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FOREWORD

Organic farming aims to largely exclude or avoid synthetics in
agriculture and relies mostly with on-farm inputs for nutrient and insect-
disease management of crops. Around 112.2 million ha in 181 countries is
under organic agriculture which includes both cultivated (69.8 million ha;
1.4% of total agricultural land) and wild harvest (42.4 million ha) during
2017-18. Market size during 2017 was 97 billion USD. Although 181
countries produce organic foods, but markets are concentrated in
European Union and North America (32 countries) and 90% of international
trade is these two regions. The sector is growing at 12% compounded
annual growth rate. In India, emerging from 42,000 ha under certified
organic farming in 2003-04, the organic agricultural area has grown many
folds and by March 2019, India has brought 3.566 m ha under organic
production in which 56% area is of cultivated agricultural lands. Currently
only 1.3% of net cultivable area is under certified organic production
systems and as per targets , government is aiming for 4% in 2025
considering the growth rate of this sector. During 2018-19, India exported
6,14,089 t of produces worth Rs 5,151 crores. Among the states, 59% of
cultivated farm area under organic production is shared by 3 states namely
Madhya Pradesh (35 % of total cultivated farm area under organic
agriculture in India), Maharashtra (13%) and Rajasthan (11%) shares
higher area. Currently, India ranks 8th in terms of cultivable land under
organic certification. Around 8.35 lakh producers are engaged in the country
in various forms. Sikkim state has been declared as organic state from
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January 2016 and has highest net sown area (100%) under organic
certification. It is expected that the domestic market will be the main
growth driver in next 5 years.

The rate at which the organic farming sector grows needs to be
supported with advancement in technologies, knowledge sharing, human
resource and policy. Therefore , the book on “Modern Concepts and Practices
of Organic Farming for safe, secured and sustainable food production” has
been prepared based on the lectures and experiences of ICAR sponsored
summer school by ICAR-Indian Institute of Farming Systems Research,
Modipuram and would help to share the knowledge among various
stakeholders. The book covers major aspects such as concepts, theoretical
and practical information on Organic Farming. I congratulate the editors in

bringing out the publication.
%\ (9

K. Alagusundaram



PREFACE

India has traditionally been a country of organic agriculture, but the
growth of modern scientific, input intensive agriculture has pushed it to an
edge. But with increasing awareness about the safety and quality of foods
and long-term sustainability of the agricultural system, the organic farming
has emerged as an alternative system of farming which not only addresses
the quality and sustainability concerns but also ensures a debt-free, profitable
livelihood option. Organic agriculture is an ideal option for addressing the
distresses of farmers. Majority of farming community of our country lies
under small and marginal category and has limited resources which bar
them from affording expensive farm inputs. Thus, low-cost crop production
technologies like organic farming may be a boon to these resource-poor
farmers. India is home to 30 per cent of the total organic producers in the
world but accounts for just 2.59 per cent (1.5 million hectares) of the total
organic cultivation area of 57.8 million hectares, according to the World of
Organic Agriculture 2018 report. In this context, organic agriculture can be
seen as revolutionary efforts to create sustainable development. There are
however large differences between the challenges connected to its execution
by the resource-poor farmers and consumers in low-income countries.
Organic manure influences soil productivity in agricultural and horticultural
crops through their effects on soil physical, chemical and biological properties.
However, organic farming is not new and indeed a healthy change because
it enriches the daily nutritional requirement by diversifying the cropping
systems by including high-value crops.

This book on “Modern Concepts and Practices of Organic Farming
for safe, secured and sustainable food production” is thus intended as a
resource to help researchers, policymakers, conservationists, entrepreneurs,
farmers and rural and urban community groups to move the ball toward a
more sustainable future. Organic farming approach needs to be adaptive
and is better achieved through education and understanding than with simple
recommendations.

To share the knowledge on organic farming, an ICAR sponsored
summer school on “Modern Concepts and Practices of Organic Farming
for safe, secured and sustainable food production” was organized by ICAR-
Indian Institute of Farming Systems Research (ICAR-IIFSR), Modipuram
during 14™ July to 03" August 2017. The book is a compilation based on the
lectures delivered by experts from different parts of the country including
ICAR-IIFSR, Modipuram.
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The Editorial Board constituted for the book would like to acknowledge
all the eminent resource persons, and also gratefully acknowledged Indian
Council of Agriculture Research (ICAR) for financial support.

Hope the compiled lectures will be useful to all those interested in
promoting organic farming in India.

Editors
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MODERN AGRONOMIC TOOLS FOR
ORGANIC CROP PRODUCTION

S. Bhaskar and P.C. Ghasal

1.1 INTRODUCTION

Different parts of India have developed their own local or regional
systems for ecological agriculture that are now gathered in one umbrella
term ‘Jaivik Krishi’ or ‘Jaivik Kheti’. India has a sizable cropped area in
different states, which is more prone to weather vagaries; especially those
located in rainfed, dryland and hilly areas. Increasing the agricultural
productivity and income of the farmers as well as sustaining soil resource
in these agricultural systems has always been a challenging task for
researchers and policy planners. At first instance, minimal agricultural inputs
use area which need to be targeted for organic production by devising
proper strategies and identifying niche crops (crops which yield higher under
organic production systems and have adequate market demand).

1.2 NUTRIENT MANAGEMENT IN ORGANIC FARMING

The management of nutrient in organic farming system is a challenge
as the use of inorganic fertilizer which feed the plant directly and are thought
to bypass the natural processes of the soil, is not permitted. Effective nutrient
management is essential in organic farming systems. Nutrient supply to
crop plants is supported through recycling, the management of biologically
related processes such as nitrogen fixation and the limited use of unrefined,
slowly soluble off- farm materials that decompose in the same way as soil
minerals or organic matter. Nutrient sources commonly used for organic
farming are green manure, farm yard manure (FYM), vermicompost (VC),
compost, enriched compost, bio-gas slurry, non-edible oil cakes, poultry
manure, Azolla, biofertilizer, biodynamic compost and Panchgavya.

1.2.1 Green Manure

The crops to be taken for green manuring should be fast growing, rich
in nutrient like legumes, resistant to biotic and abiotic stresses, has
smoothening effect against weeds and with more foliage. Crops that are



commonly used for green manuring are Sesbania aculeata (suitable for
rice-wheat, 55 days old crop producing 17-30 tonnes green matter per ha),
Sesbania speciosa (suitable for wet lands, when raised on field borders
along the bunds, 90 day old crop contributes 2-4 tonnes green matter per
ha) and Crotolaria juncea (suited to almost all parts of country and adds
15-25 tonnes fresh biomass in 50-60 days). They can be grown together
with crops or alone. Because the C:N ratio of green manure crops increases
as they age, it is generally recommended that green manure crops be
harvested or incorporated into the soil when close to full bloom (but prior to
seed set) to assure a C:N ratio of 22:1 or less so that net mineralization
occurs. The 60-day-old crop can contribute approximately 100 kg N/ha,
25-30 kg P,0O/ha and 75 kg K,O/ha and these can meet the requirement
of organic rice crop (Chandra, 2005).

1.2.2 Farm Yard Manure (FYM)

Farm yard manure is partially decomposed dung, urine, bedding and
straw. The nutrients from urine become readily available. Dung contains
about 0.50 per cent of the nitrogen, 0.15 percent of potash and almost all of
the phosphorus that is excreted by animals. FYM contains approximately
5-6 kg nitrogen, 1.2 to 2.0 kg phosphorus and 5-6 kg potash per tonne. If
properly preserved, the quantity of manure that can be produced per animal
per year would be as much as four to five tonnes containing 0.5 per cent
nitrogen. If available, well decomposed FYM should be applied @15-20
tonnes per ha for cereals and 5-10 tonnes per ha for pulses, which can
supply about 75-100kg N per ha, 35-40 kg P,O /ha and 75-100 kg K O per
ha. FYM should be decomposed by adding Trichoderma powder.

1.2.3 Vermicompost

Vermicomposting is a simple biotechnological process of composting in
which certain species of earthworms enhance the process of waste
conversion and produce a better end product i.e vermicompost. It provides
all nutrients in readily available form and also enhances uptake of nutrients
by plants. Vermicomposting converts household compost within 30 days,
reduces the C: N ratio and retains more N than traditional method of
preparing compost. The African species of earthworms, Eisenia foetida
and Eudrilus eugenae are ideal for the preparation of vermicompost. For
the preparation of vermicompost, pits are made of 1 m deep and 1.5 m
wide, however, the length varies as required and bottom of the pit is covered
by polythene sheet on which 15-20 cm layer of organic waste material (it
helps in improving nutritional quality of compost) and finally cow dung slurry
should be sprinkled. Culture of Pseudomonas fluorescens may also be
added (@ 200g/100kg). Pit is filled completely in layers as described and



finally the top of the pit is pasted with soil or cow dung and material is
allowed to decompose for 15-20 days. Selected earthworms (500 to 700)
were released through cracks and water is sprinkled every three days to
maintain adequate moisture. Vermicompost is ready in about 2 months if
agriculture waste is used. The processed vermicompost is black, light in
weight and free from bad odour.

1.2.4 Compost

Compost is organic matter (plant and animal residues) which has been
rotted down by the action of bacteria and other organisms, over a period of
time. The biodegradation process is carried out by different groups of
heterotrophic microorganisms like bacteria, fungi and actinomycetes etc.
Organic materials undergo intensive decomposition under thermophilic and
mesophilic conditions in heap, pits or tanks with adequate moisture and
aeration and finally yield a brown to dark brown coloured humified material
called compost. Materials such as leaves, fruit skins and animal manures
can be used for compost preparation.

For enrichment of the compost with rockphosphate, rockphosphate are
added at the rate of 12.5 per cent in a mixture of plant residue+ FYM+ soil
inratio of 8: 1.0: 0.5 in the form of slurry on plant residue during composting.
Likewise, for enriching the compost with pyrite, pyrite is added at the rate
of 10 per cent in a mixture of plant residue+ FYM+ soil in ratio of 8: 1.0: 0.5
in the form of slurry on plant residue during composting. While for enriching
the compost with inoculums, a mixture of FYM (10 kg) + soil (2kg) +
inoculums (1 kg Azotobacter + 1 kg PSB + Pseudomonas + 1 kg
Thiobacillus + 1kg Beauveria + 1 kg Pant biocontrol agent 1,2 & 3) in a
100-150 litre of water was added on the top of layer while composting
which is sufficient for 1 ton of enriched compost.

1.2.5 Bio-gas slurry

Bio-gas slurry is a good source of organic manure. Anaerobic digestion
of raw animal dung by microbes in the bio gas plant offers more advantages
in improving the manurial value of the slurry as compared to the manurial
product of aerobic decomposition. All chemical elements except carbon,
oxygen, hydrogen and sulphur contained in animal dung are conserved in
bio-digested slurry which is reported to be rich in plant nutrients both macro
& micro nutrients compared to FYM. Nutrient content of Bio-gas slurry
approximately 1.43 per cent N, 1.21 per cent P and 1.01 per cent K on dry
weight basis. In general, 10 tonnes per ha bio-digested slurry is recommended
to be applied once in three years to maintain organic carbon in soil, besides
providing nitrogen, phosphorus and potassium in form of organic fertilizers
to the crop.
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1.2.6 Non-edible oil cakes

Non-edible oil cakes have higher nutrient content as compared to other
organic manures. Many oil cakes such as castor, neem, karanja, linseed,
rapeseed and cotton seed may serve as good organic source. Neem cake
contains the alkaloids-nimbin and nimbicidine which effectively inhibits the
nitrification process and increasing the yield, nitrogen uptake and grain protein
content of rice. Mahua cake has been successfully used in coastal saline
soils for cultivation of rice. They are insoluble in water but their N become
quickly available to plants about a week or 10 days after application.
Commonly available non-edible oil cakes used as organic nutrient and their
nutrient content is presented in Table 1.1.

Table 1.1. Non-edible oil cakes and their nutrient content

Oil cakes N (%) P,0; (%) K,0 (%)
Groundnut cakes 73 1.53 1.33
Linseed cakes 56 144 1.28
Castor cakes 44 1.85 1.39
Neem cakes 52 1.08 148

1.2.7 Poultry manure

Poultry manure is concentrated organic manure used as a nutrient source
in organic farming particularly for vegetables comprising of 2.9 per cent
nitrogen, 2.9 per cent phosphorus and 2.4 per cent potash. Broiler litter also
contains 23-125 ppm copper, 125-667 ppm manganese and 106-669 ppm
zinc. Poultry waste manure is highly complex and challenging because of
associated problems like nitrate and heavy metal contamination in soil, crops,
surface and ground water, air quality and odour, disposal of dead and diseased
poultry and food safety.

1.2.8 Azolla

Inoculation of Azolla bio-fertilizer at 7 days after transplanting of rice
crop @ 2 tonnes per ha in standing water and its growth during the rice
crop adds organic matter and nitrogen to the soil. The Azolla incorporation
at the time of puddling of rice soil @ 6 tonnes per ha can also provide about
25-30 kg N per ha to the rice crop in organic farming system. For Azolla
incorporation we need to produce required amount of biomass in
multiplication tanks/ponds.



1.2.9 Biofertilizers

Biofertilizers means the product containing carrier based (soild or liquid)
living microorganisms which are agriculturally useful in terms of nitrogen
fixation, phosphorus solubilization or nutrient mobilization to increase
productivity of the soil and/or crop. Biofertilizers are live materials hence it
should be handled carefully and a favourable environment in the field should
be assured for desired results. In case of carrier based formulations, the
product should have 30-50 per cent of moisture throughout the shelf life
period to sustain microbial population and the microbial population should
be in the range of 107 to 10° cells/g of moist product. In case of liquid
formulations, the cell load should be in the range of 1x 108 to 1x 10'° during
the entire period of shelf life. Three types of biofertilizers are used i.e.
Symbiotic N, fixers such as Rhizobium culture for legumes; free living N,
fixers (non-symbiotic bacteria) such as Azotobacter and Azospirillum spp.
for cereals, blue green algae and Azolla for rice and phosphate solubilizers
such as Pseudomonas sp. While symbiotic N, fixers inoculated in legumes
can fix substantial amount of atmospheric N, to feed the host plant, free-
living N, fixers contribute much less, usually 10-30 kg/ha. Phosphate
solubilizers enhance the availability of native inorganic P.

1.2.10 Biodynamic Compost (BD)

There are eight known biodynamic composts, namely biodynamic
preparation (BD) 500(Cow horn manure), 501 (Horn silica), 502 (Yarrow),
503 (Chamobile), 504 (Stinging nettle), 505 (Oak bark), 506 (Dandelion),
and 507 (Valerian) and Cow-Pat Pit (CPP). These preparations are easy
to formulate and can be done by farmers at their own farms. Out of these,
formulation-500 (Cow-horn compost) and formulation-501 (horn silica) can
be used directly in soil and plants. These BDs are very popular and are
being used by large number of organic farmers. Formulation 502 to 507 is
compost enrichers and promoters, while formulation 508 is of prophylactic
in nature and helps in control of fungal diseases (Steiner, 1974).

BD-500 (Cow- horn manure) usually increases humus in soil and after
dilution in water, it is sprayed directly on land during early spring (March-
April) and autumn September-early October) concentration 30-35 gms in
12 litres of boiled cool water and stirred for 1 hour in the evening before
sowing or transplanting. Mixing of PSM, Azotobacter, Azospirillium and
Bacillus subtilis 100 ml each in solution ensures better yield in all crops.

1.2.11 Panchgavya

Panchgavya, an organic product has the potential to play the role of
promoting growth and also provides immunity in plant system. Physico-
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chemical properties of Panchgavya revealed that they posess almost all the
major nutrients, micronutrients and growth hormones (IAA and GA) required
for crop growth. Predominance of fermentative microorganisms like yeast
and lactobacillusmight be due to the combined effect of low pH, milk products
and addition of jaggery/sugarcane juice as substrate for their growth.

Panchgavya consists of nine products viz., cow dung, cow urine, milk,
curd, jaggery, ghee, banana, tender coconut and water. When suitably mixed
and used, these have miraculous effects. Here for its preparation, the product
of local breeds of cow is said to have potency than exotic breeds. For this
mix 7 kg cow dung and 1 kg cow ghee thoroughly both in morning and
evening hours and keep it for 3 days. After 3 days mix 10 litres of cow
urine and 10 litres of water and keep it for 15 days with regular mixing both
in morning and evening hours. After 15 days mix cow milk-3 litres, cow
curd- 2 litres, tender coconut water — 3 litres, jaggery- 3 kg and well ripened
poovan banana-12 nos. and Panchgavya will be ready after 30 days. All
the above items can be added to a wide mouthed mud pot, concrete tank or
plastic can as per the above order. The container should be kept open
under shade and covered with a wire mesh or plastic mosquito net to prevent
house flies from laying eggs and formation of maggots in the solution.

Panchgavya is sprayed on crops at a concentration of 3 per cent (3
litres panchgavya to every 100 litre of water is ideal for all crops). The
solution of panchgavya can be mixed with irrigation water at 50 litres per
hectare either through drip irrigation or flow irrigation. Also, 3 per cent
solution of panchgavya can be used to soak the seeds or dip the seedlings
(20 minutes before transplanting). Rhizomes of turmeric, ginger and sets of
sugarcane can be soaked for 30 minutes before planting. Panchgavya is
used at pre-flowering phase (once in 15 days, 2 sprays depending on duration
of crop), flowering and pod setting stage (once in 10 days, 2 sprays) and
fruit/ pod maturation stage (once during pod maturation).

1.3 WEED MANAGEMENT IN ORGANIC FARMING

In weed management approach under organic system, the central goal
is to reduce weed competition and reproduction to a level that the farmer
can accept. In many cases, this will not completely eliminate all weeds.
Weed management should reduce competition from by preventing the
production of weed seeds and perennial propagules - the parts of a plant
that can produce a new plant. Consistent weed management can reduce
the costs of weed control and contribute to an economical crop production
system.



1.4 CULTURAL PRACTICES
1.4.1 Crop Rotation

Monoculture, that is growing the same crop in the same field year after
year, results in a build-up of weed species that are adapted to the growing
conditions of the crop. When diverse crops are used in a rotation, weed
germination and growth cycles are disrupted by variations in cultural
practices associated with each crop (tillage, planting dates, crop competition,
etc.).

1.4.2 Cover Crops

Rapid development and dense ground covering by the crop suppress
weeds. The inclusion of cover crops such as ricebean, groundnut, rye, red,
clover, buckwheat, wintering crops like winter wheat or forages in the
cropping system can suppress weed growth. Highly competitive crops may
be grown as short duration ‘smother’ crops within the rotation. Cover crops
offer many benefits to an organic farming system, including protection against
soil erosion, improvement of soil structure, soil fertility enhancement, and
weed suppression. Cover crops can be used in a variety of ways to suppress
weeds. Cover crops can suppress weeds, reduce weed populations in the
subsequent crop, and reduce weed seed contributions to the soil seedbank.

1.4.3 Intercropping

Intercropping involves growing a smother crop between rows of the
main crop. Intercrops are able to suppress weeds. However, the use of
intercropping as a strategy for weed control should be approached carefully.
The intercrops can greatly reduce the yields of the main crop if competition
for water or nutrients occurs. Intercropping of soybean and groundnut in
upland rice, maize or sorghum greatly reduces the weed problem.

1.4.4 Mulching

Mulches reduce weed competition by limiting light penetration and altering
soil moisture and temperature cycles. Living mulch is usually a plant species
that grows densely and low to the ground such as clover. Living mulches
can be planted before or after a crop is established. A living mulch of
Portulaca oleracea from broadcast before transplanting broccoli can
suppress weeds without affecting crop yield. Often, the primary purpose of
living mulch is to improve soil structure, aid fertility or reduce pest problems
and weed suppression may be merely an added benefit.

Organic mulches include many materials that can be produced onfarm
such as hay, straw, grass mulch, crop residues, and livestock or poultry
bedding. Other materials, such as leaves, composted municipal wastes,
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bark, and wood chips, may be available from off-farm sources. Farmers
must consider both the quantity and type of mulch to be applied, and the
cost of the mulch and the equipment needed to manage it. Degradable
materials do not need to be removed from the field, and some may be
incorporated into the soil to speed degradation. Reusable materials such as
black polypropylene mulch can be used for long- term weed management
in nurseries and some high value crops (such as strawberry). Reusable
cloth mulch has also been used in lettuce production to promote seed
germination and prevent weeds (Finney and Creamer, 2008).

1.4.5 Stale Seedbed Preparation

This weed management strategy consists of preparing a fine seedbed,
allowing weeds to germinate (relying on rainfall or irrigation for necessary
soil moisture), and directly removing weed seedlings via light cultivation or
flame weeding. Seeds or seedling can then be planted into the moist weed-
free soil. This technique helps to provide an opportunity for crop emergence
and growth before the next flush of weeds. If time allows, this can be done
twice before planting.

1.4.6 Soil Solarization

Solarization consists of heating the soil to kill pest organisms, including
fungi, bacteria, and weed seeds. It also reduces populations of various
pathogens and nematodes. Soil is covered in summer with clear or black
polyethylene plastic and moistened under the plastic, which is left in place
for six to seven weeks or longer. Weed seeds and young seedlings are
killed by the heat and moisture and through direct contact with the plastic,
which causes scorching. Research has demonstrated that solarization from
July to October with clear or black plastic provides effective weed control
without reducing crop yield (Rieger et al., 2001). Solarization can also be
used to produce weed—free soil or potting mix for container production in
warm climates (Stapleton et al., 2002), and it has been used in Mediterranean
climates to reduce weed competition and increase yields of field-grown
cauliflower and fennel (Campiglia et al., 2000).

1.4.7 Planting Strategies

Date, density, and arrangement for many row and horticultural crops,
rapid growth and early canopy closure can result in the suppression of
weeds. For this reason, using transplants when possible for horticultural
crop production is advantageous. Use of transplants will increase production
costs, so the economic benefit of using transplants must be weighed against
cost. When it is economically viable, as is the case with many vegetable
crops, use of transplants should be considered.



1.4.8 Use of manure and compost

Use of organic manure can affect the competition between crops and
weeds and in the subsequent crops. Quality of organic manure and method
of application affects weed population in crop fields. Broadcasting favours
weed than crops. Similarly improper decomposition of composts promote
weeds in fields. Use of legume residues are opposed to chemical nitrogen
fertilizer to supplement nitrogen needs of the crop can enhance weed
suppression. Legume residues release nitrogen slowly with less stimulation
of unwanted weed growth. Applying organic manure near the rows where
it is more likely to be captured by the crop will suppress weed growth.
Expensive bagged organic fertilizer may be applied in low rates at planting
or side dress, relying on mid-season release of nutrients from compost and
/ or green manures for primary fertility.

1.4.9 Water management

Effective water management is key to controlling weeds in crop
production. Time and method of irrigation influences weed growth in field.
In drip irrigation water is applied in crop root zone and hence weed growth
are minimum. There are a number of ways that careful irrigation
management can help reduce weed pressure on crops. In rainfed farming
water management practices such as mulching, intercropping etc. helps to
reduce weed problem.

1.5 MECHANICAL WEED CONTROL

Mechanical removal of weeds is both time consuming and labor-intensive
but is the most effective method for managing weeds especially in a organic
farm. The choice of implementation, timing, and frequency will depend on
the structure and form of the crop and the type and number of weeds.
Cultivation involves killing emerging weeds or burying freshly shed weed
seeds below the depth from which they germinate. It is important to
remember that any ecological approach to weed management begins and
ends in the soil seed bank. The soil seed bank is the reserve of weed seeds
present in the soil. Observing the composition of the seedbank can help a
farmer make practical weed management decisions. Burial to 1 cm depth
and cutting at the soil surface are the most effective ways to control weed
seedlings mechanically. Mechanical weeders include cultivating tools such
as hoes, harrows, tines and brush weeders, cutting tools like mowers and
stimmers, and dual-purpose implements like thistlebars. The choice of
implement and the timing and frequency of its use depends on the morphology
of the crop and the weeds.
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1.5.1 Flame Cultivation

Broadcast flame cultivation prior to seeding the crop can be used
effectively on most organically produced crops. It is more effective on a
smooth soil surface than a rough or cloddy surface (Smilie et al., 1965).
And it is more effective on broadleaf weeds than grasses, but its
effectiveness decreases as weeds mature. Grasses and perennial weeds
are most tolerant to flaming. Flaming burns grasses and perennial weeds to
the soil surface, but sometimes these weeds are capable of regrowth. Seeding
or transplanting crops after flame cultivation must be done carefully to prevent
soil disturbance that can lead to weed seed germination and establishment.

1.6 BIOLOGICAL WEED CONTROL
1.6.1 Allelopathy

Allelopathy is the direct or indirect chemical effect of one plant on the
germination, growth or development of neighboring plants. It is now
commonly regarded as component of biological control. Species of both
crops and weeds exhibit this ability. Allelopathic crops include barley, rye,
annual ryegrass, buckwheat, oats, sorghum, sudan, sorghum hybrids, alfalfa,
wheat, red clover, and sunflower. Vegetables, such as horseradish, carrot
and radish, release particularly powerful allelopathic chemicals from their
roots. One approach of utilizing the allelopathic property of crops is to
screen genotypes to examine their potential for weed suppression. The
strategy for using allelopathy for weed management could be either through
directly exploiting natural allelopathic interactions, especially of crop plants,
or applying allelochemicals as a source of natural herbicides. However, it is
unclear whether the application of natural weed killing chemicals would be
acceptable to the organic standard authorities.

1.6.2 Beneficial organisms

Little research has been conducted on using predatory parasitic
microorganisms or insects to manage weed populations. However, this may
prove to be a useful management tool in the future. Natural enemies that
have so far been successful include a weevil for the aquatic weed salvinia,
a rust for skeleton weed and probably the most famous, a caterpillar
(Cactoblastis sp.) to control prickly pear. There is also considerable
research effort aimed at genetically engineering fungi (myco-herbicides)
and bacteria so that they are more effective at controlling specific weeds.
Myco-herbicides are a preparation containing pathogenic spores applied as
aspray with standard herbicide application equipment. Some biocontrol agents
and Target weed mycoherbicides used for bioagents control are indicated below-
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Parthenism hysterophorus: Zygrogramma bicolarata
Lantana camara: Crocidosema lantana, Teleonnemia scrupulosa
Opuntia dilleni: Dactylopiustomentosus, D. Indicus (cochineal

scale insect)

Eichhornea crassipes: Neochetina eichhornea, N. Bruchi (Hyachinth
weevil) Sameodes alliguttalis (hyancinth moth)

Salvinia molesta: Crytobagus singularis (weevil) Paulinia
acuminate (grass hopper), Samea mutiplicalis

Alternanthera philoxaroides:  Agasides hygrophilla (flea beetle) Amynothrip

sandersoni
Commercial mycoherbicides:

Trade name Pathogen Target weed

Devine Phyophthora Morreria odorata (Strangler vine) in citrus
palmivora

Collego Colletotrichum Aeschynomene virginica (northen joint
gleosporoides f.sp.  vetch) in rice and soyabean
aeschynomene

Biopolaris Biopolaris Sorghum halepense (Johnson grass)
sorghicola

LUBAO11 Colletotrichum Cuscutta sp. (Dodder)
gleosporoides

f.sp. Cuscuttae

ABG5003 Cercospora Eichhornea crassipes (water hyancinth)
rodmanii

1.7 APPROVED HERBICIDES

A limited number of natural substances can serve as herbicides on
organic farms.

1.7.1 Corn Gluten Meal

The most widely used product in USA is corn gluten meal, a byproduct
of cornstarch production. Corn gluten meal may be applied as a pre-
emergence herbicide. Time of application is extremely important, as the
gluten must be present when weed seeds germinate to inhibit root formation.
Weeds affected by corn gluten meal include redroot pigweed, black
nightshade (Solanum nigrum), common lambsquarters, curly dock, creeping
bentgrass (Agrostis palustris), purslane, common dandelion
(Taraxacumofficinale), and smooth crabgrass (Digitaria ischaemum).
Of weeds that have been tested, barnyard grass (Echinochloa crus-galli)
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and velvetleaf (Abutilon theophrasti) are the least susceptible to corn
gluten meal. Broadleaf species are generally more susceptible than grasses
to corn gluten meal. In field studies, weed cover has been reduced up to 84
percent when corn gluten meal was incorporated prior to planting (McDade
and Christians, 2000).

1.8 PEST AND DISEASE MANAGEMENT
1.8.1 Tillage, land configuration and crop spacing

Tillage is old age practice of pest management in agriculture. Deep
summer ploughing exposes the roots of many weeds and facilitate their
drying. It also helps in exposing the hibernating stages of insects for predation
or killing by desiccation. The sclerotia and other resting structures of many
pathogenic fungi and stages of nematodes get destroyed by summer
ploughing. Intercultural operations besides proving proper aerations and
growing conditions to soil, also helps in weed management. Hence summer
ploughing and proper interculture should be among main strategies for weed,
pest and disease management in organic farming. Planting of crops especially
turmeric, ginger, pulses, vegetables, maize etc. on raised beds or bunds
particularly during rainy season provides protection against some soil borne
diseases caused by Pythium and Phytophthora spp.

Crop spacing should be kept at larger side to avoid the build-up of
congenial environment for pests and diseases attack. Widely spaced crops
have proper aeration and lower humidity and lesser attraction for insect
shelter and thus avoid the heavy attack of pests and diseases. Keeping 2’
space vacant at every 3-4 meters in case of basmati or non-basmati rice
helps in managing brown plant hopper, sheath blight disease and other pests.
Larger plant to plant distance in case of okra helps in minimizing yellow
vein mosaic disease due to lesser white fly vectors.

1.8.2 Soil solarisation

Soil solarisation is a technique of raising the soil temperature by clear
plastic sheets which allows shorter wavelength solar radiation to enter into
soil and heat it up and at the same time it restricts the longer wavelength
radiation into soil during night time. Thus, the soil solarization keeps soil
temperature continuously above lethal range (up to 60°C) to many soil
borne plant pathogensof mesophilic nature (Fusarium spp. Verticillium
spp. etc.), nematodes (root knot nematode), weeds (annual grassy weeds
and some broad leaved weeds also), and hibernation stages of insect-pests.
The thickness of clear polyethylene sheets should be in the range of 25-30
micron. The soil before solarization should be well prepared and has proper
moisture for maximum conductivity of heat into the soil.
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1.8.3 Multiple cropping and mixed cropping

Mixed cropping is also a strategy to compensate the losses caused by
pests and diseases. If main crop is damaged by the disease or pests, the
mixed crop can compensate for the losses in main crop. Some of the mixed
crops i.e. cow pea or Dhaincha smother weeds in between the rows of
wide spaced crops and also add nitrogen to the soil. Any other interested
crop which is having weed smothering property and if, compatible with
main crop, can be planted in rows of main crop. Intercropping of Marigold
in between wide spaced crops can smoother the weeds and also controls
many nematode species of the crops.

1.8.4 Use of resistant varieties

Since, the synthetic chemical pesticides are strictly prohibited in organic
crop production and there are not many options under biological, botanical
or other strategies of pest management allowed, the use of pest/disease
resistant or tolerant and weed smothering varieties must be in our package
of practices to manage the pests. The varieties of disease pest resistant or
tolerant to pests vary from region to region; hence they should be selected
according to locality. Induced resistance is another area which can be
exploited in organic farming. Seed treatment with bioagents like
Trichoderma and Pseudomonas fluorescens/ Bacillus subtilis has been
reported to induce broad range resistance in many crops against various
pathogens.

1.8.5 Seed treatment with Beejamrut

Bijamrit is a biodynamic preparation commercially exploited for seed
treatment in organic farming and reported to suppress many seed borne
diseases. For preparation of Bijamrit, put 5 kg fresh cow dung in a cloth
bag and suspend in a container filled with water to extract the soluble
ingredients of dung. Suspend 50g lime in one litre of water separately.
After 12-16 hours, squeeze the bag to extract all the ingredients of cow
dung and add 5 litre of cow urine, 50g of virgin forest soil, prepared lime
water and 20 litre water. Again incubate the preparation for 8-12 hours.
Filter the content and this filtrate is ready for seed the treatment. Apply he
amount of Bijamrit on seed which can make a layer over it and dry it in
shade before sowing.

1.8.6 Mechanical methods

Removal of affected plants and plant parts, collection and destruction
of egg masses and larvae, installation of bird perches, light traps, sticky
coloured traps and pheromone traps are most effective mechanical methods
of pest control. In bigger plots of crop, put “T” type of bird perches with 5-
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6 feet height which attracts the birds to sit over and predate the insect
larvae and adults infesting the crop. The boundary trees and shrubs planted
in farm also serve the purpose of bird perches.

1.8.7 Use of Bio-pesticides

For the management of fungal diseases and nematodes the Trichoderma
viride or T. harazianum are found to be best. Four to five kg of formulation
with desired number of viable spores is sufficient for one hectare. They
can be applied as spray at regular intervals for desired level of disease
control. Pseudomonas fluorescence formulations @ 4g/kg seed either alone
or in combination with Trichoderma spp. mange most of the seed and soil
borne diseases. It can also be used as spray for managing the crop diseases.
For controlling the insect-pests, formulations viz. Beauveria bassiana,
Metarhizium anisopliae, Nomuraea rileyi, Verticillium sp., are available
in the market and can manage their specific insect-pest.

1.8.8 Use of botanical pesticides

Neem has been reported to be effective in the management of
approximately 200 insects, pests and nematodes. Neem is very effective
against grasshoppers, leaf hoppers, plant hoppers, aphids, jassids, and moth
caterpillars.It has strong repellent and anti-feedant activities. Neem extracts,
are also very effective against beetle larvae, butterfly, moth and caterpillars
such as Mexican bean beetle, Colorado potato beetle and diamond black
moth. Neem is very effective against grasshoppers, leaf minor and leaf
hoppers such as variegated grasshoppers, green rice leaf hopper and cotton
jassids. Neem is fairly good in managing beetles, aphids and white flies,
mealy bug, scale insects, adult bugs, fruit maggots and spider mites.

1.8.9 Fermented Curd water

In some parts of central India, fermented curd water (butter milk or
Chhaachh or mattha) is also being used for the management of white fly,
jassids, aphids etc.

1.8.10 Dashparni Extract

Crushed neem leaves 5 kg + Tinospora cordifolia (giloya) leaves 2 kg,
Annona squamosa (custard apple) leaves 2 kg, Nerium indicum leaves 2
kg, Pongamia pinnata (Karanja) leaves 2 kg. Green chilli paste 2 kg, garlic
paste 250 gm, cow dung 3 kg, Calotropis procera leaves 2 kg and cow urine
5 litre in 200 litre water and fermented for one month. The suspension is
shaken regularly three times a day. Extract is finally obtained after crushing
and filtering. The extract can be stored up to 6 months and used to control
insect-pests and diseases of crops @500 litre/ha.
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1.8.11 Mixed leaves extract

Crush 3 kg neem leaves in 10 litres of cow urine. Crush 2 kg custard
apple leaf, 2 kg papaya leaf, 2 kg pomegranate leaves, 2 kg guava leaves in
water. Mix both the formulas and boil 5 times at some interval till it becomes
half. Incubate for 24 hrs, then filter and squeeze the extract. This formula
can be stored in bottles for 6 months. Dilute 2-2.5 litre of this extract in 100
litre of water for 1 acre of crop area. This is useful against sucking pest,
pod/ fruit borers.

Effective management of nutrient, weeds, insect-pest and disease is
the major challenge for successful organic farming. Integrated management
comprising cultural, mechanical and biological practices are warranted for
managing nutrient, weeds, pest and diseases in an eco-friendly way in organic
farms. In addition to the growing concern for protection of environment,
maintain biodiversity and protection of human and animal health, integrated
crop management approaches are also good ways of climate change
mitigation.
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ORGANIC FARMING - STATUSAND
ASPECTS

N. Ravisankar, A.S. Panwar and Debashis Dutta

2.1 INTRODUCTION

Organic farming systems are very much native to Indian Agriculture.
Traditionally, precisely before dawn of the green revolution, crops and
livestock have been reared together in all the farm households. Nevertheless,
during pre-green revolution period (up to 1960s) the rate of national
agricultural growth was not able to keep pace with population growth and
virtually, ship to mouth situation prevailed. This was the major factor for
introduction and large scale popularization of the high yielding varieties
(HYVs) of crops, which were highly responsive to the chemical fertilizers
and water use. As a result, the total food grain production increased
phenomenally from mere 50.82 million tonnes in 1950-51 to 283.37 million
tonnes in 2018-19 (As per 3rd advance estimate of Ministry of Agriculture
and farmers welfare, Government of India). This can be primarily attributed
to large-scale adoption of HY Vs, combined with other green revolution
technologies (GRTs) in cereal crops, expansion of gross irrigated area (22.56
million ha in 1950-51 t0 95.77 million ha in 2013-14) and increase in fertilizer
consumption (0.07 million tonnes in 1950-51 to 26.75 million tonnes in 2015-
16).All of them put together have led to substantial increase in the
productivity of crops, especially food grains (from 522 kg ha-1 in 1950-51
to 2028 kg ha-1 in 2014-15) culminating the status of India from a food
importer to net food exporter (presently contribution of agriculture in total
export value is 14.1%).

It has been proved scientifically and convincingly that integrated use of
organic manures with chemical fertilizers improves the use efficiencies of
the latter owing to concurrent improvement of soil physical, chemical and
biological properties. The water holding capacity of the soil also gets improved
on account of regular use of organic manures. It is estimated that various
organic resources having the total nutrient potential of 32.41 million tonnes
will be available for use in 2025. Out of these organic resources, considerable
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tapable potential of nutrients (N + P,O, + K,O) from human excreta,
livestock dung and crop residues have been worked out to be only 7.75
million tonnes. As we know, organic is more of a description of the agricultural
methods used on a farm, rather than food itself and those methods combine
tradition, innovation and science. Organic agriculture, in simple terms,
requires a shift from intensive use of synthetic chemical fertilizers,
insecticides, fungicides, herbicides, PGRs, genetically engineered plants to
extensive use of animal manures, beneficial soil microbes, bio-pesticides,
bio-agents and indigenous technological knowledge, based on scientific
principles of agricultural systems. Scientific evidences clearly establish that
conversion of high intensive agriculture areas to organic systems lead to
reduction in crop yields considerably (up to 25-30%), especially during initial
3-4 years; before soil system regains and crop yields come to comparable
level. In this scenario, if all the cultivated areas are brought into organic
production systems, the national food production integrated may get
jeopardized; hence a phased approach may be desirable. integrated approach
of crop management — including integrated nutrient management and inter/
mixed cropping — is also considered as “towards organic” approach; and
at the same time it has been found to increase the use efficiency of all
costly inputs especially fertilizers and water.This approach will be appropriate
to adopt "towards organic approach" in the resource-rich states contributing
major share to the food basket. This approach will also contribute to more
crops per drop and less land, less resource/ time and more production”
strategies of the government.

2.2 COUNTRY PROFILE

Geographically, India is divided in to 4 physical divisions (The great
mountain walls, Indo-gangetic plains, Deccan plateau and Coastal ghats).
Indian agriculture began by 9000 Before the Common Era (BCE) as a
result of early cultivation of plants, and domestication of crops and animals.
Settled life soon followed with implements and techniques being developed
for agriculture. As per the land use statistics 2011-12, the total geographical
area of the country is 328.7 m ha of which 140.8 m ha is the reported net
sown area with 195.2 m ha as gross cropped area. Cropping intensity is
138.7 % with net irrigated area of 65.3 m ha. The agriculture sector
contributes 13.9 % of India’s Gross Domestic Product (GDP),but 53.2 %
of the population is still dependent on it. Rainfall is the important element of
Indian economy as 75.5 m ha of net sown area is not irrigated.

Although, the monsoons affect most part of India, the amount of rainfall
varies. from heavy to scanty on different parts. There is great regional and
temporal variation in the distribution of rainfall. Over 80% of the annual
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rainfall is received in the four rainy months of June to September. The
average annual rainfall is about 125 cm, but it has great spatial variations.
The country is divided in to 15 agro-climatic zones and 131 NARP (National
Agricultural Research Project) zones. Based on the crop growing period,
the country is also divided in to 20 agro-ecological regions in which 8 regions
(gross cropped area of 104.36 m ha) have less than 150 days of growing
period. Backed by continued science led technological innovations in the
agriculture sector, food grain production of India has more than doubled
over the decades to a record 264 mt in 2014.

2.3 ASPECT OF ORGANIC AGRICULTURE SYSTEMS

e Organic systems may decrease yields, depending on intensity of
inorganic inputs used before conversion.

o Inirrigated lands, conversion to organic agriculture may lead to almost
identical yields over a period of time.

e In low input traditional/ rainfed agriculture, conversion to organic
agriculture has potential to increase yields.

2.4 CONCEPT AND STRATEGIC IMPORTANCE OF ORGANIC
FARMING

Organic farming is very much native to this land. India and China have
the long history of organic farming. This concept of organic farming is
based on following principles.

o Nature is the best role model for farming, since it does not use any
inputs nor demand unreasonable quantities of water.

o The entire system is based on intimate understanding of nature’s ways.
The system does not believe in mining of the nutrients from soil and do
not degrade it in any way for today’s needs.

e Thessoil in this system is a living entity and the soil’s living population of
microbes and other organisms are significant contributors to its fertility
on a sustained basis and must be protected and nurtured at all cost.

e The total environment of the soil, from soil structure to soil cover is
more important.

In today’s terminology, it is a method of farming system which primarily
aims at cultivating the land and raising crops in such a way, as to keep the
soil alive and in good health by use of organic wastes (crop, animal and
farm wastes, aquatic wastes) and other biological materials along with
beneficial microbes (biofertilizers) to release nutrients to crops for increased
sustainable production in an eco-friendly pollution free environment. Organic
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farming system relies on crop rotations, crop residues, animal manures,
legumes, green manures, safe off-farm technologies with preference to
depend on resources available either at farm or locally”. According to
Scialabba (2007), the strongest benefits of organic agriculture are its reliance
on is a fossil fuel independent, locally available resources that incur minimal
agro-ecological stresses and are cost-effective. She describes organic
agriculture as neo-traditional food system, which combines modern science
as well as indigenous knowledge.

India has other comparative advantages for organic production which

are given below.

India is strong in high quality production of certain crops like tea, some
spices, rice specialties, ayurvedic herbs etc.

India has a rich heritage of agricultural traditions that are suitable for
designing organic production systems. Botanical preparations, some of
which originate from the ancient Veda scripts, provide a rich source for
locally adapted pest and disease management techniques. The
widespread cultivation of legume crops facilitates the supply of biological
fixation of nitrogen.

In several regions of India agriculture is not very intensive in regards to
use of agro-chemicals. Especially in mountain areas and tribal areas,
use of agrochemicals is rather low, which easily facilitates conversion
to organic production. On these marginal soils, organic production
techniques have proved to achieve comparable or in some cases
(especially in the humid tropics) even higher yields than conventional
farming.

The Non-Governmental Organizations (NGOs) sector in India is very
strong and has established close linkages to a large numbers of marginal
farmers. Many NGOs are engaged in promotion of organic farming
and provide training, extension services information and marketing
services to farming communities.

The Indian Government has realized the potential and significance of
organic agriculture for the country and has recently started to support
organic agriculture on a large scale and on various levels. A national
regulatory framework (standards, accreditation regulations) has already
been passed in 2000 and as a result National Standards for Organic
Production (NSOP) was notified in 2001 under National Programme
of Organic Production. Ministry of Agriculture launched National
Project on Organic Farming. Special schemes to support organic
agriculture in North-Eastern states and Paramparaghat Krishi Vikas
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Yojana also formulated to give impetus to organic systems. Indian Council
of Agricultural Research provides research and technological back up
in the country.

2.5 ORGANIC AREA, PRODUCTION AND EXPORT

In world, 97.7 million ha area in 178 countries is under organic agriculture
which includes both cultivated (57.8 million ha) and wild harvest (39.9 million
ha) during 2016.Emerging from 42,000 hectares under certified organic
farming in 2003-04, the organic agriculture has grown many folds and
India has brought 5.71 m ha area under organic certification process. Out
of this cultivated area accounts for 1.49 m ha (26.1 %) while remaining
4.22 m ha (73.9 %) is wild forest harvest collection area. Currently, India
ranks 9™ in terms of cultivable land under organic certification. In terms of
wild collection, India ranks 3™ next to Finland and Zambia. Around 8.35
lakhs producers are engaged in the country in various forms. Sikkim state
has been declared as organic state from January 2016 and has highest net
sown area (100 %) under organic certification while Madhya Pradesh is
having largest area under organic production system. The domestic market
for organic products in the year 2014-15 was estimated at Rs. 875 crores.
The total volume of export during 2017-18 was 4.58 lakh tonnes. The organic
food export realization was around Rs. 3453.48 crores (515.44 million USD).

India’s first internationally certified organic products emerged in the
mid 70’s, supported by UK’s Soil Association. Different parts of India have
developed their own local or regional systems for ecological agriculture
that are now gathered in one umbrella term ‘Jaivic Krishi’ or ‘Jaivik
Kheti’.

2.6 PRINCIPLES OF ORGANIC AGRICULTURE, SCOPE AND
OBJECTIVES

The organic community has adopted four basic principles (FAO 2001),
and broadly speaking, any system using the methods of organic agriculture
and being based on these principles, may be classified as organic agriculture:

2.6.1 The principle of health

Organic Agriculture should sustain and improve the health of soil, plant,
animal, human and planet as one and indivisible.

2.6.2 The principle of ecology

Organic Agriculture should be based on living ecological systems and
cycles, work with them, emulate them and help sustain them.
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2.6.3 The principle of fairness

Organic Agriculture should build on relationships that ensure fairness
with regard to the common environment and life opportunities.

2.6.4 The principle of care

Organic Agriculture should be managed in a precautionary and
responsible manner to protect the health and well being of current and
future generations and the environment.

Organic farming is considered incomplete without livestock as livestock
alone contributes 37.5 % of total organic manures in the country. Crop +
dairy is the pre-dominant farming system practiced traditionally by Indian
farmers over the centuries. Analysis of benchmark data of 732 marginal
households across the 30 NARP zones indicates existence of 38 types of
farming systems. Out of this, 47 % of households have the integration of
crop + dairy, 11 % have crop + dairy + goat,9 % households have crop +
dairy + poultry systems and 6 % households have only crop component.
Hence, natural strength exists in the country for promotion of organic
farming.

2.7 ORGANIC FARMING PRINCIPLES HAVING ALL THE
FOLLOWING MAJOR OBJECTIVES AS:

Production of high quality food in harmony with natural systems and
cycles

o Enhancing biological cycles within the farming system involving
microorganisms, soil flora and fauna, plants and animals

¢ Maintaining long-term soil fertility and genetic diversity of the production
system and its surroundings including plant and wildlife

e Promoting healthy use with proper care of water resources and all life
therein

e Creating harmonious balance between crop production and animal
husbandry

¢ Minimizing all forms of pollution
2.8 COMPONENTS OF ORGANIC FARMING

Essential components of organic farming are keeping the soil alive
through effective management natural resources. They are as follows.



22

2.8.1 Enrichment of soil

Abandon use of chemicals, use crop residue as mulch, use organic and
biological fertilizers, adopt crop rotation and multiple cropping, avoid
excessive tillage and keep soil covered with green cover or biological mulch.

2.8.2 Management of temperature
Keep soil covered, plant trees and bushes on bund
2.8.3 Conservation of soil and rain water

Dig percolation tanks, maintain contour bunds in sloppy land and adopt
contour row cultivation, dig farm ponds, maintain low height plantation on
bunds.

2.8.4 Harvesting of sun energy

Maintain green stand throughout the year through combination of
different crops and plantation schedules.

2.8.5 Self-reliance in inputs

Develop your own seed, on-farm production of compost, vermicompost,
vermiwash, liquid manures and botanical extracts.

2.8.6 Maintenance of life forms

Develop habitat for sustenance of life forms, never use pesticides and
create enough diversity.

2.8.7 Integration of animals

Animals are important components of organic management. Animal
component only provide as source of plant nutrients animal products but
also provide enough dung and urine for use in soil.

2.8.8 Use of renewable energy

Use solar energy, bio-gas and other eco-friendly machines
2.9 VARIOUS FORMS OF ORGANIC AGRICULTURE
2.9.1 Biodynamic Agriculture

Biodynamic agriculture is a method of farming that aims to treat the
farm as a living system which interacts the environment to build healthy,
living soil and to produce food that nourishes, vitalizes and helps to develop
man kind. The underlying principle of biodynamics is making life-giving
compost out of dead material. The methods are derived from the teachings
of Rudolf Stainer and subsequent practitioners. The important components
of biodynamic farming are as follows.
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e Turning plant materials such as green crops and straw, Not using
chemical fertilizers and pesticides

¢ Avoiding soil compaction by machinery or animals, particularly in wet
weather

o Keeping soil covered by pasture, crops or mulch not destroying the soil
structure by poor farming practices such as excessive use of rotary
hoe or cultivation in unsuitable weather (too wet or too dry)

o Fallowing the land by planting deep-rooting permanent pasture species
or using green crops

e Use of preparations BD-500 and BD-501

e Compost made with preparations BD-502 — BD-507

¢ Liquid manure made with preparations BD-502 — BD-507

e Cowpat pit manure made with preparations BD-502 — BD-507

These biodynamic preparations named BD-500 to BD-507 are not food
for the plants, but they facilitate the effective functioning of etheric forces.
They are also not the usual compost starters, but can stimulate compost
organisms in various ways. In short they are biologically active dynamic
preparations which help in harvesting the potential of astral and etheral
powers for the benefit of the soil and various biological cycles in the soil.
So far 9 biodynamic preparations have been developed, named as
formulation 500 to 508. Out of these, formulation-500 (cow horn compost)
and formulation- 501 (horn-silica) are very popular and are being used by
large number of organic farmers. Formulations-502 to 507 are compost
enrichers and promoters, while formulation 508 is of prophylactic in nature
and helps in control of fungal diseases.

2.9.2 Rishi Krishi

Drawn from Vedas, the Rishi Krishi method of natural farming has
been mastered by farmers of Maharashtra and Madhya Pradesh. In this
method, all on-farm sources of nutrients including composts, cattle dung
manure, green leaf manure and crop biomass for mulching are exploited to
their best potential with continuous soil enrichment through the use of Rishi
Krishi formulation known as “Amritpani” and virgin soil. 15 kg of virgin
rhizosperic soil collected from beneath of Banyan tree (Ficus bengalensis)
is spread over one acre and the soil is enriched with 200 lit Amritpani. It is
prepared by mixing 250 g ghee into 10 kg of cow dung followed by 500 g
honey and diluted with 200 lit of water. This formulation is utilized for seed
treatment (beej sanskar), enrichment of soil (bhumi sanskar) and foliar
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spray on plants (padap sanskar). For soil treatment it needs to be applied
through irrigation water as fertigation. The system has been demonstrated
on a wide range of crops i.e. fruits, vegetables, cereals, pulses, oilseeds,
sugarcane and cotton.

2.9.3 Panchgavya Krishi

Panchgavya is a special bioenhencer prepared from five products
obtained from cow; dung, urine, milk, curd and ghee. Dr Natrajan, a Medical
practitioner and scientist from Tamilnadu Agricultural University, has further
refined the formulation suiting to the requirement of various horticultural
and agricultural crops. The cost of production of panchgavya is about Rs.
25-35 per lit. Panchgavya contains many useful microorganisms such as
fungi, bacteria, actinomycetes and various micronutrients. The formulation
act as tonic to enrich the soil, induce plant vigour with quality production.

2.9.4 Natural farming

Natural farming emphasizes on efficient use of on-farm biological
resources and enrichment of soil with the use of Jivamrita to ensure high
soil biological activity. Use of Beejamrita for seed/ planting material
treatment and Jeevamrita for soil treatment and foliar spray are important
organic components. Jeevamrita has been found to be rich in various
beneficial microorganisms. 200 lits of jeevamrita is needed for one application
in one acre. It can be applied through irrigation water, by drip or sprinkler
or even by drenching of mulches spread over the field or under the tree
basin.

2.9.5 Natueco Farming

The Natueco farming system follows the principles of ecosystem
networking of nature. It is beyond the broader concepts of organic or natural
farming in both philosophy and practice. It offers an alternative to the
commercial and heavily chemical techniques of modern farming. Instead,
the emphasis is on the simple harvest of sunlight through the critical
application of scientific examination, experiments, and methods that are
rooted in the neighborhood resources. It depends on developing a
understanding of plant physiology, geometry of growth, fertility, and
biochemistry. Natueco Farming emphasizes "Neighborhood Resource
Enrichment by" Additive Regeneration" rather than through dependence
on external, commercial inputs. The three relevant aspects of Natueco
Farming are:

¢ Soil - Enrichment of soil by recycling of the biomass establishing a
proper energy chain.
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¢ Roots - Development and maintenance of white feeder root zones for
efficient absorption of nutrients.

¢ Canopy - Harvesting the sun through proper canopy management for
efficient photosynthesis.

In all biological processes, energy input is required and solar energy is
the only available resource. No time and no square foot of sun energy
should be lost by not harvesting it biologically. Lost sun energy is lost
opportunity.Photosynthesis is the main process by which Solar Energy is
absorbed. It is of course the objective to obtain a higher degree of
photosynthesis. Although genetically photosynthesis efficiency is around
1.5% to 2.5%, we can increase leaf index [area of leaf for every square
meter of land] by caring for healthy canopies, use of multiple canopy utilizing
direct and filtered sunrays.

2.9.6 Homa Farming

Homa farming has its origin from vedas and is based on the principle
that “you heal the atmosphere and the healed atmosphere will heal you”
The practitioners and propagators of homa farming call it a “revealed
science”. Itis an entirely spiritual practice that dates from the Vedic period.
The basic aspect of homa farming is the chanting of Sanskrit mantras
(Agnihotra puja) at specific times in the day before a holy fire. The timing
is extremely important. While there is no specific agricultural practice
associated with homa farming, the farm and household it is practiced in, is
energised and “awakened”. The ash that results from the puja is used to
energise composts, plants, animals, etc. Homa Organic Farming is holistic
healing for agriculture and can be used in conjunction with any good organic
farming system. It is obviously extremely inexpensive and simple to
undertake but requires discipline and regularity. Agnihotra is the basic Homa
fire technique, based on the bio-rhythm of sunrise and sunset, and can be
found in the ancient sciences of the Vedas. Agnihotra has been simplified
and adapted to modern times, so anybody can perform it. During Agnihotra,
dried cow dung, ghee (clarified butter) and brown rice are burned in an
inverted, pyramid-shaped copper vessel, along with a special mantra (word-
tone combination) is sung. It is widely believed that through burning organic
substances in a pyramidformed copper vessel, valuable purifying and
harmonizing energies arise. These are directed into the atmosphere and
are also contained in the remaining ash. This highly energized ash can
successfully be used as organic fertilizer in organic farming.
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2.9.7 Effective microorganisms (EM) technology

Effective microorganisms is a consortium culture of different effective
microbes commonly occurring in nature. Most important among them are :
Nz—ﬁxers, P-solubilizers, photosynthetic microorganisms, lactic acid bacteria,
yeasts, plant growth promoting rhizobacteria and various fungi and
actinomycetes. In this consortium, each microorganism has its own beneficial
role in nutrient cycling, plant protection and soil health and fertility
enrichment.

2.9.8 Soil and crop management

The natural resources (soil, rainfall, dust) provide several nutrients for
crop plants.Soil Organic Carbon (SOC) is central to soil health due to its
influence on soil structure, water retention, microbial activities, soil aeration,
and nutrient retention. It is the organic forms of C and not the source of
nutrient which is important for soil-plant continuum. Hence, Bio-organic
fertilizer merits consideration. Indian soils are, in general, poor in organic
C, which is further going down with every intensification of agriculture.
Promotion of green manuring is essential and quick way to improve the soil
organic carbon status. Farmers should apply at least one green manuring
crop once in every two years. In all rice fields, cultivation of green manuring
plants as an intercrop is highly recommended (like one row of sesbania
after every 10-15 rows of rice which can be incorporated into field after
30-35 days) to achieve the best productivity. Use of crop residue and weed
biomass as mulch-wheat is highly recommended and rice straw can also be
used with dung and cattle urine to increase organic carbon.

2.10 NATURAL SAFE PRODUCTS FOR CONTROL OF PEST,
DISEASE, WEEDS, DISEASES AND GROWTH
MANAGEMENT

Under organic systems, use of synthetic/ chemical pesticides, fungicides
and weedicides is prohibited. Natural enemies shall be encouraged and
protected e.g. raising trees in the farm attracts birds which kills pests of the
crops, nest construction etc. Products collected from the local farm, animals,
plants and micro-organisms, and prepared at the farm are allowed for control
of pests and diseases (e.g. Neem Seed Kernel Extract, cow urine spray).
Use of genetically engineered organisms and products are prohibited for
controlling pests and diseases. Similarly, use of synthetic growth regulators
is not permitted. Slash weeding is to be done between the plants. Weeds
under the base of the plants shall be cleaned and put as mulch around the
plant base. The weeded materials should be applied as mulch in the ground
itself. The products that are permitted for control of pest and diseases are
neem oil and other neem preparations like Neem Seed Kernel Extract,
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Chromatic traps, Mechanical traps, Pheromone traps, Plant based repellants,
Soft soap and clay. The following products shall be used when they are
absolutely necessary and taking environmental impact into consideration.

The certification agency shall be consulted before using these inputs.
e Bordeaux mixture

e Plant and animal preparations e.g. Cow urine spray, Garlic extract,
Chilli Extract Light mineral oils e.g. Kerosene

Natural enemies of crop pests and diseases such as coccinellids,
syrphids, spiders, micromus, chrysopa and campoletis were higher under
organic management compared to integrated and inorganic management.
Coccinellids, which naturally reduce the hoppers and leaf folders, was found
to be two to three times higher under organic management in cotton,
groundnut, soybean, potato and maize crop fields. Similarly, spiders which
also control the pests are found to be twice higher under organic
management compared to inorganic management. The diversity of arthropod
population in soil viz., collembola, dipluran, pseudoscorpians, cryptostigmatids
and other mites population were also found to be higher under organic
management compared to integrated and chemical management (Annual
Progress Report, 2010-2013, Network Project on Organic Farming,
University of Agricultural Sciences, Dharwad, Karnataka).Further the weeds
can be managed through live and organic mulches.

2.10.1 The major issues related to marketing of organic products
are

o Lack of reliable supply chain

e Lack of sufficient retail chains

¢ Limited size of domestic market

o Lack the skills and creativity to find profitable markets
e Produce aggregation costs for distributed small growers
o Certification complexities

Market development for the organic products is a crucial factor to
promote domestic sales. Supplies do not match the demand for organic
products in the country and the absence of proper links between the two
has been pointed out for the tardy growth of organic farming in the country.
An important role of the government in this direction is giving various supports
to the producer and consumer associations to market the products
(NABARD, 2005).
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Organic farming systems are very much native to India as traditionally
crops and livestock are reared together and as of today also, present in
more than 85% of the farm households. India s average fertilizer and pesticide
consumption stands at 128.3 kg ha! and 0.31 kg a.i ha'! and many of the
states have lower than the national average consumption of these inputs.
Inspite of technological advancements, the nutrient use efficiency is on
lower side (33% for N; 15% for P; 20% for K and micronutrients). Organic
production of niche crops (crops which yield higher under organic condition
and have market demand) can be considered in the hilly and rainfed areas.
However, organic farming technologies need to be fine-tuned and updated
to further enhance the yields. Farmer friendly certification policies and
supply-demand chain management is essential for the growth of organic
farming in the country. It can be concluded that “towards organic”
(integrated crop management) approach for intensive agricultural areas
(food hubs) and “‘certified organic farming” with combination of tradition,
innovation and science in the de-facto organic areas (hills) and rainfed/
dryland regions will contribute for safe food security in future besides
increasing the income of farm households and climate resilience. This
approach will also positively contribute to the cause of human, livestock
and eco-system health.

2.11 WAY FORWARD AND RECOMMENDATIONS

Organic agriculture includes several aspects starting from crop husbandry
to livestock to horticulture with complimentary activities on the farm.
Presently, in India, several schemes have been formulated and implemented
to promote the organic agriculture which have resulted in many fold increase
in area and export over the years, but still lot has to be done. The salient
recommendations for penetration of organic farming in the country are
given below.

2.11.1 Availability of authentic statistical data is essential for planning,
policy formulation, implementation and impact assessment. The present
system of collecting data on organic farming by Agricultural Exports
Development Authority (APEDA) is through producers, processors and
certification agencies using TRACENET. In the recent times, lots of
variations have been observed in reporting of area and production. Moreover,
the area reported does not include the extensive areas under natural farming
and/or uncertified chemical-free farming, as those do not come under the
definition of either in conversion or certified. Hence, a comprehensive
statistical data collection on all aspects of organic farming is essential and
this needs to be institutionalized like other agricultural censuses.
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2.11.2 Organic farming growth is constrained due to several factors, such
as; a decline in yield during the initial years of conversion, insufficient
availability of organic manures within the farm to meet out the nutrient
demand, slow release of nutrients from organic manures leading to mismatch
between crop demand and soil supply, difficulty in handling the bulky manures,
and inadequate certification and marketing infrastructure. Hence an
integrated strategy of addressing all these issues is essential.

2.11.3 The main problem of organic growers is lack of continuous and
reliable supply of certified inputs (such as; seeds, bio-agents, bio-fertilizers,
manures etc.) and economically viable marketing of organic farm produce.
Hence, steady and reliable input-output chains need to be established in
potential organic clusters. The organic input production units established in
public/private sectors, under various developmental schemes in the country,
should be linked up with suitable marketing channels to improve upon their
capacity utilization and make them responsible and viable. Establishment of
organic input marketing channels is the need of the hour for expansion of
organic farming in the country.

2.11.4 To exploit high-end domestic and international export markets,
potential organic agriculture zones need to be identified on the lines of
“Special Economic zone” and be named as “Special Organic Agriculture
Systems Zone”. For example, creation of “Organic Spice” zone in Kerala,
“Organic Coconut zone” in Nicobar district of Andaman and Nicobar Islands,
“Organic Basmati Rice zones” in Uttarakhand, Western Uttar Pradesh,
Haryana and Punjab, “Organic Cotton Zones” in M.P, Gujarat and
Maharashtra, “Organic Seed-Spices Zones” in Rajasthan and
Gujarat.Similarly, several specialized organic zones may be identified for
production and marketing of different vegetables and fruits within the well
established horticultural belts in different states. These zones can also be
made as Agroecotourism centres for attracting the nature loving tourists.
Tax holidays for those private investors, who will invest in establishing
organic input production/ processing and packing units within the zone, may
be considered.

The zone should be planned in such a manner that all requirements of
inputs, certification, processing and packing are met within the zone itself.

2.11.5 Wide spread existence of crop + livestock farming system is the
strength for organic India. This should be considered a great opportunity
for establishing integrated organic farming system in all the niche areas,
which should serve as research-cum-demonstration unit.

2.11.6 Organic farming package adoption and its promotion for individual
crops should be done away with. The system approach should be adopted.
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Cropping and farming system approach of providing required nutrient and
other inputs are proved to be successful. “Model Organic Farm” in farming
system mode for marginal and small farmers should be developed in each
District of identified and potential states.

2.11.7 The approach of “Towards Organic” should be adopted instead of
immediately switching over to organic from inorganic in the high intensive
agricultural areas to have safe food security in the country. This approach
will reduce the immediate heavy yield losses during the conversion period
and also will contribute for increased use efficiency of fertilizers and water.
Government schemes of Integrated Nutrient Management, Plant Protection
and Water Management needs to be amalgamated so as to get desired
output.

2.11.8 The guidelines of national standard for organic production are having
the equivalence with European Union and other important countries. It is
good for the export. However, the domestic standard which also follows
the export standards for organic production and certification needs to be
reviewed. As “safe food for all” is possible through “towards organic”
approach which includes integrated crop management practices. The
domestic standard can consider the production practices of integrated
approach with prescribed maximum use of nutrients (can be up to 50 %) in
the form of chemical fertilizers. However, the pest, disease and weed
management practices should be as per the export standard. This
recommendation also holds well in the light of the argument that regardless
of sources including organic, plants absorb nutrients in the form of inorganic.

2.11.9 “Certified organic farming” with combination of tradition, innovation
and science in the de-facto organic areas (hills) and rainfed/ dryland regions
will contribute for safe food security in future besides increasing the income
of farm households and climate resilience. This approach will also positively
contribute to the cause of human, livestock and eco-system health. Hence,
organic farming should be promoted in niche areas and crops.

2.11.10 Favourable certification policy is essential. Certification agencies
should be able to practically audit the organic farms instead record
verification. Government support is required for cheaper access to organic
certification of farms. Presently only 25 certification agencies are involved
in the entire country. This needs to be increased to atleast 100 by involving
the government departments and agencies. Grower Group Certification
(GGC) and Participatory Guarentee Systems (PGS) which are recognized
by the international agencies like IFOAM should be promoted and
government support is essential in formation of clusters and groups. “Know
Your Farmer and Know Your Pattern” will also be successful. Sustainable
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Fund (TSF) should be created in all the organic clusters promoted by
government.

2.11.11 Farmer Producer Organizations (FPO s) should be involved in
production, processing and marketing of organic produces in the country.
Infact, linking with assured market will be very important for organic
promotion. Anand pattern which was successful in dairy should also be
explored for organic farming expansion in the country.

2.11.12 On the line of Minimum support price, the organic produces should
also have premium minimum support price to ensure the better profitability
to organic growers. Support for organic seed production with seed production
chain of arable crops, green manures (dhaincha/ sunhemp) should be given
thrust.

2.11.13 Establishment of sufficient and accessible laboratories for testing
of products mainly for pesticide residues to maintain the quality of organic
produce and inputs are essential. The North Eastern Region of India is having
very good potential for organic farming considering the fact that the use
fertilizers, chemicals etc. are negligible especially in hills. They should be
given preference and infrastructure support especially for input production
and output storage, branding and marketing. At least one cold storage
facilities/ godown should be considered for each hub/ cluster to store organic
produce and get adequate benefit for the farmers.

2.11.14 Optimally utilization of scare resources particularly natural
resources should be top priority in terms of development of community
institutions ie. SHGs, Mahila Groups, Youth Groups and user group
associations which may provide better option of management of fragmented
land and water resources.

2.11.15 The awards and recognition should be given at regional/state level
to the researchers/ extension workers/ organizations/ farmers involved in
promotion of organic farming.

2.11.16 Capacity building followed by arranging critical inputs,
implementation cum monitoring, linking with assured market using cluster
approach will be a way forward for success of organic farming. Organic
farming practices are for the farmers, by the farmers and of the farmers.
All locality based scientific research should include an analysis of farmer's
knowledge.The organic farming practices should be implemented in farmers
participatory mode right from the planting, implementation and monitoring.
Further, cluster approach of demonstrating the organic farming can help to
reach organized organic market.



32

2.11.17 As a farmer-centered and grassroots movement, organic
agriculture has largely relied on farmer-to-farmer networks and exchanges
to disseminate information. Research has to support the linking of the farmers
with the other stakeholders in the food supply chain, specifically markets
for organic food in developing countries. At the same time, farmer knowledge
needs to be valued as a source of experience and a base for innovation.
This can be accelerated by investing in farmer education, which will also
empower the rural communities.

2.11.18 Participatory planning of organic agriculture should be given top
priority and decision making process may be simplified.

2.11.19 Organic agriculture research is still at a formative stage, and needs
to build related human capacities. Farmer innovators and farmer
organisations grouped around value chains have to build networks to
commonly solve their many problems and address their specific research
needs to the scientists. All the (State Agricultural University) in the country
should start the department of organic farming or sustainable agriculture
and offer courses on these areas. Research network to be further
strengthened to undertake basic research and develop innovative organic
inputs for higher productivity. Plant Breeding for organic farming is still
lacking in the country and needs to be given thrust as performance of
varieties varies under organic, integrated and inorganic management.

2.11.20 Organic farming research stands to benefit all farmers and
consumers. Organic food should not be limited to affluent consumers in
wealthy countries — as access to healthy food is a fundamental human
right. Organic farmers have pioneered a number of sustainable technologies,
allowing researchers to fine-tune solutions that can in turn be adopted by
non-organic farmers, as was the case for the use of pheromones and the
introduction of beneficial fungi as antagonists to soil-borne pathogens.

2.11.21 Organic agricultural practices adopted for traditional crops and
varieties by forefathers needs to be documented and a hub on this can be
established in all states.

2.11.22 Government of India has recently launched Paramparagat
KrishiVikasYojana (PKVY), development of indigenous cattle and Swacch
Bharat Abhiyan (Clean India campaign). Synergy among all these three
schemes is essential as the contribution of indigenous cattle in organic
farming is immense. Also, the recyclable and bio-degradable wastes from
clean India campaign can go for making green farming.

2.11.23 Low awareness among state extension functionaries on benefits
of organic agriculture systems is also major problem in promotion of organic
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farming. Regular capacity building programmes should be organized to
sensitize the important field level functionaries.
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NICHE CROPS AND AREAS FOR
PROMOTION OF ORGANIC
FARMING IN INDIA

P.C. Ghasal, Debashis Dutta, R.K. Verma, D.Kumar, Sunil Kumar,
Amit Kumar, L.K. Meena and Jairam Choudhary

3.1 INTRODUCTION

Organic farming as a system which avoids or largely excludes the use
of synthetic inputs (such as fertilizers, pesticides, hormones, feed additives
etc.) and to the maximum extent feasible rely upon crop rotations, crop
residues, animal manures, off-farm organic waste, mineral grade rock
additives and biological system of nutrient mobilization and plant protection.
Its encourages the development of agricultural technologies and farming
practices that not only increase crop productivity, but also reduces the soil
degradation, promotes and enhances agro-ecosystem health, rehabilitate,
restore and enhance biological diversity and monitor adverse effects on
sustainable agricultural diversity. However, organic is not only about
replacing inputs, which is the starting point of the process, it goes beyond,
as enshrined in the four principles of organic farming advocated by IFOAM,;

3.1.1 Principle of health

Organic agriculture should sustain and enhance the health of soil, plant,
animal, human and planet as one and indivisible. For instance, it
provides pollution and chemical free, nutritious food for humans and amimals.

3.1.2 Principle of ecology

Organic agriculture must fit the ecological balances and cycles in nature
work with them, emulate them and help sustain them.

3.1.3 Principle of fairness

Organic agriculture should build on relationships that ensure fairness
with regard to the common environment and life opportunities. Organic
farming claim good quality of life and helps in reducing poverty. Natural
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resources must be judiciously used and preserved for future generations to
ensuring sufficient quality food for increasing population.

3.1.4 Principle of care

Organic Agriculture should be managed in a precautionary and
responsible manner to protect the health and well-being of current and
future generations and the environment.

3.2 THE KEY CHARACTERISTICS OF ORGANIC FARMING
INCLUDE

e Maintaining or enhancing soil organic matter levels for ensuring/
protecting long term fertility of soils, encouraging soil biological activity
and careful mechanical intervention

e Providing crop nutrients indirectly using relatively insoluble nutrient
sources which are made available to the plant by the action of soil
micro-organisms

o Effective recycling of organic materials including crop residues and
livestock manures as well as use of legumes as a source of biological
nitrogen fixation.

o Use of natural predators, diversity, organic manuring, resistant varieties,
thermal, biological and chemical intervention for weed, disease and
pest control.

o The extensive management of livestock, paying full regard to their
evolutionary adaptations, behavioural needs and animal welfare issues
with respect to nutrition, housing, health, breeding and rearing

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

The regenerative organic agriculture sector is currently the fastest
growing food sector. Growth rates of organic lands are impressive in Europe,
Latin America and the United States. Globally, certified organic agriculture
occupies less than 1 percent of lands. Nearly 35 million hectares of agricultural
land are managed organically by almost 1.4 million producers. The regions
with the largest areas of organically managed agricultural land are Oceania
(12.1 million hectares), Europe (8.2 million hectares) and Latin America
(8.1 million hectares). The countries with the most organic agricultural land
are Australia, Argentina and China. The highest shares of organically
managed agricultural land are in the Falkland Islands (36.9 percent),
Liechtenstein (29.8 percent) and Austria (15.9 percent). The countries with
the highest numbers of producers are India (340’000 producers), Uganda
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(180°000) and Mexico (130°000). More than one third of organic producers
are in Africa. About one-third of the world’s organically managed agricultural
land — 12 million hectares is located in developing countries. Most of this
land is in Latin America, with Asia and Africa in second and third place.
The total organic agricultural area in Asia is nearly 3.3 million hectares.
This constitutes nine percent of the world’s organic agricultural land. 400’000
producers were reported. The leading countries by area are China (1.9
million hectares) and India (1 million hectares). Organic wild collection
areas play a major role in India and China, while Aquaculture is important
in China, Bangladesh and Thailand.

Emerging from 42,000 ha under certified organic farming during 2003-
04, the organic agriculture grew 29 fold during the period up to 2008-09. By
March 2011 India had brought more than 4.43 million ha area under organic
certification process. Out of this cultivated area accounts for 0.77 million
ha while remaining 3.65 million ha was wild forest harvest collection area
(Yadav, 2012). Now practically all 30 states are represented on organic
agriculture map of India. Area under organic certification process which
has seen rapid growth till the year 2008-09 is now under consolidation
phase (Table 3.1).

Table 3.1. Growth of area under organic management

Sl. No. Year Area under organic certification process (ha)
Cultivated Wild harvest
(organic + in —conversion)

1 2003-04 42,000 NA

2 2004-05 76,000 NA

3 2005-06 1,73,000 NA

4 2006-07 5,38,000 24,32,500

5 2007-08 8,65,000 24,32,500

6 2008-09 12,07,000 30,55,000

7 2009-10 10,85,648 33,96,000

8 2010-11 7,771,517 36,50,000

(Source: National Centre for Organic Farming, Gaziabad)

3.3 NICHE AREAS FOR ORGANIC FARMING IN INDIA

In India around 60% people directly or indirectly depends upon
Agriculture. In ancient times the agriculture occupation is considered to be
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a greatest service to the society and this practice is inter-twined in their
tradition and culture. Organic agriculture is a system for crops, livestock
and fish farming that emphasizes environmental safety and the use of natural
farming techniques. In India, the practices of organic agriculture have
probably been practiced in traditional forms for centuries i.e., ‘no chemical
inputs use, crop rotations, environmental safety and preservation’.
Furthermore, organic agriculture became visible on a wider scale in the
1960s, when stakeholders/farmers and consumers became concerned that
the high amount of synthetic chemicals used in crop and animal production
could have negative consequences for human and animal health and the
environment. Since then, it has developed or spread into a more cohesive
and organized movement and it is now the fastest growing food sector
globally. The growth of organic agriculture in Indian context has three
dimensions and is being adopted by farmers for divergent reasons. On the
basis of different adoption reasons the Indian organic farmers divided into
three categories.

3.3.1 Those which are situated in no-input or low-input use zones (non-
availability of synthetic agrochemicals), for them organic agriculture is a
way of life and they are doing it as a tradition for meeting their food
requirements (may be under compulsion in the absence of resources needed
for conventional high input intensive agriculture). Pathak and Baghel (2006)
stated that farmers in north eastern region grow a wide range of local
varieties with different characteristics as a risk management strategy and
also to meet the farmers’ diverse household needs. Majority of farmers in
this category are traditional (or by default) organic they are not certified.

3.3.2 Those which have recently adopted the organic in the wake of ill
effects of conventional agriculture (Excess use of synthetic agrochemicals)
may be in the form of reduced/deteriorate soil quality, food toxicity (high
chemical residue level in harvested product) or increasing cost and
diminishing returns. In this category farmers comprised of both certified
and un-certified.

3.3.3 The third category comprised of farmers and enterprises which have
systematically adopted the commercial organic agriculture due to increasing
the demand of organic product in national as well as in international markets
and to capture emerging market opportunities and premium prices. Majority
of this category farmer are certified. These are the third category
commercial farmers which are attracting most attention. The entire data
available on organic agriculture today, relates to these commercial organic
farmers.
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In India more than 60% cropped land area comes under the rainfed
agriculture or not irrigated and it can be safely assumed that high-input
demanding crops are not grown on these lands. Moreover, the farmers of
these areas mainly depends monsoon rainfall for growing of crops. Non
availability of irrigation water is a major constraint in rainfed areas for crop
production in rabi and summer seasons. Furthermore, fertiliser use on
drylands is always less as chemical fertilisers require sufficient water to
respond. Pesticide use in these lands for controlling diseases and insects
would also be less as the economics of these hardy or “not-so profitable”
crops will not permit expensive inputs. Seven sister states of northeast
India comprising Assam, Manipur, Meghalaya, Arunachal Pradesh, Mizoram,
Nagaland and Tripura are the best organic farming hot spot in India. By
this somewhat degrading term they mean that small farmers, located mostly
in the Eastern and North-Eastern regions of the country, have no choice
except to farm without chemical fertilizers or pesticides. Sikkim State has
made sincere efforts for agricultural products investments, various
techniques of crop production and marketing of products, etc. Nearly 25-
30 Thousand hectares of land area out of the total 58,128 hectare of available
cultivable land has been certified as organic in Sikkim. Regions of North-
Eastern and Eastern states where consumption of synthetic chemical
fertilizers and pesticides is already low, need to be encouraged for organic
farming. Similarly some of the specific areas where there is high demand
for organic products, more emphasis need to be given. Madhya Pradesh is
having highest number of certified cultivated organic area followed by
Maharastra, Rajasthan and Gujarat (Table 3.2).

Government of India and its Ministry of Agriculture and Farmers Welfare
started an ICAR research institute in Eastern part of the country recently
to promote organic farming in these regions. A National Organic Farming
Research Institute has been established in Sikkim to promote research and
education in the country. Indian Institute of Farming System Research,
Modipuram, Meerut is operating two projects — All India Network
Programme on Organic Farming and All India Coordinated Research Project
on Integrated Farming System which collaborate with Agricultural
Universities for research in this area. In addition National Centre for Organic
Farming, Ghaziabad is working on promotion of organic farming through its
regional Centres. Though this is true in many cases, it is also true that a
significant number of them have chosen to farm organically, as their
forefathers have done for thousands of years. These areas are at least
“relatively organic” or perhaps even “organic by default”. While neither of
these terms necessarily denotes a healthy farm or a recommended agriculture
system, it would at least imply a non-chemical farm that can be converted
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Table 3.2. State-wise area under organic farming (registered under accredited
certification bodies) for the year 2010-11 (as on March 2011).

State Certified In-conversion Totalarea Wild Total
Name Cultivated  cultivated  cultivated Area Cultivated

Organic Area(ha) under (ha) +Wild (ha)

Area(ha) Certification

process (ha)

Andhra Pradesh 607090 6279.72 1235062 2000 1435062
ArunachalPradesh 24309 0 24309 0 24309
Assam 2001.75 4533 204708 0 204708
Andaman 0 33468 33468 0 33468
Bihar 0 1303.62 130362 0 130362
Chhattisgarh 32199 12693 44892 8000 8344892
Daman & Diu 0 0 0 0 0
Delhi 1275 13882 26032 0 26632
Goa 13044.65 25905 133037 0 13303.70
Gujarat 4226748 625143 4851891 0 4851891
Haryana 234305 1242054 1476360 0 1476360
HimachalPradesh 220546 178141 44687 62785512 63190199
J&K 64050 13597 TI647 0 TI647
Karnataka 912801 1040063 1952864 69200 8872864
Kerala 387027 272737 659765 0 659765
Lakshadweep 0 12127 12.127 0 12.127
Madhya Pradesh 27095569 2740717 29836287 2568209 286657187
Jharkhand 0 0 0 2430000 24300
Maharashtra 124547.03 5029844 17484547 2500 17734547
Manipur 2336718 45530 279202 0 279202
Meghalaya 156405 85565 241966 00001 24196661
Mizoram 44716 807253 12544.13 0 12544.13
Nagaland 65400 994 160354 0 160354
Orissa 16883.73 621856 2310229 1315255 2441754
Punjab 211821 3907.56 6025.78 0 6025.78
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State Certified In-conversion Totalarea Wild Total
Name Cultivated  cultivated  cultivated Area Cultivated

Organic Area(ha) under (ha) +Wild (ha)

Area(ha) Certification

process (ha)

Rajasthan 5756693 914526 66712.19 151000 217712.19
Sikkim 1391.03 2730 141834 308 172634
Tamil Nadu 324461 829098 4074.59 30803.5 34878092
Tripura 20356 14483 348385 0 348385
Uttar Pradesh 1721243 2380040 41012.82 70632 111644.82
Uttarakhand 9513.76 2073.03 1158678 938792 10546598
West Bengal 501494 111078 612572 0 6125721
TOTAL 600003 177513.98 777516.88 3650002.07 4427519.05
(Source: APEDA)

Table 3.3. State wise area under organic certification (including wild harvest)

2011-12
Name of States Area (ha)
Andhra Pradesh 47456.77
Arunachal Pradesh 52043
Assam 2048.27
Andaman 0
Bihar 188.60
Chhattisgarh 299970.60
Delhi 100238.70
Goa 153684.60
Gujarat 4197894
Haryana 17442.36
Himachal Pradesh 933798.20
Jammu & Kashmir 26834.26
Jharkhand 29794.42
Karnataka 118739.70
Kerala 15790.49
Lakshadweep 891.93
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Name of States Area (ha)
Madhya Pradesh 432129.50
Maharashtra 245339.30
Manipur 129691
Meghalaya 28823
Mizoram 7023.97
Nagaland 7762.60
Orissa 43868.18
Punjab 927.28
Rajasthan 222319.10
Sikkim 25716.55
Tamilnadu 38554.33
Tripura 4.05
Uattar Pradesh 2593821.0
Uttarakhand 122880.60
West Bengal 19095.55
Total 5550405.0

(Source: APEDA)

very easily to an organic one providing excellent yields and without the
necessity and effort of a lengthy conversion period.

3.4 NICHE CROPS FOR ORGANIC FARMING IN INDIA

Most suitable crops for the organic farming are those crops which
require fewer inputs and can be grown under limited or available resources.
About 70% of pulses and oilseeds are grown under rainfed condition and
these crops require comparatively less inputs than major cereals. The demand
of the organic pulses and oilseeds is increasing day by day tremendously in
the globe market due to health safety. Mustard in Rajasthan, groundnut in
Gujarat and soybean in Madhya Pradesh are mainly grown under limited
resources and rainfed conditions. Some commercial crops such as cotton,
coffee, tea, basmati rice and sugarcane are the potential crops for organic
cultivation (Table 3.4 and 3.5). Pulses such as pigeon pea, chickpea, green
gram, black gram etc. are also niche crops for organic cultivation in
Rajasthan and rainfed areas of Haryana and Madhya Pradesh. Demand of
organically grown vegetables such as potato, cabbage, cauliflower, lady’s
finger, chilli, tomato, brinjal and cucurbits is increasing due to heavy
application of pesticides under conventional cultivation. Organically grown
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fruit and vegetables have better storage quality and shelf life. An area
located to near cities have huge scope and wider acceptability for organic
cultivation of flowers and vegetables. Now a day cultivation of flowers
under organic farming is increasing because of improved self life of
organically produced flowers.

Northeast India is organic by default. This means most small farms
have never used pesticides or synthetic fertilizers. Farmers are still using
traditional methods of farming for food production. Old fashioned farming
has become strength. They now have a big advantage because this naturally
ascribes the land as the best organic farming region. North Eastern Region
(NER) is home to some niche crops like Assam Lemon, Joha Rice, Medicinal
Rice and Passion fruit which has high market demands. NER accounts for
45 percent of total pineapple production in India and an Agri-Export Zone
(AEZ) is already set up in Tripura. Karuppaiyan et al. (2008) grouped the
crops cultivated in north east hills into following three categories.

3.4.1 Economic security crops which are commercially important to meet
food and nutritional security of the people (cereals, millets, pulses and
oilseeds).

3.4.2 Livelihood security crops-are underutilized, component crops in mixed
farming system or homestead farming (millet, barley, buckwheat, peas,
chillies, pumpkin, cucumber, cowpea, tapioca, sweet potato, radish, chow-
chow, rai sag, radish, fenugreek, onion, garlic) and

3.4.3 Regional organic crops- which have regional production as well as
marketing advantage (ginger, turmeric, large cardamom, mandarin, passion
fruit, orchids, gladiolus, gerbera, etc).

Sikkim perhaps is the only region that has no intensive Shifting cultivation.
90% of the cultivated area in the plain areas of Tripura, Manipur and Assam
are under irrigated condition. The rest are rain fed. Ginger, turmeric, arecanut,
pineapple, orange, litchis, large cardamom, passion fruit, etc are grown in
the mid hills. In the high hills and mountain areas the maximum cultivars are
fruits like plums, pears, peaches, apricots, apples, potato, cabbage,
cauliflower, radish, carrots, beans, broccoli, maize, millet and large
cardamom. Wild Cardamom occurs naturally in the region. Passion fruit
grows in the hills of Mizoram, Nagaland and Manipur as home garden fruit;
however Nagaland and Sikkim in recent times have explored its commercial
local and export potential. Sikkim is the largest producer of large cardamom
(54 percent share) in the world. NER is the fourth largest producer of
oranges in India. Best quality ginger (low fiber content) is produced in this
region and an Agri-Export Zone (AEZ) for ginger is established in Sikkim.
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Table 3.4. Category-wise production of certified organic products for the year

2010-2011.

Products Total production (mt)
Cereals ( except Rice) 171684.66
Coffee 13122.03
Cotton 552388.47
Dry Fruits 52369.09
Fresh Fruits & Vegetables 335863.11
Medicinal & Herbal Plants 1792014.86
Oil Seeds 360837.17
Pulses 42721.61
Rice 176683.17
Spices-Condiments 129878.46
Tea 27684.26
Misc 221191.96
TOTAL 3876438.85

3.88 million tonne

(Source —APEDA)

Table 3.5. Commodity-wise Production Details of Top Ten Products (2011-12)

Sl.  Product Name Organic InConversion Total
No. Production Production Production
(mt) (mt) (mt)
1.  Cotton 107591 3792.0 111383
2. Cereals &Millets (excludingrice) 33888 6898.0 40786
3. Rice(Basmati & non Basmati) 17345 5329.0 22674
4.  Pulses 12504 4530 12957
5. Fruits and Vegetables 7801 4270 8228
6. Tea 5272 10 5273
7. Oil Seeds excluding Soybean 2835 150 2850
8. Coffee 1139 238.0 1377
9.  Dry Fruits 490 320 522
10. Medicinal & Herbal Plants 189 0. 189

Source: APEDA
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Extent of chemical consumption in farming is far less than the national
average. Approximately 18 lakhs ha (hectare) of land in NER can be
classified as “Organic by Default”. Dependence of mid and high altitude
farmers on within farm renewable resources. Among the major organic
foods produced in India tea and rice contributes around 24% each, fruits
and vegetables together make 17% of organic produce (Garibay and Jyoti
2003).

The Apatani tribe of Arunachal Pradesh has been practicing a rice-fish
culture for many decades. Their practice, locally termed ‘Aji Gnui Assonii’,
is free from the use of inorganic chemicals or off-farm inputs. Field
preparation starts in April-May and rice seedlings are transplanted in
May-June. Ten days after transplanting, local strains of common carp
are stocked at fry stage and reared in the field for about 4 months.
Sometimes they harvest fish partially from the field after 2 months. About
200-300 kg/ha of fish are partially harvested before the final harvest. The
final harvest is about 500 kg/ha. The dykes of rice field are utilized for
growing millet in June and are harvested during August-September. The
system is an example of integrated intensive farming with organic practice.
It is based solely on available natural resources in the ecosystem and
provide livelihood support to the tribal (Saikia and Das, 2004). In NE
region approximately 30.92 lakh ha is affected by jhum but at any one point
of time about 16 lakh ha is under jhum which is almost organic by default.
Therefore, Bujarbaruah (2004) suggested that jhum land could easily be
transformed into organic by establishing necessary infrastructure for
certification. The products from Jhum should be certified and marketed as
organic.
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INTEGRATED FARMING SYSTEM -
TOWARDS ORGANICAGRICULTURE

Jag Pal Singh and N. Ravisankar

4.1 INTRODUCTION

Looking into the present agriculture scenario at Small and Marginal
Farm Holders, the single commodity / discipline based research efforts
made in past are not sufficient to meet the future demands of small farm
holders representing more than 4/5" of total farm families in India. Though,
in isolation but concerted efforts made by several researchers in different
parts of the countryconfirmed that Integrated Farming System Approach
is the only way through which the livelihood of smallholders can be ensured,
the production base soil and water can be sustained for a long and
environment can be saved against problem of soil, air and water pollution.
Farming system is a complex inter-related matrix of soil, plants, animals,
implements, power, labour, capital and other inputs controlled in parts by
farming families and influenced in varying degrees by political, economic,
institutional, social and environmental forces that operate at many levels.
It is the sound management of farm resources to enhance the farm
productivity, reduce the environmental degradation, and improve quality of
life of resource poor farmers and to maintain sustainability. Farming systems
approach is a highly location specific approach involving appropriate
combinations of complimentary farm enterprises viz., cropping systems,
livestock, fisheries, forests, poultry and the means available to the farmers
to raise them for profitability. In general, farming system approach is based
on several objectives that include sustainable improvement of farmhouse
hold systems involving rural communities, enhanced input efficiency in farm
production, satisfy the basic needs of farm families, improve their nutrition
and raise family income through optimum use of resources and proper
recycling of residues within the system. This is achieved by following
essential five steps: 1) Classification - identification of homogenous groups
of farmers with similar natural and socio-economic characteristics is the
first step and it forms the basis for the setting of priorities and for targeting
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of research and extension to particular farm types; 2) Diagnosis is to
identify the limiting factors, constraints and development opportunities of
particular target farm types;3) Experimentation either on-farm or on-
research station or at both sites and recommendation is made from the
knowledge clearly gathered; Implementation of farming systems programs
through a direct support to the extension agencies; 4) Recommendations
and 5) Implementation & Evaluation is an important component that will
lead to acceptance or modifications on farming systems for a wider
adoption. Integrated Farming System Approach is defined as a “A judicious
mix of two or more components/enterprises while minimizing competition
and maximizing complementarities with advanced agronomic management
tools aimed at sustainable and environment friendly improvement of farm
income and family nutrition”. Preservation of biodiversity, diversification
of cropping or farming system and maximum recycling of residues ensure
the success of this farming systems approach (Singh and Shankar,2016).
This is the only path through which we can reach to the target of achieving
organic farming in Indian Agriculture. Further, “Towards Organic Farming”
rather than pure organic farming is more easy to popularize in remote tribal
and hilly areas and also among small and marginal farm conditions having
more organic farm resources and cultivating low input crops alongwith large
holding farmers practicing inorganic or integrated nutrient management
farming.

4.2 AIMS OF INTEGRATED FARMING SYSTEM

Looking into the past and present scenario of Indian Agriculture and
future demands of the farmers and country as a whole, the major aims of
integrated farming system are as under;

* Livelihood security

*  Nutritional security

* Income growth

* Poverty alleviation

* Employment generation

*  Multiple uses of resources

* Judicious use of land and water resources
* Increased options of organic agriculture

* Sustainable agricultural development

* Environmental safety
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4.3 POSSIBLE OUTPUTS OF INTEGRATED FARMING SYSTEM

To meet growing demand of human and animals, provide gainful
employment and promoting organic agriculture, IFS has several advantages
over arable farming such as;

a) Increased food supply: Horticultural and vegetable crops can provide
2-3 times more calories than cereal crops on the same piece of land
and will provide food and nutritional security. Similarly inclusion of Bee
keeping, fisheries, sericulture, mushroom, cultivation under two or three
tier system of integrated farming can give substantial additional high
energy food without affecting production of food grains.

b) Increased options of Organic Farming through recycling of farm
residues: Proper collection & utilization of cowdung & urine of animals
in the form of FYM and vermicompost alone can save about 50% of
NPK requirements of the crops. Vermicompost containing 3 to 4 %
more N content than FYM can be produced from crop residue mixed
with cowdung for restoring soil fertility. Further, if we utilize even 1%
of annually available 200 metric ton crop residue for mushroom
cultivation then we can produce 2 lakh tons mushroom against only
40 tons of present day production.This all will meet nutrient demand
of farming to a great extent thus encouraging organic farming.

c) Use of marginal and wastelands: Combination of forestry, fishery,
poultry, dairying, mushroom and bee keeping can be combined with
crop raising and all these activities can be undertaken on marginal to
wastelands too.

d) Increased employment: Studies conducted in India and elsewhere,
indicated 200 to 400 per cent increase in gainful employment and
additional income to farm families to increase their standard of living.

e) Restoration of soil fertility and conserving environment: With efficient
recycling of crop and animal residue in crop-live stock- poultry-fishery
system, at least half of the nutrient (if not more) can be saved along
with restoration of soil fertility and cleaner environment be maintained.
Preparation and large scale use of vermi compost will further help in
decreasing dependence on chemical fertilizers and keeping clean and
healthy environment.

4.3.1 Role of Diversification In Farming System

Desirable change is to tilt the existing system towards a more balanced
cropping or farming system to meet ever increasing demand of food, feed,
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fibre, fuel and fertilizer while maintaining agro-ecosystem. Diversification
is considered to be a good alternative to improve system yield with
enhanced profitability. Further, the farming systems approach is highly
location specific involving appropriate combinations of complimentary farm
enterprises viz., cropping systems, livestock, fisheries, forests and poultry
utilizing the available resources of farmers to raise their income. Two
approaches of farming systems such as holistic and innovative are
considered to be powerful tools to increase the income and employment
opportunities of the farm family. Holistic approach deals with improving
the productivity of existing components in totality while innovative approach
aims for improving the profitability of existing farming systems with user-
perception based introduction of new components. The sequential stages
of farming systems approach of research are i) classification, ii) diagnosis,
iii) experimentation, iv) recommendations and v) implementation and
evaluation. The classification part involves identifying homogenous groups
of farmers for targeting research, extension and development while
diagnosis looks to identify constraints, needs and priorities of target group.
Similarly, various options available to address constraints are investigated
through on-station or on-farm participatory research programs. Large scale
results are analyzed and recommendations are synthesized. These
recommendations are then demonstrated on a large scale using cluster
participatory approach. Impact of large scale demonstrations are evaluated
and selected for wider adoption

4.4 MULTIPLE USES OF FARM RESOURCES

Knowledge generated for management of natural resources is to be
integrated in the system mode for an effective resource recycling. Multiple
use of the resource such as land and water are essential to enhance the
system productivity and profitability. Farm level self-sufficiency in water
and nutrient is possible through modern technological interventions such
as rain water harvesting and recycling with nutrient and energy based input-
output relationships. Multiple uses of water for household, irrigation, dairy,
poultry, duckery and fish rearing is the best example. Small and medium
size water bodies can be brought under multi-component production systems
using in and around areas which will ultimately lead to improved income,
nutrition and livelihood of small farm holdings. It is estimated that water
productivity increases by 12 times (1.8 kg/m® in okra and 2.6 kg/m® in
French bean to 40 kg/m?) in pond based integration of crop, fish, poultry
and duckery in humid areas. Similarly, integration of proper waste resource
recycling in the small and marginal farmers holding will pave way for
reduced fertilizer usage which in turn will have positive effect on national
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exchequer in the form of reduced fertilizer subsidy for production and
transportation of fertilizers. For example, the egg laying khaki Campbell
duck produces more than 60 kg of manure per bird on wet basis. The duck
droppings provide essential nutrients such as carbon, nitrogen and
phosphorus in the aquatic environment which serve as natural food for fish.
From 10 to 20% of feed (23 to 30 g/day) are lost in the normal
circumstances of feeding ducks. In the farming systems mode, feed given
to ducks were also partially utilized by fish while washing the shed.

4.4.1 Farming System Research in India

Studies conducted across the country has revealed that diversification
of existing cropping systems and farming system as a whole through
integration of proven scientific technologies and low cost enterprises suited
to farmer's need and their resources has been found effective for overall
improvement in livelihood of small farmers and bring sustainability in
agriculture. Significant achievement of IFS studies on Integrated Farming
System Approach conducted at ICAR-IIFSR, Modipuram and other centres
of AICRP-IFS are summarized below;

4.4.1.1 ICAR-IIFSR, Modipuram, Meerut, Uttar Pradesh

Looking into the average holding size, resource availability, economic
conditions of the small farm families and to meet out all the essential
household food, feed, fodder & nutritional requirements, an IFS model was
initiated during 2004-05 at Modipuram, district Meerut, U.P. The IFS Model
comprised of crops/cropping systems (comprised 1.04 ha), fruit production
(0.22 ha), milch animal unit with 2 murrah buffaloes and 1 H.F. cow, fish
pond having a mix fish culture of rohu, katla, mrigal, silver/common carps
(0.10 ha), mushroom unit (six multi - storied racks), biogass unit (1.5 Cu.m),
vermicompost unit (0.01 ha), boundary plantation all around the farm
boundaries and kitchen gardening in backyard of the house is developed.
Looking in to the performance of individual enterprises and family
requirements, need based corrections was also made in technical programme
in successive years of the study. A pictorial presentation of diversified IFS
Model at IIFSR,Modipuram is presented in Fig.1.

4.4.1.1.1 Impact of crop diversification on farm income and
profitability:

Inclusion of crops with diverse nature of crop canopy, growth habits,
root system and requirements of water & nutrients have shown direct and
indirect effect on crop yields, farmer income and soil properties. More
number of crops in a cropping system (two or more) and inclusion of
legumes in the system (Mix/Intercropping) besides giving economic benefits
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also helps in increasing soil fertility through producing more crop residues
and adding nutrients through recycling and also nitrogen fixing into the
soil. To meet family food & feed demands and overall livelihood
improvement a number of cropping systems were tested in the IFS model
and their respective average gross and net returns (per hectare basis) are
given below;

Table 4.1: Gross and net returns of different cropping systems tested under IFS

Cropping System Gross Return Net Return
(Rs./ha) (Rs./ha)
Sorghum (F)- Mustard (G)- Maize+ Cowpea (F) 419012 282162
Rice- Wheat- Sesbania (GM) 242075 90325
Sorghum (F)- Potato- Wheat 499287 291150
Maize+ Redgram- Oats (F) 342357 201200
Sorghum (GF)- wheat + mustard (G) 277000 168100
Rice- oats (GF cum grain) -Sesbania aculeate (GM.) 378050 234812
Soghum(GF) — Potato 342000 178380
Rice —Potato - Sesbania aculeata (GM) 502800 233425
Maize(Cobs)+ cowpea (GF) —Maize + Black gram 190000 121062
Soghum (GF) — Oat- Sesbania aculeata (GM) 211875 138437
Soghum (GF)—chickpea - Sesbania aculeata (GM) 197812 116100
Rice — Mustard(Grain)+Cowpea (GF) 235125 108887

Maize(G)+redgram—Wheat + mustard (G) -
Sesbania aculeata (GM) 330621 203878

** According to their family need and farm location (village or nearby town/city)
farmers can choose cropping system.

Inclusion of leguminous crops like pulses including chickpea, redgram,
blackgram and green fodder or green manuring crops, cowpea & Sesbania
aculeate are some of the important crops which were included in the
systems to get daily food and fodder requirements and also improvement
in soil fertility through recycling of crop residues, green manuring and
nitrogen fixation etc. Similarly, crops like mustard, oats- less input requiring
crops and potato, rice, wheat — more input but high value crops were also
included to get high profits per unit area and per unit time.
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Fig. 1. Pictorial presentation of diversified IFS at IIFSR, Modipuram

4.4.1.1.2 Impact of diversification on prevailing system of farming:

Horticulture, fishery, apiary, mushroom, vermi-composting, bio-gas,
boundary plantations and kitchen gardening were some of the enterprises
integrated with most prevailing farming system Crops + dairy of the region
for its diversification. Long term impact (2005-15) of IFS approach revealed
that gross and net return increased by 293% and 188% , respectively and
over initial year of the study (Fig. 2).

Rupees (Rs.)
:

2005-06 2010-11 2014-15
® Gross Return @ Net Return

Fig. 2. Gross and net returns from IFS



57

After deducting cost and family consumption, a net saving of Rs.72,110/
ha/year or more could be achieved. Besides improving economic condition
the system could provide round the year balanced food and fodder by
producing milk, pulses, oilseeds, vegetables, fruits, mushroom for family
members and green leguminous fodders for animals.

4.5 AICRP-IFS- NETWORK PROGRAMME

Not only at ICAR-IIFSR, Modipuram but similar type of region specific
On-Station IFS Models have been developed at 34 AICRP-IFS centres
covering all the 15 Agro Climatic Regions (ACRs) across the country. The
composition of different IFS models developed at different AICRP-IFS
centres and contribution of these towards livelihood improvement, economic
growth and sustainable agriculture is summarised in Table 2&3 below;

Major performance indicator of IFS Model are total farm production
(RYE), gross and net returns, role of recycling in reducing cost on market
inputs. The results of fourth year of the establishment of these models
(2014-15) revealed that total farm production could reached as high as 62.16
t/ha/ annum at Sabour (Bihar) followed by 52.4 t/ha at Ludhiana (Punjab),
48. 78 t at S.K. Nagar (Gujrat), 40.4 t at Hisar (Haryana) and 36.26 t at
Modipuram (U.P). Similarly, gross and net returns were recorded
significantly higher viz; Ludhiana (Rs. 7,33 411 and 3,80, 308 ), Sabour (6,
88, 095 & Rs. 3,52, 243), Coimbatore (Rs. 6 29, 046 & 2,62,44), Chhata
(Rs 6,03,567 & Rs. 3,06,202). S.K. Nagar (Rs. 5,85, 400 & 3,61,416) and
Modipuram (Rs. 5,58,380 & Rs. 2,62, 447). Cost of production ranged in
between Rs. 8805 at Portblair to Rs. 2, 76,897 at Coimbatore. Efforts made
to reduce cost on farm inputs through recycling of farm wastes, crop
residues and use of GM & bio-fertilizer etc, could saved as much as 41.3%
of total input cost at Sabour followed by 39.3 % at Rahuri 32.8% at
Modipuram, 33.2 % at Ranchi 34.1% at Siruguppa and 30% at Kanpur.
The major contribution in gross and net return were reported as crops (15
-37%), dairy animals (25-60%), horticulture crops (8 - 38%) followed by
fishery and poultry. Boundary plantation and kitchen gardening was a
mandatory to all the centres. Average net returns and percent increase
over prevailing system of farming in different regions are given in table
4.4 below;

Considering labour engaged and recycled inputs as farm inputs, cost
of production could be reduced by half or more than that in most of the
IFS centres as presented in table 4.5 below;

Nutrient (NPK) Budgeting Under IFS Approach: Studies conducted
at IIFSR, Modipuram on nutrient budgeting under On-Farm conditions
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Table 4.3: Other additional (supplementary/complementary) farm enterprises
integrated at different centers

Goatary (9) Akola (12), Coimbatore (10+1), Durgapura (5+1), Karjat (6),
Parbhani (5+1), Patna (20+1), Rajendernagar (5+1), Sabour
(10+1), Siruguppa (10)

Poultry (13) Chhata (50), Karjat (90), Karmana (50),Kathelgere , Palampur
(25), Parbhani 300),Patna(100),Rahuri (400),Varanasi
(200x6batch), Rajendernagar (30), Bhubneshwar (80),
Umaim (600Broiler+50 Layer), Raipur

Duckery (4) Patna (30+5), Sabour (25), Bhubneshwar (20), Karmana (50)
Piggery (2) Umaim (3) and Port Blair.

Agro-forestry (3) Pantnagar, Ludhiana , Bhubaneswar

Apiary (4) Modipuram, Jorhat, Kanpur and Ranchi

Mushroom (6) Modipuram, Patna, Karmana, Ranchi, Varanasi ,Raipur

Boundary plantations and kitchen gardening — Almost all AICRP-IFS centers as an
mandatory enterprise/ farm practice

revealed that scientific management and on farm recycling of farm wastes,
crop residues and cowdung / urine and incorporation of leguminous crops
for grain & green manuring etc. minimised chemical load by adding plant
nutrients to the extent of 760.4 kg NPK (121.7 kg N + 226.8kg P + 411.9
kg K) thus turning prevailing farming, “towards organic farming” and
making it more profitable and sustainable (Table-4.6).

Similar study was also conducted at the centre for marginal farmers
also under AICRP-IFS during 2011-12 to 2015-16. Prevailing farming
system crop + dairy opted by more than 84% of the total farm families
was diversified with integration of 1) fruit crops (0.30 ha) having Mandarin
var. kinnow and Banana var. G-9 under Agro — horti system, ii) round the
year production of mushroom, value addition in cowdung by adopting
scientific composting methods - pits and vermicomposting (0.01 ha), biogas
unit of one cubic meter and backyard poultry with 15 birds alongwith
boundary plantations of guava & karonda. Initial four years results (2011-
12 to 2014-15) of IFS studies in irrigated cultivated area of 0.70 hectare,
revealed that out of total cost of production of Rs. 2,90,933, only 42.56%
was the share of market inputs and rest of the expenditure was met from
on - farm inputs (farm labour 24.62% & recycled inputs 32.82%), thus
economizing the production cost to a great extent. Considering plant nutrient
as a major input, about 336 kg of NPK in available form could be added
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Table 4.4: Average net returns and percent increase above and over farmer Practice.

A.C.R. AICRP-IFS enters IFSApproach Farmer Practice % increase

WHR. Chhata 294754 83,148 254
Palampur 116709 28,730 306
Pantnagar 226131 1,17,500 2
EHR. Jorhat 314055 40,809 669
T.GP.R. Ludhiana 400870 1,63,938 144
Hisar 221199 61855 257
U.GPR. Modipuram 213126 64,300 231
Kanpur 130341 67,754 €N
M.GPR. Kumarganj 265632 65,000 308
Varanasi 380231 71,573 431
Sabour 332509 83,800 296
Patna2 1,37,209 60252 127
L.GPR. Kalyani 131669 95116 38
EPHR. Raipur 135023 57500 134
Ranchi 94193 23617 298
WPHR. Akola 60963 19270 216
Rahuri 242411 197665 226
Parbhani 87554 65,248 k7
S.PHR. R.nagar 159020 67484 135
Coimbatore 297627 1,32,005 125
Kathalgere 182330 91890 9%
Siruguppa 208779 95576 118
E.CPHR. Bhubneswar 1,57802 43,138 265
W.CPHR. Karjat 144896 114798 26
Goa 167321 45000 271
WDR. Durgapura 308241 1,18,998 159
GPHR. S.K.Nagar 3,12,908 68,798 354

Thanjavur 176637 68490 157




Table 4.5: Per cent share of different inputs in total production cost:
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Centers Market Inputs Input recycled Farm Labour Total cost
Rs) (%) Rs) (%) (Rs) (%) (Rs.)

Chhata 208299  (65%) 36578 (11%) 74688  (23%)  3,19,500
Palampur 117627  (52%) 61209 (27%) 48875 (21%) 227,711
Jorhat 113706  (42%) 94705 (35%) 64170 (24%) 272,582
Hisar 16736 (14%) 28120 (23%) 76500  (63%) 121,356
Modipuram 129320 (51%) 62032 (25%) 64080 (25%) 255432
Kanpur 53827  (26%) 1,10675 (52%) 46398  (22%)  2,10900
Kumarganj 86559 (39%) 66896 (30%) 70070 (31%) 223,525
Varanasi 256749  (52%) 86171 (17%) 148955 (30%) 491,875
Sabour 63,095 (17%) 159,733 (44%) 144,142 (39%) 3,66970
PatnaM 1 57032 (33%) 38220 (22%) 58300  (34%) 154,652
PatnaM?2 40391  (22%) 48216 (26%) 76540  (41%) 1,65,141
Kalyani 35986 (27%) 34725 (26%) 62125 (47%) 132,836
Raipur 86739  (45%) 27291 (14%) 76716  (40%) 190,746
Ranchi 30621 (22%) 38339  (27%) 71044  (51%) 140,004
Akola 97402 (52%) 22652 (12%) 66,600 (36%) 186,654
Rahuri 56613 (35%) 29936 (18%) 76650  (47%) 163,199
Parbhani 59834 (31%) 49875 (26%) 80640  (42%) 190,349
R.nagar 154726 (42%) 101407 (28%) 109500 (30%) 3,65,633
Coimbatore 78422  (17%) 166549 (35%) 226696 (48%) 4,71,667
Kathalgere 20995 (24%) 49511  (44%) 27000 (31%) 88,500

Siruguppa 90180  (35%) 78857 (31%) 87848  (34%) 2,56,885
Bhubneswar 109839  (46%) 28920 (12%) 98600  (42%) 237,359
Karjat 170925  (36%) 101469 (21%) 204210 (43%) 4,76,605
Karmana 8014  (53%) 18273 (12%) 53200 (35%) 151,577
Goa 99320 (44%) 60551 (30%) 55899  (25%) 223,866
Durgapura 151140  (39%) 105515 (27%) 137064 (35%) 3,88,200
S.K.Nagar 2847  (12%) 108151 (57%) 58884  (31%) 1,89,882
Thanjavur 42410  (20%) 60108 (28%) 114678 (53%) 2,17,196
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Table 4.6: Nutrient budgeting under Integrated Farming System (IFS Model,
Modipuram-1.5 ha)

Source of nutrients and Available Approximate released quantity
percent nutrient content Quantity (kg)  of nutrients N, P & K (Kg)
(N:P:K) on dry wt. basis

N P K Total
Green manure crops
Sesbania spp.
(1.29:0.36:1.64) 8800 189 53 240 482
Cowpea (1.29:0.36:1.64) 8500 183 5.1 232 46.6
Crop residues (dry wt.)
Sugarcane leaves
(04:0.18:1.28) 900 36 1.6 115 16.7
Arhar leaves
(1.29:0.36:1.64) 232 30 0.8 38 7.6
Potato leaves
(0.52:0.21:1.06) 1450 75 30 154 259
Cow dung (dry wt.)
04:12:1.9) 17600 704 2110 3340 6154
Total - 121.7 226.8 4119 7604
Considering 30%
use efficiency 253.4kg
Nutrient requirement/year
(field + plantation crops) - 2853 1163 1099 511.5kg

in to soil (Table-4.7) and a sum of rupees eleven thousand three hundred
seventy seven (Rs.11377/year) was saved which otherwise to be spent
on chemical fertilizers.

Similar observations were also reported at other AICRP-IFS centres.
Some of them including Karmana (Kerala), Kathelgere (Karnataka) and
Akola (Maharashtra) are presented in table 4.8 - to 4.13 below;

In another studies including Homestead, Coconut and Banana based
systems conducted at the same centre Karmana, nutrient budgeting
recorded are given in table- 4.9-4.11.
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Table 4.7: Nutrient budgeting under Integrated Farming System (IFS Model,
Modipuram-(.7 ha)

Recyclable Quantity Nutrient content (%)and  TotalNPK Market
farm produces (kg/liter) recyclable nutrients (kg) (1008 kg) Value
N P K (Rs.)

Greenmanures 9100 1.29 (107) 036(33) 1.64(149) 289 9826

Potato leaves 1670  052(8.7) 02135 1.06(17.7) 30 1017
Banana leaves 1751 2.50(43.8) 040(7.0) 4.00(70.0) 121 4107
Litter fall 320 1.294.1) 036(12) 1.64(5.3) 15 360
FYM 3456 0.70(24.2) 0.19(6.6) 137(47.3) 78 2655
Vermicompost 15000  1.68(252) 0.23(34.5) 1.26(189) 475 16167
Total NPK turned into the soil =1008 kg 34132
(33% of total added nutrients NPK) =336kg 11377
Saving through nutrient recycling =Rs.11377/year.

Table 4.8: Nutrients generated and recycled (kg) under Rice based IFS model
(2015-16) Karmana

Nutrients Crop Dairy Total (kg)
N 39.95 7030 11025
PO, 8.00 34.68 42.68
KO 14.57 3749 52.06
Total NPK 62.52 14247 204.99

*The duck manure directly went to the pond and served as fish feed.

In another studies including Homestead, Coconut and Banana based systems
conducted at the same centre Karmana, nutrient budgeting recorded are given in
table- 9-11.

Table 4.9: Nutrients generated and recycled (kg) under Homestead based IFS
model (2015-16) Karmana.

Nutrients Crop Dairy Poultry Vermicompost Total
N 947 57.09 2.69 278 7203
PO 7.36 30.13 3.14 097 416

275

K0 9.05 30.61 1.8 1.81 4327
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Table 4.10: Nutrients generated and recycled (kg) in Coconut based IFS (2015-
16) Karmana.

Nutrients Crop Dairy Azolla Total (kg)
N 414 90.85 007 126.89
PO, 26.6 4493 002 69.08
K0 320 47.89 0.05 7599

Table 4.11: Nutrients generated and recycled (in kg) in Banana based IFS model
(2015-16) Karmana.

Nutrients Crop Dairy Total (kg)
N 2.55 150.85 1534
PO, 0.85 7493 75.78
K0 527 77.89 83.16

Table 4.12: Total amount of nutrient added through recycling and its market value
during 2015-16-Kathelgere.

Recyclable Quantity Nutrient content (%) and Quantity of Interms

farm waste (kg) recyclable nutrients (kg) fertilizers of rupees
Nkg) Pkg Kikg (kg) (Rs.)
Vermicompost 3217 32.17 1191 1705  540.5 (Urea) 3784
Cow dung 7754 85.29 3334 3644  489.2(SSP) 4256
Sheep litter 4462 131.63 33.02 81.65 229.7(MOP) 4594
Total 15433 249.09 7827 135.14 - 12634

Table 4.13: Nutrient contribution and saving in nutrient use through goat manures,
urine& crop residues— Akola

SN Particulars Nutrient contribution in Saving in terms
goat manure & urine of money (Rs.)
N P K  Total N P K Total

1 Urine(3850L) 52 2 81 135 676 97 256 2929

2 Manure

(1850kg) 12 8 16 36 156 400 427 983
3 Leaflitter

(320kg) 421 288 512 1221 55 145 137 306
4 Crop residues

(881kg) 575 798 919 2292 75 401 245 776

Total (1+2) 7396 2086 11131 206.13 962 1043 1065 4995
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4.5.2 Long term effect of nutrient managementon soil fertility in
IFS

Long term effect of nutrient management on soil build up under
diversified agriculture system was studied in detail at some of the centers.

4.5.2.1 AICRP-IFS center at Rahuri

The soil fertility status in respect of chemical (pH, EC, organic carbon,
available major nutrients (NPK) and micronutrients (Fe, Mn, Zn and Cu)
and physical properties (Bulk density and hydraulic conductivity) were
evaluated after the harvest of three cropping systems (CS1, CS2 and CS3)
of IFS model during the year 2015-16. The soil analysis data (Table -4.14)
from various cropping systems of IFS model indicated improvement in soil
chemical and physical properties in all cropping systems over the initial
soil fertility status of IFS model (2011-12). Amongst three cropping systems
of IFS model, the soybean -wheat- Leafy vegetable cropping system (CS1)
was observed more effective in improving soil fertility status in respect of
organic carbon, available nitrogen, bulk density and hydraulic conductivity
over other cropping systems (CS2 and CS3) in IFS model. The
improvement in soil fertility status suggests that the diversified IFS model
is having sustainable crop productivity after five years of data analysis.

Table 4.14. Soil properties, initial and after five years (0-15 cm of soil layer)
(2015-16)-Rahuri

Sr. Parameter Initial Cropping system Horti
No. CSs1 CS2 (CS3 system
1. P 8.17 8.16 8.15 8.16 8.17
2. EC (dSm) 024 023 024 023 020
3. 0.C(%) 0.50 0.59 056 057 0.56
4. Av.N (kgha') 213 21 218 217 213
5. Av.P(kgha') 12 14 13 14 133
6. AvK (kgha') 314 320 323 324 320
7. DTPAextract Fe (mgkg') 4.68 482 480 477 4.70
8. DTPAextract Mn (mgkg!) 4.35 4.38 440 447 440
9. DTPAextractZn (mgkg') 120 140 1.36 143 148
10. DTPAextractCu(mgkg') 148 224 2.18 264 221
11. Bulk density (Mg m™) 1.34 1.30 1.32 1.32 131
12. Hydraulic conductivity
(cm/hr) 1.50 1.67 1.66 1.65 1.56

13. Infiltration (cm/hr) 1.85 221 215 219 205
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4.5.2.2 AICRP-IFS Centre at Rajendernagar (Telangana)

From the system through residue recycling and manure production
(Fig.3), on an average, 8625 kg of FYM and 1269 kg of vermicompost
was produced during the period under study. Around 135-77-103 kg worth
of N, P and K were produced and saved fertilizer worth of Rs 9000/- during
the 2015-16. Continuous use of crop residues and manures through residue
recycling over five years helped improving the soil fertility of the unit with
perceptible improvement in organic carbon from an initial status of 0.36
% in ID block to 0.49%. Similar advantage in increased available
phosphorus and potassium was observed from an initial status of 14.8 and
170 kg ha! to 19.3 and 200 kg ha™'.

Fig.3: Management of available by-product cowdung/urine etc. from dairy unit
and residue recycling at AICREP-IFS centre Rajender nagar

4.6 SCOPE OF ORGANIC FARMING UNDER INTEGRATED
FARMING SYSTEM APPROACH

In addition to traditional practice of organic agriculture by default in
most of the hilly & tribal areas and weak financial status alongwith poor
farm resources under small and marginal conditions, India has other
comparative advantages for organic production which are given below;

* India is strong in high quality production of certain crops like tea, some
spices, rice specialties, Ayurvedic herbs etc.
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Has a rich heritage of agricultural traditions that are suitable for
designing organic production systems. Botanical preparations, some of
which originate from the ancient veda scripts, provide a rich source
for locally adapted pest and disease management techniques. The
widespread cultivation of legume crops facilitates the supply of
biological fixation of nitrogen.

In several regions of India agriculture is not very intensive as regards
to use of agro-chemicals. Especially in mountain areas and tribal areas,
use of agro-chemicals is rather low, which easily facilitates conversion
to organic production. On these marginal soils, organic production
techniques have proved to achieve comparable or in some cases
(especially in the humid tropics) even higher yields than conventional
farming.

The Non-Governmental Organizations (NGOs) sector in India is very
strong and has established close linkages to a large numbers of marginal
farmers. Many NGOs are engaged in promotion of organic farming
and provide training, extension services information and marketing
services to farming communities.

The Indian Government has realized the potential and significance of
organic agriculture for the country and has recently started to support
organic agriculture on a large scale and on various levels. A national
regulatory framework (standards, accreditation regulations) has already
been passed in 2000 and as a result National Standards for Organic
Production (NSOP) was notified in 2001 under National Programme
of Organic Production. Ministry of Agriculture launched National
Project on Organic Farming. Special schemes to support organic
agriculture in North-Eastern states and Paramparaghat Krishi Vikas
Yojana also formulated to give impetus to organic systems. Indian
Council of Agricultural Research provides research and technological
back up in the country.

Under AICRP-IFS on Organic Agriculture ICAR-IIFSR, Modipuram
is engaged to conduct research on Organic Farming at more than 20
OAS centers in 13 states of India. Studies are in progress on
identification of crop and their varieties suitable and profitable for
organic farming conditions and also on nutrient management alongwith
plant protection methods under organic agriculture. Agronomic practices
based on research results have been developed for a number of crops
and published.
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4.6.1 Towards Organic Farming — Why?

Bhattacharya and Chakraborty (2005) estimated the current status of
organic farming in India and other countries. They noticed various problems
in the conventional farming in India and opined that the integration of
organic and inorganic farming i.e.,” Towards Organic Farming” would be
an ideal model. Based on their results, the industrial nitrogen fixation (INF)
is 40 mt/year which accounts for only 15.3% of total nitrogen fixation. On
the other hand, the quantity of biological nitrogen fixation (BNF) is 175
mt/year contributes for 67.3% of the total amount. Plant also uses nutrients
from organic sources through mineralization and billions of microorganisms
are available in soil for this job. India is endowed with various types of
naturally available organic form of nutrients in different parts of the country
and which will help for organic cultivation of crops substantially. Sources
of nutrients from organic manures estimated by Bhattacharya (2006) are
presented in Table 4.15. There is enough scope for production of sufficient
organic inputs exists in India and it works out to 7 mt in terms of nutrients.
As a component of integrated farming system livestock accounts for lion
share (nearly 40 per cent). It is followed by crop residues (30 per cent)
and other sources (15 per cent). Other sources include the rural compost,
vermi-compost and agricultural wastes. All these sources if recycled and
managed in proper scientific manner can change the nutrient scenario in
crop production in particular and agriculture as a whole. The other estimate
by Tandon (1995) indicates potential of 39.9 mt (Table 4.15) which includes
forest litter, urban and sewage sludge wastes.

Table 4.15: Sources of nutrients from organic manures in India

Source Quantity (mt)
Livestock 247
Crop residues 200
Bio-gas slurry 0.12
Bio-fertilizer 020
Green manure 0.10
City refuse 0.68
Others (Rural, vermicompost and other agricultural wastes) 1.00

Total 6.57




69

Table 4.16: Potential of plant nutrients (mt) from various sources in India

Source Plant nutrients (mt)

N P, O, KO Total
Cattle 2.997 0.793 1.332 5.102
Buffalo 0.745 0.276 0487 1.508
Goat and sheep 0214 0.063 0.020 0.297
Pig 0.044 0.027 0.029 0.100
Poultry 0.027 0.020 0.010 0.057
Other livestock 0.079 0.018 0.069 0.166
Human beings 3228 0.776 0.715 4.719
Farm crop wastes 5.600 2.300 10.700 18.600
Forest litter 0.075 0.030 0.075 0.180
Water hyacinth compost 0.060 0.033 0.075 0.168
Rural compost 1.130 0.678 1.130 2938
Urban compost 0.024 0.015 0.030 0.069
Sewage sludge 0012 0.009 0.003 0.024
Total 14215 5.038 14.675 39.928

(Source: Tandon, 1995)

4.6.2 Live stock —Largely available potential source of manure for
crop farming

Animal dung and other waste can play important role in the overall
sustainability of the IFS. The nutrient dynamics in a crop-livestock farming
system is quite interesting in context of today’s agriculture and animal
husbandry practices. A large amount of nutrient of farm origin is consumed
by the livestock as crop- residue and a reasonable amount of nutrient is
recycled back (as manure in the form of dung, urine) to system (Fig 4).

However, neither the cropping system can completely fulfil the
requirements of livestock farming system, nor the animal manure alone
can provide required nutrients for sustainable crop production and
maintenance of soil fertility. Thus, external input in the form of fertilizer
(for cropping system) and concentrate and leguminous fodder (in addition
to crop residue) for livestock are always required and hence the nutrient
dynamism in integrated crop-dairy farming system works as an open nucleus
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Fig. 4. Nutrient dynamics in integrated crop-livestock farming system

Crop residue

nutrient recycling module. Thus, the relationship in integrated crop-dairy
farming system is partially inter-dependent, and not fully complementary
to each other.

The amount of nutrient that can be recycled by dairy and other
domestic animals species through production of manure ( dung + urine)
by an adult unit that can be recycled for crop farming are given below
(Table 4.17).

Table 4.17: Manure (Dung+ Urine) produced by adult cattle and other livestock
species

Species Manure yield as a Fresh manure Dry matter/

percentage of total live ~ /animal/year animal/year
body weight/day (inKg) (inKg)

Dairy Cattle 9.4% 6000 1260

Sheep/Goat 3.6% 800 290

Pig 5.1% 3000 -

Chicken 6.6% 25 6-11

Duck 3.88% 55-75 24-32

(Compiled from the Source: http://www.fao.org/docrep/field/003/ab467¢)

The manure obtained from cattle and other livestock species are rich
in nitrogen, phosphorus and potassium. The average chemical composition
of manure of different species is given in Table 4.18. However, because
of low density as compared to chemical fertilizer, maintenance of present
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day crop-productivity /unit area is not possible solely depending on manures
of farm origin. Moreover, farmers prefer chemical fertilizer because of
easy availability, faster action on crop and easier for use.

Table 4.18: Average chemical composition (%) of cattle and other livestock manures

Species Moisture  Organic matter ~ Nitrogen  Phosphate (P,0,)
Dairy cow 9 17 05 0.1
Sheep/Goat o4 - 1.1 03
Pig 71 25 05 04
Chicken 56 26 1.6 15
Duck 57 26 1 14

(Compiled from the Source: http://www.fao.org/docrep/field/003/ab467¢e)

Source of organic nutrients and their possible combinations/ratio for
optimum use under organic farming:

A number of organic nutrient sources available at farm and market
have been tested in different ratios/combinations at different OAS centres
working under IIFSR, Modipuram. The cropping systems adopted and
nutrient sources used are given in table-4.19 below;

Table 4.19: Identified nutrient packages for various cropping systems at different

OAS centres

Location Cropping System (s) Sources

Jabalpur Basmati rice-wheat- Vermicompost (VC) + Farm Yard

(Madhya Pradesh) berseem (seed) Manure (FYM) + Non Edible QOil
Cakes (NEOC) @ 1/3N

Coimbatore Cotton-maize-GM FYM + NEOC @ 2N each +

(Tamil Nadu) Chillies-sunflower-GM Panchagavya (PG)

Raipur Rice-chickpea Enriched compost (EC) + FYM +

(Chhatisgarh) NEOC @ 1/3 N each + Bio
dynamic (BD)+PG

Calicut (Kerala) Ginger-fallow FYM + Neem Cake (NC) +2VC +
PG + biodynamic + Rock
phosphate (RP)

Dharwad Groundnut-sorghum EC + VC + Green leaf manure

(Karnataka) Maize-chickpea (GLM) + biodynamic spray

Chilli +onion

@ 12 g/ha with PG spray
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Location Cropping System (s) Sources
Karjat Rice-red pumpkin FYM +rice straw + gliricidia
(Maharashtra) Rice-cucumber @ 1/3rd each of N during kharif

and FYM + NC + VC @ 1/3 each
of N during rabialong with spray

of PG
Ludhiana (Punjab) Maize-wheat-summer FYM + PG + BD in maize, FYM
moong + PG in wheat and FYM alone
in moong
Bhopal Soybean-wheat FYM+PG+BD
(Madhya Pradesh) Soybean-chickpea
Soybean-maize
Pantnagar Basmati rice-wheat FYM+VC+NC+EC @ 4N
(Uttarakhand) Basmati rice-chickpea each+BD + PG
Basmati rice-vegetable
pea
Ranchi (Jharkhand) Rice-wheat VC+ Karanj cake (KC) + BD+ PG
Rice-potato
Umiam (Meghalaya) Rice-maize FYM+VC+PG
Rice-toria

Nutrient potential and farm management of some of the organic
sources:

Green Manure Crops/Green manuring: Green manuring can be defined
as a practice of ploughing or turning into the soil un decomposed green
plant tissues for improving physical structure as well as soil fertility. Green
manuring, wherever feasible, is the principal supplementary means of adding
organic matter to the soil. The green-manure crop supplies organic matter
as well as additional nitrogen, particularly if it is a legume crop, due to its
ability to fix nitrogen from the air with the help of its root nodule bacteria.
The green-manure crops also exercise a protective action against erosion
and leaching. Green manure to be incorporated in soil before flowering
stage because they are grown for their green leafy material, which is high
in nutrients and protects the soil. Green manures will not break down in to
the soil so quickly, but gradually, add some nutrients to the soil for the next
crop. The nutritional potentials and nutritional contents of some important
green manures are given in the Table 4.20 and 4.21 respectively.

Oilcakes: Edible and non-edible oil cakes makes good proportion of
organic materials in the country. They are rich source for nitrogen,
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Table 4.20. Nutrient potential of green manures

Green manure Biomass (t/ha) N accumulation (kg/ha)
Sesbania aculeate 2250 145.00

S. rostrata 20.06 146.00
Crotalaria juncea 1840 113.00
Tephrosiaperpurea 6.80 6.00

Green gram 6.50 60.20

Black gram 5.12 5120

Cow pea 7.12 63.30

(Source: Krishan Chandra, 2005)

Table 4.21. Nutrient content of important green manures

Green Manure Nutrient content (% dry weight basis)
N PO, K0
Sesbania aculeate 33 0.7 1.3
Crotalaria juncea 2.6 0.6 20
Sesbaniaspeciosa 2.7 05 22
Tephrosiapurpurea 24 03 0.8
Phaseolustrilobus 21 0.5 -

Green leaf manures

Pongamiaglabra 32 03 1.3
Glyricidiamaculeata 29 05 2.8
Azadirachtalndica 28 03 04
Calatropisgigantecum 2.1 0.7 36

(Source: Krishan Chandra, 2005)

phosphorus besides potassium. Some of the non-edible oilcakes such as
castor and neem cakes are having the insecticidal properties also. The
nutrient content of oil cakes are given in Table 4.22.

Farm Yard Manure: FYM is partially composed dung, urine, bedding
and straw. Dung comes mostly as undigested material and the urine from
the digested material. More than 50 % of the organic matter that is present
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Table 4.22. Nutrient composition of edible and non-edible oil cakes

Oilcakes N P,0; KO
Edible
Coconut cake 30 19 1.8
Groundnut cake 73 1.5 13
Niger cake 4.7 1.8 13
Rape seed cake 52 1.8 12
Sesame cake 6.2 20 12
Non-Edible
Castor cake 43 1.8 13
Cotton cake 39 1.8 1.6
Karanj cake 39 09 12
Mahua cake 25 0.8 1.8
Neem cake 52 10 14
Safflower cake 49 14 12

(Source: Hand book of manures and fertilizers, 1964)

in dung is in the form of complex products consists of lignin and protein
which are resistant to further decomposition and therefore the nutrients
present in dung are released very slowly. The nutrients from urine, becomes
readily available. Dung contains about 50 % of the nitrogen, 15 per cent
of potash and almost all of the phosphorus that is excreted by animals.
Straw, saw dust or other bedding materials are used in cattle sheds to
reduce the loss of urine and to increase the bulk of manure. On an average,
about 3 - 5 kg bedding material per animal is used by farmers. FYM
contains approximately 5 - 6 kg nitrogen, 1.2 - 2.0 kg phosphorus and 5 -
6 kg potash per tonne. The quantity and quality of FYM depend upon the
type (draught, mulch) and age of the animals, the way they are feed and
the care taken to collect and store the material. Though FYM is the most
common organic manure in India, the farmer, in general, do not give
adequate attention to the proper conservation and efficient use of the
resource. For preparing better quality FYM, the use of pit method for areas
with less than 1000 mm precipitation and heap method for other places is
recommended. In the pit method, the cattle shed wastes are conserved in
pits of 2 m wide, 1 m deep and of convenient length with a sloping bottom
towards one end. In the pit, an absorbent layer is created at the bottom by
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spreading straw at the rate of 3 - 5 kg per animal kept. The substrate
containing well mixed dung, urine and straw is spread over the absorbent
layer daily to form a layer of 30 cm thick and the process continued until
the pit is filled. Each day’s layer should be pressed, moistened if dry and
covered with a 3 - 5 cm layer of well ground fertile soil to hasten the
decomposition and to absorb the ammonia. The pit should be prepared on
high lying area to avoid the entry of rain water. In the heap method, the
daily collections from cattle shed are spread in uniform layers until the heap
attains a maximum height of one meter above ground. The top of the heap
is rounded and plastered with dung and mud mixture. In both the pit and
heap methods aeration is allowed in the beginning and later on anaerobic
conditions set in and continue for a long period. The manure is ready for
use after 5 - 6 months. These methods should be initiated prior to rainy
season and continued throughout the year. If properly preserved, the quantity
of manure that can be produced per animal per year would be as much as
four to five tonnes containing 0.5 per cent nitrogen. This is in contrast to
one or two tonnes per animal per year containing 0.5 % nitrogen, which is
obtained by indigenous method. The materials should not contain any heavy
metal (Krishan Chandra, 2005).

Looking in to the increasing demand of food and other components of
daily meal and animal fodder & feed etc. and in light of reducing cultivated
area , decreasing soil fertility, increased water & air pollution, there are
big challenges before agricultural scientists and government planners to
look in to the measures to be adopted for increasing farm production as
well as farmers profits, sustaining soil fertility and reducing pollution for
overall sustainability in Indian agriculture. Integrated farming system
approach based on the principals of diversification not only in cropping
systems but farming system as a whole has been the only answer which
not only provide livelihood improvement but besides providing all component
of home consumption to fill stomach as well as balancing diet of family
members and also domestic animals. In addition, diversification by way of
recycling farm wastes and crop residues and adopting other organic means
of crop nutrients maintain soil fertility by reducing chemical load and also
pollution.
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INTEGRATED ORGANIC FARMING
SYSTEM : CONCEPT AND
STRATEGIES

Amit Kumar, N. Ravisankar, M. Shamim, Debashis Dutta,
P.C. Ghasal, L.K. Meena, A.L. Meena and A.S. Panwar

5.1 INTRODUCTION

A well-organized set of two or more components which interact
consistently between or among each other with in a certain boundary is
called as a ‘System’. Similarly in agricultural science, an integrated farming
system (IFS) is the outcome of complex interactions of a number of inter-
dependent components or farming enterprises viz., crop production, livestock,
fisheries, fruits and vegetable crops, agro-forestry and so on. Thus, an IFS
model is a judicious mix of at least two or more farm enterprises that not
only minimizes the competition for resources between or among the
enterprises but also maximizes complementarity with advanced agronomic
management.

India’s dominant farming community belongs to small and marginal
farmer’s group (>80% of the total farming community). Apart from this, it
is estimated that by the year 2020 in India the average size of land holding
will be less than 0.1 ha. With unabated shrinkage of land-holding size,
income from cropping activity alone is becoming hardly sufficient to sustain
these farm-families’ needs. Further, small farm families also suffer from
malnutrition due to lesser availability of diversified food products within
the farm and their lower affordability to purchase from market due to high
costs. Hence, it will be very unrealistic to have the livelihood security and
sustainability of our small and marginal farmers with a single farm
enterprise without resorting to IFS (Mahapatra, 1994). In light of the above
facts several workers have suggested the farming system approach
(Norman, 1978) in order to meet the multiple objectives of poverty reduction,
food security, competitiveness and sustainability. Likewise, across the globe
the organic farming systems (OFSs) are becoming more and more
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important at present juncture of time as they are linked by common
objectives of economic, environmental, and social sustainability (Stockdale
et al., 2001).

At present in our country around 1280 million people are rearing a total
livestock population of 529.7 million head (15% of world’s livestock
population in 2% of world’s geographical area), which in future is expected
to grow at 0.55% rate and will reach about 780.7 million by 2050. A country
wide survey on farming systems as a whole highlighted that milch animals;
cows and buffaloes irrespective of breed and productivity is the first choice
of the farmers as an integral part of their farming system. It is noteworthy
that in our country around 86% of farm house hold of small and marginal
farming community has crop + livestock farming system.

The Indian agriculture had seen significant growth during last five and
half decades under the influence of Green Revolution technologies that
has not only made the country self-dependent in food grains production
but also has improved livelihood status of Indian farmers. The adoption of
Green revolution technologies such as high analysis fertilizers, high yielding
varieties, pesticides and others by Indian farming community has improved
food grain production from 50.8 million tonnes in 1950-51 to 252.2 million
tonnes in the year 2015-16 (4™ Advance estimate as on 2™ August, 2016).
However, with the passage of time it also gave birth to many second
generation problems such as deterioration of soil health, receding water
tables, plateauing of yield, environmental pollution, build-up of obnoxious
weeds, pesticide toxicity, loss of biodiversity, declining factor of productivity
and development of multiple nutrient deficiencies (Sharma and Behera,
2004; Jain, 2008). Therefore, scientists and policy makers are very keen
to look into the new agricultural production practices that can meet the
multiple objectives of food, livelihood and environment security. In this
context the integrated pest and nutrient management systems and certified
organic agriculture can reduce reliance on agrochemical inputs as well as
make agriculture environmentally and economically sound. Organic farming
is a holistic production management system which promotes and enhances
agro-ecosystem health, including biodiversity, biological cycles, and soil
biological activity. It emphasizes, the use of management practices in
preference to the use of off —farm inputs, taking into account that regional
conditions require locally adapted systems. This is accomplished by using,
where possible, agronomic, biological, and mechanical methods, as opposed
to using synthetic materials, to fulfil any specific function within the system
(FAO, 1999). Organic farming is a production system which avoids, or
largely excludes, the use of synthetic fertilizers, pesticides, growth
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regulators, and livestock feed additives. The aim of organic agriculture is
to augment ecological processes that foster plant nutrition yet conserve
soil and water resources. Organic systems eliminate agrochemicals and
reduce other external inputs to improve the environment and farm
economics. Under organic farming, livestock based products viz., dung,
urine, milk, ghee and so on are of utmost importance as they are basic on
farm materials for preparation of various crop management inputs under
organic farming systems. Moreover, under the conventional agricultural
systems external supply of inputs increases cost of cultivation by 13%.
Thus for reducing this cost use of on farm inputs can be advocated.
Therefore, it is the need of hour to extract more knowledge out of integrated
as well as organic farming systems together through the integrated organic
farming system research.

5.2 CONCEPTS OF INTEGRATED FARMING SYSTEMS

A system refers to combination of things or parts forming a complex
or unitary whole. Under system approach while selecting combination of
enterprises decision making must be done by taking into consideration whole
farm rather than the individual crops or enterprises (Gupta and Nagrath,
2008). Likewise in a farming system lead managing role of agricultural
operations is performed by the farm family by taking into account the
components of soil, water, crops, livestock, labor, capital, energy, and other
resources. The capability and resources available with farm family, socio-
cultural setting, and interaction of above components with physical, biological
and economic factors are main constraints that affect the decision making
of farm family while designing its farming system. The farming system
structure in its wider sense includes, land use pattern, production
relationships, land tenures, size of holdings and their distribution, irrigation,
marketing including transport and storage, credit institutions and financial
markets, and research and education. Therefore it can be stated that the
farming system is the result of complex interactions among a number of
interdependent and interrelated components. As per his knowledge base
the individual farmer manages farm through allocation of certain quantities
and qualities of production factors viz., land, labor, capital and management
to crop, livestock and off-farm enterprises in order to achieve his goals
(Mahapatra, 1994). The farmer, farm, enterprise or enterprises, resources
at the command of farmer, and farming environment all together makes a
complex system, which can be termed a farming system (Behera et al.,
2013; Fig. 1). Each individual farm has its own specific characteristics
arising from variations in resource endowments and family circumstances.
The household, its resources, and the resource flows and interactions at
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this individual farm level are together referred to as a farming system (FAO,
2001). The biophysical, socio-economic and human elements of a farm are
interdependent, and thus farms can be analysed as systems from various
point of view.
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Fig 1. Representation of a farming system influenced by the socio-economic,
political and biophysical environment and managed by the farmer (F). (Adopted
from Behera, 2013)

5.3 DEFINITION OF FARMING SYSTEMS

The different authors and organizations have defined farming system
in different ways. A farming system can be defined as a diverse and
complex interrelated matrix of soil, plants, animals, implements, power, labor,
capital and other inputs controlled in parts by farming families and
influenced to varying degrees by political, economic, institutional, and social
forces that operate at many levels (Mahapatra, 1994). Integrated Farming
System is a judicious mix of two or more components/enterprises while
minimizing competition and maximizing complementarities with advanced
agronomic management tools aimed at sustainable and environment friendly
improvement of farm income and family nutrition”. Preservation of
biodiversity, diversification of cropping or farming system and maximum
recycling of residues ensure the success of this farming systems approach.
Some others (Okigbo, 1995) has defined IFS as a mixed farming system
that consists of at least two separate but logically interdependent parts of
a crop and livestock enterprises. Jayanthi et al. (2000) based on
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experiences from Tamil Nadu, India, described it as a mixed animal crop
system where the animal component is often raised on agricultural waste
products while the animal is used to cultivate the soil and provide manure
to be used as fertilizer and fuel. Agbonlabor et al. (2003) defined the IFS
concept as a type of mixed farming system that combines crop and
livestock enterprises in a supplementary and/or complementary manner.
The difference between mixed farming and integrated farming is that,
enterprises in the integrated farming system are mutually supportive and
depend on each other (Csavas, 1992). From all the above descriptions
pertaining to integrated farming systems it is unequivocal that synergies
and complementarity between enterprises is key to formation as well as
sustenance of the integrated farming systems. In this respect, integration
usually occurs when outputs (usually by-products) of one enterprise are
used as inputs for another within the context of the farming system.

5.4 INTEGRATED FARMING SYSTEM VIS-A-VIS INTEGRATED
ORGANIC FARMING SYSTEM

Much has been talked about the concepts and definitions of the
integrated farming systems. It is observed that in India crop + livestock is
the pre-dominant farming system as around 85% of farm households
practice it. Although, natural integration of components exists, but it lacks
much needed recycling within the farm for reducing external dependence
on market. Therefore this integration gap can be properly filled through
the judicious understanding of the integrated organic farming systems
(IOFS). The basic concept and definition of the IOFS as identical with
simple IFS. However, for development of the IOFS it is very important to
understand and apply the basic principles, methods, practices, and standards
applicable to organic farming. Integrated organic farming is a commonly
and broadly used word to explain a more integrated approach to farming
as compared to existing monoculture approaches. It refers to agricultural
systems that integrate livestock and crop production and may sometimes
be known as Integrated Bio systems. It denotes a holistic system of farming
which optimizes productivity in a sustainable manner through creation of
interdependent agri-eco systems where annual crop plants (e.g. wheat),
perennial trees (e.g. horticulture) and animals (including fishes where
relevant) are integrated on a given field or property in sustainable manner.
Presently it is estimated that around 25-30% of nutrient needs of Indian
agriculture can be met by various organic sources. Though under the system
approach by proper interlinking of the component enterprises the above
stated value of nutrient supply can be improved.
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5.4.1 Principles of organic farming

According to IFOAM, organic agriculture should be guided by four
principles:

» The Principle of Health - Organic agriculture should sustain and
enhance the health of soil, plant, animal and human as one and
indivisible.

*  The Principle of Ecology - Organic agriculture should be based on

living ecological systems and cycles, work with them, emulate them
and help to sustain them.

» The Principle of Fairness - Organic agriculture should build on
relationships that ensure fairness with regard to the common
environment and life opportunities.

*  The Principle of Care - Organic agriculture should be managed in
aprecautionary and responsible manner to protect the health and well
being of current and future generations and the environment

5.5 ORGANIC AGRICULTURE IN INDIA AND THE WORLD

Organic agriculture is rapidly growing around the world. Currently it
is being practiced in 50.9 Million ha across 179 countries with 2.4 million
producers including significant number of organic farmers in developing
countries like India. The global market for organic products has reached
to US$ 81.6 billion. India continues to be the country with the highest
number of producers (5,85,200) and 87 countries now have an organic
legislation across the world (Willer and Lernoud, 2017). In India, the
cultivated area under certified organic farming has grown almost 17 fold
in last one decade (42,000 ha in 2003-04 to 7.23 lakh ha in 2013-14).
Alongside cereals, spices, cotton, tea etc, the Government of India is now
keen to promote organic animal husbandry through focused attention on
native breeds and local practices. In XII plan, the GOI has launched
Paramparagat Krishi Vikas Youjana, under which Rs. 300 Crores (Union
Budget 2015-16) were allocated to promote organic agriculture including
organic animal husbandry. The organic livestock and poultry standards have
also been notified for implementation since 1* June, 2015 (APEDA, 2015).

5.6 DEVELOPMENT OF THE IOFS

For growing the different crops under organic farming certain standard
are to be followed. These standards are also applicable for development
of IOFS model.



83

National Standards for Organic Production (Source: Participatory
Guarantee System for India [PGS-India]: Operational Manual for
Domestic Organic Certification, Edition 2015)

5.7 GENERAL REQUIREMENTS
5.7.1 Habitat Management

Habitat management is an important part of organic management
system and forms the first step towards organic conversion. To ensure
proper living conditions for all living beings, steady supply of green material
for manuring and to create diversified plant stand it is essential that
diversified plants/ trees etc are planted on bunds and other non-cultivated
area of the farm. Adequate space may be provided for plantation of
nitrogen fixing trees. Nitrogen fixing tree hedge not only act as biological
fence but also ensure steady supply of biologically fixed nitrogen and other
nutrients drawn from deeper layers of soil. These plants also provide home
and shelter to friendly insects and birds. If required rain water harvesting
pits and farm ponds can also be created.

5.7.2 Diversity

Diversity in crop production is second most important step of organic
management which not only helps in management and control of pests and
diseases but also ensure balance nutrition of the soil. Diversity can be
achieved by a combination of mixed cropping, intercropping, relay cropping
and rotation with legumes. Use of trap crops and barrier crops also add to
the diversity.

5.7.3 Integration of Animals/ livestock

As successful organic farming depend upon continuous supply of dung
and urine, efforts should be made to integrate crop production with livestock
rearing.

5.7.4 Conversion period

The time taken for a farm to comply with the PGS organic standards
is defined as the conversion period. In other words, it is the time required
by the conventional farm to attain full PGS organic status. The whole farm
including the crop production and animal husbandry shall be converted to
organic management. Parallel or part conversion is not allowed under PGS
organic management. For newly acquired fields or fields managed
conventionally, the conversion period shall be not less than 24 months in
case of seasonal and annual crops while it shall be not less than 36 months
in case of perennial and permanent crops from the last date of use of
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prohibited inputs or from the date of taking the pledge, whichever is later.
However, Regional Councils in some cases may allow conversion in phases,
but in any case the entire farm holding of the group members must be
brought under PGS organic management within 24 months of joining the
group. Duration of conversion period can be reduced to 12 months if no
prohibited substances have been used since last three years and all the
members in the group are fully satisfied with past history of no synthetic
input use and collectively declare so. Conversion period for animal products
shall be not less than 12 months provided they are fed with fully organic
feed and fodder and all the members of group are satisfied that the standard
requirements have been met since last 12 months. In case of existing ICS
groups (under NPOP) or members of such groups joining PGS, their
certification status, as granted by accredited certification body and valid
at the time of joining PGS shall continue, provided the group/ members
meets all other requirements of PGS and have necessary documents to
prove their claim to the full satisfaction of other group members (if they
join an existing group) or RC (if they join as independent group).

5.7.5 Contamination control

All organic production units shall have effective measures to check
accidental contamination with prohibited substance through drift or water
flow. All organic farms shall be either protected with biological fence
(hedge/hedge rows etc) or maintain a buffer zone. Organic farms also need
to be protected from contaminated water flow from adjoining nonorganic
fields. This can be achieved by putting appropriate bunds and escape
channels.

5.7.6 Soil and Water conservation

Relevant measures should be taken to prevent erosion, salination of
soil, excessive and improper use of water and the pollution of ground and
surface water. Clearing of land through the means of burning organic matter,
e.g. slash-and burn, straw burning shall be restricted to the minimum. The
clearing of primary forest is prohibited.

5.8 STANDARD REQUIREMENTS FOR CROP PRODUCTION
5.8.1 Selection of seed and planting material

Seeds and planting material varieties should be well adapted to the soil,
climatic conditions, suitable for organic management, resistant to pests and
diseases and preferably of organic origin. In case organically grown seeds
are not available then, chemically untreated conventional materials shall
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be used. The use of genetically engineered seeds, pollen, transgenic plants
or planting material is not allowed.

5.8.2 Fertilization

On-farm biodegradable material of microbial, plant or animal origin shall
form the basis of fertilization policy. Green manuring, intercropping or crop
rotation with legumes shall be the integral part of cropping system planning.
Off-farm/ purchased biodegradable material of microbial, plant or animal
origin can also be used provided it is ensured that no prohibited substances
have been used in their preparation. Microbial preparations such as
biofertilizers, biodynamic preparations, EM solutions etc can be used. Off-
farm/industry produced inputs approved by NPOP accredited certification
body as approved input for use in organic farming can be used without
further approval of the group. Mineral fertilizers shall be used in their natural
powdered form as supplementary source of nutrients. Use of synthetic
fertilizers is strictly prohibited in any form, directly or indirectly.

5.8.3 Pest, Disease and Weed Management including Growth
Regulators

Selection of pest resistant varieties, suitable crop rotations, green
manures, balanced fertilization, early planting, mulching, cultural, mechanical
and biological control measures (including use of insect pest parasites and
predators), disturbance in pest life cycles and ensuring survival of pest
enemies should form the basis of pest management programme. Thermic
weed control or thermic sterilization of soils can be resorted to only when
it becomes absolutely necessary. Microbial pest control formulations such
as biopesticides can be used. On-farm fermentation products and botanical
extracts can also be used. Off-farm purchased microbial or botanical
preparations can also be used provided it is ensured that such products
are approved as organic inputs under NPOP by accredited certification
agencies. Use of synthetic herbicides, fungicides, insecticides and other
chemical preparations including synthetic plant growth regulators and
synthetic dyes are strictly prohibited. Use of genetically engineered
organisms or products are also prohibited.

5.8.4 Equipments/ implements and storage containers

All farming equipments, implements and tools etc must be washed and
cleaned before use on the organic farm. Bags and containers used to
harvest, store and transport organic produce must be clean and free from
any chemical contamination and should not have been used for storage of
conventional produce. All such containers and bags shall be clearly labeled
“Organic Only”.
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5.8.5 Storage and Transport

Organic Products must be protected at all times from co-mingling with
non-organic products.

Use of synthetic or chemical storage pesticides/ fumigants are
prohibited. Natural and traditional ways and means for storing organic
produce are allowed. Use of carbon-di-oxide, nitrogen or any other such
inert gas is permissible.

5.9 STANDARD REQUIREMENT FOR ANIMAL PRODUCTION
5.9.1 Conversion requirements

The whole farm, including livestock, should be converted to organic
within the specified conversion period. Part conversion or parallel production
is not allowed under PGS after 24 months. The minimum conversion period
for all animals except poultry shall be not less than 12 months. The poultry
birds for egg production or for meat purpose shall be fed only on organic
diet from 2 day onwards after hatching.

5.9.2 Rearing environment

The management of animal environment shall ensure free movement,
sufficient access to fresh air, day light, water, lying and resting place and
protection against excessive sunlight, rain and wind etc. Mutilations in any
form should not be resorted except for castrations, tail docking, dehorning,
ringing and mule sing.

5.9.3 Breeds and breeding

Breeds should be chosen which are adapted to local conditions.
Breeding goals should not be at variance with the animal’s natural behaviour
and should be directed towards good health. Reproduction techniques should
be natural. Artificial insemination is allowed. Hormonal heat treatment and
induced births are not allowed, unless applied for medical reasons under
veterinary advice. Genetically engineered species or breeds are not allowed.

5.9.4 Animal Nutrition

The livestock should be fed 100% organically grown feed of good
quality. All feed shall come from the farm itself or be produced on the
farms of other group members or have been harvested from wild where
no prohibited substances have been used. Products from the organic feed
processing industry shall be used. Colouring agents shall not be used in
organic livestock production.
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The following products shall not be included nor added to the feed given

to farm animals:

Synthetic growth promoters or stimulants

Synthetic appetisers

Preservatives, except when used as a processing aid
Artificial colouring agents

Urea

Farm animal by-products (e.g. abattoir waste) to ruminants

Droppings, dung or other manure (all types of excreata) even if
technologically processed

Feed subjected to solvent (e.g. hexane), extraction (soya and rape seed
meal)

Feed prepared with the addition of other chemical agents
Pure amino acids
Genetically engineered organisms or products thereof

Vitamins, trace elements and supplements shall be used from natural

origin when available in appropriate quantity and quality.

5.9.5 Veterinary Medicine

The well-being of the animals is the primary consideration in the choice

of illness treatment. Natural medicines and methods, including homeopathy,
ayurvedic, unani medicine and acupuncture, shall be emphasised. The use
of conventional veterinary medicines is allowed when no other justifiable
alternative is available. Where conventional veterinary medicines are used,
the withholding period shall be at least double the legal period.

Use of the following substances is prohibited:
Synthetic growth promoters

Substances of synthetic origin for production, stimulation or suppression
of natural

5.9.6 Growth

Hormones for heat induction and heat synchronisation unless used for
an individual animal against reproductive disorders, justified by
veterinary indications
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Vaccinations shall be used only when diseases are known or expected
to be a problem in the region. Legally required vaccinations are allowed.
Genetically engineered vaccines are prohibited.

5.9.7 Requirement for Bee Keeping

As bee keeping is considered a part of animal husbandry, general
principals of animal husbandry shall also apply on bee keeping. In addition
following requirements shall also be met:

* Bee hives shall be made of natural materials free from toxicity.

* Bee hives shall be placed in organically managed farms and/ or wild
natural areas, away from the fields or areas where prohibited
substances have been used.

*  Veterinary medicines/ antibiotics shall not be used in bee keeping and
no repellents consisting of prohibited substances be used when working
with the bees.

* For pest and disease control and for hive disinfection use of caustic
soda, lactic, oxalic, acetic, formic acids, sulphur, etheric oils and Bacillus
thuringensis are allowed.

Case studies on improved income and livelihood through adoption
of Integrated Organic farming System

Few case studies have been done on the integrated organic farming
system model across the country. Some of them are as under:

Case study from Meghalaya (Umiam)
Source: Annual Report 2014-15, Network Project on Organic Farming

Under the Network project on the organic farming an Integrated
Organic Farming System Model (IOFS) was developed at the Umiam in
Meghalaya. The model comprised of different enterprises like cereals viz.,
rice and maize, pulses and oilseeds viz., soybean, lentil and pea, vegetable
crops viz., frenchbean, tomato, carrot, okra, brinjal, cabbage, potato,
broccoli, cauliflower, chilli, coriander, etc. fodder, fruits viz.,, Assam lemon
and papaya, livestock unit (dairy), vermicomposting and fishery unit (Fig
2). Apart from this a farm pond of 460 square metre area with average
depth of 1.5 m was part of the IOFS model for life saving irrigation and
aquaculture. The value of rice equivalent yield (REY) is found to be
comparatively higher in case of vegetable crops like cole crops, french
bean, tomato and broccoli. The effect (legume) of soybean on other
subsequent crops such as tomato and french bean and potato was found
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to be high. The good dividends from components such as permanent fruit
crops and live stock were also derived. In the model one cow along with
one calf produced 1458 liters of milk per year with gross return of as
Rs.43740.

In an area of 6249 m? under gross cropping, 9.37 t of FYM (@15t/
ha) is required for organic crop production. FYM produced within existing
farming system is 6.3 t [6t + 0.3t (FYM equivalent from 0.15 t
vermicompost)]. Hence initially, only 3.07 t of FYM is required to be
purchased from outside to sustain the model in the first year of
establishment. The requirement of FYM would be reduced substantially
with the efficient recycling of on farm biomass, pond silt, intercropping with
legumes, etc. and the model can be self-sustainable. The net income from
0.43 ha area of IFS model was Rs.58321 or Rs 4860 per month or Rs.
160 per day. The increase in net income over farmers practice was found
to be 5 times. Considering the benefits from the IFS model with a net
income of Rs 160 per day, it can sustain a four member family as the model
could also meet the requirement of healthy food for the family.

Components Crop Net Production Costof Gross Net REY

Area Area ®) cultivation Income Return (t/ha)
m) ) (Rs.) (Rs.)  (Rs.)
Cereals
Rice 1579 1579 0.71 48000 7515 2715 45
Maize 485 485 023 1780 2338 558 4.82
Pulses / oilseeds
Soybean 485 Intercrop 004 316 460 162 0.99
with maize
and okra
Lentil 225 Underrice 0.03 282 450 168 2.00
fallow
Pea 225 Underrice 0.06 388 1200 812 534
fallow
Vegetables
French bean 234 Rotation 0.23 1043 3506 2463  20.00
with maize
and okra
Tomato 403 Rotation 044 1560 6646 4764 16.50
with maize
and brinjal
Carrot 110 Rotation 0.15 953 1500 547 14.00
with okra
Okra 337 337 029 1569 2861 1292 17.00
Brinjal 262 262 023 1351 2300 549 8.15

Cabbage 101 161 0.36 1133 3616 2493  20.00
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Potato 256 Rotation  0.38 1467 3837 2360  15.00
with maize
and okra
Broccoli 116 116 0.18 1050 4500 3450 3827
Cauliflower 116 116 024 1100 3600 2500  30.00
Chilli 9% 9% 0.02 350 576 220 594
Coriander 32 32 0.02 321 465 164 15.00
Fruits
Assam Lemon 60 60 0.4 595 1600 1005
Papaya 50 4 0.14 667 1400 713
Live stocks
Dairy (1 cow 36 36 1458.6t/lyear 36488 43740 13252
with 1 calf)
Milk 45 4500
Cow dung (adult) 1.5 1500
Cow dung (Calf)
Fishery
Common fish 460 460 024 84620 19200 10738
culture
Vermi compost 72 72 0.15 400 1200 800
Fodder 382 382 401 1826 8026 6200
Total 6249 4311 68256 126576 56321
Rice equivalent 12.66
yield (t/ha)
Cropping intensity 144.54
Farmers’ Practice 1724 8622 17240 8616
(Rice mono cropping)

Fig. 2. Area, production and economics of the IOFS model at Umiam

Though many benefits are associated with organic farming such as
secure and safe food production, soil health improvement, less external
input requirement (around 12-13%), sustainable agricultural systems,
reduction in soil erosion (50%), improvement in environment health and
15% more rural job opportunities (Pimental et al., 2005). However, in India
farmer’s apprehension regarding organic farming is mainly rooted in
unavailability of organic sources of nutrient (only 25% nutrient demand can
be met from different organic sources), bio fertilizers and local market for
organic produce and poor access to guidelines, certification and input costs.
Therefore in promotion of organic farming the concept of integrated organic
farming system models can play a vital role. The need of the hour is to do
the study in the farming system perspective so that the new possible
integration among the enterprises can be found. Moreover, there is a need
of integrated efforts from government and nongovernment agencies to
encourage farmers to adopt organic agriculture as a solution to climate
change, health and sustainability issue.
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INTEGRATED ORGANIC FARMING
SYSTEM STRATEGIES FOR
SOUTHERN PLAINS

E. Somasundaram, D. Udhaya Nandhini and N. Ravisankar

6.1 INTRODUCTION

Presently the farming situation u