems and functions in the body such as: 

 

 

Health Benefits of Turmeric 
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Conclusion 
                An abundance of preclinical data point to the considerable potential of curcumin and 
turmeric to contribute to the alleviation of numerous conditions, especially those mediated by 
deregulated inflammation and generation of oxidative stress, such as cancer, cardiovascular 
disease, GI inflammatory diseases, arthritis, and Alzheimer disease. However, more detailed 
mechanistic characterization of curcumin’s impact in the initiation and progression of these 
disease conditions is much needed. In regard to cancer, the preclinical studies point out that 
curcumin can have diverse effects on multiple processes leading to cellular transformation and 
tumor genesis. The impact of curcumin on carcinogenesis in tissues may vary substantially, 
possibly depending on the experimental cancer models used. With regard to diabetes, the 
preclinical findings point to a number of ways that curcumin may potentially counteract the 
consequences of diabetes. However, more detailed molecular insights into turmeric impact on 
insulin sensitivity and energy metabolism could provide more substantial justification for 
focused human investigations. Relative to it is purported cardiovascular benefits; it would be 
helpful to obtain consistent evidence linking curcumin’s antioxidant and anti-inflammatory 
action to several well-established contributors to cardiovascular disease, such as vascular 
integrity, blood pressure regulation and blood clotting dynamics. Additionally, curcumin’s 
suppression of inflammation processes and oxidative stress may provide a general explanation 
of its potential to prevent arthritic symptoms. 
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Introduction 
Fishery sector in Northeast India 

have witnessed that this sector is 
contributing a remarkable support in the 
overall development of this region’s 
economy by ensuring food and nutritional 
security. The dependency on this sector is 
expecting to rise in the years to come. 
Further the present scope of this sector can 
be expanded to a considerable extends by 
developing fish byproducts based 
entrepreneurship. Development of such 
kind of entrepreneurship will help in 
increasing the utilization level of fish based 
products. Since, the consumption of fish in 
human diet is increasing day by day. 
Therefore, there is a need for judiciously 
and scientific exploitation as well as 
utilization of available resource in order to 
prevent or reduce the loss of fish during all 
processing stages.  
Importance of fish byproducts based 
entrepreneurship  

Establishment of entrepreneurship 
would aim to maximize the growth and 
development of any business by expanding 
the value chain opportunities and 
sustainability of the business. Value 
addition based entrepreneurship ventures 
of fish processing and preservation could 
add another important dimension in the 
utilization of fish based products. According 
to Chakravarty (2015) fish byproducts based 
entrepreneurship will helps in 

 Creating innovation 

 Creating new business 

 Personal growth 

 Self-dependent  

 Improving the living standard 

 Utilizing the locally available 
resources 

 Economic development of the area 

 Generation of employment 
 
What are Fish byproducts? 

Generally fish products or 
byproducts are those products derived from 
different manufacturing processes and 
chemical reaction.  In other words, they are 
the source of processed or high added value 
compounds in order to derive the new 
products from low cost fish.  It is also 
expected to increase the shelf life and 
quality of the product. In most cases, fishes 
are preferably consumed in fresh condition 
due to its perishable nature. However, due 
to several factors like unavailability of 
market facilities, high transportation 
charges, etc have forced to preserve or 
processed the fish for future use.  
Potential fish Byproducts of Northeast 
India 
1. Fermented fish: A traditional method of 

fish preservation linked with culture and 
traditions of many ethnic communities. It 
is the easiest and convenient method to 
prevent spoilage of fish. In most cases, 
the fish are kept for 3-6 months under 
fermented condition (air tight containers). 
The final product may vary depending on 
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the condition, storage, and nature of the 
process etc.  These final products are 
generally consumed along with 
vegetables or used in preparation of 
various chutneys.  

2. Fish Sausage: The deboned fish meat is 
ground with binder, refined oil, 
condiment, spices, salt, water, and 
vegetables at different concentration in a 
silent cutter. This product is alike with 
pork sausage where the grinded 
substances are stuffed with intestines or 
similar materials.  

3. Fish pickle: Fish pickle can be prepared 
from the deboned lean fish meat. It is the 
analogue of pickle made from different 
food items.  The deboned lean fish meat 
is preserved in the sauce which is made 
by frying garlic, ginger, green chilli, chilli 
powder, cumin powder, turmeric powder, 
sugar, salt, hing and mustard oil. 

4. Fish mince and mince-based products: It 
is the fish meat free from bones and skin. 
In most cases, mincing of fish is preferably 
done with the fish having low fat and high 
protein content. Some of the common 
minced fish products are fish cutlets, fish 
samosa, fish pakora, etc. 

5. Fish meal: Fish meal is used as 
supplementary feed for animals. Fish 
meal is made by grounding the collected 
raw materials and then the drying of 
minced mass is done by applying heat 
either externally or internally. 

6. Extruded fish byproducts- Extruded 
byproducts are made by using the 
extrusion technology where mixed 

ingredients are forced to expel through a 
die or an orifice. In this process the mixed 
ingredient are fed in the extruder which is 
maintained under specific temperature 
and pressure.  The underutilized or less 
value fish can be successfully converted 
into more nutritious and value products 
by using this technology.  Some of the 
common extruded fish byproducts are 
fish kurkure, fish paste, fish feeds, etc. 

Focus Groups 
 Community Agriculture Co-

operative Societies 
 NGOs 
 Self-help groups  
 Government Agencies 

Conclusion 
It is expected that induction of fish 

byproducts based entrepreneurship would 
likely to increase the value chain and 
marketing channels of this valuable 
resources. So, it can be improved by scaling 
up the fish byproducts based processing 
ventures across the region.  Fish byproducts 
based entrepreneurship could provide a 
paradigm shifts in uplifting the socio 
economic development of the region in 
particular. Moreover, this venture will 
ultimately help in providing a source for 
alternative livelihood to the rural fisherman 
by increasing their income generation in 
general. However, there need a proper 
financial and other incentives support during 
the initiation stage and these factors could 
play a major role in successful establishing of 
this sector.  
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1. Introduction 

Indian agriculture is undergoing a 
gradual shift from dependence on human 
power and draft animal power (DAP) to 
mechanical power because maintenance of 
DAP and manual labor is becoming 
increasingly costly coupled with scarce 
availability of fodder and feed to animal. 
Hence mechanical power has become more 
economical and indispensable to meet 
targets of timeliness and efficient utilization 
of natural resources and input use. 
Intensive cultivation also requires 
mechanization. Use of high capacity and 
energy efficient farm implements are more 
important in changing climate scenario. 
Farm power availability from human and 
animal power sources has remained same 
or even reduced during past 20 years (0.24 
Kw/ha in 1951 to  
0.20 Kw/ha in 2009). Farm power from 
tractors, mechanical and electrical sources 
put together increased 20 fold in the same 
period (0.04 Kw/ha in 1950 to 0.93 Kw/ha in 
2009) (Srinivasrao et.al. 2013). Timeliness of 
operations especially sowing and 
intercultural operations has significance for 
good crop stand and sustained productivity 
of crops. Mechanization of agricultural field 
operations sooner than later is the need of 
hour in the present Indian Agriculture. 
Single farm ownership of any farm 
implement or machines on the small farm is 
not economically viable. But through 
custom hiring of agricultural machines even 

small farmers have been able to get the 
benefit of farm mechanization.   

 Custom hiring of farm machines 
was first introduced in Indian agriculture 
early decades of 19th century. Organized 
custom hiring to promote multi-farm use of 
agricultural machinery was made in mid 
1960 when Agro-Industries Corporation 
(AIC) was established in the states.  Custom 
Hiring of farm machinery got further boost 
when the Government of India, in 1971, 
launched a scheme to set up Agro-Service 
centers all over the country. The main aim 
of this scheme was to provide employment 
to the unemployed engineers and 
graduates in agriculture. Custom Hiring 
services, in a limited way was started in 
1990s under National Schemes spread over 
India, under National Agriculture 
Technology Project (NATP) and National 
Agricultural Innovation Project (NAIP). In 
2010, under National Institute on Climate 
Resilient Agriculture (NICRA), by bringing in 
100 agri extension centres spread over 
drought/flood/hill area and other difficult 
terrains of agriculture, the man power 
utilization and technical expertise of agri 
extension centres was harnessed to 
popularize Custom Hiring services.  

Custom Hiring envisages promoting 
establishment of farm machinery banks for 
hiring by way of providing financial 
assistance to self-help groups or farmers’ 
co-operatives since the prohibitive cost of 
hi-tech and high productive equipments 
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renders it difficult for individual ownership. 
The CHCs give farm machinery on rental 
basis to farmers who cannot afford to 
purchase high-end agricultural machinery 
and equipments apart from servicing old 
machinery. The centers play a pivotal role in 
introducing high technology agriculture 
machinery to even ordinary farmers with 
the objective to boost crop production and 
improve quality of agriculture operations.  

 
 
2. Objectives of Custom Hiring  
 
1) To make available various farm 
machinery/equipments to small and 
marginal farmers 
2) To offset the adverse economies of scale 
due to high cost of individual ownership  
3) To improve mechanization in places with 
low farm power availability  
4) To expand mechanized activities during 
cropping seasons in large areas especially in 
small and marginal holdings 
5) To provide hiring services for various 
agricultural machinery/implements and 
high value crop specific machines applied 
for different operations 
 
3. Social, Economic and Environmental 
Benefits of Custom Hiring 

 
Promotion of Custom Hiring services 

has the following economic, social and 
environmental benefits:  

a) Economic and Social Impacts: 
Efficient labor, reduction in cost of 
production, improved cultivation 
area, timely production, increased 
quality cultivation, increased yields, 
crop diversification, reduction of 
harvest and post-harvest losses, 
surplus income through hiring farm-
power services to others, Reduction 
of drudgery and workloads 
particularly for women, Improved 
safety, Retention of farmers in rural 
areas along with improved 
livelihood are some of the economic 
and social impacts of Custom Hiring.  

b) Environmental benefits: use of 
water conservation technologies 
such as laser leveling, use of baler 
instead of burning crop residues. 
Also, as in case of Zero Tillage (ZT) 
allows direct planting of wheat 
without plowing, sowing seeds 
directly into residues of the previous 
crop on the soil surface, thus saving 
irrigation water, increasing soil 
organic matter and suppressing 
weeds. With public and private 
sector partners, the International 
Maize and Wheat Improvement 
Centre (CIMMYT) led Cereal Systems 
Initiative for South Asia (CSISA) has 
supported the development of ZT 
service providers among tractor 
owners by facilitating the purchase 
of ZT drills and providing technical 
trainings and know-how since 2009.  

 



 

AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

 

229 

 

 
Laser leveling      Fertilizer spraying 

4. The major challenges and constraints in 
Custom Hiring Services 

 
The farm mechanization sector is 

plagued by various challenges related to 
product, technology, markets, operations, 
legislation, policy framework and other related 
areas which pose a serious impediment to the 
growth of the industry. The key challenges 
faced by the farm mechanization industry in 
India are discussed below:  

a) Research, development and testing of 
India specific farm machinery and 
equipment: Land tillers and tractors 
serve the basic function but there is an 
urgent need to develop a machinery 
especially suitable to Indian farming 
conditions such as small farms, dry 
farming, and for the operations such as 
paddy transplanting, sugarcane 
planting, potato digging, cotton picking 
etc.   

b) Standardization and quality control: As 
the majority of customers are cost 
conscious; quality of the product takes 
a major hit. In addition, the inability of 
local low cost manufacturers to come 
up to the levels of standard designs of 

equipment also poses a big challenge to 
farm mechanization. 

c) Education, training and popularization 
of farm equipment: Knowledge about 
selection of machinery is insufficient. 
The farmers as well as artisans lack 
adequate training for efficient usage of 
the machinery. There are inadequate 
service centres for proper keep up of 
the machinery and the market lacks 
regulations on Custom Hiring services.  

 
5. Issues in farm mechanization:   
The major issues in farm mechanization are 
discussed below:  
1) Highly diverse farm size and soil types 
resulting in the need for customized farm     
machinery and equipment for different regions 
of the country. 
2) Skewed and seasonal usage resulting
 in low economic viability which calls for 
innovative solutions for scaling up usage. 
3) Best results from mechanization can be 
obtained if the usage is coupled with sufficient 
irrigation. 
4) Increased mechanization results in 
surplus draught cattle and their upkeep is a 
concern for the farmers. 
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5) Education and training for efficient 
usage of farm equipment is required to
 be imparted along with knowledge 
about selection of appropriate machinery. 
6) Small and marginal farmers have cyclic 
nature of revenue streams resulting in limited 
capital availability. 
 
6. The constraints in Custom Hiring of 
improved machinery are following: 
 
1) High initial cost often prohibits individual 
ownership especially for small and medium 
farm holds.  
2) Lack of knowledge in the aspects of 
operation, maintenance and repair of 
equipment restricts the use of farm machinery.  
3) Repair and maintenance under individual 
ownership coupled with lack of space for 
shelter also constraints the use. 
4) Tractorization being the prime mover in 
India, farm mechanization is more oriented 
towards use of tractors and allied equipments.  
5) Public Private Partnership (PPP) in Custom 
Hiring has been a limited success. Government 
has adequate funds, but private players are not 
inclined to invest on account of scattered land 
holdings, longer maintenance period of 
equipments, success rates etc.   

6) Sub-optimal asset capacity utilization on 
account of crop specific requirements and 
uniform spread of Custom Hiring to all the 
farmers who need it.  
7) Lack of awareness amongst farmers on the 
merits of Custom Hiring.   
 
7. The key challenges in Custom Hiring include:  
1) Virtual or real consolidation of the widely 
fragmented and scattered land holdings in 
many regions of the country.  
2) Extend benefit of mechanization to all 
cropping systems including rice and 
horticultural crops.  
3) To achieve higher production levels, the 
quality of operations like seedbed preparation, 
sowing, application of fertilizer, chemicals and 
irrigation water, weeding, harvesting and 
threshing will have to be improved by using 
precision and efficient equipment.  
4) The main challenge is the lack of Custom 
Hiring in the potato sector. The standardization 
of the growing of potato is a major challenge 
that needs to be addressed to increase the 
potential of Custom Hiring. Buy-in from the 
farmers and most importantly, the processors 
higher up the value chain are critical to promote 
the Custom Hiring. 
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[1]. Srinivasarao, Ch., Dixit, S., Srinivas, I., Reddy, S. B., Adake, R.V. and Borkar S. (2013).  
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Introduction 

India is the second largest producer of 
vegetables in the world next to China with a 
production of 66 million tonnes. In India, 
more than 50 varieties of vegetable crops are 
grown over an area of 6.2 million hectares 
(Brahmprakash, 2000). Bitter gourd (M. 
charantia) is usually used as a hypoglycemic 
and antidiabetic agent (Karunanayake and 
Tennekoon, 1993). The hypoglycemic effect 
of bitter gourd is equivalent to some of the 
antidiabetic drugs like Tolbutamide. At least 
three different groups of constituents in 
bitter gourd have been reported to have 
hypoglycemic actions which have potential 
benefits in controlling diabetes mellitus, these 
include steroidal saponins known as 
charantin, insulin like peptides and alkaloids 
(Anon, 2000).  

The immature fruits called bitter 
gourd, bitter melon or balsam pear, are 
harvested at developmental stages up to seed 
hardening. The bitter gourd is also important 
for its medicinal properties (Morton, 1967; 
Walters, 1989). Fully developed bitter gourd 
exhibit marked changes during fruit ripening. 
Increases in respiration and ethylene 
production rates during storage of mature 
fruits indicate a climacteric behaviour (Kays 
and Hayes, 1978; Zheng, 1986). Carotenoids 
increase greatly during the ripening process, 
with the fruit changing from green to yellow, 
and the seed cavity becoming bright red 
(Rodriguez et al., 1976). Coincident with 
colour changes, the fruit pulp loses bitterness 
and becomes sweet and the fruit splits or 
ruptures at the blossom end (Morton, 1967).  

Unpeeled immature bitter gourds are 
sliced for use as a vegetable in various Asian 
dishes. The bitter gourd is cooked with other 
vegetables, stuffed, stir-fried, or added in 
small quantities to beans and soups to 
provide a slightly bitter flavour. However, for 
most food preparation, bitter gourds are 
blanched, parboiled, or soaked in salt water 
before cooking to reduce the bitter taste. In 
addition to frying or cooking (eg. for curries), 
the fruits can be dehydrated, pickled or 
canned. Unlike other cucurbitaceous 
vegetables, the bitter fruit flavour of M. 
charantia is considered desirable for 
consumption, and thus bitter flavour has 
been selected during domestication (Maur et. 
al., 2004). 
 
Processing of Bitter Gourd  
 Processing may be defined as an 
activity which is performed to maintain or 
improve the quality or to change the form or 
characteristics of an agricultural product. 
Processing operations of bitter gourd are 
undertaken to add value after its production. 
 
Drying and dehydration 

Dehydration is supposed to avert 
spoilage through the removal of water to 
such a degree that microbial growth is no 
longer feasible, even at favourable 
temperature. However at each stage of drying 
process, there is risk of additional 
contamination. No dehydrated food is sterile 
(Borgsorm, 1982). Irradiation has been 
proved boon in preventing growth of all kinds 
of organisms (Woodroof and Luh, 1975). So it 



 

AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

 

232 

 

plays an important role in preservation of dry 
vegetable. The process flow chart for drying 

of bitter gourd is given in Fig. 1 (Singh, 2009). 

 
Bitter gourd 

 
Washing 
 
Removal of stalks and tips 
 
Cut into 6 mm thick slices 
 
Blanching in boiling water (8 minutes) 
 
Drying at 60 oC in tray dryer or sun drying 
 
Packing & Storage 

 
Fig. 1. Process flow chart for drying of bitter gourd  
 

 
Drying methods of bitter gourd 
Sun drying: Sun drying is the method in 
which food is directly exposed to sunlight. It 
is a cheap method of preservation because 
it uses the natural resource/source of heat 
i.e., sunlight. This method can be used on a 
commercial scale as well as the village level 
provided that the climate is hot, relatively 
dry and free of rainfall during and 
immediately after the normal harvesting 
period. The dried product in this method is 
inferior in quality (Srivastava and Sanjeev, 
2012). 
  
Solar cabinet drying: Solar drying can be 
considered as an elaboration of sun drying 
and is an efficient system of utilizing solar 
energy (Bala, 1997a, 1998, Zaman and Bala, 
1989; Muhlbauer, 1986). The tropics and 
subtropics have abundant solar radiation. 
Natural convection solar dryers do not 
require power from the electrical grid or 

fossil fuels. The cabinet type solar drier 
suitable for drying fruits and vegetables 
(Sharma et al., 1995), consists of a solar 
collector with a transparent cover on the 
top and a drying unit with an opaque cover 
on the top.  
  
Tray drying: In tray dryers the bitter gourd 
is dried on trays which are comparatively 
thin layers upto few centimetres. The air 
passes across and between the trays. The 
air is exhausted to the atmosphere rather 
than being recirculated within the system. 
Tray driers are usually for small scale 
operations. They may run upto 25 trays high 
and operate with air temperatures o f about  
95 oC and with air velocities of about  
2.5-5 m/s across the trays (Srivastava and 
Sanjeev, 2012).  
  
Freeze drying: In this method, the products 
is first freezed on trays in the lower 



 

AGRICULTURE & FOOD: e-Newsletter                                   Volume 1 – Issue 4 – April 2019 

http://www.agrifoodmagazine.co.in                           ISSN: 2581-8317 

 

233 

 

chamber of a freeze drier and the frozen 
material is dried in the upper chamber 
under high vacuum. The material dries 
directly by sublimation of ice without 
passing through the intermediate liquid 
stage. The dried product is highly 
hygroscopic (Srivastava and Sanjeev, 2012).  

 
Post-harvest loss reduction and value 
addition 

The post-harvest loss of bitter gourd 
is about 25%. Main reason for this much of 
loss is due to ripening and mechanical 
damage during transport. Bitter gourd can 
be stored at ambient temperature for 4-6 
days if they are harvested in a slightly 
immature stage. However this storage life 
can further be extended by storing them at 
13 oC. The maximum storage life at low 
temperature is limited to 14-16 days. Value 
addition of bitter gourd can be done by 
dehydration. Thin slices can be dehydrated 

and this technology is adopted in a small 
scale for domestic purposes. A better 
quality product can be prepared if driers are 
used for dehydration. In addition slices of 
this fruit can be preserved in brine solution. 
Apart from drying many other value added 
products such as bitter gourd chips, bitter 
gourd pickle and bitter gourd soft drinks can 
be prepared. 
Bitter gourd health drink 

The fresh and matured bitter gourds 
were thoroughly washed in water and cut 
into small pieces. The cut pieces were 
soaked in water with little salt and half 
teaspoon turmeric powder for 15 min. After 
that the bitter gourd pieces were removed 
from the water and grind it in the mixer 
with enough water. The pulp obtained was 
strained using strainer. After straining a 
small amount of lemon juice was added and 
stirred well. 

 
Bitter gourd (mature, green) 

 
Washing 

 
Cutting into small pieces 

 
Soaking in water with little salt and turmeric for 15 min. 

   
Removal of the pieces from water 

 
Grinding in a mixer with water 

 
Straining 

 
Addition of lemon juice 

 
Bitter gourd juice 
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Fig. 2: Process flow chart for preparation of bitter gourd health drink 
 

 
 
 
Bitter gourd chips  
The process for manufacturing of bitter gourd chips involves cutting of bitter gourd to 0.25–
0.30 cm thick slices and  cooking them in 0.1% sodium bicarbonate solution at 100 °C for 30–40 
min. The cooked bitter gourd slices were subjected to osmotic diffusion treatment of 1–2% 
brine solution at 50–60°C for 2 h. The osmotically diffused bitter gourd slices were dried at 55–
60°C for 5–7 hr and fried in refined oil at 160–180°C  
for 5–7 sec. The fried chips were packed in laminated pouch (Annual report, 2008-09). 

 
Bitter gourd (mature, green) 

 
Washing 

 
Cutting into slices (0.25-0.30 cm) 

 
Cooking in 0.1% Na2HCO3 solution (100oC, 30-40 mints) 

   
Osmotic diffusion in 1-2 % brine  

(50-60 oC, 2 h) 
 

Drying for 5-7 h (55-60 oC) 
 

Frying (160–180°C, 5–7 sec) 
 

Shade drying (for 2 hours) 
 

Frying spices in oil 
 

Packing in laminated pouches 
 

Fig. 3. Process flow chart for preparation of bitter gourd chips 
 

Bitter gourd pickle    
Recipe: Bitter gourd 1 kg, salt–150 g, tamarind pulp or amchur–250 g, red chilli powder–10 g, 
turmeric, cardamom, cumin, aniseed (powdered) each 10 g, mustard (ground) 100 g, mustard 
oil– 500 ml.  

Bitter gourd (mature, green) 
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Washing 

 
Making incision 

 
Removal of pulp and seed 

 
Mixing a little salt 

 
Keeping in sun for three hours 

 
Draining of water 

 
Shade drying (for 2 hours) 

 
Frying spices in oil 

 
     Cooling  

 
Mixing with salt and lime juice 

 
Filling into bitter gourds 

 
Packing in jars 

 
           Storage 

 
Fig. 4 Process flow chart for preparation of bitter gourd pickle 

 
Bitter gourd soft drinks 
 The fresh bitter gourd were washed & cut into thick slices. All other ingredients (high 
sweeteners, citric acid and water) were mixed separately and added to a flask containing bitter 
gourd slices. The top opening of the flasks were tightly closed with cotton bar. Then the 
samples were heated at optimized time (60 min) and temperature (90°C). After heating, the 
samples were brought to the room temperature and filtered using cheese cloth. After filtration, 
the samples were homogenized at high pressure (170 bar) for 3 passes. Potassium meta-
bisulfate (KMS) was added to the finished product. Finally the products were bottled, hot 
sealed and stored (Aziz et al, 2011). 

 
Bitter gourd (firm and fresh) 
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Washing 
  

Cutting into 5mm thickness 
 

Mixing of high sweeteners, citric acid and water with bitter gourd 
 

Keeping in tightly closed flask 
 

Heating the sample (90 oC, 60 min) 
      Cooling to room temperature 

 
     Filtering 

 
    Homogenisation (170 bar pressure) 

 
    Adding KMS, Filling into bottles 

 
             Storage 
 
Fig. 5 Process flow chart for preparation of bitter gourd soft drink 

 
Extraction techniques 
 Medicinal value of bitter gourd has been attributed to its high antioxidant properties 
due in part to phenols, flavonoids, iso-flavones, terpenes, anthroquinones, and glucosinolates, 
all of which confer a bitter taste (Drewnowski  
et al., 2000).  
 
Extraction of phenolic compounds  
 
1) Subcritical water extraction (SCWE) 

The extraction system consisted of two HPLC pumps (PU 980, JASCO, Japan) used to 
deliver the water and solvent through the system at constant flow rates, a degassing 
instrument (ERC 3215, CE, Japan), an oven (D63450, HARAEUS, Germany), where the extraction 
vessel (10 ml, Thar Design, USA) was mounted, a pressure gauge, and a back pressure regulator 
valve (AKICO, Japan). All connections were made with stainless steel capillaries (1/16 inch inside 
diameter). Water was passed through a degassing equipment to remove dissolved oxygen. The 
degassed water was then delivered to preheating coil, made from  
3 m length stainless steel tubing, installed in the oven, and delivered through to the extraction 
vessel, which was preloaded with 1.0 g of sample. The back pressure regulator valve placed at 
the outlet of the extraction system was used to maintain the system pressure to ensure that 
the water was in liquid state at the temperatures tested. Before starting the extraction, all 
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connections were checked for possible leakage. The second pump was then turned on to 
deliver ethanol at constant flow rate of 1 ml/min to wash off any residual product in the outlet 
line behind the extractor. The extract was cooled in a coil immersed in a water bath to prevent 
possible product degradation, and the extract was collected in fractions in sample collecting 
vials every 10 minutes in a first hour and every 20 mins in the second hour. After extraction, the 
compound remained in the sample residue was extracted repeatedly in 30 ml methanol until 
the extract was clear. The samples were then evaporated under vacuum to remove the water 
and methanol until volume of the samples were remained about 10 ml and stored at 4 oC until 
analysis (Budrat and Shotipruk, 2008).  

 
Fig. 1. Diagram of experimental setup subcritical water extraction 

 
1.Solvent extraction 
One gram of the fine ground sample was weighed into a test tube and  
10 ml methanol was added and the sample was then extracted for 2 h in an ultrasonic bath 
(275DAG, Crest, Malaysia) at 65 oC. After extraction, the sample was cooled to room 
temperature and then centrifuged at 1500 rpm for 15 min. The sample residue was extracted 
repeatedly with 30 ml of methanol. The extract was filtered with filter paper (No.4, Whatman, 
England) and evaporated under vacuum to remove the methanol. Then the concentrated 
extract was stored at 4 oC until use (Budrat and Shotipruk, 2008). 
2. Soxhlet extraction 

One gram of the fine ground sample was weighed into a thimble and was extracted with 
200 ml of methanol for 4 hr. The sample residue was removed from the thimble and extracted 
repeatedly with 30ml of ethanol using ultrasonication. 
The extract was filtered with filter paper (No.4, Whatman, England) and evaporated under 
vacuum to remove the methanol. Then the concentrated extract was stored at 4 oC until 
analysis (Budrat & Shotipruk, 2008). 
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Fig. 2. Diagram of soxhlet apparatus 

 
Extraction of principally active component(s) from bitter gourd 
 
1. Preparation of aqueous seed extract: Principally active component(s) from the seeds of M. 
charantia are evaluated for their antimicrobial properties. The seeds of M. charantia were 
separated from the fruits, dried and ground to fine powder in mortar and pestle. To make 
aqueous extract, 10 g of seed powder was blended in 150 ml of normal saline buffer (PBS), pH 
7.2. The seed extract was frozen and thawed thrice, followed by centrifugation at 10,000 rpm at 
4°C for 10 min.  The aqueous extract of seeds was then filtered through a sterile Watman filter 
paper. The supernatant was then stored for aqueous extract and pellet was discarded 
(Mahmood et. al., 2012). 
 
2. Preparation of organic seed extract: To prepare organic seed extract, 10 g of the powdered 
samples were separately soaked in 50 ml of 70 % ethanol, petroleum ether and n-hexane for 24 
h. After 24 h, the three seed extracts were filtered using Watman filter paper and centrifuged at 
10,000 rpm at 4 °C for  
10 min. The supernatants were collected and dried in a rotatory evaporator at 30 °C. The pellets 
obtained were dissolved in distilled water and stored at 4 °C till further use (Mahmood et. al., 
2012). 
 
3.Peptide/protein extraction from aqueous seed extract  
 For peptide/protein extraction, from M. charantia crude aqueous seed extracts was 
performed using ammonium sulphate precipitation at 80 % salt solution followed by 
centrifugation at 10,000 rpm for an hour at 25 °C. The clear supernatant and pellet were 
dissolved in deionized water and dialyzed overnight at room temperature, against distilled 
water (Mahmood et. al., 2012). 
Extraction of essential oil from bitter gourd :  
       Essential oil (yield: 0.012%), was obtained from the dried seeds by hydrodistillation method 
using the Clevenger-type apparatus. The essential oil obtained from the seeds of Momordica 
charantia was analysed by GC/MS.  The essential oil consisits of twenty-five components, 
representing 90.9 % of the oil. The main constituents were trans-nerolidol, apiole, cis-
dihydrocarveol and germacrene D. The constituents are represented by sesquiterpenes 
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(71.7%), phenylpropanoids (11.0%), and monoterpenes (7.6%), trans-nerolidol being the major 
constituent (61.6%) (Braca et. al., 2008).  
STORAGE 
The fruits of M. charantia, was stored up to 14 days in humidified air at different temperatures. 
Respiration rates of fruits at 20 and 10 °C were approximately 40 and 15 µl CO2 g-l h-l, 
respectively. Ethylene production rates at these temperatures were 0.l- 0.3 nl g-l h-l. Fruits 
stored for >8 days at 7.5 oC showed severe chilling symptoms (decay, pitting and discoloration) 
and typical chill-induced respiratory and ethylene production increases after transfer to 15 °C. 
Fruit quality was best maintained if bitter melon were stored at 10 and 12.5 oC. Fruits at  
15 °C continued to develop, showing undesirable changes including seed development, loss of 
green colour, and fruit splitting. (Zong et. al.,1995). 
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Introduction: 
Mushroom cultivation can directly improve 
livelihoods through economic, nutritional 
and medicinal contributions. However, it is 
essential to note that some mushrooms are 
poisonous and may even be lethal, thus the 
need for extra caution in identifying those 
species that can be consumed as 
food.Oyster mushroom (Pleurotus spp.) 
belonging to Class: Basidiomycetes and 
Family: Agaricaceae ispopularly known as 
‘Dhingri’ in India and grows naturally in the 
temperate and tropical forests on dead 
anddecaying wooden logs or sometimes on 
dying trunks of deciduous or coniferous 
woods. It may also grow ondecaying organic 
matter. Produces protein rich food Oyster 
mushrooms are the third largest cultivated 
mushroom.The economic importance of the 
mushroom lies primarily in its use as food 
for human consumption. It is rich inVitamin 
C and B complex and the protein content 
varies between 1.6 to 2.5 percent & mineral 
salts required for thehuman body. The 
niacin content is about ten times higher 
than any other vegetables. 

Nutritional value 
Mushrooms both add flavour 

tobland staple foods and are a valuablefood 
in their own right: they are often 
considered to provide a fair substitute for 
meat, with at least a comparable nutritional 
value to many vegetables. The consumption 

of mushrooms can make a valuable addition 
to the often unbalanced diets of people in 
developing countries. Fresh mushrooms 
have high water content, around 90 
percent, so drying them is an effective way 
to both prolonge their shelf-life and 
preserves their flavour and nutrients. 

 

Nutritional value Per 100 grams 

Energy  36 Calories 

Fat 0.7 g 

Saturates 0.1 g 

Carbohydrates 2.6 g 

Sugar 2.6 g 

Fiber 4.6 g 

Protein  2.7 g 

Salt 0.03 g 

 

Mushrooms are a good source ofvitamin B, 
C and D, including niacin, riboflavin, 
thiamine, folate and various minerals 
including potassium, phosphorus, calcium, 
magnesium, iron and copper. Theyprovide 
carbohydrates, but are low infat and fiber, 
and contain no starch.Furthermore, edible 
mushrooms arean excellent source of high 
qualityprotein (reportedly between 
19percent to 35 percent) and whitebutton 
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mushrooms contain moreprotein than 
kidney beans. In additionto all the essential 
amino acids, somemushrooms have 
medicinal benefitsof certain 
polysaccharides, which areknown to boost 
the immune system. 
Mushrooms as an alternative medicine 

Medicinal mushrooms are 
mushrooms or extracts from mushrooms 
that are thought to give treatment for 
various diseases, yet these effects remain 
unconfirmed in mainstream science and 
allopathicmedicine. In the Western world, 
i.e. the USA and the EU, they are not 
approved as medicines for therapy or 
prevention. Such use of mushrooms 
therefore falls into the domain Traditional 
Chinese Medicine(TCM) or Complementary 
Medicine.In spite of the remark above, 
mushrooms have been employed in Chinese 
and Japanese medicinefor hundreds of 
years. It is only since the 1960’s that 
medicinalmushrooms were introduced in 
Europe and the USA as possible cure for 
many diseases and that hasstarted a search 
for the validity of the statements about 
medicinal successes, that is still continuing. 
The folic acid present in oyster mushrooms 
helps to cure anemia. It is suitable for 
people with hyper-tension, obesity and 
diabetes due to its low sodium: potassium 
ratio, starch, fat and calorific value. Alkaline 
ash and high fiber content makes them 
suitable for consumption for those having 
hyperacidity and constipation & cholesterol 
inhibitors mushrooms. 
 
Oyster mushroom 

Cultivation on straw can be broken 
into four parts:treatment of the straw, 
inoculation, incubation, and fruiting. Each 

step iscrucial to the next and affects the 
overall yield. The step-by-step processof 
growing oyster mushrooms on straw is 
outlined below. 
 
Chop straw 

By chopping the straw the cell walls 
of the straw are broken makingit easier for 
the oyster mycelium to access the 
nutrients. Chopping thestraw makes the 
particle size smaller allowing a more 
compact substrate.A relatively small gap of 
1-2 inches between pieces of straw is like 
theGrand Canyon for mycelium to grow 
over. It takes wasted energy and timefor 
the mycelium to try and grow over these 
sorts of gaps. By choppingthe straw and 
firmly packing the bags air pockets can be 
minimized andyield increased. 
Treat straw 

Using the method which best meets 
the needs of the grower the straw 
isprepared for the oyster mycelium. By 
treating the straw microorganismsare killed 
and competition for the available nutrients 
is limited. 
 
Mushroom spawn 

The success of commercial 
mushroom production is not only 
influenced by the fungal strains and the 
conditions under which they produce 
mushrooms but very much also by the type 
and quality of the cultures taken for 
inoculation. Mycelial cultures on grain (e.g. 
rye, wheat or millet), wood sticks, or liquid 
substrates are variably used as the 
inoculum known as spawn, i.e. the starting 
material to rapidly colonies the growth 
substrate with a fungus. Although a large 
cost factor, mushroom growers usually buy 
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the spawn from special companies 
concentrating on strain improvement and 
spawn production, since the knowledge and 
equipment needed for maintaining 
production strains and producing spawn is 
complex and time-consuming. Spawn needs 
to be produced under sterile conditions to 
diminish contamination of the substrate 
(Sánchez 2004). Only when commercially 
offered spawns lack a required quality or 
when special mushrooms are cultivated, it 
is recommendable for the mushroom 
growers to produce also their own spawn. 
 
Inoculate 

Add spawn into the treated straw. 
This is the material used to introducethe 
mushroom mycelium to the new substrate. 
Incubate 

Incubation should ideally occur at 75 
degrees for about 3 weeksdepending on the 
inoculation rate. Bags should be placed with 
at least apalm distance between them to 
limit overheating. 
Disease 
Green mould (Trichoderma viride): It is the 
most important disease in oyster 
mushroom where green colour patches are 
observed on cubes. 
Control: Dip a cotton swab in formalin 
solution (4%) and scrapped off the affected 
area. If the fungus attacks more than half of 
the cube then the entire cube should be 
discarded. Care should be taken that the 
contaminated cube is burnt or buried in a 
place far from the cropping room to avoid 
re-infection. 
Insects 
Flies: Scarid flies, Phorid flies and Cecid flies 
are found to be attracted to mushroom and 
odour of spawn. They lay eggs on the straw 

or mushroom, and the larva emerging from 
the damage the crop. Larva feed on the 
mycelium, mushroom and penetrate inside 
the fruiting bodies making it unfit for 
consumption. 
 
Control: To check entry of adult flies during 
the cropping period, screen the doors, 
windows or ventilators, if any with 30 mesh 
nylon or wire net. Use flytrap or repellent in 
mushroom house. 
Mites: These are very thin, small crawling 
arthopods that appear on the mushroom 
body. They are not damaging, but annoy 
the grower when present in large numbers. 
Control: Maintain a hygienic condition of 
the house as well as its surroundings.  
Slugs, Snails: These pests chew up portion 
of the mushroom which may later get 
infected with bacteria and affect the quality 
of the crop. 
Control: Remove the pests from the cubes 
and kill them. Maintain hygienic conditions. 
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Harvesting, packagingand selling 
 The last steps to mushroom cultivation are harvesting, storing, and sellingthe 
mushrooms. Oyster mushrooms have an extremely fast growth rate.When growing in the 
60’s or higher mushrooms typically need to be harvested twice a day in the morning and 
night. The mushrooms should beharvested before the edges of thecaps flatten out 
completely or even flipup. Having a slight roll on the edge of the oyster mushroom will 
maintainthe ideal texture and storability of the mushroom. Harvesting at this stagealso 
limits the amount of spores being released by the mushroom. Harvesting can be done into 
crates and plastic bins with holes to allow air flow.The mushrooms should not be packed too 
deep. At most 2 on top of eachother as they are extremely fragile. Once the harvest is 
complete the mushrooms should be stored at 36-38degrees. To minimize drying a cover or 
towel should be placed over themushrooms but some holes in the container or a paper 
box/bag are neededto allow air exchange. If the mushrooms are stored in a sealed 
containerthe water cannot evaporate and will rot within 1-2 days. If properly 
storedmushrooms can keep for about 10 days.  
 
 
Conclusions 
 Mushroom cultivation is an elegant way to add value to lingo cellulosic wastes from 
agriculture and forestry. Worldwide, the culinary interest in edible fungi is steadily 
increasing and with it, the market for mushrooms and the number of cultured species. 
Cultivation of some species is well established whilst for others, better growth conditions 
are still searched for. Breeding new strains can help to better adapt the mushrooms to 
specific substrates and specific culture conditions and maintains the genetic qualities of 
species. Modern molecular techniques and the genetic knowledge obtained by a few 
selected model organisms. 
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Summary: First generation bio-fuels are 
widely available as the production 
technologies are well developed. 
However, they are not so promising since 
the growth of the raw materials conflicts 
with food security. The second generation 
of bio-fuels do not compete directly with 
food but requires several energy intensive 
processes to produce them, and also 
increases land-use change, which 
diminishes its environmental and 
economic feasibility. The production of 
third- and fourth- generation bio-fuels 
avoids the issues encountered with first- 
and second- generation bio-fuels, namely 
food–fuel competition, land-use change, 
etc., and are thus considered a viable 
alternative energy resource. On all 
dimensions of property (environmental, 
social and economical), a life cycle 
assessment approach is most relevant to 
avoid issues in problem shifting. The 
utilization of organic waste and carbon 
dioxide in flue gases for the production of 
biomass increases the sustainability of the 
third- and fourth- generations of bio-fuels, 
as it minimizes greenhouse gas emissions 
and disposal problems. 
Introduction: Bio-fuel is a fuel that is 
derived from biomass—that is, plant or 
algae material or animal waste. Since such 
feedstock material is replenished pronto, 
biofuel is taken into account to be a 
supply of renewable energy, unlike fossil 
fuels such as petroleum, coal, and natural 
gas. Biofuel is usually advocate as an 
economical and environmentally benign 
different to crude oil and alternative fossil 
fuels, notably inside the context of rising 
crude oil costs and accrued involved over 
the contributions created by fossil fuels to 
warming. 

The use of alga and blue-green 
algae as a supply of “third-generation” 
biodiesel holds promise however has 
been troublesome to develop 
economically. Some algal species contain 
up to forty percent lipids by weight, which 
can be converted into biodiesel or 
synthetic petroleum. Some estimations 
state that algae and cyanobacteria could 
yield between 10 and 100 times more fuel 
per unit area than second-generation 
biofuels (produced from lignocellulosic 
biomass). In fourth generation production 
systems, biomass crops are seen as 
efficient 'carbon capturing' machines that 
take CO2 out of the atmosphere and ‘lock’ 
it in their branches, trunks and leaves. 
Then, the carbon-rich biomass is 
converted into fuel and gases by means of 
second generation techniques. Crucially, 
before, during or after the bioconversion 
process, the carbon dioxide is captured by 
utilizing so-called pre-combustion, oxyfuel 
or post-combustion processes. The 
greenhouse gas is then geosequestered - 
stored in depleted oil and gas fields, in un-
mineable coal seams or in saline aquifers, 
where it stays locked up for hundreds, 
possibly thousands of years. 
 
Third-generation Biofuels: 

The most accepted definition for 
third-generation biofuels is fuels that 
might be made from algal biomass that 
has a very distinctive growth yield as 
compared with classical lignocellulosic 
biomass (Brennana and Owendea, 2010). 
Production of biofuels from algae typically 
depends on the lipid content of the 
microorganisms. Usually, species such as 
Chlorella are targeted because of their 
high lipid content (around 60 to 70%; 
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Liang et al., 2009) and their high 
productivity (7.4 g/L/d for Chlorella 
protothecoides; Chen et al., 2011). There 
are several challenges related to algal 
biomass, some geographical and a few 
technical. Typically, algae will produce 1 
to 7 g/L/d of biomass in ideal growth 
conditions (Chen et al., 2011). This implies 
large volumes of water are required for 
industrial scale, presenting a major 
problem for some countries where the 
temperature is below 0  C during a 
significant part of the year. The high water 
content is additionally a tangle once lipids 
need to be extracted from the algal 
biomass, which requires dewatering, 
either through centrifugation or filtration 
before extracting lipids. Lipids obtained 
from algae can be processed by way of 
transesterification process or can be 
submitted to hydrogenolysis to produce 
kerosene grade alkane suitable for use as 
drop-in aviation fuels (Tran et al., 2010). 
 
Fuel Potential of Third Generation 
Biofuels: 

When it involves the potential to 
supply fuel, no feedstock can match algae 
in terms of quantity or diversity. The 
diversity of fuel that alga will manufacture 
results from 2 characteristics of the 
organism. First, algae produce oil that can 
easily be refined into diesel or even 
certain components of gasoline. More 
significantly, however, is a second 
property in it can be genetically 
manipulated to produce everything from 
ethanol and butanol to even gasoline and 
diesel fuel directly. 

Butanol is of nice interest as a 
result of the alcohol is exceptionally like 
gasoline. In fact, it's a virtually identical 
energy density to gasoline associate 
degreed an improved emissions profile. 
Until the appearance of genetically 
changed algae, scientists had a great deal 
of difficulty producing butanol. Now, 
many commercial-scale facilities are 
developed and area unit on the brink of 
creating alcohol and a lot of in style 

biofuel than ethyl alcohol as a result of it's 
not solely similar in several ways to 
gasoline, but also does not cause engine 
damage or even require engine 
modification the way ethanol does. Fuels 
that can be derived from algae includes: 
biodiesel, butanol, gasoline, methane, 
ethanol, jet fuel and vegetable oil. 

Diversity isn't the sole issue that 
algae has going for it in terms of fuel 
potential. It is also capable of producing 
outstanding yields. In fact, algae are wont 
to manufacture up to 9000 gallons of 
biofuel per acre, which is 10-fold what the 
best traditional feedstock have been able 
to generate. People who work closely with 
algae have instructed that yields as high 
as 20,000 gallons per acre are attainable. 
According to the United States of America 
Department of Energy, yields that are 10 
times higher than second generation 
biofuels mean that only 0.42% of the U.S. 
land area would be required to get 
enough biofuel to satisfy all of the U.S. 
needs. Given that the U.S. is the largest 
client of fuel within the world that's 
locution one thing regarding the potency 
of algal-based biofuels. 

Cultivation of Third Generation Biofuels: 

Another favourable property of 
algae is the diversity of ways in which it 
can be cultivated. Algae can be in any of 
the subsequent ways in which. 

• Open ponds – These are the 
simplest systems in which algae are grown 
in a pond in the open air. They are easy 
and have low capital prices, but are less 
efficient than other systems. They are 
additionally of concern as a result of 
alternative organisms will contaminate 
the lake and doubtless injury or kill the 
algae. 
• Closed-loop systems – These are 
similar to open ponds, but they are not 
exposed to the atmosphere and use a 
sterile source of carbon dioxide. Such 
systems have potential as a result of they 
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will be ready to be directly connected to 
greenhouse gas sources (such as 
smokestacks) and therefore use the gas 
before it's each released into the 
atmosphere. 
• Photobioreactors – These are the 
most advanced and thus most difficult 
systems to implement, resulting in high 
capital costs. Their blessings in terms of 
yield and management, however, are 
unparalleled. They are closed systems. 
 
Fourth-generation Bio-fuels: 

Four Generation Bio-fuels are 
aimed at not only producing sustainable 
energy but also a way of capturing and 
storing CO2. Biomass materials, which 
have absorbed CO2 while growing, are 
converted into fuel using the same 
processes as second generation biofuels. 
This method differs from second and third 
generation production as in any respect 
stages of production the greenhouse gas 
is captured victimization processes like 
oxy-fuel combustion. The CO2 can then be 
geosequestered by storing it in old oil and 
gas fields or saline aquifers. This carbon 
capture makes fourth generation biofuel 
production carbon negative instead of 
merely carbon neutral, as it is ‘locks’ away 
more carbon than it produces. This 
system not only captures and stores 

carbon dioxide from the atmosphere but 
it also reduces CO2 emissions by replacing 
fossil fuels. 
There are two components to the new 
generation of biofuels. One part revolves 
around biomass crops that act like 
carbon-capturing machines. The second 
part revolves around the revolutionary 
"solar to fuel" concept. 
How does it work? 
1. Crops that are genetically engineered to 
take in high amounts of carbon are grown 
and harvested as biomass. 
2. The crops are then converted into fuel 
using second generation techniques. 
3. The fuel is pre-combusted and the 
carbon is captured. 
4. Then the carbon is geosequestered, 
meaning that the carbon is stored in 
depleted oil or gas fields or in un-
mineable coal seams. It will remain buried 
and locked up for hundreds to thousands 
of years. 
The result: Carbon-negative fuel. Average 
biofuel is carbon-neutral, meaning that 
they do not add any more carbon into the 
environment. This method, however, pulls 
carbon out of the carbon cycle. 
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The resulting fuels and gases of 
the fourth generation are not only 
renewable; they are also effectively 
carbon negative. Only the utilization of 
biomass allows for the conception of 
carbon-negative energy; all other 
renewables (wind, solar, etc) are all 
carbon-neutral at best, carbon-positive in 
practice. Fourth generation biofuels take 
historic CO2 emissions out of the 
atmosphere. The system not only 
captures and stores carbon dioxide from 
the atmosphere, it also reduces carbon 
dioxide emission by replacing fossil fuels.’ 
The future of biofuels may not rely solely 
on one generation, but may be a 
combination of the generations to cope 
with increased worldwide demand as a 
result of depletion in the world’s oil 
resources. 

Conclusion: Biofuels can be utilized as 
transportation fuels and have significant 
potential to improve sustainability and 
reduce greenhouse gas emissions, with 
little change to current technologies they 
are an attractive alternative to current 
petroleum-based fuels. The transition 
from a fossil fuel-based economy to a 
biofuel-based economy depends on the 
improvement of biofuel yields through the 
successful development of suitable 
microorganisms capable of efficiently 
fermenting and producing a variety of raw 
materials while simultaneously displaying 
tolerance to high end-product 
concentrations since, the future of 
biofuels may not rely solely on one 
generation, but may be a combination of 
the generations to cope with increased 
worldwide demand as a result of 
depletion in the world’s oil resources. 
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Introduction  

India is the world’s largest producer of milk (165.4 million tonnes GoI, 2016-17) and 
it's mainly from small and marginal farmers who owns on an average of 2-4 animals. The 
marginal, small and semi-medium farmers (operational holdings <4 ha) owns 87.7% livestock 
of the country (GoI, 2014-15). Dairy cows provide regular source of income to the farmer 
hence selecting dairy cows plays the major role in deciding income of the farmers. It helps to 
utilize the available resources of the farmer efficiently. Poor selection of dairy animals may 
directly affect the livelihood of the farmer by reducing the production. Improvement in the 
performance of the dairy cows for future production can be achieved on the basis of 
selection of the best animals with the help of   direct information on herd life and indirect 
information obtained from conformation traits (Getu and Misganaw, 2015). Animal 
conformation is a very important trait and serves as a basis for selection of breeding cows 
(Chabuz et al., 2003). Most of the times dairy producers sale their cows because of low 
productivity, cow with temperamental problems, cows with mastitis history or any chronic 
carrier of diseases. So, proper selection is the first and the most important step in successful 
dairy farming. It is a process in which some animals among the population are preferred 
over others for production and reproduction. In our Indian conditions cross-breed animals 
with exotic inheritance of about 62.5% are preferable because the remaining native 
germplasm is helpful to retain the adaptability, heat tolerance and disease resistance traits. 
Selecting the animals suitable to sustain the particular agro- climatic conditions is the best 
policy. As far as possible the purchase of animals should be from similar environmental 
conditions for better adaptability.  
 
Body parts of the dairy cow: 

 
 
General points to be considered while 
selecting high yielding dairy cows 

The animal should be alert and 
healthy. It should stand squarely on all 
four feet and holds its head high, 
watching normally. The eyes should be 

bright with no abnormal discharge. The 
animal should voluntarily take feed and 
fodder. The coat should be smooth, shiny 
and free from external parasites. The nose 
of a healthy cow should be clean without 
discharge, and the muzzle should be 
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moist. There should not be dribbling of 
saliva from the mouth. If chewing is slow 
or incomplete, there could be a problem 
in the teeth. Cow should be free from 
vices like tongue rolling, licking the walls, 
kicking etc. During urination if the animal 
shows pain indicates that there is 
something abnormal in urinary system. 
The farmer should select the cow on 
second or third lactations and preferably a 
month after calving, so that milk yield will 

increase on successive lactations. Cow 
should be docile without showing any 
signs of nervousness. Cow should allow 
anyone to milk and for assessing its milk 
yield the animal should be milked for 
three times and average milk yield of 
three milking should be considered as its 
milk yield. Milk should be weighed instead 
of measuring in liters due to foaminess 
problem.  

 
Dairy conformation 

Femininity in the cow is directly 
related to its dairy character. Feminine 
cow is indicated by sharp and clean 
fronted, with a long and lean neck and 
smooth muscling. A good dairy cow has 
lean and long wedge shaped bodies which 
enable them to convert much feed into 
milk. Gulioski et al., (2005) found that the 
conformation traits that are most related 
to dairy performance include udder width 
(r = 0.26), angularity (r = 0.21), overall 
score, type and conformation (r = 0.19). A 
dairy cow with well proportionate head 
and neck consisting of wide nostrils, 
prominent facial veins, wide forehead, 
slender neck, large and bright eyes and 
dewlap with graceful folds should be 
preferred. Cows with short and thick head 
are usually short in stature and hardy but 
not good for milk production. Muzzle 
should be moist and broad with large 
nostrils. The ears should be of medium 
size and alert may varies with breed. Jaws 
should be strong and perfect. They should 
also have long neck and straight top line. 
Skin should be thin, loose and pliable. 
Animals with too fat and coarse skin 
should not be preferred as it indicates 
poor dairy character. Navel should be big 
and loose, normally found associated with 
dairy cows of high milk producing ability. 

Dairy cow should have a deep and 
long body. It should have with wide, 
sprung ribs to provide enough space for 
the rumen and other digestive system 
organs. Shoulder blades are set smoothly 
against chest wall and withers, forming 

neat junction with the body. Chest of the 
animal should be big with wide floor gives 
ample width between legs. Heart girth 
should be large and deep, full at elbows 
with well sprung for-ribs blending 
smoothly into the shoulders, which 
indicates that all vital organs are fully 
developed for better health conditions. 
Animals having large barrel are able to 
consume large quantity of feed and in 
have big digestive capacity. Cows with 
large barrel will be for more milk 
production. Back should be strong and 
straight, with vertebrae well defined. Loin 
should be broad and slightly arched. 
Rump should be long, wide and clean cut, 
blending desirably with the loin. Hips are 
wide but not prominent, slightly higher 
with the pins. Hook Bones are wide, but 
not prominent, slightly higher than the 
pins. Pins should be wide apart, free from 
patchiness and slightly lower than the 
hooks. Tail should be long and slender and 
its head is refined, carrying out level with 
backline and set slightly higher than pins. 
Strong legs help the animal to lead long 
life by facilitating it to be able to feed 
comfortably.  They should be clean and 
strong boned, with shape and movement 
of feet and legs resulting in proper 
carriage of the animal.The front legs 
should also be straight with a steep 
strongly attached pastern. Observed from 
behind, a cow’s hind legs should stand 
straight and wide apart while the side 
view should show a slightly set back hock 
(sickled) ending with slightly angled feet. 
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Udder conformation 
The Udder should be symmetrical 

and well balanced with evenness of all 
four quarters. It should be capacious, but 
not necessarily large. Mingoas et al., 
(2017) reported that the udder size (depth 
and height) was strong and positively 
correlated to milk yield in zebu cattle. A 
huge udder may not be a sign of a high 
milk yield, cow with a medium-sized (but 
wide base) udder should be chosen so, 
that it should not hang below its hock 
joint. A capacious udder which enlarges 
before milking as a result of stimulus and 
let down of milk and contracts in size after 
milking, should be preferred. It should be 
soft, pliable, silky in texture, sack like 
nature and non-pendulous but firmly 
attached with strong suspensory 
ligaments. Fore udder should be 
moderately long, firm and smoothly 
attached to the body wall. Rear udder 
should be wide and high, firmly attached 
with uniform width from top to bottom 
with numerous folds of skin between hind 
legs. The udder which appear pendulous 
normally has more tear and wear of 
secretary tissues, is not good. Similarly 

meaty udder appears to be hard in 
texture and smooth and is considered to 
have developed more muscular tissues 
and therefore it is not considered good for 
high milk producing ability. The teats 
should be squarely placed, uniform in 
shape and size with 1.5 to 2 .5 inches 
long. The skin of the udder should have a 
good network of blood vessels. Milk veins 
should be big, bulged, zigzag in shape, 
tortuous (branching), prominent in front 
of udder on each side of belly. Such veins 
are regarded as an indication of good milk 
producing ability. Milk wells should also 
be larger in size. 
 
Conclusion 

Selection of good dairy animals is 
the first important step towards 
successful dairy farming. It will come by 
experience and proper knowledge.  There 
has been increase in the prices of input 
for dairy farming, which adversely affects 
the net income of the farmers. So 
selecting good quality dairy animal 
directly influences the productivity of the 
animal and thereby increases farmer’s 
income. 
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INTRODUCTION 
North-eastern region of India is 

endowed with rich diversity of crops due 
to its diverse soil and agro-climatic 
conditions. It is a hub for many 
underutilised horticultural crops which 
may not know to other parts of the 
country. Most of the lands in this region is 
virgin and remain unexploited which may 
be used up for cultivation of different 
crops which are emerging lately in these 
area. Now-a-days with the gaining 
consciousness about health and healthy 
living, people are changing their food 
habits towards fresh and nutritious fruits.  

Dragon fruit or Pitahaya 
(Hylocereus undatus) also known as “The 
Wonderous Fruit” of the 21st century 
belongs to Cactaceae family and is known 
to be originally native to a region 
including Mexico, Guatemala, Nicaragua, 

Costa Rica, El Salvador and northern 
South America. Its cultivation is 
widespread in Southeast Asia, Florida, the 
Caribbean and subtropical world region. 
Although it is commercially cultivated in 
other countries, it has not attained 
commercial cultivation status in India. It is 
one of the newly emerged fruit crop in 
India. Dragon fruit or Pitahaya can be 
grown as an ornamental crop as well as 
for consumptions. They are consumed 
either as fresh fruits or in salads, for 
production of jam, jelly, ice-cream, juice, 
wine, face-packs etc. They are packed 
with vitamins and minerals and are also a 
rich source of antioxidants. They are used 
in controlling cancer and diabetes, lower 
cholesterol levels and blood pressure, 
prevent arthritis and also fight against 
ageing. The nutritional composition of 
dragon fruit is given in table 1. 

 
Table 1. The nutritional value per 100g of ripe Dragon fruit 

Nutrient  Amount per 100g % Daily Value Comment  

Water  87 g NA Very high water content 

Protein  1.1 g 2.1 %  

Fat  0.4 g NA Contains practically no fat 

Fiber  3 g 3.4 % Very good source of dietary 
fiber 

Carbohydrates  11 g 12 %  

Vitamin B1 
(Thiamine) 

0.04 mg 2.7 %  

Vitamin B2 
(Riboflavin) 

0.05 mg 2.9 %  

Vitamin B3 
(Niacin) 

0.16 mg 0.8 %  

Vitamin C 
(Ascorbic Acid) 

20.5 mg 34.2 % Contains more than 3 times 
the amount of vitamin C 

found in carrot 

Calcium (Ca) 8.5 mg 0.9 %  

Iron (Fe) 1.9 mg 10.6 % A good source of iron 

Phosphorus (P) 22.5 mg 2.3 %  

Zinc (Zn) NA NA  

(Source: https://www.healwithfood.org) 
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Dragon fruit being a crop from 
hardy family of cactus can be grown in 
wide range of soil and climate. The 
diverse soil and climate in North-eastern 
region provides scope for the cultivation 
of Dragon fruit in this region. Dragon fruit 
are best suited to tropical weather 
conditions with an annual rainfall of about 
50 cm and a temperature range of 200 C 
to 300 C. Too much of sunlight reduces 
their yield. Even though they can be 
grown in wide range of soil, they prefer 
sandy loam to clay loam soil with good 
organic matter content and good drainage 
and pH of 5.5 to 7.  Being a hardy crop 
they require less water as compare to 
other crop, however irrigation is required 
at the time of planting, flowering and fruit 
development stage. In hot dry climate, 
frequent irrigation most preferably drip 
irrigation can be used. Dragon fruits can 
be propagated easily by cutting or 
through seeds during hot season. But 
seed propagation is not advisable as it will 
take longer duration for fruiting and will 
not have the characteristics of the mother 
plant. Since dragon fruit is a climbing 
cacti, they require a support for their 
proper growth and development. The 
rooted cuttings are generally planted 
during hot season i.e. June. Dragon fruits 
usually start bearing fruits in the first year 
itself. They are ready for harvest 1 month 
after the flowering from August to 
December. The maturity index of the fruit 
is colour breaking stage from bright green 
colour to red colour. For local market, it 
should be harvested 3-4 days after colour 
changes occur. But for distant market, it 
should be harvested when the colour 
break is noticed. 

Once planted, this crop will remain 
productive for about 20 – 30 years. The 
price of the fruit is Rs. 250- 300 per kg and 
sometime goes higher upto Rs. 350 per kg 
depending upon the demand. Moreover, 
the demand of its fruit is also high due to 
its rich antioxidant level and other 
medicinal properties. Cultivation of 
dragon fruit in North-east would be a 

great option for the farmers as well as 
entrepreneurs of small, medium and large 
scale plantation since it will give high 
return within a short duration of time.  

 
 
CONCLUSION 
 In order to meet the current as 
well as future demand for this amazing 
fruit, it would be a great opportunity for 
the growers to start up dragon fruit 
farming in the North east India, which is 
befitted for its cultivation. This region has 
wide range of both soil and climate that 
are suitable for its cultivation. Farmers of 
this region may be benefitted from its 
cultivation because it is an easy income 
generation crop due to its early and 
yielding ability. Moreover, there is high 
demand of this fruit especially in this 
region due to people’s awareness in 
healthy lifestyle. 
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Introduction  
During the present scenario all over the world, efforts are being made to work towards ecologically friendly 
agriculture. Over the years, chemicals used in agriculture have caused extensive damage to the quality of soil, 
crops, water and to human and animal health. We are now striving to go back to organic and natural farming 
techniques. A key ingredient of organic farming, Panchagavya, has been handed down to us from our ancestors 
and has been used successfully over the generations. Panchagavya or panchakavya is made from the blend of 
five cow-derived products. In Sanskrit Panch mean five and gavya means cow. Panchagavya, a mixture of five 
cow products namely dung, urine, milk, curds and ghee. Panchagavya has uses, not only in the field of 
agriculture, but can also be used for the improvement of human medicine, to active soil, to protect plants from 
diseases and animal health. For example, in plants Panchagavya promotes growth, yield and immunity and is 
also an organic pesticide. For animals, Panchagavya stimulates the production of anti-bodies increasing 
immunity. In humans, Panchagavya has been reported to increase appetite, heal wounds, and as a cure for 
psoriasis and white patches. 
 

Material Required (Panchagavya Recipe) 
For making approx. 20 liters of Panchagavya 
Fresh cow dung-5 kg, Fresh cow’s urine-3 liters, Cow’s milk-2 liters, Cow’s curd-2 liters, Cow’s ghee-
500gms, Jaggery-500 gms, Water or sugarcane juice-3 liters, Ripe banana-1 bunch (12 nos.) tender coconut 
water- 3 liters and toddy-2 liters (Figure 1). 
Note: (If toddy is not available, you can ferment 3 liters of tender coconut water by keeping it in a pot for 1 
week. That will become toddy). 
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How to make Prepare: 
Panchagavya uses only organic products and can be made at home. In cities, though, the ingredients may 
prove a little difficult to find. Panchagavya has to be prepared in a wide mouth container made of mud, 
concrete or plastic. The container should not be made of any metal. 
Procedure 

 The first step is to take 5 kg fresh cow dung and mix thoroughly with 500gms of cow’s ghee in a 
plastic drum or a mud pot. Mix it twice a day for 4 days.  

 On the 5th day, add cow’s urine, cow’s milk (cow’s milk will be boiled, cooled and then added) and 
cow’s curd, then jaggery with water or sugarcane juice and banana fruit (which has to mashed and 
mixed thoroughly). Then tender coconut water has to be 
added.  

 Wait for another 15 days, stirring twice daily. Stirring the 
contents for about 20 minutes each time facilitates aerobic 
microbial activity. 

 On the 19th day the panchagavya solution will be ready. 
Storing of Panchagavya: 
Panchagavya should be kept in the shade and be covered at all 
times. Care has to be taken that no insect falls in the mixture or 
lays eggs in it. To prevent this, the container should always be 
covered with a wire mesh or plastic cover, muslin or fine cloth. Panchagavya can be stored for 60 days 
without any effect to its quality, provided that it is kept in the shade and is being stirred twice a day. In the 
event that the solution thickens over time, water must be added appropriately. 
Dosage of Panchagavya: 
For spraying: 

 3% of the solution in water i.e. 3 liters of Panchagavya to every 100 liters of water is the most 
appropriate proportion for spraying. 

For irrigation: 
 For irrigation, the amount of Panchagavya per liters should be 20 liters/acre. 

For seed treatment: 
 Soak the seeds for 20 minutes in 3% Panchagavya solution in water before planting. Similarly 

rhizomes of turmeric or ginger and cutting of sugarcane should be soaked for 30 minutes before 
planting. 

Frequency of use: 
 Before flowering- once in 15 days (two sprays)  
 Flowering stage- once in 10 days (two sprays) 
 Fruit bearing stage- once. 

Conclusion: 
In those dyas farming sysytem adopted aimed at maitainig the livilihood of garmers on a susutainable baisi 
along with livestock with minimum damage to enviornment. In past decades, agricultural development 
focused on short-term productivity based on external inputs resulting in neglated and improper use of 
local resoures. This is resulted in damage to the enviornmental resoures and indenous knowledge and 
hence, the agriculture can hardly be preceived as susutainable. 
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Pomegranate is an important fruit crop of 
arid and semiarid regions of the world.  It has 
both cultivated (Punica granatum L.) family 
Punicaceae and wild types (Punica protopunica). 
The cultivated types are adapted to the 
Mediterranean regions of Central Asia, Africa and 
Europe. India is one of the largest producers of 
pomegranate in the world. At present, 
Maharashtra is the leading state in the area and 
total production. The other important states next 
to Maharashtra are Karnataka, Gujarat, Andhra 
Pradesh, Telangana, Madhya Pradesh, Tamil 
Nadu and Rajasthan. Area under pomegranate is 
being growing up very rapidly because of its huge 
fruit demand for domestic as well as export 
market. 

CLIMATE 

Cool winter and dry summer are 
necessary for the production of high quality 
fruits. Pomegranate plant can survive under 
extreme low (0O C) and very high (50O C) 
temperature, however, 15-40O C is considered to 
be an ideal for vigorous growth of the plant. It’s 
performing well in area that receives moderate 
rainfall of 500-800 mm per year and up to 1800 
msl elevation. Pomegranate crop cannot be 
recommended in a region where rainfall reaches 
to 1000 mm or above per year due to disease and 
pest management and flowering treatment 
becomes difficult if pomegranate is cultivated 
under these conditions. 

SOIL 

It is grown in a wide range of soils and it is 
drought resistant and tolerant to salinity and 
alkalinity.  Deep loamy or alluvial, well drain soil 

is highly recommended for pomegranate 
cultivation. Soil depth minimum 1.5 meter, pH 
6.0-8.0, reach in organic carbon is considered to 
be an ideal soil for pomegranate cultivation. 
However, pomegranate can be grown on soils 
which are considered to be unsuitable for most 
of other fruit trees. Plant can tolerate soils which 
are limy and slightly alkaline too. 

PLANTING SEASON 

Planting season for any crop is 
determined on the basis of favorable conditions 
for the growth of the plant. We can see most of 
the farmers use to plant pomegranate during 
rainy season considering that it is an ideal season 
for pomegranate. However, looking to the 
physiology of the plant; it grows more vigorously 
under bright sun light rather than cloudy 
weather. Pomegranate plant grows well during 
dry conditions rather than humid. Therefore 
pomegranate plantation should be done after 
completion of rainy season. 

LAND PREPARATION 

Land should be ploughed 2‐4 times, 
rotavator and leveled and allowed for 
solarization for 2‐4 weeks. 8‐10 tractor trolleys of 
Farm Yard Manure (FYM) must be added and 
spread over the field uniformly. Now field 
become ready for carrying out further process of 
planting. Depending on the soil quality planting 
may be performed either on pits or raise bed. Pit 
planting is recommended for highly drained, 
sandy, soft rocky soil while raise bed planting is 
recommended for deep loamy, alluvial soil. 
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Pit size: Pit size is depends on drainage quality of 
the soil. 3’x3’x3’ pit is recommended for sandy, 
soft rocky very high drain soils while 2’x2’x2’ pit is 
recommended for moderate drain soil whereas 
1’x1’x1’ pit is recommended for well drain soils. 

Bed size: Bed should be enough wide for spread 
of the roots and high to remove excess water 
from the bed that help for the growth of the 
white roots. The ideal size of the bed is 3’ wide 
and 2’ high. 1’x1’x1’ pit must be dig out at the 
planting place over a bed. Composition of potting 
media is very important for initial establishment 
and further growth of the plant. The components 
and quantity of potting media per pit are given 
below. 2 part soil + 1 part FYM (maximum 20 kg 
per plant) + 1 Kg Neem Cake + 250 gms Super 
Phosphate + 250 gms Potash + 25 gms Furadon + 
5 gms carbendazim + 5 gms Bleaching powder 
Components must be mixed thoroughly before 
putting it in the pit. Quantity of the potting media 
for filling up the pit depends on size of the pit and 
accordingly total quantity should be prepared. 
After filling the potting media, pit should be 
water to dissolve components added in the 
potting media. 

PLANTING DISTANCE OR HDP 

Traditionally fruit orchards had been 
planted at wide distance. In recent years, a 
concept of dense plantation has been evolved in 
many crops including pomegranate. The idea of 
increasing plant population per acre was to 
reduce fruit load per tree, enhance productivity, 
and ease plant treatment and harvesting. 
However, pomegranate plantation cannot be 
recommended at high density or ultra high 
density as is recommended in other fruit crops 
since pomegranate plant requires more sun light 
for vegetative and reproductive growth and good 
air circulation in the orchard to reduce disease 
incidences. 

 

PLANTING DISTANCES ADOPTION NOW IN FIELD  

Type of crop 
geometry 

Distance (in 
feet)  

No. of 
plants/acre 

Low dense 15 x 10 290 

14 x 10 311 

Moderate dense 12 x 10 363 

13 x 9 372 

VARIETIES 

Selection of variety is very important step 
while planning pomegranate cultivation. In India, 
there are two varieties namely, Bhagwa and 
Mrudula that are very popular for commercial 
cultivation. Many times farmers get confused 
while selecting the varieties. To make them easy, 
below criteria may be used for selecting the 
variety- Potential for yield, Period of maturity, 
Disease susceptibility/tolerance, Keeping quality, 
Market demand 

Bhagwa/ Kesar/ Sinduri/ Shendria: It is a 
selection from F2 population of the cross Ganesh 
x Gulesha. Used as table variety and have high 
demand for export,  Fruits are big (200-400 gms), 
Rind is red to saffron in color, Arils are big, red, 
sweet in taste, More shelf life than Mridula,  

 Takes 180-190 days for maturity from the date of 
flowering 

Mridula: This is cross between Ganesh x 
Guleshah. Aril blood red sweet and little acidic in 
taste, Soft seeded, Used as table variety as well 
as for processing, less demand for export, Fruits 
are medium in size (150-250 gm), Rind is dark 
red, Less self life than Bhagwa, Takes 140-150 
days for maturity from the date of flowering 

Hybrid Ruby: This is complex hybrid between 
Ganesh, Kabul,Yercaud and Gulshah Rose Pink. 
The rind is pinkish yellow to reddish yellow. Fruit 
contains red and bold aril. It is soft seeded 
variety. 
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WATER MANAGEMENT 

Irrigation at timely intervals, desired 
quantity and at appropriate place is very 
important for pomegranate. Irrigation must be 
done as small amount but frequently. Over 
irrigation creates huge losses in pomegranate. 
The roots become inactive and increase the 
incidences of fungal diseases. Irrigation may be 
carried out by two methods: 

1. Conventional method: Flood irrigation comes 
under conventional method of irrigation. This 
method consumes more water than the 
requirement of the plant since large quantity of 
water is required to irrigate soil rather than plant. 
The water requirement is highly depends of 
porosity of soil. In this method, plant suffers from 
either by water stress or over water. 

2. Drip Irrigation: Drip irrigation is an advanced 
method of irrigation where water is provided at 
timely intervals, desired quantity and at 
appropriate place. By that way drip irrigation is 
the only method that fulfills the water 
requirement and avoids losses.6-8 drippers of 4 
Lph required at the distance of 60 cm. 

Irrigation schedule for Pomegranate 

Period Age of the plants (Years) 

Quantity of water (litres)  

1 2 3 4 5 

October 2.0 7.0 21.0 28.0 35.0 

November  2.0 7.0 21.0 28.0 35.0 

December 2.0 7.0 21.0 28.0 35.0 

January 3.0 10.0 30.0 40.0 45.0 

February 3.0 10.0 30.0 40.0 50.0 

March 3.0 10.0 30.0 40.0 50.0 

April 4.0 13.0 40.0 50.0 60.0 

May 4.0 13.0 40.0 50.0 60.0 

June 3.0 7.0 21.0 40.0 50.0 

July 2.0 6.0 18.0 25.0 30.0 

August 2.0 6.0 18.0 25.0 30.0 

September 2.0 6.0 18.0 25.0 30.0 

APPLICATION OF FERTILILZERS 

Pomegranate plant may take 18 months 
from the date of plantation to complete its 
vegetative phase and becomes capable for 
reproductive growth.  

Application of fertilizer (Per year) 

 Manures and 
Fertilizers 

 1st year  2nd to 
5th year 

 6th year 
onwards 

 FYM  10 kg  20 kg  30 kg 

 N  200 g  400 g  600 g 

 P  100 g  250 g  500 g 

 K  400 g  800 g  1200 g 

Training and pruning 

Fruits are born terminally on shoot 
growth emerging from mature wood.  To 
promote new shoots on all sides annual pruning 
is done after harvest is completed during 
December by shortening of past season shoot by 
removing one third of the shoot. Besides, dried, 
diseased and cross-cross branches and root 
suckers are removed. The tree is trained to get a 
single stem upto 60 cm with 3 or 4 scaffold 
branches. Thinning of flower clusters ensures 
better size of the fruit. Spraying liquid paraffin at 
1 % concentration at 15 days interval twice 
during June reduces fruit cracking. 

DISEASE AND PEST MANAGEMENT: 

There are number of insect, pest, 
bacterial, fungal diseases occur on pomegranate. 
Some of the devastating diseases, insect and pest 
are addressed below with their control measures.  

1. Bacterial Blight Disease: This is the most 
devastating disease on pomegranate caused by 
bacterial species Xanthomonas oxinipodies 
pv.Puniceae. It is a non-systemic disease that 
infects leaf, flower, fruit and stem. 

Symptoms on leaves: The disease is 
characterized by the appearance of small 
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irregular water soaked spots on leaves. Spots 
vary from 2 to 5 mm in diameter with necrotic 
centre of pinhead size. Spots are translucent 
against light. These spots turn light brown to dark 
brown and are surrounded by prominent water 
soaked margins. Numerous spots may coalesce to 
form large patches. Severe infestation leads to 
leaves shedding. 

Symptoms on stem: The stem start forming 
brown to black spots around the nodes. In 
advanced stages girdling and cracking of node 
occurs which finally lead to breakdown of the 
branches. Symptoms on fruit: Brown to black 
spots appears on the pericarp with ‘L ‘or ‘Y’ 
shaped cracks on fruits.  

Control measures: No suitable control measures 
are available till date, however, to reduce the 
disease, clean planting material and orchard 
sanitation are heavily recommended. The 
infected branches should be pasted with 
Bordeaux paste. Spray of copper oxychloride 
(0.3%) has also been recommended to control 
leaf and fruit infections. Streptocycline @ 50-250 
ppm (0.05 - 0.25 gms per liter of water depending 
on disease severity) Is recommended to spray to 
reduce its further spread and severity. After the 
use of streptocycline, a spray containing 1 gm 
ZnSo4 + 1 gm MgSo4 + 1 gm CuSo4 per liter of 
water must be performed. 

2. Fungal Wilts/ Rots: This disease is caused by 
fungal organism Fusarium oxysporum, 
Rhizoctonia solani, Ceratocystis fimbriata. 
Common symptoms of this disease are ellowing 
of leaves in single branch, sudden wilting of 
leaves and drying plant, vertical stem cracking 
and brown discoloration of the internal root 
tissue and pith of stem. Control measures: 
Maintain proper drainage of water, Soil 
drenching with carbendazim (0.2%) or 
Propiconazole (0.15%). Use of biocontrol agent 
like Trichoderma culture also found effective. 

3. Alternaria fruit spot: This disease is caused by 
fungal organism Alternaria alternate and affects 
mostly on fruits. Common symptoms of this 
disease are small reddish brown circular spots 
appear on the fruits. As the disease advances, 
these spots coalesce to form larger patches and 
the fruits start rotting. The arils get affected 
which become pale and become unfit for 
consumption. 

Control measures: All the affected fruits should 
be collected and destroyed. Spraying Mancozeb 
0.25 % effectively controls this disease. 

Insect and pest 
1. Thrips: It infests fruits as well as leaves by 
scraping of tissues & sucks the cell sap. Fruit 
cracking is also observed as one of the reason 
because of thrips infestation on fruit. Heavy 
infestation may cause flower shading. Leaves curl 
and dry due to its infestation. 

Control measures: Spray Systemic insecticides 
Dimethoate -0.06%, or Imidacloprid 0.03% prior 
to flowering. Use of bio-pesticide spray like Neem 
oil @ 0.5% has also  found to be effective. 

2. Aphids: It infests tender shoots, flowers, leaves 
and tender fruits by sucking cell sap. Excrete 
large quantity of honeydew on which black sooty 
mould develops. 

Control measures: 

 Release of first instar larvae of green lace 
wing bug Chrysopherla carnea @ 50 
grubs/flowering branch four times at 10 
days interval starting from flower 
initiation during April. 

 Spray Systemic insecticides like 
Dimethoate @ 0.06%, or Imidacloprid 
0.03%. Use of bio-pesticide spray like 
Neem oil 0.5% has also found to be 
effective. 

3. Mealybugs: There are about 20 species of 
Mealybugs have been recorded on Pomegranate 
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in India. Nymph & adult suck the cell sap from 
leaves, twigs, flowers and fruits. It secretes 
honeydew that encourages sooty mould 
development. 

Control measures: Sticky banding around stem 
above 1 ft level help to control the mealybugs 
movement from plant to plant. Prune & destroy 
the affected parts of the plant. Spray of 
Chloropyriphos @ 0.06% + Dichlorvos 0.05% after 
pruning. 

4. Whitefly: These are also found on the leaves 
and also cause sooty mold. Nymph & adult suck 
the cell sap from leaves, twigs, flowers and fruits. 
More incidences occur during the February. 

Control measures: This can be controlled by 
Acetamipride 0.3 gm/liter or Acephate 1 gm/ 
liter. 

5. Fruit Borer: Pomegranate fruit borer or 
pomegranate butterfly is the most widespread, 
polyphagous and destructive pest distributed 

all over India. Peak incidence is during the month 
of August in monsoon season, while it is more 
during November/December in winter crop. 
Infestation from flowering to button stage 
causing loss up to 50 per cent of the fruit. 

Control measures:  

 Bag the fruits with polythene covers 
during flowering period to prevent egg-
laying when the fruits are up to 5 cm 
diameter. Spray neem oil 3 % or NSKE 5% 
at the time of butterfly activity. Repeat it 
if necessary twice at an interval of 15 
days.  

 Adopt Economic Threshold Level (5 
eggs/plant with bearing capacity of 60 
fruits) 

 Release T. chilonis @ 1 lakh/acre. 

 Apply Chlorpyriphos 20EC 2 ml/lit; 
Malathion 50 EC 2 ml/litre. 
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Abstract 
Ginger is one of the important stems and one of the most traded spices in the world. Ginger has 
antibacterial and antifungal properties with great potentials in fighting against common vegetable pests. 
Medically, ginger is resilient in combating life-threatening diseases such as nausea, cancer as well as 
kidney, intestinal, skin and gastric diseases. This review paper discusses the pharmaceutical, insecticidal 
and antioxidant properties of this great rhizome. It also reveals the physical and chemical properties of 
ginger. Desk study and document analysis were the main research methods adopted for the study. The 
steps in the Interpretive Document Analysis were used for analyzing the data and drawing valid 
conclusions. The findings reveal that ginger extracts have proven to be beneficial in offering medicinal, 
insecticidal and anti-oxidant values to humans, animals and plants. It recommends that plant scientists 
should advocate the mass production and use of this vital rhizome in medical delivery as well as in 
agricultural production to aid boost the life sustainability ratio of humans, crops and animals. 
 
Keywords: ginger, plant science, agriculture, herbal medicine, pharmaceutical products 

 
1. Introduction 
The famous eighteenth-century Swedish botanist 
and general naturalist, Carl Linnaeus coined 
Zingiber officinale, as the botanical name of 
ginger (Tanner, 1959). Ginger is native to 
Southeast Asia but it is now cultivated in all the 
tropical and sub-tropical regions of the world 
(Priebe, 2011).  Presently, ginger is grown on a 
large scale in India, China, Southeast Asia, West 
Indies, Africa, and Australia. Almost half of the 
world’s production comes from India. Other 
countries that produce ginger extensively are 
Brazil, Jamaica, Nigeria, Thailand, Australia and 
Fiji (Heinrich, Barnes & Gibbons, 2004). Ginger 
has a long historical use in ethnomedicine 

(Kumar, Asish, Sabu & Balachandran, 2013; 
Aljahawey, Soeharto & Sujuti, 2015) and as such, 
has been featured as a constant spice in cuisines 
(Ajav & Ogunlade, 2014). Ginger holds beneficial 
properties fighting against the symptoms of 
diseases and acting as an anti-inflammatory, anti-
tumour and anti-bacterial agent (Mesomo, 
Scheer, Perez, Ndiaye & Corazza, 2012). This 
review paper gives thoroughly discusses the 
physical and chemical compositions of ginger as 
well as its pharmaceutical, insecticidal and anti-
oxidant properties. 
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1.1 Physical Composition of Ginger 
About 1600 species of plants are placed in the 
family Zingiberaceae (Kumar et al., 2013). Ginger 
which is a perennial plant has a narrow stem 
which tallness is about 24-39 inches (Ajav & 
Ogunlade, 2014). The underground stem 
(rhizome) of ginger is the most familiar part of 
the plant and it is frequently used for commercial 
as well as homely purposes. Rhizome of ginger is 
fleshy, covered in rings and also covered with 
some rounded projections or knobs (Aidoo, 
2010). This part (rhizome) is used as food and 
medicine. Rhizomes grow underground but they 
are not roots but stem. About 30 cm long purple 
flowers emerge vertically from the rhizomes. The 
surface of the rhizome is greyish white and bears 
some light-brownish rings. It has an aroma and a 
sharp spicy flavor due to the oily substance called 
gingerol (Ajav & Ogunlade, 2014). It has an aerial 
erect leafy stem which grows from the tuberous 
rhizome (Sharma, Yelve & Dennis, 2002). Ginger 
possess leaves that are lance narrow dark green 
in colour,  with a rib which is noticeable The 
inflorescence of ginger is a terminal spike with 
irregular flowers which are white, yellow or 
greenish-yellow in colour with a purplish lip,  
however cultivated ginger barely flowers 
(Pizzorno & Murray, 2012). Although ginger can 
be grown domestically by planting its rhizome in 
soils such as mixed loam, sand, peat moss and 
compost with sufficient amount of sunlight and 
water, the preferred habitat for the cultivation of 
ginger is one with a moist and hot soil with 
shade. Ginger also prefers soil that is well tilled 
and rich in loam (Herbs, 2000). 
 
1.2 Chemical Composition of Ginger 
Yadav, Rai1, Vermal and Rajee (2012) posit that 
there are a number of compounds that have 
been isolated from ginger. These compounds are 
over 400 (Prasad & Tyagi, 2015). Some of them 
are starch which is a major component 

constituting about 50%. It is also made up of 
about 6%-8 lipids and about 2.5%-3% essential 
oils .Other components found in ginger are alfa-
pinene, beta-pinene, cumene, camphene, 
myrcene, limonene, beta-phell-andrene, linalool, 
borneol, farnsene and sabinene. The aroma of 
ginger is mainly due to the presence of zingiberol 
(Prasad & Tyagi, 2015). The essential oil of fresh 
ginger contains geranial (alfa-citral and neral 
beta-citral) and thus emits a lemony aroma while 
the presence of cineole gives a camphoraceous 
smell to ginger oil. Vitamins, amino acids and 
protease made up of other chemicals such as 
cineole, dihydrogingerol (bitter principle), 
hexahydrocurcumin gingiberene, zingiberol 
(fragrant principle) are also found in ginger. The 
oil content of ginger is said to be responsible for 
its fragrance and its pungency is determined by 
the non-volatile phenylpropanoids and 
diarylheptanoids (Ampomah, 2009). Gingerol and 
shogaol, a chemical constituent of ginger is said 
to be responsible for the pungency of ginger. The 
pungent compounds were assigned as 
homologous series of phenolic ketones (Yadav et 
al., 2012). 
 
1.3 Pharmaceutical Properties of Ginger 
Ginger has rich phytochemistry properties with 
health promoting potentials (Butt & Sultan, 
2011). Ginger is also said to carry certain 
pharmaceutical properties which assist in 
digestion and treat digestion related 
complications such as diarrhea and stomach 
cramps. Essential oils contained in the tuberous 
rhizome of ginger have been used as medicine 
since early times. Ginger is effective against 
nausea pains arthritis, rheumatism, muscle 
spasms and reduces inflammation that results in 
gouts and other neurodegenerative disorders 
(Nicoll & Henein, 2009). It also assists in the 
circulation of blood, removal of toxins, cleans the 
bowels and kidneys and also aids in all skin 
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related problems (Ampomah, 2009). Ginger is 
said to be a good remedy in the treatment of 
asthma, bronchitis and other respiratory 
problems (Butt & Sultan, 2011). 
 
Ginger is known for retarding the growth of 
cancer forming cells. Butt and Sultan (2011) aver 
that ginger acts as an anti-cancer agent, and 
offers a stronger buffer against colon, lung, skin, 
gastric and breast cancers (Prasad & Tyagi, 2015). 
The plant medicine research conducted by Khaki, 
Khaki, Hajhosseini, Golzar and Ainehchi (2014) 
revealed that ginger had the healing potential in 
curing diabetes in rats that is often associated 
with reproductive dysfunction.  
 
Ginger rhizome which is sweet and pungent also 
helps to  prevent the formation of gases in the 
gastrointestinal tract (carminative), reduces 
profuse perspiration (diaphoretic), promote the 
production of urine( diuretic), anti-spasmodic, 
anti-emetic, antithrombotic, antimicrobial, 
analgesic, anti-aggregant, anti-leukotriene, anti-
cancer, anti-oxidant, anti-inflammatory, anti-
prostaglandin, anti-ulcer (Duke, 2002). Normon 
(1994) reveals that ginger rhizome is anti-
mutagenic, stimulant, peripheral vasodilator, 
antiseptic, anti-platelet, anti-pyretic, anti-
serotoninergic, hypouricemic, anti-depressant, 
hepato- and hypoglycaemic. Ginger also has a 
stimulating effect on the flow of saliva, raises the 
tonus of the intestinal musculature, triggers 
peristalsis, promotes gastric secretion and 
minimizes cholesterol levels. Ginger in it dried 
state is also said to be emollient, appetizer, 
laxative, stomachic, stimulant, anodyne, 
aphrodisiac, and anthelmintic (Sharma et al., 
2002). The herbal therapeutic benefits of ginger 
are due to the presence of volatile oils and its 
high oleoresin content.  

 
1.4 Insecticidal Properties of Ginger 
Modest antibacterial, antifungal and 
molluscicidal effects have been reported in 
ginger. It has also been reported that ginger 
possesses anti-rhino viral activity due to the 
compound sesquiterpenes (Yadav et al., 2012). 
Extracts from ginger have been broadly studied 
for a wide range of biological activities and 
among these are its antibacterial, anti-fungal, and 
other activities. Ginger has been found to contain 
strong anti-bacterial and to some extent anti-
fungal properties. An in-vitro study conducted 
revealed that the active constituents of ginger 
inhibited multiplication of colon bacteria. It is 
also said to inhibit the growth of Escherichia coli 
and Salmonella (Gugnani & Ezenuwanze, 1985). 
 
 Different scientists have reported the antifungal 
(Hasan, Chowdhury, Alam, Hossain & Alam, 
2005), antimicrobial and insecticidal properties of 
ginger (Ukeh, 2008). An example is a survey that 
was conducted in Jaffna, Sri Lanka, to determine 
the local medicinal uses of ginger. The fungicidal 
properties of ginger rhizome extract were also 
evaluated. The result revealed 70%, 71% and 
64.2% growth inhibition of ginger on Fusarium 
spp., Colletotrichum spp. and Curvularia spp 
respectively (Krishnapillai, 2007). Again, Insect 
growth inhibition, antifeedent and antifungal 
activity of compounds isolated/derived from 
Zingiber officinale Roscoe (Ginger) rhizomes were 
tested. Compounds exhibited moderate IGR 
activity and antifeedant activity against 
Spilosomaobliqua and antifungal activity against 
Rhizoctonia solani. Dehydroshogalol showed 
maximum IGR activity and dehydrozingerone 
showed maximum antifungal activity (Agarwal, 
Walia, Dhingra & Khamba, 2001). 
 
Another experiment was carried out to examine 
the efficacy of some plant extracts for the control 
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of yam tuber rot caused by Fusarium oxysporum, 
Aspergillus niger and Aspergillus flavus using hot 
water extraction from the leaves and seed of 
Xylopia aethiopica and Zingiber officinale. The 
results discovered the toxicity of the two extracts 
against the fungi. It was revealed that these 
extracts subdued the growth of these fungi in 
culture and minimized rot development in yam 
tubers (Okigbo & Nmeka, 2005). 
Antioxidant Values of Ginger 
Ginger has been discovered as a high and 
powerful antioxidant food. Its antioxidant 
properties that aid in fighting various diseases are 
noted to be evident more in its roots. El-Sayed, 
Saadiya, Medhat and Abdel (2013) conducted an 
assay test with water, ethanol and acetone and 
they realized that acetone was the best ginger 
extract recording the highest antioxidant 
potentials. The ORAC value of the antioxidant 
elements of ginger is exactly 14840. This is higher 

than the antioxidant properties present in red 
cabbage, lemon balm, red leaf lettuce, purple 
cauliflower and garlic. 
2. Conclusion 
Ginger is one of the important stems cultivated in 
the world. They have antibacterial and antifungal 
effects that make them great potentials to be 
used as pesticides against common vegetable 
pests inhibiting their growth. Medically, ginger 
fights against kidney diseases, nausea, intestinal 
and gastric diseases as well as many skin 
diseases. This is a great enlightenment to 
botanists, herbal experts and agriculturists on the 
great values of ginger. Major efforts must be 
taken by governments and corporate agencies to 
assist farming communities with suitable planting 
weather conditions for ginger across the world to 
undertake ginger farming due to its diverse 
benefits

.  
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About azolla: Azolla also known as mosquito fern, duckweed fern, fairy moss, water fern is a genus of 
seven species of aquatic ferns in the family Salviniaceae. They are extremely reduced in form and 
specialized, looking nothing like other typical ferns but more resembling duckweed or some mosses. Azolla 
an aquatic floating fern is an excellent biofertilizer used as green manure in rice cultivation; feed for 
livestock and employed as bioremediation of polluted soil and water bodies. It grows naturally in the 
stagnant water of drain, canal, pond, rivers, harbor, and marshy lands. The ability of this fern is to fix 
atmospheric nitrogen (N) at a faster rate due to the presence of heterocystous cyanobacterium Anabaena-
Azollae, which is confined to the dorsal leaf hole of this fern. 
 

Our study: Dipali Sutradhar is a widow and independent women of 
43 years old from the village Raserkuthi of Coochbehar district had 
taken the initiative of cultivating azolla for livestock feeding 
purpose in her 5 katha homestead land after being trained and 
motivated by Coochbehar Krishi Vigyan Kendra, Coochbehar, West 
Bengal. Dipali Sutradhar has two cows but only one cow gave 2 litre 
milk per day. Initially rice bran, paddy straw and grasses were fed to 
the cow. But the cost of feed was increasing day by day as 

compared to the production of milk. So, livestock rearing has 
become less profitable for her to improve her economic condition. 
Then she joined a Self Help Group two years back. Then she 
communicated with a farmer’s club and she came to know about 
the training programme on azolla cultivation conducted by 
Coochbehar KVK, Pundibari. She participated in the training 
programme and get familiar with azolla cultivation practices. From 

training programme she knew about the nutritional value of azolla and 
also that it increases milk production and reduces the cost of cattle 
feed. After going home she thought to try azolla cultivation with the 
help of KVK and Farmers Club staff. She prepared one pit (9X6X1) for 
one milch cow and she harvested azolla 20 days after incorporation of 
mother culture. Since last two months, she has got very good results 
from azolla cultivation. After feeding azolla to the cow, it increases 
milk production, improves animal health and also it reduces the cost 
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of cattle feed. She finds it very easy to do and a women friendly technology. From table-1 it has been seen 
that she has to spend Rs.32/- on cow feed with azolla per day for two cows as compared to Rs.41/- on cow 
feed without azolla per day for the same. So after using azolla as cattle feed she made a profit of Rs.9/- per 
day. Table-2 shows that millk production increases to 20%. Lastly she made a profit of Rs.570/- per month 
from using azolla as cattle feed. After practicing azolla cultivation her financial condition has also 
improved.  
Table1: Comparison of feed cost (Average Feed cost/Day/2Cow) 

 

Table 2. Comparison of milk yield (Average milk yield/day/ cow) 

Cow Feed with Azolla Cow Feed without  Azolla Percentage increase 

2.40 Litre 2.00 Litre 20.00 

Table 3. Economical comparison of monthly basis 

Cow Feed without  Azolla 
 

Cow Feed with Azolla Profit 

Feed monthly 41X30=1230 Feed monthly 32X30=960        1230-960=270 

Milk production monthly 2LTR X 30 
= 60 LTR   Monthly income 60LTR X 
25 Rs.=1500  
 

Milk production monthly 2.40 
X 30=72 LTR   Monthly 
income 72 LTR X 25 Rs.=1800 

       1800-1500=300 

Total profit=570 

 

 “I have benefited from azolla cultivation and it increases my earning. So, I want to buy one Jersy cow for 
increasing my income from such an innovative practice”- says Dipali Sutradhar.  
 

Revelation: Azolla cultivation may be a good alternative as livestock feed for sustainable livestock 
development. 
 

 
Feed items 

                Cow Feed with Azolla           Cow Feed without  Azolla 

Quantity Rate (Rs.) Total amount 
(Rs.) 

Quantity Rate (Rs.) Total amount 
        (Rs.) 

 
Paddy straw 

8 bundles 2.00/ 
bundles 

 16 10 bundles 2.00/ 
bundles 

20 

Rice bran 3 Kgs 5.00/Kg 15 4 Kgs 5.00/Kg 20 

Azolla 1.5 Kg - - - - - 

Salt 200 gm 5.00/Kg 1 200 gm 5.00/Kg 1 

Grasses 8 Kgs - - 8 Kgs - - 

Total   32   41 


