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Executie Summary

Cotton is considered to benimportant cash crop in the agrarian economy of India. The Indian sub
continent has a long history of cultivating Traditional varieties of Cotton. It is believed that cotton
was first cultivated in InduBelta with the first evidence of cotton use found in Indlatingbackto

6000 BC. The work on varietal improvement of cotton initiated way back in 1904, and further
strengthened with constitution of Indian Central Cotton Committee (ICCC) in 1923. With the
inception ofAll India Coordinated Cotton Improvement Rycij (AICCIP) in April 196hetvarietal
AYLINRGSYSYy(d ¢2N)] 320 Y2YSylddzvyd 22NIRQa FANAGDG
Research Station, Surat of Gujarat Agricultural University in 1970 and soomdeextremely
popular among farmers because of its high yielding potential and wide adaptaBilibsequently
largenumbers of hybrids wereeleased. Still cotton continued to tzehighly vulnerable crop due to

its high susceptibility to disease and inspest like Botworm, White fly, Aphids, Jassids, etc.,
which used to cause severe yield loss in the crop. This resulted in indiscriminate use of highly toxic
insecticide/ pesticide (In India about 45 percent of total crop pesticide application, usee ¢m b

cotton) which gradually developed resistance in Bollworms and Whitefly.

Genetically modifiedGM) cotton was developed to reduce the heavy reliance on pesticides. Bt
cotton was created through the addition of genes encoding toxin crystals in theyrGup of
Endotoxin, inserted into cotton, causing cotton, to produce this natmsegdticide in its tissues. The
strains of the bacteriunBacillus thuringiensi@Bt) naturally produces over 200 different Bt toxins,
each harmful to different insects, most notably, insecticidal to the larvadoths, Butterflies

Beetles Cotton Bollwormsand Fliesbut are harmless to dter forms of life.

Seeing the scenario and considering the positive report on the field trials of Bt cotton by Indian
Council of Agricultural Research (ICAR) submitted to the Ministry of Environment, the Genetic
Engineering Appraisal Committee (GEAC)r@pmu the commercial cultivation of three Botton
hybrids in Indiaon March 2, 2002

Despite widespread adoption of genetically modified cropsated controversies about their
advantages and disadvantages continl&ven though the performance of Bttwmm has been
estimated to be satisfactory by Government, great discontent and strong views both for and against

Bt technology haveufaced in different regions regardirigf cotton.

(@
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The major advantages claimed by Bt cotton include:
1 Reduction in the usef insecticides by almost 50%,
1 Reduction in the harmful effect on the environment,
1 Good quality of cotton fiber at par with non-Botton,
1 Better yield per unit of input use.
However the voices against Bt cotton raise various issues like:
1 Concern ovespreading of the gene/ toxin,
1 The unforeseen long term impact on the ecosystem,
1 Farmer need to purchase expensive seeds from private companies every year.
1 Monopoly of the private companies on Bt seed market,
9 Bt seed cake might cause harm to animals,
9 Loss in biodiversity in the country and
1 Resistant development in insects leading tditeis task to control pest

In view of above mentioned diverse views on Bt cotton and considering the importance of cotton
on Indian agriculture, it seemed important tmdertake a comprehensive and systematic review to
study the economic returns and other related aspects of the cultivation of Bt cotton as opposed to

non Bt cotton in nine major cotton producing states in the country.

The Assignment

Ministry of Agriculture Department of Agriculture and Cooperation (Crop Division), KBisaivan,
New Delhi, hasommissionedt L Y LJ- O0 9 @I f ddofiZARNO | &/(RdzFRa&2 OAdess. (0 O2 0
GKS AYLI Ol 2F (KA&a {OKSYS 2y AyOBRtBdtmnS Ay Fl N¥YSN

The approach adopted for this Evaluation study was to analyze both the secondary data as well as
primary data collected through interviewing various stakeholders, to arrive at the conclusion for
assessment of Impact of adopting-&itton. As per theobjective of the study mentioned in the
¢SNya 27 ToRFmaRBufads thed usefulness to the farmers, nine cotton growing states
namely Maharashtra, Gujarat, Andhra Pradesh, Madhya Pradesh, Punjab, Haryana, Karnataka, Tamil
Nadu and Rajasthan werelected for the evaluation studydain emphasis in the survey was to

find out:



The growth trend in Btotton

Main drivers (motivation) for adoption or rejection of Bt. Cotton
Current pest scenario after adoption of-&ttton

Cost benefit analysis

Technolgies adoped - Bt. Visa-vis nhon Bt. cotton

Bollworms survival

Increase in secondary pests

Bio safety & animal health concerns

Authenticity or otherwise of the concerns raised by NGOs

=A =2 =42 =4 4 -4 A4 -4 -4 =2

Future traits and thrust areas for Bbtton research.

Major Findings

Growth Rate of Bt. Cotton

Cotton sector has made rapid stride since the inception of Bt cotton in India during3002
Area under Bt cotton has increased from 76.7 lakh hectares in-28G2 121.78 lakh hectares
in 201312, whereas production has increasédm mere 86.24 lakh bales in 2003 to 352
lakh bales in 20112 and so is the gid which has increased to 491.383 f Any201&1R |
from 191.14] 3 { M yZO20K |

In North India Punjab, Haryana & Rajasthan are the major Bt cotton growing.skatelaryana,

growth rate of all the surveyed districts have increased. In Haryana growth rate of adoption is
guite encouragingrarying between/7% in Fatehabad to 87% in Jind. In the state of Rajasthan
CAGR for Bt Cotton in all the districts is also emgouraging. The study reveals thag Y LJ2 dzy R

I yydz £ DNEAGRBOf Bt taitén i Rajasthan varied from 116% (Ganganagar) to 144% in
Nagaur. Area under Bt Cotton has increased year on year in all the districts of Punjab. CAGR of

Bt cotton in samplediistricts varied between 30% (Fazilka) to 51% in Bhatinda.

Central India comprising of Madhya Pradesh, Gujarat & Maharashtra, growth rate of Bt cotton
adoption has increased in most of the districts of surveyed states. In Madhya Pradesh CAGR Bt
cotton grawvth in sampled districts varied between 21% (Burhanpur) to 27% in Khargone. In

Gujarat area under Bt cotton has increased in all the sampled districts. Study reveals that CAGR



varied between 60 % in Bharuch to 91% in Amreli (91%). In Maharashtra graetbfrBt

cotton adoption ranged between 52% (Amravati) to 76% (Aurangabad).

In Southern part of India, Growth rate of Bt cotton adoption has increasedmosalall the
sampled districtsof the region. Andhra Pradesh has emerged as the leading cottonimgow
state in the region with spectacular growth in all the sampled districts. CAGR for Bt cotton in the
sampled districts of Andhra Pradesh was found to be 78% (Warangal) to 94% (Adilabad).
Analysis of data reveals that cotton in sampled districts of TAladu has shown increasing
growth rate. The study reveals that Bt cotton in sampled districts grew between SZbény

and 83% Rerambaluy. In Karnataka growth rate of Bt cotton has been observed to be gtydu
increasing since adoptiorDharwadhas obseved maximum gwwth in Bt cotton cultivation
(88.65%) and minimum of 8.17% in Beiq.

Present scenario of Bollworm

The study reveals that the bollworm population has not increasguifgiantly after adotion of

Bt cotton in the sampled statesDuring feld survey, about6% of farmers reprted that
severity is light where a35 %of sampled farmerseported moderateinfestation Only 9 % of
farmers reported about heavy infestation in Bt cotton crops. Severity of incidence of Pink

Bollworm was more in Garat as compared to other states.

Utilization of Pesticide

Bt cotton has been successful in achieving its prime objective of insecticide reduction, which in
turn has resulted in positive environmental impact of less pesticide residue in the environment.
During survey in 9 statefarmers were asked abotkhe use of insecticide and number of spray
during cropping seaso®2 percent of the total sampled farmers reported to be sprayintp 4
sprays of pesticides and on8/percent of the farmers reportedot be spraying more than 5
sprays in the cropping season. This is entirely different from the past where farmers resorted to

number of sprays to control insects.

The study of availabledata reveals that insecticide usage has reduced significantly between

200203 to 201112. Total usage of insecticide for bollworm control in cotton during 2032



was Rs 415.6 crores which came down to Rs 96.3 crores duringl1201dtroduction of Bt

cotton could be one of the reason for decline of insecticide used to obriolloworm.

However, at the same time usage of other insecticides used to control sucking pests has
registered an increase over 2003. Various reasons are cited bySy LNJ&fi A G dzG S F2 NJ
wS & S | GICRKor idcrease usage of insecticide for cailing sucking pests such as approval

of large number of Bhybrids across the country by 2012, many of these hybrids are susceptible

to sucking pests, increase in the area under sucking-pesteptible hybrids and increase in

resistance levels of jassitts Imidacloprid and many other recommended insecticides

Relative Contribution of Bt Hybrid in Yield

The results of decomposition analysis for cotton present the relative contribution of factors and
may be seen that most of the increase in output in ffexiod (base period & current period)

was brought about by the growth in crop yield and in few states it is because of increase in area.
The study reveals that yield growth was the main factor in output growth in the Andhra

Pradesh, GujaraiMiaharashtraand Karnataka.

The decomposition anaylsis also reveals that yield effect has more effect in output (interaction
effect). The study further reveals that increase in production of cotton in Andhra Pradesh is
more because of increase in yield which contributadre whereas the effect of area is lower
compared to other states. In Gujarat effect of area on the increased output of cotton is very
high, the other factors i.e. yield and interaction of yield and area also contributed positively
respectively. In Mahashtra the relative contribution of yield is high among all surveyed states
whereas contribution of area is lower than other states. In Punjab area of cotton contributed
0.91% to the increased production of cotton in the state, which is highest comparethéo

cotton growing states. Area effect is second highest in Madhya Pradesh (0.55%) followed by
Gujarat (0.52%) and Rajasthan (0.52%).

Emerging Pest Scenario

The study reveals thatfi@r Bt cotton adoptionagainst non Bt cottonsucking pest have
emergel as a major challengduring interaction with sampled farmers, it was reported that
incidence of sucking pest like aphid, jassidsips) white fly, mealy bug, ma bug etc has

increased and farmers are unable to control these pests. Square dropnguakileaf sap,

\Y
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VII.

reducing photosynthetic areas is the major concerns of the pests. Farmers in the sampled states
reported to be spraying various insecticides to control these pests but are unable to do so as the

infestation level has crossed the EconomiceEhold Level.

Effect & Extent of Refugia Adoption

The main purpose of refugia area is to prevent insects from developing resistance to Bt cotton
and therefore farmers who plant Bt cotton seed must also plant non Bt cotton seed. The refugia
area supplies source of wild type (non mutant) insects to mate with possible resistant insects
to produce non resistant insect§he study reveals that only 3% of the sampled farmers
reported using refugia. Tamil Nadu has highest percentage (7%) of farmers who sgya ref
followed by Andhra Pradesh (4.80%), M.P (3.25%), Karnataka (3.20%), Gujarat (3%),
Maharashtra (2.63%), Rajasthan (2.33%), Haryana (1.75%) and Punjab (1.67%).

The main reasons reported by surveyed farmers for-adaption of refugia are yield loss sl®
in acreage, increase in input cost and more pest infestation. Most of the surveyed farmers in
surveyed states do not sow refugia seed; they generally throw the seeds given to them. They
reported that increase in input cost and increase in pest incidemeeghe main reason followed

by loss in acreage and yield loss for non adoption of refugia seed.

Cost of Poduction and BenefitCost Ratio

Thecostof cultivation per hectaravas studied in 9 sampled States. The study reveals that in
Northern Statesthe cost of cultivation during 20023 varied between Rs 18877 to Rs 27633.5
However, during2011-12 the Gost of Qultivation (CoC) per hectarbasincreased subsequently
and varied between Rs 56097 Rs. 6669 per hectare. In Central India, comprising ofP\.
Gujarat & Maharashtra the cost of cultivati@uring 200203 varied betweenRs 154750 Rs
20860 per hectare. This increased to 42289 to 61907 per hectare duringl2011

In Southern Indiacost of cultivationn 200203 wasRs. 28562n Andhra Pradsh, Rs. 31062n
Tamil Nadwuand Rs. 11914 iKarnatakawhich increased tdRs. 49401 in A.P, Rs. 56747 in Tamil
Nadu and Rs. 36216 in Karnataka.
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The study reveals that cost of chemicals including fertilizers constitute around 45 percent of the
total costof cultivation and increase in prices of these chemicals has resulted in overall cost of
cultivation. Similarly, increase in wages of labour, which accounts for 21 percent, has lead to
overall increase in cultivation cost. Higher benebst ratio was obsrved among the farmers of

Gujarat followed by Maharashtra whereas the lowest was observed in case of Madhya Pradesh

Bt cotton growers.

Status of Bollworm Resistance

The study reveals that Bt cotton is still effective against bollworm. Arapimgercent of the
surveyed farmers reported that severity of bollworm infestation was light to medium. @nly

percentof farmers reported about heavy effect in Bt cotton crops.

. Populr Hybrids Preferred by Farmers

The characteristics preferred by farmers are suckiagt resistance, big boll size, high yielding

etc. Hybrids are categorized by type of irrigation, duration of crop, soil type which they can
thrive on.Some hybrids thrive well in rainfed condition like ACH 155 whereas some need well
irrigated condition \vith heavy management i.e. heavy feeders like Uttam, RCH 2, RCH 659 etc.
Incidence of sucking pest has increased substantially in recent years; attack of Jassid, Aphid,
Thrips, Whitefly, etc. is very problematic. Insecticides available in the market arabfeto

control infestation of White Fly in Northern Part of India. Therefore farmers all over India prefer
hybrids which are tolerant to these sucking pests for example ACH 155 of Ajeet Seeds is first

choice of farmers in certain states like Maharashtue to its tolerance to sucking pest.

/] 2002y KeONARA & dzOKT |odn have Beyuywell rdceivRd imitieepPynyab
HaryanaRajasthan belt mainly because of their early maturity (168 days), against the 165

170 days of maturity of other Hlyids. In Madhya Pradesh, the most preferred hybrids are Ajeet
155, RCH 659, RCH 2, Jackpot, Jai and Dr BmelMtaharashtra most preferred hybrids are
ACH155, Ankur 3028, Mallika, ATM and Ankur Jai. ACH 155 is preferred mainly for its
characteristics ofess sucking pest attack as its leaves has bristles which refrains sucking pest

attack on the cotton plant. In Gujarat the most preferred hybrid is Ajeet 455t is less

vii



susceptible to sucking pest and anearly maturity hybrid which thrives well in irded

condition.

In Andhra Pradesh most preferred hybrids aaeab, Bh&ti, Yuva, First Class, Mallika and ACH
155. Yuva thrives welh &ll conditions, boll size is big, has more sympodia than monopodia, boll
weight is also high and yield is also gobbdTamil Nadu the most preferred hybrid of farmers
are RCH 2, RCH 20 (Ravi), Bahubali, Jadoo and JaCkpo&cteristic of the hybrids are
mentioned earlier. In Karnatak#he most preferred hybrids are Kanak, Bahubali (MRC 7918)
and Yuva. Bahubali has artra-long staple length of about 36.0 to 36.5 mm with high strength.
This tall spreading plant type is recommended for wider odd spacing planting geometry and for
irrigated as well as protective irrigation conditions. The boll bearings have short id&sno
along with a larger number of sympodia. Not orilysihigh yieldingbut it is also management

responsive.

. Major technologies adopted by the farmers for Bt hybrids

With adoption of Bt cottonthere was a change in package of practices of cotton a®n
required more crop management than non Bt cotton. Usage of micro nutrient like Sulphur, Zinc
and Boron has started after Bt cotton adoption. Foliar sprays at 45 Days after Sowing (DAS) with
mixed fertilizers like 19:19:19 to enhance vegetative glowf the plant and at 60 & with
0:52:34 is common practice to enhance reproductive growth and increase boll size so as to get
better yield. Farmers have adopted use of Plant Growth Regulators or nipping operations to

increase sympodial growth of cottand to restrict vegetative growth.

During field visit in the sampled districis was observed that adoption of better cultivation
practices and technologies are very limited. Cotton is very sensitive to moisture stress at one or
the other stage; howewe it is still being cultivated mostly under rainfed condition. Cotton is
generally cultivated in black soil or black and red in mixture soil where flood irrigation is not
suitable & economical, therefore, not recommended. Still farmers are not adoptiroMi
irrigation systems. Drip irrigation has been installedthe states of Maharashtra (17.64%),
followed by Madhya Pradesh (14.53%) and Gujarat (2.45%)e irest of the 6 sampledstates

area under drip for cotton fielvasfound to benegligibleamorgst the sampled farmers

viii



XI.

The farmes by andlarge are following wider spacing in their cotton fields which resuoltesser
yield because of lesser plant population. Currently Government and seed compaaieging
initiatives to promote High Density d&lting for attaining optimum plant population. Several

seed companies have developed hybrids more suitable to high density planting of cotton.

Farm Mechanization is also not being adopted by the cotton farmers. Sowing and other
intercultural operations arearried manually in Cotton. Land Preparation is either by tractor or
bullock driven country plough. Thus there is requirementgoéater farm mechanization in
cotton so as to ease the agricultural operations. The implements/machines developed at
various esearch institutes and Universities, need to be popularized and commercialized. New
implements to be developed based on gap analysis and evaluated, refined and demonstrated

on farmer's fields. Awareness creation for the same is afsome requirement.

Future Research in cotton

India permitted Bt cotton seeds for commercial cultivation in 2002. So far three Bt genes have
been approved: CrylAc, Cry2Ab and CF1Z . @urréihdly, these combinations are offered by

four companies including Nath Seeds, JKdISe&d Metahelixf the Tata Group and Monsanto

The genetic resistance is the cheapest and the most efficient method of protecting crop plants
from pests.With widespread cultivation of Bt transgenic cotton, there is an increased risk of

developng resistance in insects against Bt toxin. Hence, multiple sources of resistance should
be identified and used in Bt transgenic cottons to develop resistance against maximum

insect/pest possible and tolerance to herbicides used.

Cotton crop also suffers from altio stresses such as drought and salinity. There is need to

develop Bt transgenic cottons witlkesistanceo drought and salinity conditions.

Therefore Molecular markers shall be isolated for resistant traits and pooled together in a
pyramid through markegssisted breeding programmes, so as to enhance yield, improve fibre

quality, high oil and protein content, resistance to biotic or abiotic stresses.

There is a need to take a-teok at the entire germplasm collections to identify the markers and

genes fo economically important traits to ewert them into elite cultivars.
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Punjab Agriculture University, Ludhiana is coming out with a new generation seed of Bt cotton
which can be reused. Scientists in the university are using crylAc gene sequence which is
faithful to the one published by Western scientists 20 years ago. This gene is different from
gene incorporated by Monsanto in the Bt cotton. TherefoRenjab Agricultural University
might become the first in India to develop geneticatipdified open polhating varieties of

cotton whoseseeds caie reusel, therebysaving thefarmers ofrecurring cost.
CFNXYSNERQ t SNOSLIiAZ2Y

Cotton farmers have reaped the benefit of Bt cotton in India. Before the adoption-cdtBin,
Infestation of bollworm imon Btcotton was the major problem faced by cotton growers in all
parts of India. Farmers were shifting from cotton to other crops. After the adoption -of Bt
cotton, the financial condition of the farmersmproved remarkably. When contacted, farmers

expressed theiriews in the followingnanner.

1 Number of pesticide spray for bollworm has decreased drastically. This resulted in lower
cultivation cost.

1 Productivity improved and farmers get higher yield per a@knost double in many
placesfrom 200203), which helpedthem to earn more, build pucca house, buying
agriculture land, buy motor cycle, provide good education to the children from the farm
income.

1 Demand of Bt cotton has increased because of the good quality lint
Few farmers also shared their concerns regagdin

1 Increase in diseases / pest attack in Bt cotton cropetent days. So immediate steps
should be taken to control the disease by introducing new improved, more resistant

variety of Bt. cotton seeds.

Sale of Btcotton Hybrids, (Brand wise)

Bt cotton tas dominated the Rs 9,000 to Rs 10,000 crom#ton seed marketwhich is one of
GKS oA33aSald Ay Witk Simost 20NderReéntstrE. Apprgxiniite Guanber of

packet sold in India amounts to 4 crores.



During the field survey, it was observdtht the preference of Farmers regardingdgteds vary

from state to state, like any other crom Punjab the most preferred hybrids are Bioseeds 6588,
Bioseeds 6488, Rasi Seeds RCH 773, RCH 653. Incidence of Whitefly and Cotton Leaf Curl Virus is
the maja problem in the state, so farmers prefer to grow hybrids which are tolerant to these.
.A2aS8SSRYa O20G2y KeoNARR&a adzOK a dacnyyé |yR ¢
HaryanaRajasthan belt mainly because of their 1580 days maturity, against ¢h165170

days of maturity of other hybrids.

In Haryana, farmers grow mostly Rasi seeds RCHHE®&use of specific characteristics like
vigorous growth, high boll bearing, wider adaptability and high yield.), Bioseeds 6588, Bioseeds
& 6488.

In Gujarat tle most preferred hybrid is Ajeet 155 (less susceptible to sucking pest and early
maturity), Ankur Jai, RCH 2 and Mallika. Rasi seeds RCH 2 is a late maturity hybrid with big boll

size.

In Rajasthan the most preferred hybrids are Bioseeds 6488, (due ha@ltsyield and tolerance
level to various sucking pest Bioseeds 6588. In Madhya Pradesh, the most preferred hybrids are
Ajeet 155, RCH. 659, RCH 2, Jacapdtlai.

In Maharashtrathe most preferred hybrids are ACH155, Ankur 3028, Mallika, ATM and Ankur
Ji. Nuziveedu Se&lMallika thrives well in irrigated condition, gives dogeld due to big boll
size. lavery Seeds ATM ACH 155 is preferred mainly for its characteristics of less sucking pest

attack.

In Tamil Naduthe most preferredhybrids areRCH 2RCH 20 (Ravi), Bahubali, Jadoo and
Jackpot. In Karnataka the most preferred hybrids are Kanak, Bahubali (MRC 7918) and Yuva.
Bahubali has an extdang staple length of about 36.0 to 36.5 mm with high strength.

In Andhra Pradesh most preferred hybrids aadoo, Bh&ti, Yuva, First Class, Mallika and ACH
155. Shriram Bioseeds has establislitedlf as one of the top players in hybrid Cotton segment
RdzS (2 , dz@l Q& 6ARSNI FRFLIWiIToAfAGeE | ONRP&aa ! yRKNI
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Fertilizer usage on Cotton

While analyzing per heata usage of fertilizer in Btotton, the trend is observed to be
increasing with every passing year. Fertilizer consumption in cotton is found to be highest in
Andhra Pradesh and Tamil Nadu and In Madhya Pradesh the fertilizer usage per hectare is
found to be quite low and no significant increase observed. In Haryana and Rajasthan also the
fertilizer dosage is lower than other states. In Maharashtra, the fertilizer consumption has been
increased significantly with the passing years. However, it is alsodfotmat the
recommendation on fertilizer usage in Cotton given by CICR, Nagmat, leingfollowed by

farmers due to lack of awareness.

Acceptability of Btcotton

The survey reveals that the Bt cotton has established acceptability amongst the faMuests.
of the sampled farmers were found to be early adopter of Bt cotton. Around 5ge88ent
farmers were the earliest and oldest adoptafr Bt cotton Because of the advantages of the Bt
cotton, they continued the cultivation. This seems to have mogédabther farmers also as
remaining cotton growing farmers also undertook cultivation of Bt cotton. Around @etéent
farmers undertook cultivation in recent times. Interestingly, around 16pE3cent of the
sampled farmers reported to have been cultivafiBt cotton even before its official launch in

the country.

Bio-safety related issues

Scientific evidence indicates that Cry toxins are not toxic to higher animals such as goats, sheep,
cattle and human beings etc in any part of the world as the Cry godan not get activated

under the acidic conditions of these non targeted anim8l®safety tests indicated absolute
safety to goats, cows, buffaloes, fish, poultry and human. Bedety studies with Bt
cottonseed meal were carried out with goats, buffal@ows, rabbits, birds and fish. The results
revealed that the animals fed with 8btton seed meal were comparable to the control animals

in various tests and showed rtoxicity symptoms that could lead towards extreme toxicity
symptoms or mortalityThese studies were carried out by the National Dairy Research Institute,

Karnal; Central Avian Research Institute, Bareilly; Industrial Toxicological Research Centre,
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Lucknow; National Institute of Nutrition, Hyderabad; Central Institute of Fisheries Educatio

Mumbai and GB Pant University for Agriculture and Technology, Pantnagar, etc.

On the other handBt cotton cultivars exhibited excellent control leélicoverpa armigerand

reduced impact of insecticides to create dcendly environment without compnmising yield.

However when contacted, 8% of-Batton farmers in Haryana reported to have faced problem
such as itching, respiratory problem & decline in immunity. 3 farmers in Punjab reported to
have faced respiratory problem after coming into contacBofcotton. None of the farmers in

the 9 sampled states reported lossafy human life.

Around 43farmers across the 9 surveyed states reported ill effect of Bt cotton on animal health
like reduced intake of food, suffocation, allergy and combimatibthese effects etc. 31 farmers

in Haryana, 6 farmers in Punjab followed by 2 in Rajasthan and 1 in Gujarat reported ill effect on
animal health after consuming Bt cotton products. None of the farmers in the 9 sampled states

reported loss of animal livee

In India apprehensions of NGOs on sheep mortality at Warangal and Adilabad district of Andhra
Pradesh due to grazing in Bt cotton fields, was examined by the State Government and reports
received from the Directorateof Animal Husbandry, Hyderabad carthe Indian Veterinary

Research Institute, 1zatnagar, U.P. revealed that the sheep deaths might be due to high content
of Nitrates/ Nitrites, residues of hydrocyanide (HCN) and organophosphates which are common

constituents of pesticides used during cattoultivation and not due to Bt toxin.

Though several NGO organizations raisedshifety issues from time to time, these were found
to have insufficient credence, especially e light of extremely high hazards posed by

insecticides when used as alternative to the GM based pesbntrol technology

The taits farmers would prefer most
It is found that adoption of Btotton against non Bt cottomelped farmers in many ways, both
direct and indirect, still there are few areashichneed to be addrsesed in the future from the

FIENYSNEQ LISNBLSOGAOBSD® ¢KSé& | NBY
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1 Farmers now need geneticaligodified insect pest resistant open pollinating varieties
of cotton, whose seeds they can reuse fed3years and save the recurring seed cost of
Bt-hybrids.

1 Farmersneed to apply several herbicides to control weeds as cost of manual weeding
become very high and timely weeding is necessary to get optimum yield and good
quality cotton fibre. So herbicidmlerant Bt cotton (transgenic crops) is one of their
primary reqlirement.

9 After successful control of Bollworms, Farmers now want solution for sucking pest
incidence on cotton crop, therefore when asked about the trait of their preference;
they replied Sucking Pest resistantddtton. For this they are ready fgay a maximum

price of Rs. 2000 per 450 gm packet of seed.

Xiv



Major Recommendations

Given the vast potential benefits of Bt Cotton production, a number of technical and policy

interventions are required to be introduced so as to increase its adoptiondia.lThe needed

recommendations and interventions are presented below:

The wide spread myths about the harmful effects of Bt Cotton should be removed from
farmers and consumers' mind by educating them through concise scientific lectures and
mass communic@&ns mehods.

Most of GM crops like Bt Cotton are generated and controlled by large proesttior
companies, which have so far mainly targeted the commercial farmers who can afford their
products. Nevertheless, there is some pulslector work directed twards the needs of
resourcepoor farmers. In addition, most of the technologies and intermediate products
developed through privatsector research could be adapted to solve priority problems.
There is a need to increase research efforts in Univessaind public sector organizations
and make the fruits of the research accessible to resource poor farmers.

In the case of Bt Cotton, most of the commercial applications developed so far are directed
towards reducing production costs, not towards meeting theeds expressed by
consumersGreater and better targeted investments in Bt Cotton research will be eged

to ensure that the farmerbave access to the resulting new crop varieties. The focus should

shift from pesticidetolerant crops towards the charactistics that matter to resource poor

farmers:
w Improved resistance or tolerance to drought,
() Water logging,
w Salinity and extreme temperatures;
() Improved resistance to pests and diseases;
() Higher yields.

Such a shift could be based on new privatélic partnerships, exploiting the greater efficiency
of privatesector research but under the guidance of pulsiector donors. Research funds could
be made availabléo public as well private sector R&D organizatidaysevaluating research

proposals on metiin a transparent manner.
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All the Public and Private Sector Bt Cotton Seed producing companies and Government
Research Units must be directed to maintain the germplasm of traditional cotton varieties
at some alternate locations for future use of the gglasm. The extensive use of Bt cotton
would replace the traditional seeds from the country hence need to have small traditional
cotton seed centers spread over a wider area.

Insurance schemes: The farmers' are vulnerable to risk in reduction of yielellaaswprice
shocks which result in heauydebtedness and sometime force them to take extreme steps.

It is suggested to devise or strengthen the ongoing Insurance schemes to mitigate these.
SpuriousBt Cotton: The high demand for Bt cotton has create amajpel industry for
spurious Bt cotton seed which is of dubious origin and inferior quality. It was also noticed
that seed is available in black market at very high price due to scarcity. It is recommended to
develop monitoring mechanism to check such pnattices.

Awareness Campaign to Promote Refugia: It has been reported that due to low level of
genetic literacy among farmers to grow refugia and do not use the recommended practices
for distance isolation needed to prevent cross pollination betweendston and non Bt
cotton strains so as to reduce chances of breakdown of resistance of bollworm to Bt cotton
varieties. It is suggested to drive a special awareness campaign to promote refugia
cultivation along with Bt cotton crop in print and electronic diee

While recommending refugia adoptionpracticability needsto be considered s
recommendation o0 percentrefugia is very high for small farmers and fearing the yield
loss they are not following the recommendations. For this, 5 percent Refugiashatg (
non-Bt hybrid) + 5 percent pigegoea plants as a patch may be recommended. Otherwise
alternative processes and procedures need to be identified.

Awareness among farmers needs to be created to adopt farm mechanization/ implements
for sowing, intercubliral operations and various other activities carried out at the farm level.
There is requirement of technological advancements in cotton so as to ease the agricultural
operations. New implements to be developed based on gap analysis and evaluated, refined
and demonstrated in th& | NJTigltlfr Qetter adoption.

During survey it was found that Bbtton is being cultivated mostly in rainfed condition
whereas Cotton suffers due to moisture stress at one or the other stage. Therefore it is

recommended to rake available irrigation facilities for the cotton farmers. As flood
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irrigation is not advisable looking at the soil quality in cotton growing areas, Drip irrigation

system should be installed in the cotton crop for better yield and improved quality.

HighDensity plantation should be encouraged and implemented as recommended by CICR

to obtain optimum yield of cotton crop.
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1 Introduction

Cotton is the most cultivated commercial crop of India. It has great economic importance in the
agrarian and industrial@i A A GASA 2F 2dzNJ O2dzyiNE D [/ 20G2y LI LM
mainly for fiber. India has been a traditional home of cottons and cotton textiles. The domestication

of the cotton cultivation for clothing of humanity was considered to begin iarAsubcontinent

using diploid cottons. India is the only country where all the four cultivated species of cotton are
grown. Our economy is consistently influenced by cotton through its production and processing

sectors and by generating direct and indiremployment to more than sixty million people.

Cotton is mainly used for fibre purpose, but it is also an oil and protein yielding crop of global
significance. But the whole plant has different usage with a very minimal wastage. The use of cotton
is vay beautifully described by Dr. Roy G Cantrell: The World of Cotton, Pflanzenblauhizchten

Bayer 58/2005, It describes that 35 % of cotton is lint usedeftile purpose and Rag makihgy R

g A0 KA yi6%cigtiser for feed for animal and fertilizeroompost purpose, 16 % is used in oil

making, 27% is hyl8% are linters used for furniture, paper, cosmeticsagid3 % arevaste.

Cotton - It is all around
Usage after Ginning

Meal
Fertilizer
Animal Feed

Qil
- Qil and fat for food products

Linters
Fumiture
Absorbent non-woven
medical products

- Paper, currency

- Cosmetics, paints, toot paste,
ice cream, salad dressing
(cellulose esters & ethers)

- Cellulose acetate: plastics,

(average length 25-30 mm) films and yam (Cellulose
: Acetate)
Textiles
Ra 27 %
9 I Waste
Hull

Source: Dr. Roy G. Cantrell: The Werld of Cotton, Pflanzenschutznachrichten Bayer 58/2005

Figurel: Diagrammatic representation of Usage of Cotton



Cotton is a member of Genu&ossypim and belongs to Familialvaceae, more than 95% of the
cotton is upland cottonGossypium hirsutumwhile long staple cottorGossypium barbadense,
occupies a small area of about 5%. Both cultivated speciesofiem cross pollinated are
incompatible wih the diploid wild species of cotton. Two species of Asiatic cotBrarboreunand

G. herbaceunare grown in restricted area of Asia and Africa. These two species are diploid and

incompatible with upland and long staple cotton.

With the establishment b Agricultural Departments in various states as early as in 1904, the
varietal improvement work in cotton started. It was further strengthened in 1923 when Indian
Central Cotton Committee (ICCC) was constituted. The varietal improvement work got momentum
with the inception of All India Coordinated Cotton Improvement Project (AICCIP) in April, 1967.
After inception of AICCIP, 90 varieties of upland cotton, 3 of Egyptian cotton, 39 of diploid cottons

and 43 hybrids were released for commercial cultivatiodifferent states of India.

¢tKS KE@oNAR O20dG2y SN adlFINISR aayOS wmdtn Ay LYF
nég FTNRBY [/ 2002 ySumtDeGhjaratBdiculfuiallUbiverdity. This hybrid was developed
by Late DrC.T.Patel whois rightly called as father of hybrid cotton. By virtue of its high yielding

potential and wide adaptability, thisybrid became very much popular among the farmers.

However the susceptibility to insects and disease made cotton crop the most vulnerable
commercial crop for Indian farmers. Infestation of bollworms was causing significant yield loss in
cotton. Indiscriminate use of pesticides resulted in development of resistance in bollworms and
whitefly. In India about 45 percent of total crop pesticidepbgation, is applied on cotton. In spite

of usage of huge amount of pesticidéise control of insects in cotton used to cause Psyc¢Bocio
Economic tension in farmers of India. Seeing the scenario Genetic Engineering Appraisal Committee

approved Bt cdbn in India.

Genetically modified (GM) cotton was developed to reduce the heavy reliance on pesticides. The
Strains of the bacteriumBacillus thuringiensi@t) naturally produces over 200 different Bt toxins,
each harmful to different insects. Most ndily, Bt toxins are insecticidal to the larvae of moths and
butterflies, beetles, cotton bollworms and flies but are harmless to other forms of life. In many

regions, the main pests in commercial cotton are lepidopteron larvae, which are killed by the Bt



protein in the transgenic cotton they eat. This eliminates the need to use large amounts of broad

spectrum insecticides to kill lepidopteron pests.

Bt cotton was created through the addition of genes encoding toxin crystals in the Cry group of
endotoxin. When insects attack and eat the cotton plant the Cry toxins are dissolved due to the high
pH level of theh y & $tOmachd The dissolved and activated Cry molecules bond to cadlierin
proteins on cells comprising the brush border molecules. The genmgddr Bt toxin has been

inserted into cotton, causing cotton, to produce this natural insecticide in its tissues.

Even though the performance of Bt cotton has been estimated to be satisfactory by Government,
there is great discontent in different regie with Bt cotton. Strong views both for and against Bt
technology has surfaced. The major advantages claimed by Bt cotton include reduction in the use of
insecticides by almost 50%, reduction in the harmful effect on the environment, quality cotton

fiber at par with non Bt cotton, better yield per unit of input use. However the voices against Bt
cotton raise various issues like: concern over spreading of the gene/ toxin, its unforeseen long term
impact on the ecosystem, the seeds from private comparaee becoming very expensive for
farmer, which they need to purchase, monopoly of the private companies on Bt seed market, Bt
seed cake might cause harm to animals, loss in biodiversity in the country and resistant

development in insects leading to tedi®task to control pest etc..

In view of above mentioned diverse views on Bt cotton and considering the importance of gotton
Indian agriculture, it seemed important to undertake a comprehensive and systematic review to
study the economic returns and ath related aspects of the cultivation of Bt cotton as opposed to

non Bt cotton in 9 major cotton producing states in the country.

The Assignment:

Ministry of Agriculture, Department of Agriculture and Cooperation (Crop Division), Krishi Bhawan,

New DelhiKl & | 6+ NRSR GKS 4L YESO2l 290@I10f dalildiRey 21Fy R (4 203
AgriSystem o2" May, 2014.

Despite widespread adoption of genetically modified crapgainst non Bt cotton heated

controversies about their advantages and disadvantagestinue. There are concerns that



genetically modified crops fail to benefit smallholder farmers and contribute to socio economic
development. Many economic studies contradict this view, but most of them look at short term
impacts only. So uncertainty abblong term effects prevails. This study addresses this shortcoming
by analyzing economic impacts and impact dynamics of Bt cotton in India. Building on pargie
data collected since 200zhis study will focus on whether Bt cotton has created largel an

sustainable benefits, which contribute to positive economic and social development in India.

1.1 Objective of the Study

Main emphasis in the survey shall be to find out:
i.  Main drivers (motivation) for adoption or rejection of Bt Cotton
ii.  Reduction in pesticel consumption
iii.  Cost benefit analysis
iv.  Technology adoption in Bt Vésvis non Bt cotton
v.  Suitability in rainfed areas
vi.  Enhanced sucking pest damage
vii.  Increase in secondary pests
viii.  Bollworm survival
ix.  Wilt & low yields
Xx.  Bio safety & animal health concerns
xi.  Authenticity of the concerns raised by NGOs or otherwise.

xii.  High vulnerability of farmers in case of crop failure

1.2 Terms of Reference

i.  Growth rate of Bt cotton adoptioistrictwise analysis.
ii.  Present scenario of Bollworm( Helicoverpa armigera)
iii.  Utilization of pestiades(Districtwise on cotton)
iv.  Relative contribution of Bt hybrid in yield enhancement.
v. Emerging pest scenario after Bt Cotton.
vi. Effect & extent of refugia adoption, elucidation of reasons for-adoption, if any

vii.  Cost of production and cost benefit ratioavpast 10 years.



viii.

Xi.
Xil.
Xiii.
Xiv.
XV.

XVi.

XVii.

Status of Bollworm resistance development of Bt cotton.

Popular Bt hybrids preferred by the farmers and area occupied.

Major technologies adopted by the farmers for Bt hybrids.

Future, research under public & private sector

C I NJ¥ S NJption andd/eds$n Bt hybrids.

Packets of Bt cotton hybrids (Bramdse)sales data distristise from 2002until date.

Fertilizer usage on cotton year wise from 1999 until date.

Acceptability of Bt cotton.

Bio Safety related reports (if any) on animal liealand environment effects
(positive/negative/neutral) before Bt cotton 2002 and between 2002 and to date. Farmer
perceptions and issues(if any with Bt cotton)

Which traits would they prefer most (bollworm resistant, sucking pest resistant, herbicide
resigant, drought resistant, and disease resistant or any other). How much would they be

prepared to pay for each of the traits if GM crops for the traits are made available?



2 Approach and Methodology

Qurrent 'Impact evaluation and socieconomic study' requed a wholesome approach, for proper
assessment of the Impact of adopting Bt cotton on cultivation practices, dispaseinfestation,
usage of pesticide, yield, farmers' perception and other parameters as per the ToR, in the major
cotton growing statesselected. Keeping in view the scope of work in the given ToR and
understanding theobjectives, the approach and methodologies adopted for this program are

summarized in the following paragraphs.

2.1 Overall Approach

The approach adopted for thevaluation sudy was to analyze both the secondary data as well as
primary data collected through interviewing various stakeholders, to arrive at the conclusion for
assessment of Impact of adopting Bt cotton as per the study objectives, particularly the usefulness
to the farmers. 9 major cotton growing states were selected for the evaluation study.

For this study the following steps were primarily adopted:

1 Collection and review of Secondary data like State level database, reports, documents,

government policies.

1 Studyof literatures and reviews on the impact of Bt Cotton, various research papers on
varietal improvement of cotton, status of diseagest, scope for future research on Bt
cotton etc.

Development of questionnaires and checklists for primary data collection.
Mobilization of the study team.

Interaction and interview with policy makers, planners, development workers, traders etc

= =4 =4 =2

Continuous contact and consultations with the various conedragencies and the Client.
Sharing of information throughout the stugheriod with the Client and flexibility to respond

to desired changes and directions.

1 Field survey in the selected areas to arrive at a conclusive analysis of the emerging scenario.

1 Analysis of secondary drprimary data using analytictdols

The survg instrument, including draft questionnaire, was reviewed for comments before

embarkingon pre and actual survey. ufyey was completed, data entry and data quality checks



undertaken and a detailed analysis of the collected de¢sreported to the client.Survey findings

were disaggregated based on various parameters as per the ToR within the proposed sample size.

2.1.1 Designing the study
To achieve the desired resultSlobal AgriSystem has developed a unique five step approach to
arrive at the best solutionEach consultant working with Global Agrisystem is mandated to strictly

follow this methodology. The components of the approach are discussed as under.

Step¢ I: Diagnosig; This phase involves initial discussions with client, review of the historital da
FYR fSIENYyAy3IQa FNRY aAYAELFI N SESNOA&aSa OF NNA SR
dzy RSNEGIF YR Ot ASyiQa NBldANBYSyiGtas SELISOGEFGAZ2YA

and to ensure that the client and the project team are be same platform.

Stepc II: Discussion and DesignirggThis phase involves initial workings on study design. Based on
the outcomes of the step I, the consultant prepares a study design which is further discussed with
the client to get his feedback andcorporate suggestion, if there is any. The consultant used a

participative and consultative approach to develop the study design.

Step ¢ lll: Implementation ¢ This phase involves the actual study. Once the final study design is

developed, the study is o@ed out in the field by the team.

Stepc IV: Detailingg At this stage preliminary analysis is carried out and the recommendations are

presented to the client in form of draft report.

Step ¢ V: Delivery ¢ Submission of the Draft Study report and dissions on final

recommendations.



2.2 Methodology

The methodology adopted for this study was focused on certain parameters and variety of
indicators which have significant importance in collecting reliable and adequately detailed
information about the inpact of adopting Bt cotton on Farmers and farming system. This will play
the most important role in evaluating the impact and potential of the Bt cotton. The following

methodological framework was followed for the present study:

Task 1 Desk Research thugh analysis of Secondary Data
Task 2 Developing the Sampling Plan and the Associated Fieldwork Schedules

Task 3Field Research and Primary Data

2.2.1 Desk Research through analysis of Secondary data

The Desk Research was initiated with the collection cbsdary data. The nodal agencies of the
concerned State Governments for cotton were identified. The research organizations studying Bt
cotton since the years of approval of Bt cotton i.e. Central Institute for cotton Resé@i€iR)
Cotton Corporation ofndia (CCl) Genetic Engineering Appraisal Commit(€EAC)Directorate of

Cotton Developmentetc were identified.

Detailed study of State wise data base on Bt cotton was done to identify districts and blocks in the

selected states for field survey dfd study.

Crop management information of Bt cotton was collected from the website of CICR Nagpur and
State Agriculture Universities on regional basis viz. North, Central, South. Literature review was
done to study the impact of Bt Cotton, the latest deymhents in research on varietal

improvement of cotton, status of bollworm, future of research on genetically modified cotton.

Private companies across India which are involvedhensale of Bt cotton hybrid seeds were
contacted to discuss the status,tlsf Bt hybrids which are being sold across the country. Specific
characteristics of top selling hybrids of the seed company were discussed to assess the packets sold

in the past yearsof Bt cotton.



Time series data on rainfall from IMD (Indian Meteogi@al Department) were collected to analyze

the adoption and scope of Bt cotton in rainfed areas. Research papers and literatures on Bt cotton
were studied to get an overall scenario of Bt cotton in India. This gave extensive information on
topics like Sao-economic impact of Bt cotton, Pesticide usage pattern, Refugia adoption, Resistant
development, Rate of adoption of Bt cotton, Biafety related issues. Team visitdady RA | Y
' ANR Odzf GdzNT £ wARGTS IsiNADifg the Yedehrgh(ipdgierS pubksh on Bt Cotton.
Monsanto India Limited was also contacted for research papers on Bt Cotton published in India,
across the states and worldwide. They had also sent several research papers pertaining to the topic.

Research Papers studied has been enumeraitethe annexure.

2.2.2 Developing the Sampling Plan and the Associated Fieldwork Schedules

The Sample Design:

Multi -stage - Stratified - Purposive¢Random Sampling Methodhas been adopted in the study.

The samples have been collected from all the identifitldges. The sample is representative and

has been covering all categories of farmers. The sampling has been done with the existing Bt cotton
growers taking into account the condition of the farming community in the selected areas of the

respective States.

Sample Selection:
Selection of States9 states were selected on the basis of cotton acreages (area coverage). These 9
leading Bt cotton growing states are Maharashtra, Gujarat, Andhra Pradesh, Madhya Pradesh,

Punjab, Haryana, Karnataka, Tamil Nadu asgdgghan.

Selection of districts and blocksSSelection of districts and blocks was done in a manndahaba
representative data emerges from that particular State. Districts were identified from each selected
states according to the acreage of cottorop. Total of 40 districts from 9 states were to be
selected. The selection of the districts was done heterogeneously on the basis of acreage of cotton
in the state. Maharashtra being leading cotton producing state, 8 sample districts were selected
from the state for the study purpose. From Guijarat 7 districts, Andhra Pradesh 5 districts, Haryana 4
districts, Punjab 3 districts, Madhya Pradesh 4, Rajasthan 3 districts, Karnataka 4, Tamil Nadu 2

districts were selected.



Blocks have been selected subsequently the basis of area under cotton cultivation and prior
discussion with district level agriculture department officials. From each of the selected districts 2
blocks were identified. Thus a total of 80 blocks were selected to be survEyenh. each blocR
villages were selected purposively, on the basis of cotton production. Thus in total, 160 villages

were selected from the identified blocks.

Selection of FarmersThe selection of farmer was made randomly. A complete list of farmers has
been drawn ad divided into various size classes. The desired numbers of samples were randomly
drawn in probability proportion to the actual numbers. In each selected village 25 farmers were
selected on the basis of Bt cotton cultivatitm assesghe impact evaluatiorand socio economic

evaluation.

9 States

40 Districts

80 Blocks

160
Villages

4000
Farmers

Figure2: Sampling Plan
Sampling method:
The samples were collected from all the identified villages of the selected major cotton growing
states as described in The ToR. The consultants usedn@&gteRandom Sampling Method from
the detailed list (wherever available) provided by the authorities at district/ block level. Non

adopters were selected keeping in view the eligibility criteria for the project. Where such list was

I List of villages given in annexure no vi.
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not available, the samplg was done following the usual method of "starting from the centre of the
village and covering the randomly selected Bt cotton farmers from four directions till the desired
numbers of Bt farmersvere covered". Where the selected directions did not gihe tesired
number of respondents, then selection continued by moving right of the selected directions i.e. by

following the principle of right hand thumb rule.

11



Table below enumerates the list of districts and blocks covered dthingurvey;

Tablel: State, Districts and Blocks covered in Survey

Maharashtr 41.92 8 | Yavatmé 16 | Kalamb, Ralegaon 32 800
a Jalna Ambad, Bhokardan
Aurangabad Viajapur, Paithan
Jalgaon Dharangaon, Jamner
Nanded Aradhapur, Nanded
Buldana Malka Pur, Motola
Parbhani Purna, Parbhani
Amravati Daryapur, Chang Bazar
Guijarat 30.10 7 | Surendranaga 14 | Wadhwan, Limda 28 700
r
Rajkot Vakaner, Tankara
Bhavnagar Sihor, Valbhipur
Amreli Lathi, Babra
Bharuch Amod, Vagra
Vadodara Karjan, Sinor
Ahmedabad Dhandhuka, Barwala
Andhra 25.40 5 | Adilabad 10 | Ichoda, Bhainsa 20 500
Pradesh Karimnagar Siricillar, Vemulawada
Warangal Narsampet, Jangama
Guntur Macharla, Sattenpalli
Khammam Kothagodem, Yellandu
Karnataka 7.50 4 | Dharwad 8 | Hubli, Dharwad 16 400
Haveri Ranebennur, Haveri
Mysore Nanjura Gawdu , H D Kote
Belgum Savadatta, Bailhongal
Haryana 6.47 4 | Sirsa 8 | Sirsa, Dabwali 16 400
Fatehabad Fatehabad, Bhuna
Hissar Barwala, Adampur
Jind Uchana, Narwana
Madhya 5.74 4 | Dhar 8 | Sardarpur, Manawar 16 400
Pradesh Khargone Maheswar, Barwah
Khandwa Khandwa, Punsa
Bhurhanpur Khakhar, Bhurhanpur
Rajasthan 4.87 3 | Hanumangarh 6 | PilliBanga ,Sangaria 12 300
Ganganagar Sadhul Sahar, Ganganagar
Nagaur Merta,
Punjab 4.50 3 | Bhatinda 6 | Sangat, Talmandi Sebo 12 300
Fazilka Khuiya Sarovar, Abohar
Mukatsar Gidharbha, Lambi
Tamil Nadu 1.86 2 | Perambalur 4 | Veppanthattai , Kunnam 8 200
Salem Gangavalli, Athur
Total 12.9 40 80 160 4000

Source: Department of Agriculture & Cooperation

* State wise list of sampled villages is given at Annextire
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2.2.3 Source of data collection

The primary data was collected by using both quantitative and qualitative research mefftoals.
guantitative methods enabled us to assess the type and quantum of benefits received by Bt cotton

from the view point of the farmers.

Data from secondary sources included all relevant and available published and unpublished
documents which were scandeto get insights into domain research target groups and related

details about Bt cotton.

The target groups/units of evaluation were:
Farmers:Bt cotton farmers were taken under the survey. From them the insights on the actual facts
and figures wereobtained alongwith the advantages and disadvantages of adopting Bt cotton.

Private sector companies involved in Bt cotton seed production were also consulted.

2.2.4 Field Research and Primary Data

The Data collection plan has been designed for maximum efficacgtimdal economics, keeping
in view the dispersal of beneficiaries across the selected states and significance of sampling needs;
with a clear objective of collecting data as per region / state basis, to consider efficiency or impact

of adoptionof Btcotton against non Bt cottoand any observations to that extent.

Sampling methodology and system was developed as @2%80 standard, witla view to depict

data accuracy and to reflect neutrality and accuracy of the program on the ground. The sample plan
was discussed later on, based on the data provided. The field study was conducted by a dedicated
team allocated in the selected blocks of the identified states for site visits, meetings and data

collection. The team was managed by senior experts designatind team.

The data was thereafter collated, tabulated and presented in utility manner for further analysis and

working. The timeline estimated for this assignment was followed.

13



Stages of studyfhe study was cwlucted in the following stages:

i. Preparationfor Survey

ii. Design and Questionnaires and client side approval

iii. Validation of Sampling Plan and Questionnaires

iv. Piloting / PreTesting of Data Collection Instruments

v. Constitution of the Survey Teams and Briefing Meeting and Training of the Seavsy t

vi. Field Survey

vii. Database creation, Data Entry & Data Cleaning
viii. Analysis of the Data received from the Field

Preparation/ Planning Meeting withClient: The Terms of Reference (ToR) has broadly explained
the scope of work, however before starting work on thiere-said tasks mentioned in ToR as well
as planning meetings with the Districtevel officialswere held. In the meeting the consultants
shared their planning methodology followed by a discussion among the experts and the officials. It

helped both theparties to get a better understanding of the assignment.

Designing a questionnaire form The survey questionnaire was designed keeping in view the
objectives of the studyso as to extracthe desired relevant information through the correct
answers needd for the planning of the project implementation strategy and to avoid any possible

biases.

Validation of Sampling Plan and Questionnairdseld research was carried out on the predefined
and approved questionnaires in active consultations with3h&LNI YSy G 2 F | I NR Odzf G dzZNB
DAG officials as well as the State and District offices of the agriculture department. The final

sampling plan, questionnaires and field survey plans was also validated and approved by DAC.

Pilot Testing & Survey Pparation: In order to validate the questionnaire and to ensure the
collection of information as per the points designed and to train the supervisors of the survey team
a pilot survey was undertaken in the selected districts of Punjab, Haryana and Mahardste

main purpose of pilot testing of the survey program was to check the validity of the questionnaire
by finding questions or words that might be misinterpreted, misread or misunderstood as well as to

check the functionality of the questionnaire ing field.

14



Constituting Field Work Teams and Briefing Meeting with Field Supervisors areld F
Investigators After the approval of the final questionnaires and the sample plan, the field team was
constituted. The team was gathered in Delhi office of dmnsulting organization and a briefing
meeting and training session was held for the field research teams. Training of the interviewers and
supervisors is one of the most important stages prior to the field survey which was done to
familiarize the intervievers with the survey instruments. The project manager of GAPL provided the
field team with a broad overview of the scheme and purpose, objective and importance of the field
survey. Thereafter an extensive discussion was held to respond to the queriese diettd
investigators. The survey teams were briefed on the tasks, which they need to carry out during the

primary survey exercise.

Error detection Questionnaires were manually edited initially and outliers detected as they are
received during collectianA series of edit rules were developed and invalid or inconsistent entries

were corrected using these rules.

2.2.5 Field Survey to Collect Primary Data

In depth field study was designed for maximum efficacy and optimal economics, keeping in view the
Bt cotton cultivation across 9 states of the country. Primary data collection included field visits for
physical verification, data available with agencies, qualitative interviews, structjurestionnaires,

FYR tw! Qa 6AGK @I NR2dza adinmgnSdfiigidsRB) NE o0 FI NY SNA X

After the briefing meeting, the field research was carried out guided by the predesigpprhved,

and structured questionnaires (prepared in active consultations with DAC). The primary data was
collected from various sources. Theld study was conducted by the survey team, comprised of 12
people, allocated for site visits, data collection through face to face interviews and meetings. The
team was managed by two expert coordinators. Data collection methods included site visits fo

structured questionnaires anititeractions withstakeholders

During the fieldwork direct meetings were held with various categories of respondents including

State Agriculture University scientists, government officiedsn whom information pertainingto

15
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targets & achievements, succestories, were collected. Thé@arious Gategories ofdake-holders
contacted are:
i. Farmers were surveyed extensively through a structured, predefined, designed and
approved questionnaire and PRA techniques

ii. Distributors/ Dalers/Retailers were interviewed in person to know the scenario and status
of pesticide and fertilizer usage on Bt Cotton, highest selling hybrids, cost of seed packets
sold, cost of fertilizers sold and to discuss anydaifety related issue in the area.

iii. Government officials were contacted to assess the impact of Bt in the area specific, district
wise and block wise information. Questionnaire for State level Government officials and
District level Government official was made. Questionnaire was sentwaileto concerned
government officers of each state. Response was received only from Gujarat and Karnataka.
In person interview of district level agriculture officer was done. In Andhra Pradesh officials
didn't cooperate to furnish data as the authoristter was issued by Central Government.

iv. Institutions ¢ An interaction with officials of Agriculture Universities was done to
understand current technologies in Bt cotton, future researches on Bt cotton, refugia
plantation status, farmers' income related tda their adaptability to Indian agriculture and
sustainability in the long run.

v. Expertsc Personal discussion with Mr. Ashok Gulati, was done to take his views regarding Bt
cotton in India.

vi. NonGovernment Organization®rganizations like Green PeaceitndNavdanya and others
were contacted for sharing their views and experiences on Bt Cotton. No response was

received from Navdanya and Green Peace India refused to share their views on Bt cotton.

2.2.6 Data Entry and Verification of Primary Data

Dealing with drge amount of data requires a systematic approach for data coding, tabulating and
entry. It is to be noted that, before data entry, the collected data was verified. Such verification was
carried out for all collected data or for the random sample of tla¢addepending upon the quality

and procedures of data collection. The data thereafter was collated, tabulated and presented in

utility manner for further use.
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Data analysis Data Analysis involved standard statistical analysis of the data and information
collected. The analysis was based upon the criteria developed before. These inputs helped in
providing critical steering direction to frame and incorporate amendments or structural changes to

the proposed system.

The raw data and information collected frothe fields of all selected villages were tabulated and
analyzed in order to find out the retime scenario. On the basis of collected data (secondary) and
field survey (visit), the Expert Team analyzed, diagnosed and provided the feedback for,
1 Profilingof Bt cotton adopting.
Scope, nature and type of advantages of the adoption of Bt cotton.
Socio economic impact on beneficiaries

1

1

 Cl NX&Ndptons, views and preferences.

T CFNY¥SNBQ OFLIoAfAGASE YR ySSRao®
1

Need for further research and improvements.

Sakeholder Discussion &-ocused Group DiscussionBarticipatory discussion arranged with

various stake holders at various levels are as follows:

Stage |‘At inception stage to discuss and finalize work plan, questionnaire and methodology

Stage IIAfter cmmpletion of field survey to discuss preliminary finding

Case StudiesVarious case studies were undertaken on -babety, resistance development,
outbreak of secondary pests and diseases after Bt cotton adoption.

Data Entry, Analysis of Secondary and Paitp Data and Report WritingBoth primary and
secondary data were collected, compiled, tabulated and analyzed using statistical toolassuch
regression analysis, software application package SPSS and other quantitative and qualitative

analytical tools andechniques to arrive at appropriate conclusions

Various statistical tools used for the data analysis are regression, correlation, descriptive statistics,

Iy f8aAa ANDVActodshably @S 6
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2.2.7

Assessment Report

On the basis of collected datané field survey (visit), our Team analyzed, diagdosed provided

the feedback for;

T

=A =2 =/ =4 4 =2

2.3

Impact on Bt cotton in reducing pesticide cangption and cost of cultivation
Net income of cotton farmers

Current pest scenario due to Bt area

Need d future research ot hybrids

Opinionof farmers or NGOs on Bt cotton

Effect of Bt seed on sikar environment insurance

The fiture thrust area of Bt hybrids

Limitations of the Study

During the Impact Evaluation Study, the study team faced various issues, due to sooiated

and few unforeseen reasons. Those are:

1.

As Bt cotton penetration in India is about 98fading out 500 non Bt farmers for survey in
9 states was a tough task. In the surveyed distrgisveyors were able to locate Bt cotton
(Gossypium hirsutuingrowing farmers or Desi / Varietal Cotto@dssypium arboretujn

growing farmers. But American cotton without bollworm resistant trait was rarely found.

. Collection of a decade old data from the farmers end was difficyltd®uldn't provide data

beyond Iat 2-3 crop season. So extracting data was very time consuming and tedious.
District wise data collection on variousspectsof Bt adoption was difficult as State
Departments don't have segregated Data forcBtton. So they provided the consolidated

datafor the Cotton crop as a whole.

. Government officials were also non responsive. We had sent mails and letters to all state

headquarters along with questionnaires of district & state level government officials but
only Gujarat, Maharashtra and Karnatakapesded to our requestst K 2 difnisya Sy
O2YYdzy AOI GA2Y (i eegaidikgthis [mpdct(EGatuation/Studawi thef State

Departmentsdidn't respond positively.

18



5. Surveyors visited all District Headquarters but all data/information was natdied by the
government officialsin AndhraPradesh district officials refused to furnish data as the
letter was from Central Government and not from State Government.

6. Brand wise Btotton Hybrid packet selling data for a period of 2diRto 201112 isnot
available with government officials. Department of Biotechno|dggvernment of India has
data related to hybrid wise packet till season 2@Bl Asthis is the first phase of
commercialization of Bt cottgnstate wise Bt cotton packets were distriat. Mahyco
Monsanto and Biotechwhich keeps the data for sale of hybrids of Bt Cotton came into
existence after 2006. There are more than 1000 hybrids of Bt cotton sold in the market. So
collecting data for 1000 odd hybrids, for a period of 10 years4fodistricts is impossible.
State wiseand companywise sale of Bt cotton is given in the report for the season 243

7. All the major seed companies were also contacted to obtain the District levebti®in
packet sold, but none of them disclaieshared the information

8. All the major NGOs working on GM crops were contacted to share their views on the
impact/ advantage/ disadvantages/ concerns overcBtton, but none was ready to give

appointment for the same.

In spite of these limitations, efforts wemade by the Study team to extract authenticated data as

much as possible and complete the studyime.
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3 An Overview of Cotton in India
3.1 Cotton Cultivation in India

India is the largest producer of cotton in the world accounting for about 25% of th&lwotton
productionandhaving the largest area under cotton cultivation, around 25% of the total world area
under cotton. If we observe year wise area, production and productivity of cotton in India, Area has
increased from B.35 lakh hectares in 20001 to 129.94 lakh hectares in 20%45 (as perthird
estimatesby Directorate of Economics & Statistid@epartment of Agriculture, Cooperation and

Farmers Welfarg

With the steep increase in adoption of Bt cottagainst non Bt cottoin India between 2002nd

2014, the average yield of cotton which used to have one of the lowest yields in the world,
increased from189.62kg f A périhectare in 20001 to 46200 kg f A périhectare in201415.
HoweveEin 201314, the national cotton yield reached the higtelevel of ™ 100 kg t A pér
hectare. The production of cotton also increased fré;20 lakh bales in 200-01 to 353.28lakh

bales in 204-15, which was a record cotton crop for India. Major shift in area, production and
productvity started from the yar 200304 onwards This was primarily due to adoption of Bt
Cotton in India. Bt Cotton was introduced in India in the year 200Zommercial production
though in certain parts of India like Gujarat spurious seeds of Bt cotton came before Bt cotton

launch in India.

Study reveals that the yield of Bt Cotton in the states of Haryana (766 Mfa), Punjab(757 Kg
f ANAd) and Gujarat(692 Kgf A NAa) are higher than other Bt cotton growing states in the
country. Similarly, other States that predonantly grow cotton in rainfed conditions have also
shown remarkablencreasein cotton yield in 20134, 374kg lint per hectaran Maharashtra and

534kg lint per hectare in Andhra Pradeish201314 (Department of Agriculture & Cooperatipn

The phenomaal rise in cotton production is attributed to the wide scale adoption of Bt cotton,
single gene Bt cotton from 2002 to 2006 and dual gene Bt cotton from 2006 onward, by smallholder
cotton farmers across thaine cotton growing States. In 2014, 7.7 millioatton farmers adopted

Bt cotton representing 95% of estimated 12.25 million cotton farmers in I(®idtech Cotton in
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India, 20022014, ISAAA)In recent years, farmers increased the density of cotton planting
particularly in irrigated and sennirigated conditions that led to substantial increase in cotton

productivity per hectare across the country.
Table2: Area and production of cotton in India2002 to 205)

2000-01 85.35 95.20 189.62
2001-02 91.32 99.97 186.10
200203 76.7 86.24 191.14
200304 75.98 137.29 307.18
200405 87.87 164.29 317.85
200506 86.77 184.99 362.43
200607 91.44 226.32 420.76
200708 94.14 258.84 467.42
200809 90.07 222.76 403.00
2009-10 101.32 240.22 403.00
201011 111.23 330.00 499.00
201112 121.78 35200 491.38
201213 119.77 342.20 485.71
201314* 119.@ 359.02 5wm 100
201415** 129.94 35328 462.00

SourceDepartment of Agculture & Cooperation

*Final Estimate, ** 3 Estimate

—&— Areain Lakh Hectare ~ —@— Production in Lakh Bales = —&—Yield Kg/Ha

600
500
400
300
200

100

Figure3: Area, Production & Yield iPre and PosBt Cotton Phase in Indi@200001 to 201415)

SourceDepartment of Agriculture & Cooperation
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3.2 Cotton Cultivation Practices and Patterns across the States

Cotton is cultivated in three agro ecological regions of India namely North, Central and South zones.
The northern zone is completely irrigated whereas thecpatage of irrigated area is much lower in
central and southern zones. Northern zone comprises of Punjab, Haryana and pRagsthan,

which contributes 15.9% to national production. Central Zone comprises of States of Maharashtra,
Gujarat and Madhy#radesh This region accounts for maximum area and production of Cotton in
the cowntry and contributes 58.4% to national production. Third zone is Southern Zone which
comprises of Andhra Pradesh, Karnatand Tamil Nadwhich accounts for 24.6% to natimal

production.

3.2.1 Area under Cotton

Northern zonecomprisingof Punjab, Haryana and parts of Rajasthan where cotton is grown under
irrigated conditions on alluvial and sandy soils. The region is known for gra@asgypium
hirsutum and Gossypiunmarboreum type of cottons. After the introduction of Bt cottorintra-
hirsutum are being extensively cultivated. This zone ha$7 % of total area under Bt cotton in
India. Cottonr'Wheat is the predominant cropping system. Main competitive crop coming up in
Punjab isBasmati RiceMany farmers have shifted from Cotton to Basmati Rice in districts of

Mukatsar and Bhatinda owing to higher commodity prices of Basmati.

Central zonecomprises primarilyof rainfed area of MP, Maharashtra and Gujarathis zone has
highest area under Bt cotton in the country whuch is 61.02 % of total area under Bt cotton.
Predominant area is under black soil, which is subjected to runoff, soil erosion, and nutrient losses.
Cotton productivity is the lowest due to uncertainty and vagariesmohsoon. This Central zone is
known to grow 3 varieties of cotton i.&5ossypium hirsutumGossypium arboreumGossypium
herbaceumand hybrid. Moisture stress, salinity, soil degradation problems are often encountered.
Cultivation is done traditionally vt bullock drawn implements and by manual labour. There are
more weeds, pests andiseases dugo uncontrollable rain and soil problems. The area is more
suitable for diploid cottons. Cotton is grown as a mamop or as an intercropping system. Main
compettive crop for cotta is Groundnut andoybeann the central zone. Groundnut is a major

competitive crop to cotton in Saurashtra, Gujarat; owing to heavy black soil conducive for
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Groundnut cultivation. Whereas in North Gujarat i.e. Himatnagar, Idhar,siamea of Gujarat,
Castor is one of the major crops grown in Kharif season. The choice of sowing a particular crop in
Kharif season depends on two factors: onset of monsoon and price of the commodity. For example
in the year 2014, the market price per qtal of cotton varied from Rs. 3800 to 4200 whereas price

of groundnut ranged from Rs. 2800 to Rs. 3300 per quintal. In case of Groundnut farmer can go for
subsequent crop like Coriander which fetched good prices last year. In the state of Gujarat spacing
is wider compared to other cotton growing states as the soil is predominantly black soil. In

Maharashtra spacing is closer as compared to Gujarat

Southern zonecomprising of Andhra PradesKarnataka,and Tamil Nadu is a zone for growing
Gossypium hirstwum, Gossypium arboretum, Gossypium herbaceum, Gossypmanbadense,and
Hybrid cottons.This zone has 25.51 % total area under cotton in Irf8kals of this zone are both
black and red soil with poor fertility. Cotton cultivation is done under both&dtead and rain fed
conditions. The area is well known for growing long and extra long stdp® hybrid and
Gossypium barbadenseottons. Pest and disease problems are more. Bueonduciveclimate,
cotton can be grown throughout the year. In southern zp@etton is grown as sole crop or in
intercropping system with Onion, Chili, Cowpea, Maize etc. CdRior rotation is also followed in
this area. In Andhra Pradesh, Cotton, Maize, Chili and Paddy are grown primarily in Kharif season. In
Guntur district Chili is cultivated in major area after cotton. While in Warangal disthiatidy and
cotton are the major kharif season crops grown. In Khampfaaiton and Maize are major kharif
crops grown.

Table3: Cropping Pattern of differentotton growing states

Region | State Kharif Rabi
Punjab Cotton/Paddy/Guar/Vegetables Wheat/Mustard

North Haryana Cotton/Guar/Paddy/Jowar Wheat/Mustard/Fodder
Rajasthan Cotton/Guar/Bajra/Green Gram Wheat/Mustard/Cumin
M.P. Cotton/Soybean/Banan&hili/Maize Wheat/Gram/Maize/Sugarcane/Grar

Central Guijarat Cotton/Groundnut/Castor/Vegetables | Wheat/Sugarcane/Gram
Maharashtra Cotton/ Wheat/Jowar/Sugarcane/Gram
Andhra Pradesh | Cotton/Chili/Maize/Paddy Paddy/Maize/Bengal

Southern . Gram/Tobacco/Groundnut
Kamnataka Cotton/Maize Wheat/Barley/Mustardéesame
Tamil Nadu Cotton/Paddy/Maize Jowar/Bajra/Ragi/Cotton/Groundnut

Source: Primary Survey
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4 Adoption and Growth of Bt Cottomver non Bt Cottonn India

Bt cotton was approved by the Government of India fomeeercial cultivation in India in 2002
considering the positive report by Y RA L'y / 2dzy OAf 2 FICARDNKiaD dzBi dzNJ £
cotton. In March 2002the Genetic Engineering Appraisal Committee (GEAC), the regulatory body

of the Government of Indidor transgenic crops approved the commercial cultivation of three Bt

cotton K @ 6 NBt RM&ECH 12, Bt MECH 162 and MECH TBdseK & 6 NierB d@eveloped by

Monsanto in collaboration with its Indian partner Maharashtra Hybrids Seeds Company (MAHYCO).

4.1 Chrondogy of Bt Cotton in India

March 10, 1995Department of Biotechnology (DBT) of the Government of India permits import of
100 gm of transgenic Cock8l2 variety of cottonseed cultivated in the United States by Mahyco.

This variety contained the Cry 1 Aeng from the bacteriunBacillus thuringiensis

April 1998:MonsantoMahyco tie up. Monsantevasgiven permission for small trials of Bt cotton

100 g per trial by Department of Biotechnology (DBT).

January 8, 199%Review Committee for Genetic ManipulatidRCGMexpresses satisfaction over
the trial results at 40 locations and on April 12th directs MAHYCO to submit applications for trials at

10 locations beforéMonitoring and Evaluation CommitteMEQ

2000-2002:ICAR trials were conducted at differeAll India Coordinated Cotton Improvement

Project (AICCIREntres of Central and South Zone locations.

February 20, 2002The Indian Council of Agricultural Research (ICAR) submitted a positive report
to the Ministry of Environment on the field trials of Bitton. With this it was expected that the
Genetic Engineering and Approval Committee (GEAC) of the environment ministry will approve

commercial use of Bt cotton soon.

March 25, 2002Approval given for commercial cultivation to three Bt Cotton hybridsviés.
MAHYCO by GEAC. In India, the area under Bt cotton hybrid has increased fromO0a29#iakhs
ha during 2002 td.0.148 lakh$a in 2005.1t was observed that ithe year2006:07, the areaunder
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Bt cottonhas increased t@4.61 lakhsha which was mee than 3 timesNearly 92.12%er cent of
GKS O2dzyiNEQa O2iGG2y IINBF A& y2g O20SNBR oe@
cotton output from 13 million bales in 2002 (when it was introduced) t6 2 4fximillion bales in
2014. Accumulately, 45 million small farmers in India have benefited from planting Bt cotton

repeatedly yeasafter year during the 13ear period 2002 to 2014.
4.2 Adoption of Bt Cotton

To understand the trend of adoption of Bt cotton, the number of years was categange 5 class
intervals as can be seen ihe table givenbelow. The survey reveals that around 16.13% of the
al YLX SR T I NI SNA @ottanSedeB befordzthe far@al apprgva in 2002. The farmers
of Andhra Pradesh took a lead where 47% of tagpondent reported tdhave cultivated Bt-cotton

before 2002. This was followed by farmers of Gujarat and Punjab where 30% & 21% respondent

reported to be cultivating Btotton prior to 2002.This happened as spurious seddst 6 St A SOSR

got introduced inindia even before approval of Bt cotton for commercial producbhgrGEAC.

The survey also reveals that 52.39% of the farmers reported to be cultivatiogttBh by more

than 7 years. Under this category around 74% respondent farmers in M.P. repaoitiedtion of Bt

cotton by more than 7 years. This was followed by the farmers of Punjab, Haryana, Maharashtra

and Rajasthan.

Table4: Duration for cultivation of Bt Cotton by Surveyed farmers (%)

State Percentage of Farmers cultiviaig Bt Cotton
7to12 5t07 2to5 Oto 2 Before Total
Years Years Years Years 2002
A.P. 28.80 16.60 6.20 1.00 47.40 100.00
Gujarat 53.61 12.81 3.53 0.00 30.04 100.00
Haryana 60.35 17.71 2.00 0.25 19.70 100.00
Karnataka 38.30 30.85 22.87 3.72 4.26 100.00
M.P. 74.25 23.75 2.00 0.00 0.00 100.00
Maharashtra| 56.91 33.75 5.11 0.00 4.23 100.00
Punjab 69.67 8.67 0.33 0.33 21.00 100.00
Rajasthan 55.96 28.15 14.90 0.00 0.99 100.00
Tamil Nadu 24.50 45.00 26.50 2.50 1.50 100.00
Total 52.39 23.33 7.50 0.66 16.13 100.00

Source: GAPL Analysis

During the surveyfarmers were also queried on various reasons for adoption efoBbn. The

finding reveals that around 69.76% of the respondent farmers opted faoBon due to high \eld.
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Good quality was second popular reason amongst the farmers for adoption -0bt®n.
Interestingly 41% of the respondent said that they adopted Bt cotton because of low pest
incidence. The other reasons, for adoption ofcBtton, were early floweng and more boll

bearing.

Table5: Surveyed Farmers Response (%) about reason of growing Bt Cotton

Low pest incidence Good quality Early More boll Others
/ pesticide usage Yield produce flowering bearing
A.P. 6.80 94.60 86.20 19.80 0.40 0.00
Gujarat 19.15 44.48 63.33 15.17 7.51 0.29
Haryana 85.54 65.59 60.35 6.73 4.49 0.00
Karnataka 22.87 69.41 56.91 61.44 23.40 0.53
M.P. 42.50 97.25 59.50 2.25 0.00 0.00
Maharashtra 26.40 61.77 50.68 27.27 30.76 0.25
Punjab 83.67 69.00 69.67 9.67 0.67 0.00
Rajasthan 75.17 65.89 82.78 9.60 0.33 0.00
Tamil Nadu 85.00 86.50 19.00 16.50 0.50 0.00
Total 40.97 69.76 62.08 19.67 10.35 0.15

Source: GAPL Analysis

To understad the source of information on Bt cotton amongst the farmers, sampled farmers were
gueried on various sourcesf information The analysis of data reveals that seed companies/
dealers were the major source of information ondgittton as 75% of the respondereported to

get information from them. Fellow farmers were the other major source of information en Bt
cotton as 45% respondent confirméellow farmersas sourceof information Krishi Vigyan Kendra
(KVK) & State Agricultural Universities and newspapesigazines were the other source of

information for the farmers.

Table6: Source of awareness among sampled farmers abut Bt cotton

Extension Fellow Leaflet/ Seed
worker farmer SAU magazine companies/
/Newspaper Dealers
A.P. 0.20 99.20 4.80 1.40 82.00
Gujarat 2.80 35.64 1.91 0.44 66.30
Haryana 5.49 11.47 7.98 1.25 81.50
Karnataka 9.31 63.30 28.46 30.85 67.80
M.P. 0.50 3.50 0.25 0.25 96.50
Maharashtra 1.00 66.50 5.85 0.75 64.00
Punjab 0.67 3.67 3.67 0.00 92.70
Rajasthan 0.99 0.99 3.97 0.33 96.70
Tamil Nadu 4.00 96.00 0.50 0.00 29.50
Total 2.52 44.84 6.26 3.51 75.00

Source: GAPL Analysis
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4.3 Acceptability of Bt cotton

The survey reveals that the Bt ¢mh is finding acceptability amongst the farmeiBuring field
survey it was found thatmost of the sampled farmers were early adopter of Bt cotton as can be
seen from thebelow giventable. Around 52.39% farmers were the earliest and oldest adopter of Bt
cotton and were cultivating Bt crop since official launch of Bt cotton. This seems to have motivated
other farmers also as remaining cotton growing farmers also undertook cultivation of Bt cotton and
have been growing cotton for last 7 years. Around $If&rmers undertook cultivation in recent
times. Interestingly, around 16.13 % of the sampled farmers reported to have been cultivating Bt
cotton even before its official launch in the country. Farmers of Andhra Pradesh were the earliest
adopter of Bt cotbn as 47.40% of sampled farmers in the state have reported to be undertaking
cotton before 2002.This was followed by the farmers of Gujarat and Punjab where 30.04% & 21.0%

farmers undertook Bt cultivation respectively.

Table7: Duretion for cultivation of Bt Cotton by Surveyed farmers (%)

State Percentage of Farmers cultivating Bt Cotton
7to 12 5t07 2to5 Oto 2 Before Total
Years Years Years Years 2002
A.P. 28.80 16.60 6.20 1.00 47.40 100.00
Guijarat 53.61 12.81 3.53 0.00 30.04 100.00
Haryana 60.35 17.71 2.00 0.25 19.70 100.00
Karnataka 38.30 30.85 22.87 3.72 4.26 100.00
M.P. 74.25 23.75 2.00 0.00 0.00 100.00
Maharashtra 56.91 33.75 5.11 0.00 4.23 100.00
Punjab 69.67 8.67 0.33 0.33 21.00 100.00
Rajasthan 55.96 28.15 14.90 0.00 0.99 100.00
Tamil Nadu 24.50 45.00 26.50 2.50 1.50 100.00
Total 52.39 23.33 7.50 0.66 16.13 100.00

Source: GAPL Analysis

4.4 Commercialization of Cotton

Commercialization of Bt cotton increased 220d in 2013 at 11 nilion hectares from 50,000
hectares in 2002The use of BCotton in India has grown exponentially since its introduction.
Recently India has become the number two global exporter of cotton and the second largest cotton

producer in the world.

The tablenumber8illustrates state wise and year wise area under cotton, Bt cotton and depending

upon the area under Bt cotton in the state, number of Bt cotton packet sold in the state has been
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calculated. Assumption in the calculation is that the seed rate le@s lzonstant throughout the
years. Depending upon the primary survey conducted in 9 statssd rate per acre in terms of
packets per acre has been taken. Total area under Bt cotton has been multiplied with seed rate to
calculate the number of packets Bt cotton sold in the state in a particular year. Area under cotton

in a particular state has been taken frahe StateDepartment of Agriculture

Area under cotton in India lsancreased exponentially froit6.7lakhhectaresin 200203 t0129.94
lakh hectares 2@.4-15. Total area under Bt cotton in India has increased b9 lakh hectares in
200203 to 118.35f | hektare in 201415. If we analyze the percentage share of Bt cotton in total
cotton grown, penetration of Bt cotton increased frdB8%in 200203 to 91.086in 201415.
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Table8: State wise acreage under cotton, Bt cotton and no. of packet @002 to 2014)

State Particulars 2002 | 2003 | 2004 | 2005| 2006| 2007| 2008, 2009| 2010 2011| 2012| 2013| 2014

Maharashtra Cotton Aredn lakh Ha 28.00| 27.62| 28.4| 28.75| 31.07| 31.95| 31.42| 35.03| 39.42| 41.25| 41.46| 38.72| 40.29

Bt Cotton Area in Lakh Ha| 0.12| 0.22| 1.62| 5.09| 16.55| 25.62| 25.72| 30.48| 35.43| 38.95| 38.15| 36.87| 40.10

Bt cotton Area in Lakh Acr¢ 0.30| 0.54| 3.99| 12.57| 40.88| 63.28| 6353 | 75.29| 87.51| 96.21| 94.23| 91.07| 99.05

No. of Packet Sale in'000| 0.44| 0.81| 5.98| 18.85| 61.32| 94.92| 95.29| 112.93| 131.27| 144.31| 141.35| 136.60| 148.57

% Share of Bt cotton 043| 0.79| 5.69|17.70| 53.27| 80.19| 81.86| 87.01| 89.88| 94.42| 92.02| 95.22| 99.53

Andhra Radesh | Cotton Area in lakh Ha 8.03| 8.37| 11.78| 10.33 9.72| 11.33| 13.98| 14.83| 18.79| 18.79| 24.00| 22.69| 26.29

Bt Cotton Area in Lakh Ha| 0.04| 0.05| 0.71| 0.90 6.57| 10.00| 11.43| 12.53| 17.01| 18.26| 22.35| 22.49| 22.29

Bt cotton Area in Lakh Acr¢ 0.09| 0.13| 1.76| 2.23| 16.23| 24.70| 28.23| 30.95| 42.01| 45.10| 55.20| 55.55| 55.06

No. of Packet Sale in'000| 0.16| 0.23| 2.99| 3.80| 27.59| 41.99| 47.99| 52.61| 71.42| 76.67| 93.85| 94.44| 93.60

% Share of Bt cotton 047| 0.65| 6.04| 8.75| 67.59| 88.26| 81.76| 84.49| 90.53| 97.18| 93.13| 99.12| 354.37

Gujarat Cotton Area in lakh Ha 16.35| 16.41| 19.06| 19.06| 23.90| 24.22| 7616| 26.25| 26.33| 29.62| 24.97| 26.91| 29.81

Bt Cotton Area in Lakh Ha| 0.09| 0.42| 1.26| 1.49 4.07| 13.00| 1450| 15.39| 20.88| 26.78| 21.85| 25.68| 27.13

Bt cotton Area in Lakh Acr¢ 0.22| 1.03| 3.11| 369 | 10.05| 32.11| 35.82| 38.01| 51.57| 66.15| 53.97| 63.43| 67.01

No. of Packet Sale in'000| 0.29| 1.34| 4.04| 4.79| 13.07| 41.74| 46.56| 49.42| 67.05| 85.99| 70.16| 82.46| 87.11

% Share of Bt cotton 0.56| 2.54| 6.61| 7.83| 17.03| 53.67 0.19| 58.63| 79.30| 90.41| 87.51| 95.43| 91.01

Madhya Pradesh Cotton Area in lakh Ha 564| 5.76| 6.20| 6.39 6.30 6.18 6.04 6.11 6.50 7.06 6.08 6.21 5.74

Bt Cotton Area in Lakh Ha| 0.01| 0.13| 0.86| 1.36 3.02 4.71 5.14 6.06 6.00 6.35 5.38 5.69 5.50

Bt cotton Area in Lakh Acr¢ 0.03| 0.33| 2.13| 3.36 746| 11.63| 12.70| 14.97| 14.82| 15.68| 13.29| 14.05| 13.59

No. of Packet Sale in'000| 0.05| 0.46| 3.00| 4.74| 10.52| 16.40| 17.90| 21.11| 20.90| 22.12| 18.74| 19.82| 19.15

% Share of Bt cotton 0.25| 2.31|13.89| 21.31| 47.94| 76.21| 85.10| 93.23| 84.99| 104.44| 86.63| 99.13| 95.82

Rajasthan Cotton Area in lakh Ha 3.44| 4.38| 4.72 3.5 3.69 3.02 4.44 4.44 3.35 4.70 4.50 3.03 4.16

Bt Cotton Area in Lakh Ha| 0.00| 0.00| 0.00| 0.02 0.05 0.38 1.48 2.80 2.60 4.00 3.15 2.38 3.95

Bt cotton Area in Lakh Acr¢ 0.00| 0.00| 0.00| 0.06 0.12 0.94 3.66 6.92 6.42 9.88 7.78 5.88 9.76

No. of Packet Sale in'000| 0.00| 0.00| 0.00| 0.11 0.23 1.78 6.95| 13.14| 12.20| 18.77| 14.78| 11.17| 1854

% Share of Bt cotton 0.00| 0.00| 0.00| 0.66 1.36| 12.58| 33.33| 63.06| 77.61| 85.11| 70.00| 78.55| 94.95

Karnataka Cotton Area in lakh Ha 3.93| 3.17| 5.21| 4.13 3.75 4.03 4.06 4.27 5.45 5.54 4.85 5.94 8.10

Bt Cotton Area in Lakh Ha| 0.02| 0.03| 0.34| 0.29 0.80 1.46 1.57 3.16 3.73 4.60 3.88 5.76 7.70

Bt cotton Area in Lakh Acr¢ 0.05| 0.07| 0.85| 0.72 1.98 3.61 3.88 7.81 9.21| 11.36 9.58| 14.23| 19.02

No.of Packet Salein'000 | 0.08| 0.12| 1.36| 1.16 3.16 5.77 6.20| 12.49| 14.74| 18.18| 15.33| 22.76| 30.43

% Share of Bt cotton 0.53| 0.95| 6.58| 7.09| 21.33] 36.23| 38.67| 74.00| 68.44| 83.03| 80.00| 96.97| 95.06

Tamil Nadu Cotton Area in lakh Ha 0.76| 098 1.29| 1.41 1.00 0.99 1.10 1.15 1.22 1.33 1.28 1.39 1.25

Bt Cotton Area in Lakh Ha| 0.00| 0.08| 0.12| 0.17 0.32 0.60 0.12 0.09 0.62 1.06 0.87 1.13 1.07

Bt cotton Area in Lakh Acr¢ 0.01| 0.19| 0.30| 0.42 0.79 1.48 0.30 0.22 1.53 2.62 2.15 2.79 2.64

No. of Packet Salein'000| 0.01 | 0.32| 0.50| 0.71 1.34 2.52 0.50 0.38 2.60 4.45 3.65 4.74 4.49
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% Share of Bt cotton 0.39| 7.76| 9.30| 12.06| 32.00| 60.61| 10.91 7.83| 50.82| 79.70| 67.97| 81.29| 85.60
Punjab Cotton Area in lakh Ha 449| 452| 5.09| 5.57 6.07 6.04 5.27 5.36 5.30 5.60 4.80 5.05 4.50
Bt Cotton Area in Lakh Ha| 0.00| 0.00| 0.00| 0.70 2.81 5.57 4.76 5.14 5.10 5.46 4.07 4.97 4.30
Bt cotton Area in Lakh Acr¢ 0.00| 0.00| 0.00| 1.74 6.94| 13.76| 11.76| 12.70| 12.60| 13.49| 10.05| 12.28| 10.62
No. of Packet Sale in '000| 0.00| 0.00| 0.00| 2.90| 11.59| 22.98| 19.63| 21.20| 21.04| 22.52| 16.79| 20.50| 17.74
% Share of Bt cotton 0.00| 0.00| 0.00| 12.64| 46.29| 92.22| 90.32| 95.90| 96.23| 97.50| 84.79| 98.42| 95.56
Haryana Cotton Area in lakh Ha 5.19| 5.26| 6.21| 5.83 5.3 4.83 4.55 4.55 492 6.41 6.14 5.66 6.39
Bt Cotton Area ihakh Ha 0.00| 0.00| 0.00| 0.11 0.42 2.79 3.46 4.90 418 5.88 5.73 5.38 6.31
Bt cotton Area in Lakh Acr¢ 0.00| 0.00| 0.00| 0.26 1.04 6.89 855| 12.10| 10.32| 14.52| 14.15| 13.29| 15.59
No. of Packet Sale in'000| 0.00| 0.00| 0.00| 0.41 1.61| 10.68| 13.25| 18.76| 16.00| 2251 | 21.94| 20.60| 24.16
% Share of Bt cotton 0.00| 0.00| 0.00| 1.84 7.92| 57.76| 76.04| 107.69| 84.96| 91.73| 93.32| 95.05| 98.75
All India Cotton Area in lakh Ha 78.70| 75.98| 87.87| 86.77| 91.45| 94.14| 94.07| 101.32| 112.35| 121.78| 119.78| 117.51| 128.48
Bt Cotton Area indkh Ha 0.29| 0.93| 4.99| 10.15| 34.61| 63.34| 68.81| 80.55| 95.50| 111.39| 105.43| 110.35| 118.35
Bt cotton Area in Lakh Acr¢ 0.73| 2.30| 12.31| 25.07| 85.49| 156.45| 169.96| 198.96| 235.89| 275.13| 260.41| 272.56| 292.32
No. of Packet Sale in'000| 1.05| 3.33| 17.85| 36.35| 123.% | 226.85| 246.44 | 288.49| 342.03| 398.94| 377.60| 395.22 | 423.87
% Share of Bt cotton 0.37| 1.23| 5.67| 11.70| 37.85| 67.28| 73.15| 79.50| 85.00| 91.47| 88.02| 93.91| 92.12

Soure: Department of Agriculture & Cooperation
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The study reveals thatlorthern region were laggds in adoption ofBt cotton, cultivation of Bt
cotton started in 2005 which is three years after Bt cotton getting into commercial production in

India. Maharashtra, Gujarat and Andhra Pradesh were early adopters of Bt Cotton.

In 2002, Maharashtra had).12 lakh hectaresunder Bt cotton followed by Gujarat @.09 lakh
hectares AndhraPradesh withD.04 lakh hectaresand Karnataka witl®.02 lakh hectares In 2014
Maharashtra hadt0.10 lakhhectare under Bt Cotton followed by Gujarat wifi.13lakh hectares,

in third position is Andhra Pradesh havingZ®akhhectares area under Bt Cotton.
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Figure4: Growth in Area under Bt Cotton in Indi@om2002-03 to 201415
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From the table belowit is clear that from 20023 after the formal approval, the area under-Bt
cotton increased during subsequent years. In the first year only Mahyco got license to produce
seeds of Bt cotton and in the year 2606, 2 mae companies entered into Bt cotton hybrid seed
production. The other companies interested in producing Bt cotton hybrid seeds, took license from
Mahycc Monsanto Biotech, and also from GEAC and produced cotton hyhbmitise year 200203

only 3 hybrids wre approved and in 20184, 1097 hybrids are being sold in the markgbm

different seed companies.
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4.5 District wise Growth Rate of Bt Cotton

North India: Major states in this region are Punjab, Haryana & Rajastimthese states Bt cotton was adoptdater in comparison to
L' yydzl f
w | (C&GRior Bt Cotton in all the districts is more tha80, in Hanumangarh it &21%, Gangnagar isl16% aml in Nagaur it is highest

other regions.In Haryana, growth rate of all the surveyed districts have incredsethe state of Rajasthart 2 Y LJdzy’ R

(14%%). In Haryana growth rate of adoptn is quite encouraging at 81% in Sirsa, 77% in Fatehabad, 80% in Hisar and arfoundidgl.
Area under Bt Cotton has increased year on year in all the district cauRjom the table it can be observed tf@AGR oBhatinda is

51.3P0, lazilka is 30.49% and Mukatsar i981

Table9: District wise growth rate in North India (Punjab, Rajasthan & Haryana

State Districts 200506 | 200607 | 200708 | 200809 | 200910 | 201011 | 201112 | CAGR
Rajasthan| Hanumangarh 2669 18944 31564 | 103249 75563 | 694672| 121.3%%6
Ganganagar 2168 19715 42720 110242| 122037 474793| 115.9%%
Nagaur 240 999 3919 11409 15894 | 123643| 143.9%
Punjab | Bhatinda 7909 71287 | 147552| 1345/680| 138096| 141458| 144000| 51.3P%
Fazilka 17696 69898 | 128186 108384| 120834| 111150| 114000 30.4%%
Mukatsar 14157 58788 | 114353 94836 91105 90456 94000| 31.05%
Haryana | Sirsa 2926 12751 92994 119383| 153720| 152928| 188047| 81.26%
Fatehabad 1454 6098 43898 57790 67200 66269 79805| 77.2%%
Hisar 228 9029 61803 79842 | 107520| 102802| 139430 79.9%%
Jind 681 2851 21949 30416 35280 37382 55955| 87.74%

SourceState Agriculture Department§APL Analysi€EAGR foHaryana,Rajasthan and Punfghas been caldated between 20086 & 201112
Central India:The region comprises of Madhya Pradesh, Gujarat & Maharasht@ertral India, growth rate dBt cotton adoption has

increased in most of the districts of surveyed statesMadhya PradesBAGR for Dhar #1.13%, Khargone i86.90%, Khandwas 21.57%

and Burhanpur is 20.84.In Gujarat area under Bt cotton has increasealinthe sampledistrictsviz. Surendernagar (66.89), Rajkot
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(77.76%), Bhamagar (68.2%), Amreli (90.6%),Bharuch (6.37%), Vadodara (68.%4) & Ahmedabad (69.5%) In Maharashtra growth
rate of Bt coton adoption ranged between 52.48 Amravat) to 76.4%% (Aurangabad).

Tablel0: District wise growth rate in Central India (MP. Maharashtra & Gujgra

State Districts 200203 | 200304 | 200405 | 200506 | 200607 | 2007-08 | 200809 | 200910 | 201011 | 201112 | CAGR
Madhya Dhar 22972 55371 88900 93950 104045 90429 87892 | 21.13%
Pradesh Khargone 38465 91400 150134 173093 199885 169385 203820 26.90%

Khandwa 15365 36386 56776 62408 71041 58813 60286 | 21.57%6

Burhanpur 9930 22900 34980 39250 41954 38585 37296 | 20.81%

Guijarat Surendranagar 2899 384500 407100 422600 434100 448200 448700 455800 499100 477200 66.59%
Rajkot 1229 168100 202800 221000 310000 281800 245000 287200 356900 387100 77.76%

Bhavnagar 1677 190100 198700 224600 274600 304400 306200 309700 301000 305200| 68.27%

Amreli 613 104000 116400 148100 194300 235600 227100 245500 269400 388900| 90.66%

Bharuch 1112 132900 129700 148000 153100 129400 133600 107000 118400 125100 60.37%

Vadodara 1093 158100 172800 178100 185200 173400 166500 162100 166300 196900 68.10%
Ahmedabad 1134 168000 189500 170300 174800 185200 193900 220000 209200 221900| 69.50%
Maharashtra | Yavatmal 3589 4061 23429 68396 244875 416500 379400 392100 479800 432990| 61.49%
Jalna 1290 1695 12250 45619 138160 267500 285900 290700 303300 276210 71.03%
Aurangabad 1206 1814 14749 52796 167060 306100 251700 281400 332900 352749 | 76.45%

Jalgaon 3418 4143 27885 83047 249020 416000 434600 413600 509700 493740| 64.43%

Naded 1910 2327 16417 48089 127738 207800 269300 257400 302100 293940| 65.47%

Buldana 1498 1977 13988 41692 138812 249200 247600 239400 251500 222750 64.91%

Parbhani 1722 1995 13939 185000 115301 198100 204400 217700 232400 216450 62.15%

Amravati 2483 2879 18881 54126 143194 175400 116100 179400 204300 168660 | 52.48%

Source State Agriculture Department§APL AnalysiCAGR for M.Ras been calculated from 204 to 2011-12 & for Gujarat & Maharastia CAGR has
been calculated between 2048 & 201112

South India: The region consists of Tamil Nadu, Andhra Pradesh and Karnataka. Irer8qalt of India, Growth rate of Bt cotton
adoption has increased in dhle sampled districtdn the region. Antra Pradesh hasmerged as deader in the region withsampled
districts recordingspectacular growthCAGR for Bt cotton in the districts Ahdhra Pradesh ranges from 78.36% (Warrangal) to 93.63
(Adilabad) Analysis of data reveals that cotton in sanmptéistricts of Tamil Nadu has shown increasing growth rete. study reveals that

Bt cotton growth in sampldistricts of Tamilnadu varied from 57.14%a({en) and82.51% irPerambalurin Karnataka growth rate of Bt
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cotton has been observed to be gradiyalncreasing since adoption in the year 2d% Bt cotton growth in sampled districts of

Kamnataka varied between 8.17% (Blalgn) to 88.65% in Dharwad
Tablell: District wise growth rate in South India (Taniladu, AP & Karnata)

State Districts 200203 200304 | 200405 | 200506 | 200607 200708 200809 200910 201011 201112 CAGR

Tamil nadu | Perambalur 56 398 1248 6224 12903 11327 24000 23100 29300 22960 82.51%
Salem 150 850 3481 5567 10818 9738 9000 9000 12350 13770 57.14%

Andhra Adilabad 577 0 0 40789 149620 248440 264469 386607 321731 427575 93.63%
Pradesh Karimnagar 454 0 0 20614 72645 100800 133773 275233 233042 201272 83.9%%
Warrangal 630 17 20 66158 152892 174000 185494 228568 225693 205275 78.368%

Guntur 512 888 7176 31662 108472 206745 147870 9948 168385 283414 88.0%%0

Khammam 589 0 0 25170 84577 107146 145830 162755 147123 216142 80.4%%0

Karnataka Dharwad 430 910 9290 9210 28180 55490 58790 68969 88.63%
Haveri 2220 3900 3270 10740 49580 40080 89480 99610 100000 106141 47.22%

Mysore 10630 25820 57040 99090 99200 44335 26.8™0

Belgum 18749 37659 28359 28247 21050 20041 30046 38331 38012 8.1™

Source State Agriculture Department§APL Analysi€AGR for Tamil Nadund APhasbeen calculatedhetween 200203 &2011-12and CAGR
for Karnatak it is calculated between 20a23 & 201112 in Haveri, 20041 inBelgum, 2004L1 in Dharwad and 20061 in Mysore as per data
given by state Govt.
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5 Relative contribution of Bt hybrid in yield enhancemen

Bt Cotton isresistant to bollworms angpodoptera lituraBt cotton technology do not assure or
guarantees yield enhancement, though as in non Bt cotton infestation of bollworms were very high
and it damaged mainly fruiting bodies like squares, flowansl bolls Therefore due to less
bollworm infestation the Bt cotton yield increasedThis was an additional benefit of Bt cotton

which farmers got or observed.

The decomposition reveals that most of the increase in output is brought by the effecangehn

area and change in yield and the interaction of the both. Thus, the total change in production can
be decomposed into three effects viz. yield effect, area effect and the interaction effect due to
change in yield and aréa

Table12: Change in Area, Production and Productivity Bf Cotton

Average of initial 3 years SRR EY cu;rg;;)s YRS (@A % Change
State Area Production Yield Area Production Yield Area Production | Yield
(Lakh Ha)| (Lakh Bales)] (Kg/Ha) | (Lakh Ha)| (Lakh Balg) | ( Kg/Ha)
Punjab 3.03 10.83 554 4.45 21 721 46.86 93.91| 30.14
Haryana 1.11 10.38 486 5.81 23 714 | 423.42 121.58| 46.91
Rajasthan 0.15 2.52 389 3.16 14 512 | 2006.67 455.56| 31.62
Gujarat 0.59 16.85 338 24.89 116 638 | 4118.64 588.43| 88.76
Maharashtra 0.65 25.96 184 38.37 81 292 | 5803.08 212.02| 58.70
MP 0.34 3.9 194 5.52 19 509 | 1523.53 387.18 | 162.37
AP 0.27 10.86 310 22.38 72 514 | 8188.89 562.98| 65.81
Karnataka 0.13 3.31 198 5.78 18 398 | 4346.15 443.81| 101.01
Tamil Nadu 0.07 0.84 242 1.02 5 594 | 1357.14 495.24 | 145.45

SourceDepartment of Agriculture & Cooperatigfinitial 3 yrs for Punjab, Haryana & Rajasthan is of 2005,2006 &
2007& for rest other states are 2002,2003 & 2004

The above table shows theereniage change in aregield and production oBt cotton during the

period from 200203 to 201415. For calculating the percentage change we have taken initial 3

years average data after Bt Cotton adoption in each state like in northern staregly Punjab,

Haryana and Rajasthan adoption of Bt cotton started in the year-P808o0 base year data is taken

from 200506 to 2007-08 and for other states base year is taken as an average of@D02 2004

05. It is observed fromhe table above that thehange inarea is observed maximum #ndhra

Pradesh, Maharashtra, Karnataka and Gujarat as gradual increase in area was observed in these

2 Minhas, B.S. and A. Vidhyanathan (1965), Growth of Crop Output in India54961195861, Analysis by Component Elementsyrnalof Indian Society of

Agricultural Statistics28 (2), pp. 23@52 and Sikka, B.K. and C.S. Vaidya (1985), Growth Rates and Cropping Pattern Changes in Agriculture in Himachal Pradesh,

Agricultural Situation in Indje89 (11), pp. 84846.
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states as adoption of Bt cotton was ithe year 2002 when Btotton was commercialized.
Percentage change in yield was maximinmMadhya Pradesh (162.37%) followed Tgmil Nadu

(145.45%) and Karnataka (101%).

Table13: Effect of OutputGrowth of Cotton (from 200203 to 201415)
Relative Contribution

State Yield effect Area effect Interaction effect
Punjab 259.63 0.91 14.12
Haryana 2057.84 0.52 199.46
Rajasthan 7805.93 0.05 630.09
Guijarat 13921.02 0.52 3661.46
Maharashtra 10677.66 0.38 3401.13
Madhya Pradesh 2955.65 0.55 2506.77
Andhra Pradesh 25385.56 0.18 5428.70
Karnataka 8605.38 0.13 4344.46
Tamil Nadu 3284.29 0.10 2098.49

The results of decomposition analysis for cotton present the relative contribution of factors and
may be seen that most of the increase in output in the per{base period & current periodyas
brought about by the growtln crop yield and in few states it is because of increase in area. It could
be observed from the table above that the yield growth was the main factor in output growttein th

Andhra Pradesh, Gujarat, Maharashtra and Karnataka.

It can be observed that g effect hasmore effect in output (interaction effect)it could be
observed that increase inrpduction of cotton in Andhra Pradest more because of increase in
yield which contributed morewvhereas the effect of area Iswer compared to other stateas can

be seen in the above table. In Gujarat effect of area on the increased outputtof ¢e very high

the other factors i.e. yield and interaction of yield angéaalso contributed positivelgespectively.

In Maharashtra the relative contributioof yield is high among all surveyed states whereas

contribution of areds lower than other states

The above table also showkat in Punjabarea of cotton contributed 0.9% to the increased
production of cotton in the state, which is highest comparedtber cotton growing statesArea
effect is second highest iMadhya Pradesh0(55% followed by Gujarat (0.52%) and Rajasthan
(0.52%).
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States like Punjab, Madhya Pradesh, Gujarat and Rajasthaa the area effect much higher than
the average, whereagates likeAndhra Pradesh, Gujarat and Maharashieve more than average
yield effect. It may be concluded from the table above that relative contributioyiedfl has been
largely responsible for the growth in total crop output in the states during thaod. Despite
variations in relative contribution of various componense fact remains that a large portion of

output growth in the states is brought abouy lincrease yield.
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6 Popular Bt hybrids Preferred by the Farmers

Monsanto India Limited givdg&cense to cotton companies to sell hybrids which contain specified
gene (cry 1AC¢ryl AC and cry2AB) and in turn these sub lieensompanies sell its hybrids
through its different marketing channelSeveral Sub licensees have co marketers which =l th
hybrids of Sub licesee with different brand name.Every company which sells Bt Cotton hybrid

pays trait fee to Monsanto for the use of technology

Adoption of Bt cotton across India has brought boom to the Indian Seed induisieye are many
companes in the market which sell more tha®97 hybrids. GEAC has been bestowed with the

responsibility to approve hybrids under BG /BG II.

The Indian Seed Industry is the sixth largest in the world in value terms accounting for about 4.5%
of global industy preceded by US (27%), China (22%), France (6%), Brazil (6%) and Cé&¥gda (4
The domestic seeds industry, currently valued at USD 3.2 billion, has grown at a CAGR of 8.4% in
volume terms over FY09 to FY@) to reach 3.5 million tonnes (consumptidnpf the USD 3.2
billion or Rs. 21466 Crores marketlmost 40 per cen{Rs. 8586.55 Croresy dominated by Bt
cotton. If we consider average price of Bt cotwged packet of 450 gm Bt seeds and 120 gram non

Bt seeds to be Rs. 1000 then approximate numifepacket sld in India amounts t®.6 Crores

Before 2002, cotton seeds comprised just around 10 to 15 per cent of the Indian seed market,
which now stands at almost 40 per cermdt cotton seed industry is dominated by 7 to 8 big
companieslike Nuziveed Seeds, Kaveri Seeds, Biadg®eRasi Seeds, Ajeet Seedakur Seeds
Mahyco Seedsvhich contributes 70 to 80 % of entire Bt cotton seed markgt thesecompanies

have grown their businesses manifold ever since Bt technology was introduced in India.

As technology is same for all the hybrids sold in the markegépinga competitive edge over other
hybrids available in the marketéssential Sound research and developmestrequired to produce
unique hybrids with innovative characteristics like hdagnina of Ajeet 155hich makes it less

susceptible to sucking pest.

3 SEEDS INDUSYT Improving SSR along with adoption of hybrid varieties to drive growth of the Indian Seed
Industry; though investments in R&D and working capital necessitate funding support August@R2A5.imited
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In Maharashtra approximate sale of Bt cotton packets is 1.5 Crores and Andhra Pradesh also
O2y iNAROGdziSa &l YS FyYy2dzyid 2F LI O1Sta Ay {SSR /2Yl
sum up t00.65 crore packetsf sale of Bt cotton seed. Gujarat contributes 0.55 crore packets and

M.P contributes 0.15 crore packets of Bt Cotton, Tamil Nadu and Karnataka contributes 0.5 crore

packet and).2 crores respectively.

The table below shows ¢hstate wise sale of Bt cotton hybrid packets sold by different companies

in the year 201314. Data for the states of Gujarat, Karnataka and Maharashtve been provided

by the respective Department of Agriculture of the state. In absence of any response¢he state
government of other 6 statesve collected this information from different se€dl2 Y LJI offigialsa

at district and statedvel and discussions with dealers and distributdusing surveyOther than

the list of companies m#ioned in the &ible which are b licensee of Monsanto and authorized to

sell Bt cotton seeds on commercial scdlgere is a practice of selling spurious American cotton
seeds in all cotton growing states. Market of spurious seed is also very big and has great market

share in certain states like Gujarat.
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Table14: Statewise sale of Bt Cotton hybrid packets sold by different companies (2043

Company Maharashtra Karnataka Gujarat Andhra Pradesh Tamil Nadu Punjab Haryana Rajasthan Madhya Pradesh
Ajeet 1887011 20472| 791261 345218 18472 | 15000 12000 16000 560000
Monsanto 939069 62200 41498 125467 22200| 34000| 32000 18000 20567
Xylem 73982 27764 46000 23456
Nuziveedu 2435507 194796| 441776 3556781 144796| 104796| 100796 100700 256450
Prabhat 496050 11772 81420 568766 10772| 12000 8000 7000 12000
Pravardhan 104034 14992 71569 125644 13400| 23000| 23476 13400 13423
Fortune Hybrid Seeds 35023 103456 11897
Yaganti Seeds 36721 62000 1235
Rasi 600000 56522 | 400758 65000 58000| 153800| 100000 120456 530000
Seedworks 52436 38247 54561 32000 32453| 32453| 32453 32453 8766
Solar 670 | 331741 1000 670 670 670 670 4326
Tulsi 425573 14025 94968 24500 12034| 10000 13000 12322 10567
Amar Biotech 1498 16857 1238
Vibha 296204 22935 11618 30000 12945| 12945 12945 12945 26000
Vikram 60376 161671 65000 5500
Ankur 1533110 17158 | 373448 36000 13451 | 12000 14900 15000 45634
Bayer 100045 88151 15764 14456 66000| 60000| 56000 45000 4365
Bioseed 129228 28000 34000 90000| 96000 100000 38765
Shri Ram Bioseeds 13404 224603 14714 34560 123422 | 100422| 123500 103420 2340
GK 50230 38380 27644 32412 28280| 28280| 28280 28280 8764
Kaveri 1005431 374617| 174768 3564310 274610| 40000 32000 23000 9754
Krishidhan 267286 63590| 196001 50000 53580| 32000| 22000 12000 14589
Mahyco 1346567 990175| 142559 1245678 56000| 23000| 22000 12000 55000
Namdhari 5000 6028 4300 3244

JK Seeds 118428 54375 25588 120000 12342 2300 5000 1000 23000
Super Seeds 35025 5921 2604 35000 2900 22000
Yashoda Hybrid seeds 78860 23000

Satya Seeds 74333 20011 75600 1200
Shri Ram Agri Genetics See! 202669 18000 64000 24000
Kirtiman Seeds 41133 91512 1245 33000
Basant Agritech 6548 5000 7600
Dhanya Seeds 21085 252 2037 321 500 432 333 4000
Zuari 81995 24018 1082 78450 20342 | 10342 12000 8000 5600
R J Biotech
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Kohinoor 14100 4500 10000
Green Gold 134167 20108 54678 13000
Nath Biogen 55896 15976 63000 45000 67890 3400 24000 32000 3000
Kalash Seeds 58370 96000 33000
Asian Agri Genetics 42985

Daftari Agro seeds 28232

palmoor Seed 20154

Centromere Biosolutions 13150 2400
Nandini Agri Sciences 11000

Mahabeej 8822

Genesis Crop Sciences 7681 600

Atash Seeds 7000 650 23000 650

Eco Agriseeds 5780

Asia Biogenetics 3286

Anjani Agrotech 3112

Navkar 2522 4034 2344
Geo Biotechnologies 2294 5312 6300 5312

RK Seeds 701

Spriha Biosciences 950 1000 950

Amareshwara Agri Tech 5615 4500

Vikkys Agrisciences 5084 6000 5084

UPL 914 1200 914

Total 12967503 2357410| 4013000 10567022 1061034| 800908| 771452 713979 1848780
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Major players are Nuziveedu Seeds, Kaveri Segdst 8eeds, Rasi Seeds, Ankur Seeds, Shriram
Bioseeds and Mahyco Seeds. Nuziveedu Seeds with its popular hybrids like Mallika, Uttam, Bunny,
Sunny, Suraksha stands first with an approximate sale of 10 million packets, Kaveri &eadsle

of 8 million @cketsand its most popular hybrids are ATM, Jadoo, Jackpot, Bullet and Singha.
Maharashtra based Ajeet seeds have emerged as a major competitoe iast few years with a

sale of 8 million packets. Major sale of Ajeet seeds arthénstates of GujaratMaharashtra,
Madhya Pradesh. Ajeet 155 hybrid has gained popularity due to its characteristics of being less
susceptible to sucking pestlasi seeds starfdurth in the list with a sale of 4 million packets. Rasi
seeds hybrids like RCH 2 is popular ijatat, M.P and Maharashtra whereas RCH 668, RCH 608 is

market leaders in North India.

MAIN CONSUMING STATES

{milion packets)

MManharashoa Andhra Pradesh=Telangana

W &

Punjab-Haryana-Ryasthan Gagaratr

il MAIN COMPANIES BY SALES
Cmiltion packets)

10 mn

Fotal industry sajes of 50-51
million packets @ Rs 950/ packet. Sioseed  Seeas Seeus Seecas Seeas Secas

Matwco Shriram  Ankur Rasi Ajees Kaveri Muzaeedu

Figure5: Bt Cotton Seed Market

The table below describes the deployment of approved Bt cotton event/hybrids/varieties by region
in the year 204. In 2014 Department of Biotechnology has approved a total of 1097 hybrids for
commercial production which includes 215 hybrids of north India, 242 hybrids of Central India, 212
hybrids of Southern India, 29 hybrids for North/Central India, 12 for N8dhth India, 312 for
central/south India and 75 for North/Central or South India. If maximum releases are for BG Il

hybrids of Mahyco.
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Tablel5: Deployment of Approved Bt cotton event/hybrids/variety by Region in India in 2014

Evert North Central South| North/Central| North/South | Central/South| N/C/S| Total Hybrids
BG | of Mahyco 42 52 42 14 1 53 13 13
BG Il of Mahyco 142 154 146 11 11 211 59 734
Event- | of JK Seeds 9 8 0 0 17 1 42
GFM Event of Nath 22 28 17 4 0 28 1 100
Biogene
BNLA 601 of CICR 0 0 0 0 0 1 1 2
(ICAR)
MLS9124 0 0 0 0 0 312 0 2
Total 215 242 212 29 12 312 75 1097

Source: Department of Biotechnology

During our field survey farmers were asked about the most preferred Bt cotton hybrid and the
characteristicamogdly liked by them The characteristics preferred by farmers are less sucking pest
resistance, big boll size, high yielding etc. Hybrids are categorized by type of irrigation, duration of
crop, soil type which they can thrive on. Some hybrids thrive weHinfed condition like ACH 155
whereas some need well irrigated condition with heavy management i.e. heavy feeders like Uttam,
RCH 2, RCH 659 etc. Incidence of sucking pest has increased substantially in recent years; attack of
Jassid, Aphid, Thrips, Wiiity, etc. is very problematic. Insecticides available in the market are not
able to control infestation of White Fly in Northern Part of India. Therefore farmers all over India
prefer hybrids which are tolerant to these sucking pesisr example: ACH 1585 Ajeet Seeds is

first choice of farmers in certain states like Maharashtra due to its tolerance to sucking pest.

.A2aSSRUa O200G2y KeoNARa adzOK I a I YR

HaryanaRajasthan belt mainly because of their 1880 days maturity, against the 1450 days of

acnyyeéE -

maturity of other hybrids. The earlier maturity gives farmers more leeway to plant a subsequent
wheat crop. According to Bioseeds official the hybrids are more tolera@otitonLeaf Curl Virus

CLCV and hawgpen foliage which helps in easy spray of pesticides.

In Punjalhthe most preferred hybrids are Bioseeds 6588, Bioseeds 6488, Rasi Seeds RCH 773, RCH
653. Incidence of Whitefly and Cotton Leaf Curl Virus is the major problem in the state, so farmers

prefer to grow hybrids which are tolerant to these.

In Haryana, farmers grow mostly Rasi seeds RCH 134, Bioseeds 6588, Hi¢88eBEH 134 has

specific characteristics of vigorous growth, high boll bearing, wider adaptability and high yield.
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In Rajasthanthe most preferred hybrids are Bioseeds 64B&)seed$588.Bioseeds 6488 is mostly
preferred by farmers due to its high yield and tolerance level to various sucking pest. Bioseeds 6588

is another hybrid which has high sales in the state due to itsyieti characteristics.

In Madhya Pradesh, the most preferred hybrids are Ajeet 155, RCH 659, RCH 2, dadklaot

6! y 1 dzNJChaacterstic of each hybrid is given in the table below:

Tablel16: Characteristics of Top hybrida India
Company Hybrid Characteristics

Ankur Seeds Jai Jai BAl is suitable for monsoon irrigated and rainfed condition.

It is ideal for Pranonsoon in heavy soil, monsoon irrigated & rainfed conditio
in other soil type.

Plant type is tall, semspreading and more sympodia.

Good tolerance against sucking pest.

Big Bolls in size, weighing aroun&.5gm and easy for picking.

Good quality long fiber (280mm).

3028 3028 Bdl is suitable for monsoon irrigated and rainfed condition.

Plant growth erect type and prolific boll bearing.

Bolls are closely spaced, uniform in size, bolls having good weight and eas)
picking.

Plant with stay green character.

Adaptable to close space planting.

Good tolerance against sucking pastd bacterial blight.

Excellent rejuvenation potential

Second crop is possible on time

Good quality long fiber (280mm).

Rasi Seeds RCH 668 Early boll setting

Open type/erect

Long sympodia & long chain bearing
RCH 2 Very less intenodaldistance
Wide adaptability

Excellent rejuvenation
Highest yield potential Hybrid
RCH 659 Big bolls & good boll bursting
Medium duration

More kapas weight

Good & quick rejuvenation

Ajeet Seeds | ACH 155 BG | Duration 155160 days

Bol weight 5.0 to 5.5 g.
Staple length 29 to 30 mm.
Tolerance to sucking pests
Tolerance to stress conditions
Good rejuvenation capability.
Duration 150160 days
Normal leaves

ACH 199 BG | Boll weight 6.5 to 6.5 g.
Staple length 29.% 30.0 mm.
Tolerance to sucking pests

44



Tolerance to stress conditions
Good rejuvenation capability.

Nuziveedu Mallika Open, Big light green leavesg 3 Monopodia, 1& 20 sympodia
seeds Tolerant to sucking pests, Jassids and Whitefly
Ovae & Very Large bolls
Ginning 3% 36%, Staple Length: > 32.5 mm, Strength¢ 24, Mica: 3.63.9
Suitable to varied agrolimatic conditions
Wider adaptability and long staple fibre

Source: Website of respective companies and primary survey

In Maharashtra the most preferred hybrids are ACEp5, Ankur 3028, Mallika, ATMavery Seeds)

and AnkurJai. ACH 155 is preferred mainly for its characteristics of less sucking pest attack as its
leaves has bristles which refrains sucking pest attack orcditten plant. Nuziveedu Seeds Mallika
thriveswell in irrigated condition, gives good yield due to big boll size. Kavery Seeds ATM hybrid is a
straight growing cotton plant with more Monopodia than sympodia, boll bearing capacity of the
hybrid is very gooand thus isyield is high comparatively. Ankur Seeds 3028 thrives well in rainfed

conditionand AnkurJaihas high boll bearing capacity and boll size of the hybrid is also big.

In Gujaraf the most preferred hybrid is Ajeet 158nkur Jai, RCH 2 and Nka. C I NI &A Q
preference is Ajeet 155 as it is less susceptible to sucking pest and early maturity hybrid which
thrives well in rainfed condition also. Rasi seeds RCH 2 is a late maturity hybrid with big boll size
which gives higher yield than othé&ybrids. Nuziveedu Seeds Mallika is preferred by farmers for

characteristics of higher yields, less susceptible to some sucking pest.

In Andhra Pradeshthe most preferred hybrids arelJR2 2 0 Y| @ Mhlika 9{ Bh&tR & 0
6 bdzZ A @S S Rdwad .SASR Rigist Clas® . I &a&dNACH 152 F | 2 S SshrirgmS SR &
.A2aS8SSRa KIla SadGlrofAakKSR AdasSt¥ Fa 2yS 2F (KS
wider adaptability across Andhra Pradesh. Yuva thrives walll iconditions, boll size is bigas

more sympodia than monopodia, boll weight is also high and yield is also good.
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In Tamil Nadu the most preferred hybrid of farmers are RCH 2, RCH&8, aehubali, Jadoo and
Jackpot Characteristic of the hybrids are mentioned earlier. In Keake the most preferred
hybrids are Kanak, Bahubali (MRC 7918) and Yuva. Bahubali has dorexstaple length of about
36.0 to 36.5 mm with high strength. This tall spreading plant type is recommended for wider odd
spacing planting geometry and forigated as well as protective irrigation conditions. The boll
bearings have short internodes along with a larger number of sympodia. Nottaslyigh yielding

but it is also management responsivéluziveedu Seeds Kanak is highly preferred by farmers in
Karnataka. It is a medium maturity hybrid with tolerance to Jassid and whitefly; moreover it has

good potential to rejuvenate.

Figure6:Popular Hybrid verities of Bt Cotton
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In the initial years of introduction of Bt cotton india, hybrids like MECH2 Bt, MECH 162 Bt and MECH
184 Bt were cultivated in 20823 to 200405 in the states of M.P, Gujarat, Maharashtr P, Karnataka

and Tamil Nadu. The table below shows state waig&a under different crop

Tablel7: State wise area (Acres) under different Bt cotttwybridsin 200203 to 200405

200203 200304 200405 200203 200304 200405 200203 200304 200405 200203 | 200304 | 200405

Madhya 139 8831 74998 486 9286 35059 3051 14044 77741 3676 | 32161 | 187798
Pradesh

Gujarat 193 60237 192553 10607 40006 16366 11777 4158 2238 22577 | 104401 | 211157
Maharashtra 257 18396 | 236000 20879 15275 60000 9563 12733 77000 | 30699 | 46404 | 374000
Andhra 90 11924 96800 9314 970 700 0 0 3500 9404 | 12894 | 101000
Pradesh

Karnataka 0 454 8968 5379 7950 23494 22 393 3062 5401 8797 34764
Tamil Nadu 0 473 516 745 4947 1052 180 3021 3072 925 8441 4640
Total 679 100315| 609835 47410 78434 | 136671 24593 34349 166613 | 72682 | 213098 | 913119
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7 Importance and Adoption of Refugia

7.1 Refugia Adoption in Bt Cotton

The Genetic Engineering Approval Committee (GEAC), in India has recommendéaian

adoption of nonBt along with Bicotton. According to GEAC guidelines, every field where Bt cotton
Aa OdzZ GAQGIGSR aKlft 0SS Tdf f & ia@ dNNR A ROR-BO ES | 410°
cotton variety shall be sown. The size of the refuge belt should be at least five border rows of non

Bt cotton all around the field or 20% of total sown anghichever is more.

The importance ofrefugia in delaying resistancéuild-up cannot be overstatedRefugiaare a
portion of the farming landscape that do not contain specific Bt genes and generate an abundance
of susceptible target pests. These susdapt insects will mate with rare resistant insects that
survive on the Bt crop, producing offspring that are killed by the Bt crop. This provides a mechanism
to delay the rate at which resistance to Bt cotton increases in target pest populations, therein

promoting the longterm effectiveness of the technology.

The main purpose akfugiaarea is to prevent insects from developing resistance to Bt cotton and
therefore farmers who plant Bt cotton seed must also plant non Bt cotton seedrefugiaarea
supdies a source of wild type (non mutant) insects to mate with possible resistant insects to
producenon-resistantinsects. Pattern of planting non Bt seatiffers from area to area and farmer

to farmer, though the most preferred and suggested pattern anfihg non Bt on borders. Different

pattern ofrefugiaplanting is given in the figure below:

30 Z
=~} =2 0 Z

~ m
-

Non Bt Cotion

Strips Linear Block Bracket Border Block

Figure7: Pattern ofrefugiaplanting
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The insects that have developed resistancétbave more chances of mating with an insect that
has not developed resistance Bi. By the laws of genetics, the progenies produced will be insects

that are not resistant td3t.

Following the guidelines of GEAC each approved Bt cotton seeds variety available in the market in
India has two separategekets of 450 gms BG /BG Il seeds + 120 gms non Bt seeds of the same
hybrid or 120 gms of pigeon pea see#wever, modeling studies showed that maintenance of
20% refugia may not confer significant advantage in delaying resistance development. Tdirgyis m

due to the natural availability of non structured refugia in the form of alternate host crops in the

cotton ecosystem.

This recommended strategy however siaot become popular with farmers. The general feeling is
that cultivating nonBt cotton in20.0% of the area would make the crop vulnerable to bollworms,
thus warranting pesticide usage and possible lowered productivity. The farmers suffered heavy loss
due to the bollworms infestation in the nerBT era, are not willing to allow their crop to be
exposed to the possibility of bollworm damage and crop losses. In general, the refugia strategy was
not followed in the country. Moreover, in small farms of 1 to 2 acres, use of insecticide on the small

refugiapatch of 0.2 to 0.4 acres is not viable eoancally.

7.1.1 Extent of Refugia Adoption

During field survey farmers were asked about use of refugia.siudy reveals that only 3% of the
sampled farmers reported using refugiBamil Nadu has highest percentage (7%) of farmers who
sow refugia followed byAndhra Pradesh (4.80%), M.P (3.25%), Karnataka (3.20%), Gujarat (3%),
Maharashtra (2.63%), Rajasthan (2.33%), Haryana (1.75%) and Punjab (1.67%). District wise

adoption of refugia cabe seen in below given table.

Tablel8: Percentof surveyed farmers usingefugiaseeds

State District No. of farmers No. of farmers % of Farmers sowing
sowing refuge refuge

Guijarat Surendranagar 100 2 2.00
Rajkot 100 5 5.00

Bhavnagar 100 6 6.00

Amreli 100 3 3.00

Bharuch 100 2 2.00

Vadodara 100 2 2.00

Ahmedabad 100 1 1.00

Maharashtra Yavatmal 100 2 2.00
Jalna 100 2 2.00
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Aurangabad 100 2 2.00

Jalgaon 100 3 3.00

Naded 100 5 5.00

Buldana 100 2 2.00

Parbhani 100 2 2.00

Amravati 100 3 3.00

Andhra Pradesh | Adilabad 100 5 5.00
Karimnagar 100 6 6.00

Warrangal 100 3 3.00

Guntur 100 2 2.00

Khammam 100 8 8.00

Haryana Sirsa 100 1 1.00
Fatehabad 100 2 2.00

Hissar 100 1 1.00

Jind 100 3 3.00

Punjab Bhatinda 100 2 2.00
Fazilka 100 1 1.00

Mukatsar 100 2 2.00

Madhya Padesh Dhar 100 4 4.00
Khargone 100 3 3.00

Khandwa 100 2 2.00

Bhuranpur 100 4 4.00

Rajasthan Hanumangarh 100 2 2.00
Ganganagar 100 3 3.00

Nagaur 100 2 2.00

Karnataka Dharwad 100 1 1.00
Haveri 100 2 2.00

Mysore 100 2 2.00

Belgum 100 5 5.00

Tamil Nadu Perambalur 100 6 6.00
Salem 100 8 8.00

All India 4000 3.05

Source: GAPL Analysis

7.1.2 Reason for NorAdoption

The main reasons reported by surveyed farmers for-adaption ofrefugiaare yield loss, loss in
acreage, increse in input cost and more pest infestatiodost of the surveyed farmeiia surveyed
states do not sowefugiaseed; they generally throw the seeds given to them. They reported that
increase in input cost and increase in pest incidence are the main réalémmed by loss in acreage

and yield loss for non adoption céfugiaseed which is mentioned in table below.

Table19: Reason for non adoption of BT Cotton (Farmers Response in %)

Reason Rank wise % of farmers response

(1-Least Inportant, 4- Most Important)
1 2 3 4 No Response
Yield Loss 26.91 27.80 12.35 6.87 26.08
Loss in Acreage 27.64 18.71 12.55 15.02 26.08
Increase in input Cost 10.15 10.86 30.47 22.27 26.26
Pest incidence increase 9.32 16.56 18.20 29.31 26.61

Source: GAPL Analysis
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This is an alarming situation as it leads to development of resistance among the bollworms very
soon and therefore Department of Agriculture of each state should take stringent steps to create
awareness among the farmers abauiportance ofrefugiasowing. State Agriculture Universities,

KVKs and other research institutes should come up with posters, leaflets, training programmes to

create awareness among farmers.

According to GEAC guideline 20% area shoulefogiabut the 20% non Bt plant yiels negligible
which de-motivates thefarmers to go forefugiaplantation. Farmers feel that if they sow Bt cotton
in this 20% area also they will get substantial amount of yield. Thus, yield loss is the major reason

for not sowingrefugia

Some of the farmers informed that in early yeafsBb cotton they used to sowefugiabut due to

yield loss they stopped sowimgfugia

Insect Resistance Manageme@iRM)for Bt Cotton

IRM strategies for India should focus more on the deplayimaf gene stacks such as the one
(Cry1Ac+Cry2Ab) present in Bollgard II, which has toxin combinations with different modes of action
and different mechanisms of resistance and therefore very small likelihood of-@sistance.

Other strategies such a®n-Bt cotton or pigeonpea as refugia and control of residual larvae on Bt
cotton using biepesticides are useful options to delay the onset of resistance and ensure that the

benefits of the technology are harnessed for the longest possible time.

IRM stategies suggested for India

i. Cotton varieties or hybrids of matching fiber quality and phenotype can be usee2@%5
refugia

. Staggered planting of 1% area under intermittent rows of okra that can act as refugia for all
the three bollworms.

iii. One bieinsecticide or insecticide spray at 2060days after sowindor bollworm control in
Bt cotton to minimize survival of Bt resistant larvae

V. Gene stacks with extremely small likelihood of cross resistance. New GM products must be

based on two or more indep@&ently acting genes in a stack
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V. Handpicking of surviving larvae from-Botton fields during September in North, October in

Central & November in South India.

Vi. Destroy residual pupae by deep ploughing irc8tton fields immediately after final harvest
Vil. Timely crop termination
viii. Phase out single gene products as soon as possible

iXx.  To enhance practicability, 5% Refuge in bag (sameBtdiybrid) may be recommended +

5% pigeorpea plants as a patch.
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8 FertilizerUsagein Cotton

The use of nutrients in agultural production has important global consequences both on the

availability of food, feed, and fuels, and on the environment. First, crop yields are highly dependent

on the amount of fertilizer used during the growing season, and as a result, a driver supply of

agricultural products. Second, the use of certain fertilizer products (especially nitrogenous and

phosphate fertilizers) are a source of pollutants emitted from agricultural fields to the air and

waterways. While there is an increasing ir@st in analyzing these topics from various angles, there

exists very limited statistical information on historical fertilizer consumption by crop, by nutrient,

and at the country level. Except for a few exceptions which cover a limited number of years

(International Fertilizer AssociatiorH# 2009;Food and Agriculture OrganizatidrRXQ 2006; 2002;

Rosas 2011), or a single counfidnited Sates Department of Agriculture- 2012), this type of data is

not readily available.

According to a FAO study i0@3-04, Cotton occupied an area of 8.5 million ha and accounted for

6.0 percent (1.01 million tonnes) of total fertilizer consumption. Fertilizer use on irrigated cotton

(153.5 kg/ha) was higher than on rainfed cotton (97.7 kg/ha). The shares of irrigatedainfed

cotton in total fertilizer consumption were 2.7 and 3.3 percent respectively. The average per

hectare use of fertilizer on cotton was 116.8 kg (89.5 kg/ha N, 22.6 kgxaRd 4.8 kg/ha ¥O).

Recommended fertilizer usage in Cotton given ByRCINagpur is given in table below:

Table20: Recommended fertilizer usage in Cotton

Northern cotton zone

Central cotton zone

Southern cotton zone

Fertilizers N-60-100 kg / ha. N : P :K4020-20, 50- 25- N : P : K 4020-20,60- 30- 30, 90- 45- 45 for
25, 80- 40- 40 for varieties varieties
P and K dose as per soil test. 100-50-50, 160-80-80, 240 | 100-50-50, 120- 60- 60, 150- 60- 60 for
-120- 120, for hybrids hybrids
No P need be apigld if previous
wheat received / recommended P
does 5.5 kg. Zn / ha. as ZnSo4 ong
in two cotton- wheat cycles
Method of i) Half N at thinning and remaining| N in three splits at sowing, N at squaring and peak flowering, P & K
fertilizer at first flowering; squaring and peak fleering sowing. In Karnataka entire NPK at planti
application i) Half N at sowing time in late stages. (rainfed cotton), Half N and entire P &

sown Crop;

iii) Foliar application of N if needed

P to be drilled at sowing.

(P& K according to soil test).
Application of 2 % urea or DAP
at flowering and early boll
development.

planting remaining N at flowering (irrigate
cotton) N in 4 splits in irrigated hybrid cotton.

Bio¢ fertilizer

Seed treatment with
azobbacter is beneficial.

Seed and soil treatment with Azospirillium in
Tamil Nadu.

Source: CICR, Nagpur
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If we observe per hectare usage of fertilizer on coitiins revealed that there has been year on
year growth in usage of fertilizer. Fertilizesnsumption in cotton is highest in Andhra Pradesh and

Tamil Nadu among all 9 cotton growing states.

In Ardhra Pradesh in the year 1998 fertilizer caasumption per hectare was 121.84g and it
increased to 237.17 Kg per hectare in 2421 In Gujarat feilizer usage per hectare was 81.42 Kg
in 199900 which increased to 215.07 Kg in 2614. In Haryana fertilizer usage per hectare is found
to be quite low comparedo other states which were 66.58 Kg in 199@and 134.35 Kg in 2011
12. Fertilizer usages Karnataka per letare was calculated to be 79.37 Kg per hectare in 1399
and 164.23 Kg per hectare in 2012. Fertilizer consumpin per hectare in M.P was 91.21 Kg in
199900 and 92.22 Kg in 20112. In Maharashtra fertilizezonsumption per hectares 102.59 Kg in
199900and 273.15 Kg in 201112. In Rinjab in the year 19990, 59.21Kg per hectare fertilizer was
consumed and in 20312 230.98 Kg per ha. In Rajasthan fertilizer consumption per hectase w
found to be 134.81 Kg in 199® and 119.19Kg in 201112. In Tamil Nadu fertilizer ogumption
per hectare was 194.04 Kg and 276.42 Kg in 2@8&nd 201112 respectively. Fertilizer usage by

farmers in different cotton growing states is given in the table below:

Table21: Year wise & State wise fertilizer usage on cotton Kg per hect@89900to 2011-12

Year Andhra Gujarat Haryana Karnataka | Madhya Maharashtra | Punjab Rajasthan | Tamil
Pradesh Pradesh Nadu
199900 121.81 81.42 66.58 79.37 91.21 102.59 59.21 134.81 194.04
2000-01 135.68 59.19 58.93 71.59 27.78 113.88 76.03 109.59 145.47
2001-02 139.68 80.97 59.50 59.85 93.69 76.29 103.26 65.77 129.73
200203 195.99 66.03 39.93 54.13 108.76 80.30 99.27 70.44 156.18
200304 182.00 94.85 67.52 37.37 99.63 91.40 85.15 130.86 203.72
200405 224.08 102.86 76.12 74.21 70.11 93.46 129.33 79.95 197.34
200506 143.50 142.46 101.20 82.90 143.11 89.70 159.74 73.00 194.81
200607 226.35 124.93 106.86 92.09 173.08 106.03 145.70 78.69 209.83
2007-08 191.06 149.48 108.23 97.93 157.48 123.43 152.66 91.06 154.30
200809 240.28 177.44 127.47 130.94 102.09 135.19 185.07 141.76 308.46
200910 245.03 187.58 155.58 92.27 73.40 155.32 191.90 118.13 331.36
201011 261.98 203.50 152.80 151.98 80.36 218.17 211.60 132.78 361.11
201112 237.17 215.07 134.35 164.23 92.22 273.15 230.98 119.19 276.42

Source: Directorate of Economics & Statistics
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Figure8: State wise fertilizer usage on cottof199900to 2011-12)
Source: Directorate of Economig Statistics
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9 Utilization of Pesticides

Traditionally, cotton consumed more insecticides than any other crop in India and was a significant
proportion of the total pesticide (insecticides, fungicides and herbicides) market for all crops. For
example, éthe total pesticide market in India in 1998 valued at US$770 million, 30% was for cotton
insecticides only, which were equal to 42% of the total insecticide market for all crops in India
(Chemical Industry, 2007). Subsequent to the introduction of Bbogtotton consumed only 18%

of the total pesticide market, in 2006, valued at US$900 million as compared to a much higher 30%
in 1998. Similarly, the market share for cotton insecticides as a percentage of total insecticides
declined from 42% in 1998 t88% in 2006. This saving in insecticides between 1998 and 2006
coincided with the introduction of Bt cotton which occupied 3.8 million hectares equivalent to 42%
of the hectare of the cotton crop in 2006. More specifically, the sharpest decline in indestic
occurred in the bollworm market in cotton, which declined from US$147 million in 1998 to US$65
million in 2006¢ 56% decrease, equivalent to a saving of US$82 million in the use of insecticides to
control cotton bollworm in 2006. Thus, insecticide dse control of bollworm dropped by half at

the same time when approximately half the cotton area (3.8 million hectares) was benefiting from

controlling bollworm with Bt cotton.

Thefig-9 shows the insecticide market in India during 2002 to 2010, theaissotton bollworm
insecticides decreased substantially from Rs. 4156 Million to Rs. 1228 Million. In 2002 the usage for
bollworm insecticide accounted for 70% of total insecticide used in cotton which has been reduced
to 14% in 2010.
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Figure9: Year wise uses of insecticides in India
Source: Chemical industry

During the course of this study various agencies were contacted for information on pesticide,
however, data on crop specific pesticides werehardly availablewith them. However, study on
pesticide usage in cotton by CICR gives an insight into usage of pesticide into cbtterdata
reveals that insecticide usage has reduced significantly between-@8Ga 201112. As can be
seen total usage of insecticide used for Iworm control in cotton during 2003 was Rs 415.6
crores which came down to Rs 96.3 crores during 2lA.lntroduction of Bt cotton could be one
of the reasos for decline of insecticide used to control bolloworm. However, at the same time
usage of otler insecticides used to control sucking pests has registered an increase ove®d3002
Various reasons are cited by CICR for incrasmage of insecticide for sucking pests such as
approval of large number of Btybrids across the country by 2012, manytlsése hybrids are
susceptible to sucking pests, increase in the area under suckingsyestptible hybrids and

increase in resistance levels of jassids to Imidacloprid and many other recommended insecticides

Similarly, usage of fungicide and herbicidecotton has also shown increasing trend since 2082

and one of the reason for this increase maydoe toarea expansion under Bt Cotton.
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Table22: Usage of Insecticide in Cotton

Value of insecticides/pesticide in Rs crores

Quantity of insecticides in Metric tonnes

Year Insecticide | Insecticide Total Total Fungicide | Herbicide | Sucking | Bollworm Other Total Total
used for used for Insecticides | Insecticides | in Cotton in Cotton Pests pests Insecticide | Insecticice
Bollworms sucking on cotton in cotton
pests

200203 415.6 181 597 1683 3 1 2110 4470 283 6863 25962
200304 680.5 245 925 2146 8 3 2909 6599 537 10045 32571
200405 718.1 314 1032 2455 6 4 2735 6454 178 9367 35432
200506 385.7 263 649 2086 8 8 2688 2923 302 5914 32750
200607 307.4 272 579 2223 11 12 2374 1874 375 4623 31363
2007-08 287.8 445 733 2880 25 22 3805 1201 536 5543 35807
200809 236.7 554 791 3282 31 26 3877 652 528 5057 26624
200910 140.1 694 834 3909 52 45 5816 500 410 6726 35404
201011 122.8 758 880 4283 67 87 7270 249 366 7885 36761
2011-12 96.3 894 991 4103 6372 222 234 6828 34469

Source: Kranthi & Reddy (2012), CICR

Punjab spending on cotton insecticides is highest; in ZWD0ost incurred per hectare was Rs. 4770

which was reduced to Rs. 201n 200506. So it clearly indicates that after adoption of Bt cotton

usage of insecticides per unit area has decreased and so has increased the ease of cotton cultivation

and profitability of the farmer.

In Tamil Nadun 200001 the average cost incurred per hectare was Rs. @f#ch increased to

FigurelO: State wiseexpenditure per hectare on insecticides from 20001 to 201112

Rs.1261.81 in 200@3. This was an era before Bt cotton adoption in the state when usage of

insecicides for Bollworms were at its peak and farmers had only option to either pray or spray.

After adoption of Bt cottoncost per hectare for insecticides decreased from Rs. 1261 in@8@@

Rs. 925 in 20086. From the table numbeR2, it can be observethat after 200506 cost incurred
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