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Preface

The Seed Industry refers to the production, processing and marketing of the basic agricultural 

input ‘seed’. This Industry encompasses suppliers, farmers, traders, processors, wholesalers 

and retailers, and all the institutions and arrangements that affect and coordinate the various 

stages of the supply-chain of the seed. The need to look at the problems and issues in 

agriculture as part of a larger chain rather than as a separate activity or sector is increasingly 

felt by all those involved in studying this Industry. Such way of looking at Seed Industry as 

part of a much larger entity is particularly important in the context of new competitive and 

globally integrating environment and changing nature of the markets. Present study deals with 

the macro business environment, both national and international, structure and strategies and 

dynamics of Indian Seed Industry with special reference to the budding new technology-

Biotechnology.

The use of biotechnological techniques for producing transgenic plants (Genetically Modified 

Crops or Genetically Modified Organisms; acronym: GMC or GMO) results in the transfer of 

desirable traits across the species barrier. This has led worldwide debate on a range of ethical, 

moral, and social considerations associated with the risks and benefits of this technique to 

humans and our environment. The world has virtually become a battleground involving 

scientists, politicians, policy-makers, journalist, industry representatives, farmers, and 

consumers with a polarization of society into proponents or opponents of biotechnology.

However, it is equally true that the achievements of the Green Revolution are proving 

insufficient to increase productivity and counter negative externalities of Green Revolution. 

Biotechnological interventions can play a vital role by not only increasing crop productivity 

but also taking care of the increasing threat of biotic and abiotic stresses on crop plants.

This study hopes to go in the way of integrating management discipline with the 

biotechnology by bringing down an ongoing technology based phenomenon which is 

reshaping the Indian Seed Industry by introducing new product choice. 

Chapter one maps the seed industry both at global and local settings. Structure of existing 

format of Indian seed industry is to be discussed with reference to economic, political and 
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technological environments. It gives the broad introduction and outline of the growth and 

development of Indian seed industry, present state of public and private sector, and an outline 

of the business environment scenario and changing trends. In addition, an attempt has been 

made to provide a brief introduction to the phenomenon of technology transition.

The diverse knowledge streams, the actors and drivers of technology transition are to be

discussed in chapter two which is based on theme based review of literature. The chapter 

provides an overview of conceptual framework drawing from a range of disciplines. An 

attempt is made to bring the scientific literature on biotechnology and the knowledge on the 

business environment in which it is taking place together. In this way, both the insights of 

scientific literature on the technical aspects of the biotechnology and information on the state 

of the industry will not only be seen together but also be made to mutually illuminate. Basic 

aspects of the question of study- research and development, science, technology, new product 

development- will be interrogated against the backdrop of the fast changing business 

environment. In other words, the question of biotechnology in the Seed Industry will neither 

be left to a ‘scientistic’ approach ignorant of its social consequences or business/marketing 

practicalities nor be treated from a narrowly understood perspective of business oblivious of 

the nature and possibilities of the technological innovation involved. Research Gaps evolved 

as upshot of review of literature leads to formulation of research questions, hypotheses and 

research objectives which have been investigated in the study. 

In view of the new technology i.e. Biotechnology and its ramification on the seed industry,

there was a necessity to design new frame of methodology for pursuing this study because the 

nature of the actors and drivers of the seed industry and their dependency on many streams of 

knowledge required a new approach of investigation. The step by step evolution and synthesis 

of research process and research framework for hypotheses testing and research objectives are 

explained in chapter three.

Chapter four attempts to interpret data and finding from one set was triangulated with other to 

bring out facts. Being an ongoing phenomenon, it was necessary to understand the forces 

which are the cause of technology transition occurring in the Indian Seed Industry. 

Triangulation gives the flexibility of interpreting archival data and primary data. 
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Chapter five scans the legal and policy environment in which the seed industry exists and the

Indian policy structure for seed and biotechnological related issues juxtaposed with

International policy initiative. The chapter provides a basis for understanding, analyzing and 

implementing legal systems that can properly balance the public and private interests in 

agricultural biotechnology inventive contribution. The chapter investigates the possible effect 

of Plant Breeders’ Rights, Plant Variety Protection Act and Farmers Rights with respect to the 

Indian farmers and Indian Seed sector.

Chapter six brings out the R&D commercialization and its influence in agricultural sector and 

its manifestation in seed industry.

Chapter seven brings out the science and technology environment for seed industry. Scientific 

churn leading and ramification of biotechnology in agricultural sector in general and seed 

industry in particular. The form of Genetically Modified Crops is probed in this chapter.

Chapter eight concludes with suggestions for the Indian seed industry, policy makers, 

academia and future researchers in this field. The study explores ramifications of other 

product portfolios of seed market that use biotechnology. Observing the magnitude of change 

brought in by biotechnology, it might prove to be useful to understand the nature, structure 

and potentials of other sectors that too use biotechnology-based inputs. An attempt will be 

made to develop an outline of a framework for the industries that employ biotechnology-

based inputs. An historical pattern will be explored, namely the curious case of every major 

global economic recession of the century being overcome by the impetus provided by a 

technological breakthrough to the economy. It is the contention of the thesis- albeit a hesitant 

one- that the future innovations of biotechnology may prove to be such technological break 

through to save us from the ongoing economic recession. 

Chapter nine sums up the recommendations that flow from the findings of the study which 

argue both for a new perspective for better understanding of the issue studied and also for a 

better set of intervention at policy level for improvements in the sector. 

The Glossary, Appendix, Reference and Bibliography are given at the end of the dissertation. 
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Chapter I: Introduction

1.1 Background

Agriculture is the mainstay of the Indian economy. Agriculture and allied sectors contribute 

22 percent of Gross Domestic Product (GDP) of India, while about 65 to 70 percent of the 

population is dependent on agriculture for their livelihood (GoI, 2009)1. Agriculture supplies 

the bulk of wage goods required by the non-agricultural sector and raw materials for large 

section of the industry in India. ‘The primary role of agriculture is to provide sufficient food 

and manpower to an expanding industrial and tertiary economy. Hence, agricultural sector is 

considered as the dynamic leading sector of overall economic development in the initial 

stages. One of the best known theoretical two sector models of economic development that 

focused on the structural transformation of a primary subsistence economy was formulated by 

Nobel Laureate W. Arthur Lewis. This model emphasized on faster industrial expansion with 

an agricultural surplus stimulating industrial growth by means of cheap food and surplus 

labour’2.

Indian agriculture has witnessed several changes from freedom to till this date. In the year 

1947, India got independence from British rule, but they left behind problem of hunger, 

malnutrition, food and social insecurity. This was because the colonial regime overexploited 

India’s rich bio-wealth and natural resources. Colonial rule used India as a place for raw 

material generation and as a market for manufactured goods of contemporary trans-nationals. 

British rule did not want to develop scientific and technological capability among Indians. 

They also hampered Indian agriculture and cottage industry. After independence the need of 

technological self-reliance was realized in every sector and several steps have been taken

from then to boost the technological capability of the nation, and agriculture had given major 

emphasis by policymakers. The major emphases of the first two five year plans were to give 

strength and shape to the Indian agriculture. During 1960s-70s, India witnessed the Green 

Revolution by adopting high input responsive technology in Indian agriculture: thus relieving 

itself from severe hunger problem upto some extent and import dependency in food grain 

sector.

                                                
1 Government of India (2009). India 2009, Ministry of Information and Broadcasting, p.57.
2 Rudrappan, 2003, p.42.
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Indian agricultural sector is characterized by numerous challenges like unpredictable 

weather/rainfall condition, substandard seeds, non-availability of the required quality and 

quantity of fertilizer and pesticides. On top of this is the ignorance to best farming practices. 

The performance of the economy is crucially dependent upon agriculture. On the supply side, 

it produces food for the people, fodder for animals and raw materials for different industries. 

This ‘supply side’ is dependent on the nature of basic inputs used in agriculture. Seed is the 

one basic input which determines the produce in terms of both quality and quantity. Green 

Revolution had shown the potential of breeding methods in enhancement of the productivity. 

Along with these inputs, the hefty increase in agricultural production over the past decade was 

due to the appropriation of new land. In the words of Norman Borlaug3, “There has been no 

great increase in the yield capacity of wheat and rice since the dwarf varieties sparked off the 

Green Revolution of the 1960s and 1970s. In order to meet mankind’s rapidly escalating need 

for food, we need to come up with new and appropriate technological methods for increasing 

the yield capacity of grains.” At the same time M.S. Swaminathan4, father of Indian Green 

Revolution shares his view in his words, “Technological empowerment requires us to reach 

those previously neglected and unreached and to be a voice of the voiceless”. Swaminathan 

conceptualizing ‘Ever-green Revolution5’ talks of ‘Eco-technology6’ - Ecological 

Technology- must satisfy the five E’s: Ecology, Economics, Equity that is particularly 

applicable in gender terms, renewable Energy and Employment. These five E’s are the 

principle behind the Ever-green Revolution. The revolution must be ecologically sound and 

economically viable; otherwise it won’t be replicable. The concept of Eco-technology tries to 

address the need of today and tomorrow in a harmonious way. 

McDonald and Dunbar(2004)7 explicate, “Marketing is a process for: defining markets; 

quantifying the needs of the customer groups (segments) within these markets; determining 

the value propositions to meet these needs; communicating these value propositions to all 

those people in the organization responsible for delivering them and getting their buy-in to 

their role; playing an appropriate part in delivering these value propositions (usually only 

                                                
3 Borlaug,1999.
4 Swaminathan and Ikeda, 2005, p. 59.
5 ibid, p. 62
6 Ibid.
7 McDonald and Dunbar,2004,p.9
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communications); monitoring the value actually delivered. For this process to be effective, 

organizations need to be consumer/customer driven.” The tension between wants and means 

to satisfy this is directly influenced by technical change; both from qualitative and 

quantitative point of view. This relationship between scarcity and technical change was 

noticeable in Indian Green Revolution of late 1960s in the area of wheat crop. The success

story and technical format was not only limited to the cereal crops; but it was also extended to 

oilseed, pulses, cash crops, fruit orchids and even on to horticulture plants.  Seed is the basic 

input of agriculture and Green Revolution started with one basic input i.e. High Yielding 

Varieties (HYVs) of seed. The seed sector in India has seen many changes in recent past and 

has evinced keen business and academic interest due to the agricultural development and trade 

involved. Past economic reform and new development in biotechnology and protection 

regime are serious concerns to the industry. Carrying the process of technological 

development further, the Genetically Engineered Approval Committee (GEAC) of India had 

allowed Genetically Modified (GM) variety of one crop (i.e. cotton crop with bacillus 

thuringiensis, a bacterial gene inserted to cotton crop’s genetic material for protection against 

pest problem. It is also known as Bt. cotton) to be produced and marketed. The core of this 

dissertation is to study the outcome of this step:

i. Nature of structured transition of Indian Seed Industry brought by 

Biotechnology.

ii. Impact of technological transition on stakeholders.

iii. Developing strategy to manage & understand stakeholders’ comprehension of 

Indian Seed Industry and its MNC counterparts.

1.2 Significance of Agricultural Development

The significance of agricultural development is well elaborated by Misra and Puri (2007), 

who states that:

a. agriculture still contributes more than one-fourth of the GDP,

b. Agriculture is largest employment providing sector. Millions of farmers, agricultural 

workers and others engaged in backward and forward linked sectors, 

c. Agriculture provides raw materials to the cotton textiles, jute, sugar and vanaspati 

industries which are of basic importance to the national economy. It provides the 
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essential consumption commodities to the workers engaged in industries. It also 

provides market for the industrial products, 

d. Agricultural based exports of cotton textiles, jute, tea, horticulture, floriculture and 

agro-products, do contribute substantial export earnings of the country, 

e. Per capita income being low in India, large part of income is spent on fulfilling basic 

consumption needs. It is observed that rural Indian population spends about 64 percent 

and the urban Indian population spends about 56 percent of the total expenditure on 

food. Agriculture meets these demands, thus providing food security and self-reliance 

and,

f. Agriculture with appropriate policies and programmes can contribute to the 

preservation of bio-diversity, forests, water, soil and other natural resources.

1.3 Indian Agriculture during the Five Year Plans 

The First Five Year Plan (1951-1956) was directed mainly towards increasing agricultural 

production and strengthening the economic overheads of development like irrigation, power 

and transport. Agriculture including irrigation and power was given the topmost priority in the 

plan. The agricultural programmes during Second Five Year Plan (1956-1961) were intended 

to provide adequate food to support the increased population and the raw materials needed for 

growing industrial economy and also to make available larger exportable surpluses of 

agricultural commodities. This plan implied therefore, even more than the First Five Year 

Plan, a close interdependence between agricultural and industrial interdependence between 

agriculture and industrial development. 

The Third Five-Year Plan (1961-1966) seen as a plan of the long-term strategy. It was a great 

significance for the agriculture sector. It held out a great promise for the future and the new 

strategy of agriculture production came to be introduced around this period. The first stage of 

new strategy pertaining to the Intensive District Programme started in 1960-61 in three 

districts and was subsequently extended by stages to another thirteen districts. While the 

performance varied, it clearly demonstrated both the value of the ‘Package’ approach and the 

advantage of concentrating effort in specific areas. In 1964-65 and subsequent years, a 

modified version of the same approach was extended to several other parts of the country in 
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the form of Intensive Agriculture Programme (IAAP). The main concern of the programme 

was with specific crops, while both the IADP and IAAP were concerned with the promotion 

of intensive agriculture, operated within the limitation set by existing crop varieties, which 

had relatively a low response to fertilizers. A major change occurred with the introduction of 

the High Yielding Variety (HYV) seeds, which came to be widely adopted by the end of the 

third plan. Besides, a new emphasis came to be laid on the role of agricultural technology as a 

major input of agriculture production. The Indian Council of Agricultural Research (ICAR) 

was reorganized in 1965 to evolve a new technology suitable for the Indian conditions. The 

National Seeds Corporation was set up in 1963 with responsibilities in the field of seed 

production, particularly the foundation stock of HYV seeds. Starting with 1965, Agro 

Industries Corporations have been set up in different states. The National Co-operative 

Development Corporation was set up on a statutory basis in 1963 and in the same year, the 

Agriculture Refinance and Development Corporation, now merged with the National Bank for 

Agriculture and Rural Development (NABARD) was set up. A policy of support prices for 

food grains came to be adopted throughout the country in 1964. In 1965, the Agricultural 

Prices Commission (APC) was set up to advice the government from time to time on 

appropriate price policies for agricultural commodities. In the same year the Food Corporation 

of India (FCI) was also established to provide all India machinery for purchase of food grains. 

Thus, it would be seen that Third Five Year Plan provided an entirely new structure of 

machinery which was geared up to meet the challenge expected to be posed by the new 

agricultural strategy which had its beginning in this plan period, although it came to bear fruit 

only in the later years. 

The programmes of agricultural development during the Fourth Five Year Plan (1969-1974)

fell broadly into two categories, namely those that aimed at maximizing production and those 

which aimed at remedying imbalances. The second part of the strategy was tried out in the 

pilot schemes of dry farming taken up during the later part of the Fourth Five Year Plan. The 

Fifth Five Year Plan (1974-1979) sought to modify and correct the weakness evidenced in the 

strategy of intensive production, as also in various programme during the Fourth Five Year 

Plan. 
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The Six Five Year Plan (1980-1985) emphasized that the agricultural growth pattern should 

take into account immediate as well as the long term needs of agricultural commodities both 

for domestic consumption and for export. Therefore, the plan proposed to accord the highest 

priority to bridging the gap prevailing between actual and potential farm yields even at current 

levels of technology through the removal of constraints responsible for this gap. The 

government played an important role both in the emergence, institutional development 

including Science & Technology (S&T) policies and in catalyzing public-private partnerships. 

India’s Sixth Five Year Plan committed considerable support to this area and underlined the 

importance of biotechnology as a future S&T field to address the growing needs in agriculture 

related areas. As early as 1982 an apex agency called the National Biotechnology Board 

(NBTB) was constituted to fulfill the plan objectives. NBTB formulated a ‘Long Term Plan in 

Biotechnology in India’ in 1983 which focused on several priority projects including the 

institutional development of the sector.

The central element in the development strategy of the Seventh Five Year Plan (1985-1990) 

was the generation of productive employment and removal of poverty. This was sought to be 

achieved through increase in cropping intensity, made possible by increased availability of 

irrigation facilities, extension of new agricultural technologies to low productivity regions and 

to small farmers through measures to make the rural development programmes more effective 

in the creation of productive assets. In 1986 the government created a full fledged Department 

of Biotechnology (DBT) with an annual budget of Rs.400 million. Since then DBT has been 

giving support to R&D frontiers of ICAR and Universities of India.   

The agricultural policy in the Eight Five Year Plan (1992-1997) focused on production using 

limited resources of land and water. Couple of thrust areas of this planning period was 

improvement in the technologies of production storage and marketing; modernizing 

agricultural research and extension systems according to future needs. Agricultural Policy 

Resolution (APR) 1992 was the key initiative of this planning period; consequently 

Agriculture was given Industry status November 28, 1994.
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The Ninth Five Year Plan (1997-2002) aimed to set up the growth of agriculture production 

from the level of an annual growth rate of 3.5 percent realized during Eight Plan to a level of 

4.5 percent during the Ninth Plan period. In order to reduce regional disparities, it was 

proposed to take recourse to higher agricultural growth and rural development rather than 

depending on industrialization. With this objective in view, Ninth plan strategy of agricultural 

development adopted different strategies for different regions depending on the agro-

economic situation of the region. Indian Agricultural Policy 2001 was the milestone step 

taken in this direction. Issues of biodiversity, growth with equity, strategy formulation to face 

the challenges arising from economic liberalization and globalization were some of the thrust 

areas of this plan. The National Agricultural Policy focuses on the optimal use of land, water 

and genetic resources in a sustainable manner. It includes leasing of land, consolidation of 

land, the use of 80 million hectares of marginal and waste lands and community lands for 

agro-forestry and improvement of rural marketing infrastructure. It also indicates the creation 

of cold storage and processing facilities close to production centers in rural areas.

Considering the market, the Tenth Five Year Plan (2002-2007) had dwelt at length on the 

policies that would be necessary and the design of key institutions. Key reforms for 

agriculture sector includes: eliminating inter-state barriers to trade and commerce; amending 

agriculture produce marketing act; liberalizing agri-trading, agri-industry and exports; 

encouraging contract farming and permitting leasing in and leasing out of agricultural land; 

replacement of various acts dealing with food by comprehensive ‘Food Act’. During this 

period a significant change; Patent Act, took place.  

1.3.1 Indian Seed Industry during these planning periods

Efforts to shape to India’s formal seed system began during the second Five Year Plan Period 

(1956-61) when special emphasis was laid on multiplication of nucleus and foundation seed, 

which acted as the basis for further multiplication of nucleus and foundation seed, which 

acted as the basis for further multiplication and distribution of seed. The All-India 

Coordinated Maize Improvement Project was launched in 1957 as a result of collaboration 

between the Indian Council of Agriculture Research (ICAR) and the Rockefeller Foundation. 

Other All India Coordination Crop Improvement Schemes followed and several agricultural 
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universities initiated efforts to develop new crop varieties and hybrids. This enabled chain 

multiplication of certified/quality seed – from breeder to foundation seed and from foundation 

to certified seed – and making it available to farming community. The Maharashtra Hybrid 

Seeds Company Limited (MAHYCO), a private sector seed enterprise, was established in 

1961, and the National Seeds Corporation (NSC) was established 1963 to produce foundation 

seed. In 1964, state variety release committees (SVRCs) were established to monitor the 

timely release of new varieties to farmers. The Seed Act came into existence in 1968-69 and 

at the same time the Central Seed Committee (CSC) was constituted under the Seed act. It 

took over the functions of the Central Variety Release Committee (CVRC). The National 

Seed Project (NSP) was formulated in 1975 to establish the State Farms Corporation of India 

(SFCI), four state seeds development corporation (SSDCs) and breeder seed production units 

in state agriculture universities (SAUs). These were mandated to provide support to NSC in 

1985, during the second phase of NSP, 13 additional SSDCs were established to promote seed 

quality standards. Nineteen state seed certification agencies were also established under the 

NSP in 1988, NSP’s third phase focused on encouraging export-oriented horticulture industry. 

The Seed Act, decreed by Parliament in 1966 to regulate the quality of seed production and 

marketing in the country, was amended in 1972. It was only in 1983 that the Seed Control 

Order was issued, but was not implemented by various states until 1994. Liberalization of the 

Indian economy paved the way for the entry of multinational corporations (MNCs) into the 

Indian Seed Industry.
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1.4 Global Seed Industry:

Table 1.1: Estimated Value of the Domestic Seed Market in Selected Countries (US$ million) 
                                                                                                        (updated June 2008)
Country Value domestic market Country Value domestic market
USA 8,500  Morocco 140
China 4,000 Egypt 140
France 2,150 Bulgaria 120
Brazil 2,000 Chile 120
India 1,500 Serbia 120
Japan 1,500  Nigeria 120
Germany 1,500 Slovakia 110
Italy 1,000 New Zealand 100
Argentina 950 Switzerland 90
Canada 550 Paraguay 80
Russian Federation 500 Portugal 80
Spain 450 Ireland 80
Australia 400 Algeria 70
Korea 400  Uruguay 70
United Kingdom 400 Kenya 60
Mexico 350 Iran 55
Poland 350 Israel 50
Turkey 350 Tunisia 45
Taiwan 300 Colombia 40
South Africa 300 Bolivia 40
Hungary 300 Slovenia 40
Netherlands 300 Zimbabwe 30
Czech Republic 300 Peru 30
Denmark 250 Libya 25
Bangladesh 250 Saudi Arabia 20
Greece 240 Zambia 20
Sweden 240 Ecuador 15
Romania 220 Tanzania 15
Belgium 190 Malawi 10
Finland 160 Uganda 10
Austria 150 Dominican Republic 7

Total = 32,002*
* The commercial world seed market is assessed at approx. USD 36.5 billion
Source: International Seed Federation (www.worldseed.org), accessed on 20/07/2008.

Global seed industry, estimated to be around US$36.5 billion8. Estimated Value of the 

Domestic Seed Market in Selected Countries is shown in Table 1.1. Value of export and 

import for selected countries is represented by table 1.2, table 1.3 and Figure 1.1 shows the 

growth in international seed trade. The Global Seed market is dominated by Multinational 

companies. 
                                                
8 International Seed Federation. 2008.
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Table 1.2: Countries having reported more than 1 million US$ planting seed exports
Calendar year 2007. Million US$. 

Country
Agricultural 

Seeds
Vegetable

Seeds Total Country
Agricultural 

Seeds
Vegetable

Seeds Total
Netherlands 186 854 1040 Guatemala 8 6 14
USA 650 369 1019 Taiwan 3 11 14
France 698 216 914 Lithuania 12 1 13
Germany 442 41 483 Peru 4 8 12
Canada 265 82 347 Bulgaria 10 0 10
Denmark 281 44 325 Slovenia 8 2 10
Chile 124 80 204 Russian Fed. 7 2 9
Hungary 186 10 196 Costa Rica 2 7 9
Italy 114 70 184 Greece 8 1 9
Mexico 162 9 171 Portugal 4 4 8
Belgium 139 3 142 Ireland 8 0 8
Argentina 97 21 118 Ukraine 8 0 8
Austria 102 3 105 Kazakhstan 7 0 7
Japan 30 71 101 Serbia 6 1 7
Spain 54 35 89 Tanzania 1 6 7
China 41 47 88 Moldova 6 0 6
Australia 66 13 79 Vietnam 1 4 5
United 
Kingdom 44 28 72 Croatia 5 0 5
Israel 9 62 71 Pakistan 2 3 5
Brazil 45 8 53 Kenya 4 0 4
Poland 46 2 48 Luxemburg 4 0 4
South Africa 40 8 48 Colombia 3 0 3
New Zealand 27 17 44 Uruguay 3 0 3
Czech Rep. 38 4 42 Morocco 1 2 3
Turkey 29 8 37 Egypt 2 0 2
Romania 31 0 31 Bolivia 2 0 2
Sweden 24 5 29 Indonesia 2 0 2
Slovakia 29 0 29 Estonia 1 1 2
Thailand 2 25 27 Malta 0 2 2
Switzerland 22 2 24 Latvia 1 0 1
India 12 10 22 Belarus 0 1 1
Korea, Rep. of 2 18 20 Venezuela 1 0 1

TOTAL 4171 2227 6398
Source: International Seed Federation (www.worldseed.org), accessed on  20/07/2008
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Table 1.3: Countries having reported more than 1 million US$ planting seed imports 
Calendar year 2007. Million US$.

Country
Agricultural

 Seeds
Vegetable 

Seeds Total Country 
Agricultural

 Seeds
Vegetable

 Seeds  Total
USA 461 211 672 Lithuania 20 3 23
France 331 91 422 Croatia 17 6 23
Mexico 258 156 414 Serbia 17 5 22
Netherlands 182 199 381 Ireland 21 0 21
Germany 304 64 368 Uruguay 18 3 21
Italy 197 130 327 Israel 9 12 21
Spain 121 171 292 Pakistan 10 11 21
Canada 181 56 237 Tunisia 14 6 20
Ukraine 204 31 235 Finland 12 8 20
United Kingdom 133 65 198 Vietnam 15 2 17
Russian Fed. 157 33 190 Algeria 4 13 17

Belgium 125 27 152
Hong-Kong, 
China 4 13 17

Japan 79 62 141 Taiwan 4 11 15
Poland 98 41 139 Colombia 11 4 15
China 63 53 116 Syria 8 6 14
Hungary 92 17 109 Thailand 1 12 13
Austria 76 15 91 Jordan 4 7 11
Greece 65 21 86 Norway 6 5 11
Romania 64 11 75 Kenya 7 4 11
South Africa 9 66 75 Paraguay 11 0 11
Turkey 31 42 73 Guatemala 6 4 10
Denmark 52 14 66 Peru 7 3 10
Brazil 39 19 58 U.A.Emirates 7 3 10
Saudi Arabia 44 14 58 Latvia 8 1 9
Switzerland 44 13 57 Ecuador 6 3 9
Czech Rep. 51 5 56 Moldova 8 1 9
Argentina 42 10 52 Bosnia & H. 6 2 8
Portugal 30 21 51 Philippines 5 3 8
Bulgaria 44 6 50 Yemen 2 6 8
Australia 29 17 46 Costa Rica 3 4 7
Sweden 31 10 41 Lebanon 4 3 7
Korea, Rep. of 14 26 40 Angola 2 5 7
Slovakia 36 4 40 Tanzania 2 5 7
New Zealand 12 24 36 Bolivia 6 0 6
Morocco 20 15 35 Luxemburg 6 0 6
Chile 23 12 35 Panama 5 1 6
Egypt 12 21 33 Uzbekistan 2 4 6
Iran 17 14 31 Zimbabwe 5 1 6
India 11 18 29 Kazakhstan 3 3 6
Belarus 24 5 29 Iraq 3 3 6
Slovenia 21 4 25 Estonia 5 1 6
Venezuela 14 10 24 Senegal 2 3 5

TOTAL 4157 2034 6191
Source: Compiled from International Seed Federation (www.worldseed.org), accessed on  20/07/2008
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The top five Gene Giants (AstaZeneca, DuPont, Monsanto, Novartis, Aventis) accounts for 

almost one-quarter (23%) of the commercial seed market, and virtually 100% of the 

transgenic (genetically engineered) seed market. The top 10 multinational seed firms control 

half of the world’s commercial seed sales (a total worldwide market of approximately 

US$21,000 million per annum). The intensifying international competition, shorter product 

life cycles for new varieties, increasing R&D costs and complexities of biotechnology and 

increasing concentration within the food processing and retail sector. A study by the US 

Department of Agriculture examines the impact of seed industry concentration on agriculture-

biotech research.9 Access to proprietary genes and technology is essential for developing and 

commercializing genetically modified varieties. Dispute and uncertainty over intellectual 

property rights have induced mergers, take-over and strategic alliances.

The key global players - Monsanto, Pioneer, Syngenta (top three); Limagrain, Sakata, 

Advanta, Aventis (minor league) and Cebeco, Pau Euralis, Ball, Pennington, DLF, Svalof 

Weibul, Sigma, Ragt, Malsadour etc. (niche players) - are using biotechnology to deliver 

products that help farmers protect crops, improve the environment and grow grains that 

                                                
9 USAID,2005.
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improve the quality of food we eat. Year 2005 saw an upsurge in seed industry takeovers and 

a shake-up in rankings. The perennial kingpin, Dupont’s Pioneer Hi-Bred International, was 

dethroned from the top spot when Monsanto acquired Seminis in January 2005 for US$1,400 

million. With the acquisition of Seminis, Monsanto became the world’s leading seed company 

- and the world’s biggest commercial vegetable seed company. Broadly, it is observed that 

Multinational companies dominate the Global seed market. This is due to MNCs caters to 

attractive niche markets; the marketable products are technology driven products which are 

the outcome of heavy investment on R&D.

1.4.1 Global Seed Industry and GMC

In 2007, the number of countries planting biotech crops increased to 23, and comprised 12 

developing countries and 11 industrial countries; they were, in order of hectarage, USA, 

Argentina, Brazil, Canada, India, China, Paraguay, South Africa, Uruguay, Philippines, 

Australia, Spain, Mexico, Colombia, Chile, France, Honduras, Czech Republic, Portugal, 

Germany, Slovakia, Romania and Poland. Notably, the first eight of these countries grew 

more than 1 million hectares each - the strong growth across all continents in 2007 provides a 

very broad and stable foundation for future global growth of biotech crops. The two new 

biotech crop countries in 2007 were Chile producing over 25,000 hectares of commercial 

biotech crops for seed export, and Poland, an EU country, growing Bt. maize for the first 

time. The accumulated hectarage from 1996 to 2007 exceeded two thirds of a billion hectares 

for the first time at 690 million hectares (1.7 billion acres), with an unprecedented 67-fold 

increase between 1996 and 2007, making it the fastest adopted crop technology in recent 

history. This very high adoption rate by farmers reflects the fact that biotech crops have 

consistently performed well and delivered significant economic, environmental, health and 

social benefits to both small and large farmers in developing and industrial countries. Thus, 

this is a strong vote of confidence from approximately 55 million individual decisions by 

farmers in 23 countries over a 12-year period to plant biotech crops, year after year, after 

gaining first-hand insight and experience with biotech crops on their own or neighbor’s fields. 

Notably, 2007 marks the first year when the accumulated number of farmer decisions to adopt 

biotech crops has exceeded 50 million.
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In 2007, the USA, followed by Argentina, Brazil, Canada, India and China continued to be 

the principal adopters of biotech crops globally, with the USA retaining its top world ranking 

with 57.7 million hectares (50% of global biotech area) spurred by a growing market for 

ethanol with the biotech maize area increasing by a substantial 40% - this was partially offset 

by smaller decreases in biotech soybean and cotton. Notably, 63% of biotech maize, 78% of 

biotech cotton, and 37% of all biotech crops in the USA in 2007 were stacked products 

containing two or three traits that delivered multiple benefits. Stacked products are a very 

important feature and future trend, which meets the multiple needs of farmers and consumers 

and these are now increasingly deployed by ten countries - USA, Canada, the Philippines, 

Australia, Mexico, South Africa, Honduras, Chile, Colombia, and Argentina, with more 

countries expected to adopt stacked traits in the future.

Biotech crops achieved a very important milestone in 2007 with humanitarian implications –

the number of small and resource-poor farmers benefiting from biotech crops in developing 

countries exceeded 10 million for the first time. Of the global total of 12 million beneficiary 

biotech farmers in 2007, (up from 10.3 million in 2006), over 90% or 11 million (up 

significantly from 9.3 million in 2006) were small and resource-poor farmers from developing 

countries; the balance of 1 million were large farmers from both industrial countries such as 

Canada and developing countries such as Argentina. Of the 11 million small farmers, most 

were Bt cotton farmers, 7.1 million in China (Bt. cotton), 3.8 million in India (Bt. cotton), and 

the balance of 100,000 in the Philippines (biotech maize), South Africa (biotech cotton, maize 

and soybeans often grown by subsistence women farmers) and the other eight developing 

countries which grew biotech crops in 2007. This initial modest contribution of increased 

small farmer income from biotech crops towards the Millennium Development Goals of 

reducing poverty by 50% by 2015 is a very encouraging and important development, which 

has enormous potential in the second decade of commercialization, 2006 to 2015.

During the period 1996 to 2007, the proportion of the global area of biotech crops grown by 

developing countries has increased consistently every single year. In 2007, 43% of the global 

biotech crop area, (up from 40% in 2006), and equivalent to 49.4 million hectares, was grown 

in developing countries where growth between 2006 and 2007 was substantially higher (8.5 
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million hectares or 21% growth) than industrial countries (3.8 million hectares or 6% growth). 

It is noteworthy that the five principal developing countries committed to biotech crops, span 

all three continents of the South; they are India and China in Asia, Argentina and Brazil in 

Latin America and South Africa on the African continent – collectively they represent 2.6 

billion people or 40% of the global population, with a combined population of 1.3 billion who 

are completely dependent on agriculture, including millions of small and resource poor 

farmers and the rural landless, who represent the majority of the poor in the world. The 

increasing collective impact of the five principal developing countries is an important 

continuing trend with implications for the future adoption and acceptance of biotech crops 

worldwide. Each of the five countries, reviewed in the following paragraphs, have benefited 

in a different way from biotech crops.

1.4.2 The Global Value of the Biotech Crop Market10

Genetically modified seeds now account for one quarter of the total value of the commercial 

seed market worldwide. The market for biotech seed traits (herbicide tolerance and insect 

resistance) has shot up from $280 million in 1996 to $4,700 million in 2004 - a 17-fold 

increase over the past nine years.

In 2007, the global market value of biotech crops, estimated by Cropnosis, was US$6.9 billion 

representing 16% of the US$42.2 billion global crop protection market in 2007, and 20% of 

the ~US$34 billion 2007 global commercial seed market. The US$6.9 billion biotech crop 

market comprised of US$3.2 billion for biotech maize (equivalent to 47% of global biotech 

crop market, up from 39% in 2006), US$2.6 billion for biotech soybean (37%, down from

44% in 2006), US$0.9 billion for biotech cotton (13%), and US$0.2 billion for biotech canola 

(3%). Of the US$6.9 billion biotech crop market, US$5.2 billion (76%) was in the industrial 

countries and US$1.6 billion (24%) was in the developing countries. The market value of the 

global biotech crop market is based on the sale price of biotech seed plus any technology fees 

that apply. The accumulated global value for the eleven-year period, since biotech crops were 

first commercialized in 1996, is estimated at US$42.4 billion. The global value of the biotech 

crop market is projected at approximately US$7.5 billion for 2008.

                                                
10  Compiled from ISAAA Briefs
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1.5 Indian Seed Industry

Seed is a critical and basic input for enhancing agricultural production and productivity in 

different agro-climatic regions. Indian seed programme largely adheres to the limited 

generation system for seed multiplication. The system recognizes three generations, namely 

breeder, foundation and certified seeds and provides adequate safeguards for quality 

assurance in the seed multiplication chain to maintain the purity of variety as it flows from the 

breeders to the farmers.11 Seed is an essential input in agricultural production. The seed 

industry requires special techniques for production of seed. It is essential to nurture the special 

assortment of seed for enhancing agriculture output. 

Indian seed programme includes the participation of Central and State governments, Indian 

Council of Agricultural Research (ICAR), State Agricultural University (SAU) System, 

public sector, co-operative sector and private sector institutions. Seed sector in India consists 

of two national level corporations i.e. National Seed Corporation (NSC) and State Farms 

Corporations of India (SFCI), 13 State Seed Corporations (SSCs) and about 100 major seed 

companies. For quality control and certification, there are 22 State Seed Certification 

Agencies (SSCAs) and 101 State Seed Testing Laboratories (SSTLs). The private sector has 

started to play a significant role in the production and distribution of seeds. However, the 

organized seed sector particularly for food crops cereals continues to be dominated by the 

public sector.12

This sector was open for private players in late 1980’s; which led to sprout of many 

independent companies. ICAR sponsored institutions were centre for improved varieties of 

seed; Breeder seed of different crops were researched and developed in these institution. 

These breeder seeds were procured by Private companies to propagate and develop for 

certified seed for selling in the market.    These private companies were also dependent on 

Government organization like ‘State Agriculture Universities (SAU)’ or ICAR Research 

centers for breeder seed and foundation seed. So R&D initiative was initially lacking in these 

companies. Their job was limited to producing quality seed and marketing of it as per law set 

                                                
11 India 2009, pg. 78.
12 ibid.
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by Government of India. These companies were having their own niche geographical 

presence and products. Mostly these companies had their product portfolios in cash crops like 

cotton and chilly or vegetable seeds because these product portfolios were more profitable. 

Very few of them had their presence felt in lower profit margin cereal crop like wheat and rice 

etc; these low profit margin portfolios were left to Government institutions. Chronological 

milestone events in India’s Seed Industry are represented by Table 1.4:

Table 1.4: Chronological milestone in India’s Seed Industry
Year Events
1957 First All India Coordinated Maize Improvement Project established
1960 Similar projects on sorghum and pearl millet started
1961 First four hybrids released
1963 National Seeds Corporation established
1965 First hybrid in pearl millet released; 250 tons of seed of dwarf varieties of wheat 

imported from CIMMYT; All India Coordinated Project on wheat established

1966 Seed Act passed
1968 Report of Seed Review Team submitted; Seed Act operational
1969 State Farms Corporation of India created, UP Seeds & Terai Development Corporation 

established

1971 National Commission on Agriculture constituted; Indian Society of Seed Technology 
established; minimum seed certification standards adopted

1975 National Commission on Agriculture's report submitted; report of National Seed Project
 (NSP) submitted

1977-78 NSP phase-I launched with World Bank assistance of US$52.7 million
1978-79 NSP phase-II launched with World Bank assistance of US$34.9 million
1979-80 All India Coordinated National Seed Project (Crops) launched; All India

Coordinated Project on Seedborne Diseases launched

1981 First workshop on seed technology held under NSP
1988 Separate section on seed created in ICAR; New Seed Policy implemented
1989-90 Special project on hybrids in nine selected crops and seed, National Technology

Research Project started by ICAR

1990-91 NSP phase-III launched
1991 All India Coordinated Research Project (AICRP) on Seedborne Diseases merged

with NSP (Crops)

1994 Government of India signs the GATT
2001 Protection of Plant Variety and Farmer' Right Act passed
2003 National Seed Policy formulated
2004 Directorate of Seed Research established
2005 New seed bill introduced in Indian Parliament
Source: Seed System Innovations in the Semi-Arid Tropics of Andhra Pradesh, pg. 21
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1.5.1 Green Revolution and its actors for the understanding of the genesis of Modern 

Indian Seed Industry

Before the 1960s, agriculture production was the result of factor combinations of land and 

labor with little capital and management. After 60s, capital and management have acquired 

greater importance. The changes in technology have contributed greatly to their increased 

importance. The form of capital is also changing. The traditional form of capital in agriculture 

was composed of livestock, farm building, indigenous implements, and materials produced on 

the farm, such as seed and manures. Between 1961 and 1971, fertilizers and pesticides, farm 

machinery, and equipment to lift water for irrigation have acquired greater importance. These 

new inputs in agriculture have brought about changes in agriculture production.13

Randhava14 (1982) acknowledges India’s food sufficiency as the gift of Green Revolution.  In 

his words, “Initially Green revolution started with Wheat; later on it extended to Rice and

other crops like Groundnut, Sugarcane and Jute etc.” Here we see how exotic crops were used 

for crop improvement at that time. Later years of 1990s and beginning of 21st century see 

many externalities of Green Revolution which are both positive and negative. It is not true 

that Green Revolution became the doomsayer’s story or devastated the agriculture. On the 

other hand, it brought food sustainability in India but along with this it also brought certain 

form of externalities which we need to assess properly.

1.5.1.1 Manifestation of Green Revolution

The multiplier effect of Green Revolution not stopped at agriculture betterment rather it 

percolated to the social behavior of farming community in terms of buyer behavior and 

created new market for new types of product. This market was not only created for the 

agricultural product, but also for lifestyle product giving impetus to new type consumerism 

creating new segment of consumers whose demand and preference was new.  The basic cause 

of  ‘surplus produce’ which bring farming community ‘some extra money’ in turn enhanced 

their ‘purchasing power parity’ was ‘Hybrid Seed’; a new product as a outcome of 

advancement of science gifted as ‘newer form of technology’. This increase in Purchasing 

                                                
13 Desai, D. K. and Prakash, Hari (1973). Indicators of Change in Indian Agriculture 1961-1971.p.25
14 Randhava (1982). History of Indian Agriculture.
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Power created demand and transformed Indian farmers ‘wants’ into ‘need’. Hence we see that 

a single input has such a larger impact on the economy and market which also became a core 

competence of a nation.

There is a need to bring out what are the key factors which influence ‘new technology’ and 

Seed Industry as a whole. The study also talks of what are the key drivers of this technology. 

The enquiry also investigates how the new technology brings competitive advantage to this 

sector. So it has become very important to understand the forward and backward linkage of 

technology.

The breakthroughs in science that permitted genes, and thus heredity, to be identified and 

manipulated as molecules ushered in the biotechnology era, which is now more than a decade 

old. The new tools of biotechnology are changing the way scientists can address problems in 

the life sciences; agriculture is one area facing major changes as a result of this new 

technology. The unanticipated rapid rate at which discoveries and their applications in 

biotechnology have unfolded has stressed the capacity of society; more specifically, our 

agricultural research and educational institutions which need to absorb and adjust to change. 

We are challenged by pressing decisions, opportunities, and problems that we face now and 

will continue to face in the future. Competition from abroad impels us to devise and use new 

technologies that can improve the efficiency and quality of Indian agricultural production. 

These concerns led to this study of structural overview of how the agricultural research 

system is responding to biotechnology and how it might prepare for future opportunities.

Agriculture has moved from resource-based to science-based industry as science and 

technology have been substituted for land and labor. This transition now affects agriculture 

and food producing systems throughout the world. Technology has driven this change towards 

more effective and efficient production practices. The adoption of new technologies has 

improved the efficiency of agricultural production practices. Agricultural systems throughout 

the world continue to adopt new and better technologies that enable them to become more 

efficient and competitive in developing new markets and capturing old markets for their 

agricultural products. The future leadership and competitiveness of the Indian agricultural 
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enterprise is dependent on the health and effectiveness of the agricultural research system in 

the country and its ability to translate better technologies into practice. Research must make 

Indian farming more profitable, reliable and durable business able to compete in both 

domestic and international markets. Innovation is crucial to enhance productive efficiency and 

environmental acceptability. Biotechnology is the key to this innovation. Indian agriculture 

has achieved its preeminence through innovation and substitution of knowledge for resources. 

This trend must continue. Yet technological innovations cannot revitalize Indian agriculture 

unless farm business management, farm policy, Department of Agriculture, Agricultural 

Universities, extension services, and private sector businesses that serve agriculture are 

innovative. Indian farmers can take the lead in adopting new biotechnologies. These 

technologies should emphasize maximizing economic yield rather than total production. That 

is, they should increase the efficiency of production by reducing the costs of production. Such 

technologies become increasingly important as support prices are removed and world 

competition stiffens.

There is also an ongoing debate initiated after the onset of biotechnology in agriculture sector. 

The transformation of Indian agriculture from Green Revolution has several vistas, angles and 

shapes. It is argued that Green Revolution is based on public technology owned by the public 

and used for the betterment of the public.15 Whereas, transgenic (base technology and 

precursor for GMC development) technology is seen as a tool for commercialization, 

commodification and monopolization of agriculture in toto.16 It is argued that new technology 

is based on proprietary system and legally protected by IPR and patent. The country witnesses 

the case of Genetically Modified Cotton Crop (Bt. cotton), the only approved crop in India by 

the Genetic Engineering Approval Committee (GEAC) under the auspice of Ministry of 

Environment and Forest (MOEF).

                                                
15 Sahai (2004) p 161-170.
16 Shiva (2002) p 11-70.
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1.5.1.2 Green Revolution vs. Evergreen Revolution: Several Dimensions of 

Technological Transformation

Suman Sahai (2004) stated about the green revolution technology that it was a publicly owned 

technology, belonging to the people. The research was conducted with public money to fulfill

public need namely inadequate food production, and it created public goods which everyone 

has access to. There were no IPR, no patent vested in multinational companies, no proprietary 

technology or product. The ownership of GR was vested in farmers. On the contrary, the 

‘evergreen revolution’ is a privately owned technology, six corporations (Monsanto, 

Syngenta. Bayer Crop Science, Du Pont, Dow and BSF Plant Science) control practically the 

entire research and output in the fields of transgenic processes and products, including 

research methodologies are patented and farmers has no control on the means of production 

with the development of new varieties.17

Mangla Rai and B. Prasanna (2000) also came to the same conclusion and put forward that an 

important difference between ‘green revolution’ and ‘gene revolution’ is regarding the 

patenting of processes as well as products.18 The main process behind the green revolution 

was conventional plant breeding technology, which has been well established and exploited 

by public sector institutions. Access to genetic resources and improved cultivars, or even the 

methodology was not an issue. Today, the processes and key components used in modern 

agricultural biotechnology are increasingly subjected to intellectual Property Rights (IPR) 

Protection along with the products and results.19

Dayanath Jha20 (2003) also favoured technological change in agriculture and revealed that 

technological change has emerged as a powerful source of growth. The green revolution 

illustrated it dramatically. Even poor producers were able to internalize its production and 

benefits to improve their incomes and food security. Poverty level in rural area declined and 

country moved from food deficit to food surplus in two decades.
                                                
17 Sahai, Suman (2004). Is Agbiotechnology suited to Agricultural Production in India? India's Agricultural 
Challenges: Reflection on Policy, Technology and other issues. pp.161-170.
18 A new era of both product and process patent is originated with new Patent Amendment Act.
19 Rai, Mangla and B. Prasanna (2000). Transgenic in Agriculture. Directorate of Information and Publication of 
Agriculture. Krishi Bhawan, ICAR publication Pusa, New Delhi.
20 Jha, Dayananth (2003). ICAR, National Professor, National Centre for Agricultural Economics and Policy 
Research.
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Ronald J. Herring (2004) argued that the genomics revolution created potential, but contested, 

economic value in biodiversity per se. Herring also emphasized that public goods are at stake 

due to this new revolution.21 Many see the new transgenic technologies as a great opportunity 

to enhance productivity and concomitantly increase the sustainability of agriculture. Many 

opponents see it as a dangerous tool of science and technology which has implication for 

human health, biodiversity and sustainable development and well being of small farmers.22

Some others on the based on the development argued that developed countries are gene poor 

while the developing nations are gene rich. The developed countries are technology rich while 

the developing countries are technology poor. The green revolution and current technology 

widened this gap. But there is also a counter argument that new technology may bridge this 

gap by effective enhancement of capabilities of gene rich and technology poor segment by the 

effective utilization of modern tools of science and technology like gene mapping, tissue 

culture and genetic engineering. Most of the scientists from developing countries are also in 

favour of adoption of new genomics for maintaining food security of the developing 

countries. They have positive argument that, if quality specific traits of genes from traditional 

biowealth are incorporated into new crop varieties then it will give economic benefit to both 

the actors that is gene provider and gene user due to benefit sharing concept of new IPR 

regime.

Technology like transgenic seed and terminator technology is often debated with several facts, 

figures and assumption.  Some have opposite argument some have positive   thoughts.   Schell 

(1993); Young (1994) said   that genetic engineering is based on the transfer of ‘defined 

genes’ and considerable amount of data available from field tests with transgenic plants 

demonstrate that no risk are involved in releasing transgenic. However, critics of transgenic 

technology refuted these propositions.23

                                                
21 Herring Ronald J (2004)
22 Grover  Anil and Rental Deepak; 'In this Issue' Current Science. Vol.84.No.3-10 February 2003.
23 Schell(l993); Young (1994)
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Regal24 (1994) asserted that the mechanism and potential of conventional selective 

engineering and genetic engineering can be profoundly different. Although this does not mean 

that every transgenic is ecologically dangerous, some transgenic may be considered riskier 

than what could be produced with selective breeding, especially when an ecologically 

competitive host is supplemented with noble feature that may increase its competitiveness.

The concept of doubly green revolution was first put forward by the former head of the 

Rockefeller foundation, Gordon Conway, in 1997 by that name. Dr. Conway argued that the 

world needed a doubly green revolution that would be even more productive than the first 

green revolution and doubly green by conserving natural resources and protecting the 

environment,25 Dr. Cantrell added that modern technologies can be environmental sensitive if 

they are designed and used with the benefit of modern ecological knowledge.26 Some has also 

negative argument about green revolution. Gordon Conway27 (1997) stated that the high 

yielding technology that heralded the green revolution has, no doubt rescued the country from 

chronic food deficiency and starvation, but, it has its adverse effect too. The high input 

cultivation of rice and wheat has led to excessive water use and eroded soil quality;   

indiscriminate use of chemical pesticide has led to pesticide resistance making pest 

management increasingly difficult.

Vandana Shiva 28 (1992) differentiating between the first Green Revolution and the second 

Green Revolution put forward argument as, “In the first Green Revolution the seeds end of it 

largely took place in the public system, and in the international agriculture research system 

run by Consultative Group on International Agriculture Research (CGIAR) which is run by 

World Bank, and with the National Agriculture Research System (NARS). The fertilizers 

were 100 percent of the transnational corporations (TNC), except when after a battle in the 

early years in India; we got some amount of fertilizer production under the corporate sector. 

In the second Green Revolution, there is a total marriage between the seed and the chemical 

companies. On the one hand, the selling and the advertising says that the second Green 

                                                
24 Regal (1994)
25 IRRI press release (October 29, 2004). Asia New Rice Revolution
26 ibid.
27 Conway Gordon (1997). The doubly green revolution: food for all in the 2ist century. p.334
28 Shiva, Vandana (1992). Ecological, Economic and Political costs of the Green Revolution..p.11.
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Revolution will put an end to the chemical abuse that the first Green Revolution led to, most 

of the research trends in biotechnology for agriculture actually point to development of 

herbicide resistance and pesticide resistance varieties-which in actual fact makes for use of 

more herbicide and more pesticide so that the plants can survive even worst abuse”. 

In a report on transgenic plants and world agriculture prepared under the auspices of the royal 

society of London, science academies of US, Brazil, Mexico, China, INSA, TWAS, it is said: 

“we conclude that steps must be taken to meet the urgent need for sustainable practice in 

world agriculture if the demands of an expanding world population are to be met without 

destroying the environment or natural resources base. In particular, GM technology coupled 

with important development in other areas should be used to increase the production of main 

food staples, improve the efficiency of production, reduce the environmental impact of 

agriculture, and provide access to food for small farmers”.29

V.R. Gadwall (2003) has projected that alternative technology as a solution for the problems 

which can’t be solved by traditional breeding approach.30 Plant breeders can rectify problems 

only when there is variability available for the desired characters within the compatible 

species complex. Transfer of useful trait from distantly related species which do not sexually 

cross with the crop plant is not possible through conventional recombination breeding 

procedure, considering that many problems still remain unsolved and that the currently 

available technologies are inadequate to solve them, there is a need for alternate technologies. 

Recombinant DNA technology that enables movement of genes of interest across sexual 

incompatibility barriers is one approach plant scientists are relaying upon worldwide today to 

find genetic solution to specific problems.

1.5.2 Public Sector Seeds Companies

Public sector involvement in the seed industry on a national scale began at the beginning of 

the “green revolution” with the establishment of the National Seed Corporation (NSC) in 

1963, which was charged with the responsibility of promoting seed industry development 

                                                
29 Sharma, Manju (October 17, 2003). First Foundation Day Lecture on Regulatory Measure for Utilizing 
Biotechnological Developments in Different Countries.
30 Gadwall V .R.(2003).
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from production through processing, storage and marketing, and establishing a system of 

quality control.   Before that, the Indian seed industry was little developed apart from a small 

number of private companies dealing with high value vegetable and flower seeds.  In the 

initial years of operation, the NSC concerned itself mainly with foundation seed production 

and with seed certification after the enactment of Seed Act in 1966.  The State Seed 

Corporations (SSC) were established later with support from the World Bank, initially in nine 

states, and later expanded to cover 13 states, for production and handling of seed in their 

respective states.

The role of public sector seed companies is now mostly confined to certified seeds of high 

volume, low value segment of high yielding varieties of cereals, pulses, and cotton with a 

limited presence in the high value hybrid sectors of cotton, cereals, and vegetables. Wheat and 

paddy seed constitutes a major share of the seeds handled by them. The NSC and SSCs work 

close together to coordinate procurement and sales prices as well as variety demand and 

supply. Their presence is considered necessary by the government to ensure the availability of 

reasonably priced seeds of major crops throughout the country and to make sure that private 

sector seed companies do not enjoy and exploit unreasonable market power.

The public sector seed companies, however, lag behind in research; they are mostly dependent 

on public research institutions, under the aegis of Indian Council of Agricultural Research 

(ICAR) and State Agricultural Universities (SAUs) for their breeder seed requirements.   

Based on feedback from dealers and end-users, the public sector seed companies, state 

governments forecast seed demand for various crops three years in advance and a requirement 

for breeder seeds is placed with the Government of India’s Ministry of Agriculture. Using the 

breeder seeds supplied by government research institutes, the public sector seed companies 

produce foundation seeds on government farms or reliable, well-trained contract farms.  

These are further multiplied in contract farmers’ fields next year as certified seeds for 

commercial distribution.  If for some reasons (drought or other weather calamities) the supply 

of certified seeds falls short of requirements, the public sector seed companies source 

commercial grain from the market, upgrade the quality, and after proper testing distribute it as 

quality seeds.
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All seed grown by contract growers for seed corporations meeting the specified standards 

attract a premium price over and above the commercial grain price for that crop.  The 

premium can vary between 25 percent for cereals to over 100 percent for hybrids.  In the 

public sector, NSC is usually the retail price setter with the SSCs following NSC prices in 

determining their own for similar or substitute varieties.   For self-pollinated field crops, an 

accepted basis is to add a margin of 15 to 25 percent on production costs.   For hybrid seeds of 

cereals and vegetables, prices to some degree reflect market trends.   However, there is 

government intervention in the pricing of seeds produced by public sector corporations with 

the degree of intervention varying from state to state. Some states are now thinking of giving 

greater autonomy to their seed corporations to make them financially viable by allowing them 

to market private branded seeds, domestically produced or imported.  An advantage to the 

government seed companies is that they have a vast distribution network and trusted brand 

image. The reason why they are losing market share is because seeds by private companies 

often outperform the publicly available varieties. Some SSCs have started their own research 

to evolve superior propriety hybrids.

Breeder Seed requirement of the Corporation is met through lifting of such seeds from ICAR 

Institutes and the State Agricultural Universities (SAUs) based on the allocation by the 

Department of Agriculture & Co-operation (DAC), Government of India. The total foundation 

seed requirement is mostly met through producing the seeds by the seed growers using the 

breeder seed procured from the above sources. Major portion of the certified seed were 

procured through production programme organized through the contract growers by NSC. 

Occasional out sourcing of Certified/Quality Seeds from reliable sources are also resorted to 

as and when such seeds required for marketing is not available from the NSC’s seed 

production programme. 31

                                                
31 National Seeds Corporation Limited, 44th Annual Report (2006-2007). p.9.
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The table 1.5 shows breeder seeds supplied and the production and distribution of foundation, 

and certified seeds, mostly by government seed companies in metric ton.

Table 1.5: Production of Breeder, Foundation and Certified Seed in India
(1991-1992 to 2007-2008)

Type of Seeds

Year
Production 

Breeder Seed 
(in Thousand 

Qtls.)

Production of 
Foundation Seed (in 

Lakh Qtls.)

Distribution of 
Certified/Quality Seed (in Lakh 

Qtls.)

1991-92 34.90 3.75 57.50
1992-93 36.00 3.93 60.33
1993-94 37.00 4.06 62.20
1994-95 40.113 4.73 65.86
1995-96 43.363 4.76 69.90
1996-97 46.027 5.67 73.27
1997-98 46.135 6.84 78.79
1998-99 38.994 6.75 84.97
1999-00 51.13 4.66 87.98
2000-01 42.69 5.91 86.27
2001-02 45.54 5.44 91.80
2002-03 48.42 6.14 98.03
2003-04 61.82 6.50 108.59
2004-05 66.46 6.90 120.26
2005-06 68.64 7.40 126.75
2006-07 73.83 7.96 155.01
2007-08# 80.08 8.50 162.00

Note:# : Targets in respect of seeds.      
Source: Ministry of Agriculture, Government of India.

    

1.5.3 Seed Industry Structure for Variety Development

Variety development (especially for self-pollinated crops) is predominantly carried out in the 

public sector, although in recent years there is growing private sector involvement, which 

focuses mainly on hybrid cereals, cotton, sunflower, vegetables, and flowers.  The private 

sector is also actively involved in developing bio-engineered crops of cotton, oilseeds, and 

other crops.  The ICAR, operating through 30 All India Coordinated Crop Improvement 

Projects (AICCIPs), five Crop Directorates, and seven National Research Centers coordinate 

public sector plant breeding.   Basic genetic material from which new varieties are developed 

is available from the institutions’ own resources and from the National Bureau of Plant 

Genetic Resources (NBPGR), through which India has established a working relationship 

with international agricultural research centers.  ICAR’s own institutes and several SAUs at 
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research centers located in different parts of the country and focusing on various agro-climatic 

zones carry out the AICCIPs.

The present arrangement in India for variety development, testing, evaluation, and release are 

as follows:

i. New varieties are developed by SAUs, ICAR institutes, and private seed 

companies.

ii. Varieties that show some promise are entered into the All India Coordinated 

Trials (AICT) operated by SAUs, ICAR institutes, and State Agricultural 

Departments under the auspices of ICAR. 

iii. Results of the AICT are presented at the respective Annual Workshops of 

participating scientists working on the particular crop, where recommendations 

are formulated for submission to the Variety Release Sub-Committee of the 

Central Seed Committee who makes final recommendations to the Agriculture 

Ministry on which varieties should be released and notified.

iv. Transgenic Plant Varieties: Before their release, all genetically engineered 

crops/ Varieties would have to be tested for adherence to environmental and 

biosafety norms as per regulation and guidelines of Environment Protection 

Act (EPA), 1986. Seeds of transgenic plant varieties needed for research 

purposes can be imported through the National Bureau of Plant Genetic 

Resources (NBPGR). But before commercial release, transgenic crops/varieties 

have to prove their agronomic value for at least two seasons under the All 

India Coordinated Project Trials of ICAR.

Once a transgenic plant variety is commercially released, its seed can be 

marketed subject to seed laws. They would be required to bear a level 

indicating their transgenic character. The performance of a transgenic plant 

variety in the field will be monitored for 3-5 years by the Ministry of 

Agriculture and the department of agriculture of the relevant state.

Transgenic varieties would be protected under PVP legislation in the same 

manner as nontransgenic varieties. All such seeds imported into the country 

will be required carry a declaration and a certificate from the competent 
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authority of the exporting country, certifying their transgenic character. If the 

seed or planting material is a product of transgenic manipulation, its import 

will be allowed only with the approval of the Genetically Engineered Approval 

Committee (GEAC).

1.5.4 Private Sector Seed Companies

Easing of government regulations in the late 1980s spurred enormous development within the 

seed industry by attracting several foreign seed companies to India.  While some of them (like 

Cargill) entered through joint venture partnerships with Indian seed companies, some others 

already had a presence in India through affiliate companies (like Hindustan Lever, now 

Unilever). They identified potential crops for hybridization and started research and 

development activities. Typically they concentrated on hybrids, mainly corn, cotton, 

sunflower, vegetables, and flowers (more recently on rice), and they now account for a major 

share of commercial production of these seeds in India.  The basic reason for the private 

sector’s focus on these crops is that it involves low production volume and higher margins.  

Concomitantly, they had little interest in developing self-pollinated crops, which involve high 

volume and low margin and are more prone to piracy in the absence of an effective Plant 

Variety Protection regime in India.   Furthermore, there is no significant government 

intervention in the pricing of these hybrids, and the Indian seed regulations permit marketing 

of truthfully labeled seeds. Currently, some 500 hybrids of field crops and vegetables are 

being marketed, as truthfully labeled seeds, mostly by private seed companies.

The private seed sector now comprises some twenty or so large players (with sales turnover 

exceeding Rs.200 million), several medium companies (sales turn over between Rs. 200 

million and 20 million), and a large number of small, unorganized players (sales turnover less 

than Rs.20 million) with local presence.

The private seed industry is now undergoing a transition following the Indian government's 

focus on biotechnology research, as a means of increasing agricultural production and also 

driven by trends in the domestic and world seed market.  Intensifying international 

competition, increasing R&D costs, and the complexity of biotechnology have lead to 
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increased consolidation of the Indian seed industry with several of the large and medium 

companies merging or being taken over by multinational seed companies.   Most large 

multinational seed companies now have their presence in India (either as a joint venture or 

with 100 percent equity) with their main focus on biotechnology.  These include Monsanto, 

Bayer CropScience, Syngenta, Advanta, Hicks-Muse-Tate, Emergent Genetics (merged in 

Monsanto in the year 2005), Dow Agro, Bioseed Genetics International Inc., Tokita Seed Co, 

and Nunhems Zaden BV.

Another factor attracting international seed companies to India is the country’s varied agro-

climatic conditions and abundant skilled and unskilled labor, as seed production, particularly 

hybrid seed production, is highly labor intensive.   Private seed production is largely centered 

around Bangalore for vegetable crops and Hyderabad for field crops, particularly cottonseeds. 

The emergence of these two seed production centers is due to ideal climatic conditions, better 

infrastructure, the technology and research leadership, and the expertise of the two regions’

seed farmers in manipulating crops for perfectly synchronized flowering. The initial focus of 

many of these companies has been cottonseed, for which genetically modified (Bt.) hybrids 

have already been approved by the Indian government for commercial cultivation, with other 

bio-engineered crops in the pipeline. Most of these companies have licensing agreement with 

Monsanto for the Bt. gene; some are trying to develop their own Bt. technology, legally or 

illegally.

The seed industry is represented at the national level by two associations “The Seed 

Association of India” based in New Delhi and the “Association of Seed Industries” based in 

Mumbai.    Recently, a third association called All India Crop Biotechnology Association 

(AICBA) was formed with members from mostly hybrid seed producers and multinationals 

like Monsanto and Dow Chemicals.

1.5.5 Public-Private Sector Cooperation

Cooperation between private sector seed companies and public research institutes under 

ICAR, SAUs, and the International Crop Research Institute for Semi-Arid Tropics 

(ICRISAT), supported by the Consultative Group on International Agricultural Research 
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(CGIAR), is growing.   Public sector breeder seeds are available free of charge to private seed 

companies with no strings attached.  The AICT annual workshops provide venues to private 

sector seed companies to assess what is available with public research institutes. Under the

“consortium” model with ICRISAT, private companies can jointly fund research that results 

in publicly available parental lines, which they often cross with in-house genetics to produce 

proprietary hybrids.  ICRISAT recently introduced a live-in campus for private sector 

researchers to use the institutions’ facilities and expertise.  ICRISAT is focusing more on 

private sector partnerships for funding reasons and also because of private companies' 

effectiveness in getting the research result out to farmers.  ICRISAT is currently reviewing its 

policy of keeping all research in the public domain and is considering 

licensing/royalties/exclusive rights.   Private companies can also fully fund research at SAUs 

for exclusive rights on the results and/or hire professionals and researchers as consultants, 

although the degree of cooperation varies from state to state.

1.6 Gene revolution and transformation of Indian seed industry

After 1990’s we have an alternative known as ‘Biotechnology’ which has some answers to the 

Green Revolution externalities and unanswered questions of Green Revolution. As gene 

revolution proclaim of following:

i. Pest resistance

ii. Solution of salinity and alkanity

iii. Nutritional improvement e.g.; Golden rice with vitamin A gene (World Bank 

Gain Report).

iv. Tolerance to environmental stress; etc.

The entry of foreign player in Indian seed industry comes through collaborations and joint 

ventures through Indian private sector companies. After approval of GEAC, GM Cotton; 

Indian seed industry is taking a new shape which is unknown. Indian Seed Industry's 

preparedness is one of the issues which have been enquired in this research.  Before GEAC 

approval; a seed company named Navbharat seed32 sold genetically modified seed by cross-

breeding with its existing hybrid seed. This product was a success in the market and in the 

agricultural field but ethically and legally it was crime. Such kind of scenario speaks of 

                                                
32 Business world, 2003.
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volatile and unknown behavior of market. To understand all these, multidirectional study is 

required from systematic manner. Our research is one of such initiative.

1.6.1 Agricultural Biotechnology Structure of the Indian Seed Industry

Although the Indian seed market is one of the largest, it is almost exclusively supplied by 

locally produced seeds. Farmers retain seed of major food crops (wheat, rice, sorghum, millet, 

corn, and pulses) and commercial crops for many years, and the largest volume of seed trade 

involves local exchanges of established self-pollinating varieties. The seed replacement rate in 

most crops is very low, with the exception of cotton and some vegetables.   The use of hybrid 

seeds is mostly confined to cotton, and to some extent to corn, millet, sunflower, and few 

vegetables.   However, awareness about the high yield and quality of produce from hybrid 

seeds, attracting farmers to switch over to hybrids, is growing.

The Indian seed industry used to be dominated by public sector seed companies.   However, 

following the easing of government regulations and the implementation of a new seed policy 

in 1988, the private sector seed companies have started playing a major role in seed 

development and marketing.   More recently, the government’s decision to use biotechnology 

as a means of achieving food security has attracted several leading biotechnology-focused 

multinational seed companies to India. The composition of the seed industry, by volume of 

turnover, has reportedly reached a ratio of 60:40 between the private and public sectors.

1.7 A Case Study of Cotton Crop

Cotton is the focal point through which the interdependent relationship among agriculture, 

agro-biodiversity, the environment, culture, economics, science, poverty-alleviation and 

employment may be clearly assessed in post TRIPS regime. The present study is concerned 

to find out a way to understand the relationship between science and society, through cotton 

improvement and breeding programme. 

Cotton is the most important natural textile fiber, as well as cellulosic textile fiber, in the 

world, used to produce apparel, home furnishings, and industrial products. Worldwide about 

40% of the fiber consumption in 2004 was cotton. Cotton is grown mostly for fiber but it is 
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also a food crop (cottonseed) - the major end uses for cottonseeds are vegetable oil for 

human consumption; whole seed, meal, and hulls for animal feeds; and linters for batting and 

chemical cellulose.33  

The cotton crop is particularly prone to damage from insects and pests. It is attacked by 

about 150 species of insects (Venugopal, 2004). Among the important pests are jassids 

(Amarasca bigutulla), aphids (Aphis gossypii), white fly (Bemesia tabaci), spotted bollworm 

(Earias vitella), pink bollworm (Pectiniphora gossypiella) and American bollworm 

(Helicoverpa armigera). The Central Institute of Cotton Research estimates that about half of 

the cotton output is lost to insect pests34.

Severity of the pest problem makes cotton cultivation, the largest market for pesticides. Even 

though cotton's share in total cultivated area is less than 5%, its share in total pesticide use is 

between 40 to 45%35. In central and southern India, cotton growers typically use 12-15 sprays 

per season while in Punjab 6-10 sprays are accepted practice. Pesticide use is particularly 

heavy in irrigated cotton area. In Maharashtra, the leading cotton growing state, more than 

70% of irrigated cotton area is treated with pesticides. The corresponding figure for 

unirrigated area is 60% (Venugopal, 2004). Despite the heavy reliance on pesticides, cotton 

growers often find them to be ineffective partially or totally. This is because some of the 

cotton pests such as the American bollworm and white fly have developed resistance to most 

of the insecticides used to control them (Birthal, Sharma and Kumar, 2000).

1.7.1 Cotton Sector: Species and Varieties

Research on cotton has emphasized the development of varieties and hybrids with resistance to 

pests. About 150 varieties and hybrids have been released during the last 50 years. Out of 

these about 30-40 are under large scale cultivation although about 20 varieties and hybrids 

account for more than 50% of production (Alam, 2004; Santhanam and Sundaram, 1999).

                                                
33 Wakelyn et. al. (2006) p.1.
34 Venugopal, (2004) pp 200.
35 Venugopal, (2004) pp 222.
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Cotton fibers are seed hairs from plants of the order Malvaceae, tribe Gossypium, Botanically 

there are four principal domesticated species of cotton of commercial importance: hirsutum, 

barbadense, aboreum, and herbaceum. Thirty three species are currently recognized; however 

all but these four are wild shrubs of no commercial value. Each of the commercially important 

species contains many different varieties developed through breeding programs to produce 

cottons with continually improving properties (e.g. faster maturing, increased yield, and 

improved insect resistance) and fiber with greater length, strength, and uniformity.36

Asiatic or old world cottons (Gossypium arboreum & G. herbaceum) and American cottons 

(G. hirsutum and G. barbadense) are the four cultivable cotton species. G. Barbadense is also 

known as Egyptian cotton and Asiatic cottons are commonly referred to as desi cottons. In 

India, G. Arboreum and G. hirsutum are the principal species that are cultivated. Desi 

varieties and, in particular, G. Arboreum are known for their drought tolerance and resistance 

to sucking pests. On the other hand, American cottons usually have long and extra long staple 

and better spinning potential (higher counts) than desi cottons.

Hybrids have been developed between varieties of the same species and these are called intra-

specific hybrids. Across species, ‘inter-specific’ hybrids have been produced between the 

American cottons or between the local or landrace cotton varieties. As   local cottons are 

diploids while American cottons are tetraploids, fertile hybrids with one local parent and 

another American parent are not possible.

1.7.2 Cotton Breeding in the Public and Private Sector: A Short Chronology

India was the first country in the world to commercialise cotton hybrids. The first cotton 

hybrid H-4, was intra-hirsutum (i.e., both parents are hirsutums) and was produced by Dr. C. 

T. Patel in 1970 at the Surat agricultural experiment station of the Gujarat Agricultural 

University.   In 1972 an inter-specific (Female - hirsutum X male -barbadense) cotton hybrid 

(Varalakshmi) was released by the University of Agricultural Sciences at Dharwad, 

Karnataka.

                                                
36 Wakelyn et al (2006) p.1.
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Generally speaking, intra-hirsutum hybrids do better than intra-arboreum hybrids with respect 

to fibre quality and yield potential. The inter-specific tetraploid hybrids (cross between 

hirsutum and barbadenese) have excellent properties in terms of fibre length and spinning 

counts. But, they usually do poor in rainfed conditions as the G. barbadenese parent in such 

hybrids is highly prone to moisture stress. Further, they are also susceptible to sucking pests. 

On the other hand, diploid hybrids (cross between arboreum and herbaceum) are well adapted 

to drought conditions and are resistant to sucking pests.

A historical summary of popular public sector varieties and hybrids is given in Appendix-I.a. 

This indicates the breadth of public sector research in developing cotton varieties and 

hybrids for different states and agro-climatic zones. Public sector research has emphasized 

high yielding, medium and long staple intra-hirsutum hybrids for states in the central zone 

(Gujarat, Maharashtra and MP), long staple cultivars and inter-specific tetraploids (hirsutum x 

barbadense) for states in the south zone (Andhra Pradesh, Karnataka and Tamil Nadu) and 

inter-specific desi cotton hybrids (herbaceum x arboreum) for the rainfed areas of Gujarat 

and Maharashtra. It is also clear that the late 1970s and early 1980s was an active period 

where the public sector released many location-specific hybrids. These hybrids were in turn 

based on previous public sector research as one of the parents was usually a local popular 

cultivar (Bhale, 1999). However, hybrids for states in the north zone (Haryana, Punjab and 

Rajasthan) were released only in the 1990s.

While India is the largest producer of hybrid cotton seed (Alam, 2004), hybrid cotton 

production is extremely labour intensive. The male flower had to be separated from the 

female by tying it up - a process known as hand emasculation. This is very labour intensive. 

The use of male sterile lines through cytoplasmic male sterility or genetic male sterility has 

reduced the costs of hybrid seed production. It has also increased purity by avoiding self 

pollination. The first such hybrid was developed in 1978 under the name Suguna through the 

use of genetic male sterility. Since then, other public sector hybrids that have been developed 

through the use of cytoplasmic genetic male sterility include PKVHy 3 and PKVHy 4. 

However, most hybrids in India are still produced through the process of hand emasculation.
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Appendix-I.b. sketches a history of private sector hybrids. Private sector hybrids are also 

called proprietary hybrids and we shall use these two terms inter-changeably. The box 

confines itself to the hybrids that have been successful. The first private sector cotton hybrid 

was MECH 11 commercialized by Mahyco in 1979. Mahyco’s most successful cotton hybrid 

was MECH 1 released in 1982. This was developed using the genetic male sterility system. 

Hybrids from other firms were released in the 1990s. As can be seen from Appendix, the 

number of firms releasing private hybrids picked up in the second half of the 1990s. The 

successful private sector hybrids are usually intra-hirsutum hybrids serving the major markets 

of Maharashtra, Gujarat and Andhra Pradesh. It is only in recent years, private firms have 

also released local hybrids and inter-specific long staple hybrid cotton with a G. Barbadense 

parent. It is expected that as extra long fiber begins to command a premium in the cotton 

market, inter-specific hybrids will become more popular. 

From the chronologies of public and private sector products, it is easy to see that while the 

hybrid breeding effort was initiated and sustained in the public sector for the first 20 years, the 

private sector has made rapid gains since then. There are several factors that could have played 

a role in the rapid development of the private sector hybrids in the 1990s. First, this can be 

seen as a process of technology diffusion and learning. Many of the private sector firms that 

have their own hybrids today entered the cotton seed business by marketing and producing 

public bred hybrids. [Indeed, the leading cotton seed firms continue to market public bred 

hybrids even though they derive insignificant revenues from it.]. Furthermore, the private 

sector has relied heavily on retired public sector breeders to lead their research effort. Second, 

once the private sector was able to evolve a successful model of hybrid development, 

production and release, they were also quick to spot the market opportunities left unexploited 

by the public sector. In particular, the private sector focused on early duration hybrids with 

good fiber quality. The early duration hybrids appealed to farmers in rainfed areas anxious to 

minimize their exposure to weather risk. By comparison, the public sector hybrids were 

middle to late duration crops. Third, as selling one’s own proprietary hybrids offered much 

greater margins than marketing public bred hybrids, private firms reallocated their resources 

accordingly. On the other hand, the public sector seed corporations were unable or unwilling 

to invest in the marketing effort to compete with public bred hybrids.
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The 1990s were also the decade of economy wide reforms. In particular, the removal of 

industrial licensing requirements, small scale industry reservation and restrictions on foreign 

direct investment significantly eased entry into the seed industry. It is hard, however, to relate 

these reforms in a direct fashion to the dramatic growth of private hybrids in the cotton seed 

industry. The major impact that might have been expected would have been the entry of 

foreign seed companies. While this happened to a limited extent, none of the foreign seed 

companies that came in were global leaders in cotton. However, it is possible that the threat of 

such entry might have induced some R&D expenditures by the incumbent firms. Capital 

market reforms have favourably impacted the access of Indian firms to long term capital at 

global interest rates (which are significantly lower than in India). However, none of the Indian 

seed firms have used this route as most of them are still closely held private firms.

1.7.3 Bt. Cotton: The New Product 

Bt. cotton is a radical departure from conventional plant breeding. Bacillus thuringiensis is a 

soil borne bacterium toxic to insect pests and safe to higher animals. It widely used as a 

bacterial insecticide. Cry genes from the bacteria determine the action against pests. These 

have been transferred by genetic engineering techniques to different plants (maize, cotton, 

vegetables) to confer resistance to pests. Bt. cotton offers resistance to an important pest, the 

American bollworm (Helicoverpa amigera), which has developed resistance to all the 

commonly used insecticides in the country (Kranthi and Kranthi, 2004).

In India, Bt cotton was first released through three hybrids belonging to Mahyco. It contained 

a Bt gene cry 1 Ac owned by the U.S. firm Monsanto and branded by it as Bollgard. In India, 

Monsanto has formed a joint venture with Mahyco called Mahyco Monsanto Biotech 

(MMB), which has the license to use the cry1Ac gene.(Monsanto has taken a 26% equity stake 

in Mahyco). MMB also markets the transgenic Mahyco hybrids. MMB has sub-licensed the 

Bt. gene to other seed firms as well. In 2004, Rasi Seeds offered a transgenic variety while in 

2005, Ankur Seeds and Nuziveedu Seeds also received commercialization approval for their 

Bt cotton hybrids.
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Along with these officially approved Bt varieties, there is an illegal Bt hybrid that was first 

discovered in Gujarat in November 2001. This is Navbharat 151 distributed by Navbharat 

seeds based in Ahmedabad. It is illegal because it has not received biosafety clearance from 

the government. Despite prosecution, the plantings of illegal Bt cotton has spread across 

Gujarat and to other parts of India, notably Punjab.

1.7.4 India and GMC37

India is one of the largest cotton growing countries in the world, where 60 million people are 

impacted by cotton, reported 54,000 farmers growing 50,000 hectares of Bt. cotton in 2002. 

Five years later in 2007 the Bt. cotton area has soared to 6.2 million hectares grown by 3.8 

million small and resource poor farmers. Notably, more than 9 out of 10 farmers who grew 

Bt. cotton in 2005 also grew it in 2006 and similarly for 2006 and 2007 - this confirms the 

trust and confidence of farmers in Bt. cotton after experiencing its superior performance in 

their own fields. For the third consecutive year, India has reported the highest proportional 

increase of any biotech crop country in the world with an impressive gain of 63% in 2007. 

The reason for the spectacular growth in Bt. cotton is that it has consistently delivered 

unprecedented benefits to farmers and to the nation. Bt. cotton has increased yield by up to 

50%, reduced insecticide sprays by half, with environmental and health implications, and 

increased income by up to US$250 or more per hectare, which has contributed to social 

benefits and the alleviation of their poverty. At the national level, increased farmer income 

from Bt cotton in 2006 was estimated at US$840 million to US$1.7 billion, production has 

almost doubled, and India, which used to have one of the lowest cotton yields in the world, is 

now an exporter rather than an importer of cotton. 

India’s Minister of Finance recently cited the success of Bt. cotton and advocated that “It is 

important to apply biotechnology in agriculture - what has been done with cotton must be 

done with food grains. The success achieved in cotton must be used to make the country self 

sufficient in rice, wheat, pulse and oilseed production.” Mrs. Aakkapalli Ramadevi, is a 

woman subsistence farmer from Andhra Pradesh, who laboriously tills 3 acres (1.3 hectares), 

and is typical of a small and resource-poor farmer in India who has benefited from Bt. cotton. 

                                                
37 ISAAA Brief 37(2007). Global Status of Commercialized Biotech/GM Crops:2007. pg. v.
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Before the advent of Bt. cotton she said “The yields were very low and we used to incur 

losses, so we were perpetually losing money - to sum it up, we were badly off and unable to 

afford anything properly”. After planting Bt. cotton for two years she says, “Finally, cotton 

cultivation has actually turned profitable.” 

A study conducted in 2006 of 9,300 Bt. cotton and non-Bt. cotton households in 456 villages 

in India reports that women and children in Bt. cotton households already have slightly more 

access to social benefits than non-Bt. cotton households. Compared with women in non-Bt.

cotton households, women in Bt. cotton households report slightly more antenatal visits and 

assistance with births at home, and their children have higher school enrollment and a higher 

proportion vaccinated. The story of Bt. cotton in India is remarkable. With political will and 

farmer support in place, adoption is projected to continue increasing with Bt. cotton plantings 

escalating from the current 66% to 80% or more. Coincidentally, new biotech products such 

as Bt eggplant, an important food and cash crop that can benefit up to 2 million small and 

resource-poor farmers, is in advanced large scale field trials, with expectations of approval in 

the near term.

1.7.5 Review

In the cotton sector, India’s yields lag far behind international levels. India therefore needs 

quality seeds that can deal with the complex production problems posed by pests and insects. 

Further, cotton cultivation in the leading cotton growing states is mostly rainfed. Plant 

breeders have responded to these challenges by producing medium to long staple higher 

yielding hybrids most suited for Maharashtra, Andhra Pradesh and Gujarat. The research and 

commercialization effort was initiated and sustained by public sector research for close to two 

decades. Since the early 1990s, however, the private sector has released many successful 

hybrids. The rapid rise of the private sector cannot be attributed to any single policy change. 

Rather it seems to be the result of learning by doing through the process of marketing public-

bred hybrids and the market opportunities left unexploited by public-bred hybrids.
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1.8 Rationale for conducting the market research

The multiplier effect of Green Revolution not stopped at agricultural betterment rather than it 

percolated to the social behavior of farming community in term of buyer behavior and created 

new market for new types of product. This market was not only created for the agri-product 

but also for lifestyle product giving impetus to new type consumerism creating new segment 

of consumers whose demand and preference were new.  The basic cause of ‘surplus produce’

which brought farming community ‘some extra money’ & enhanced their ‘purchasing power 

parity’ was ‘Hybrid Seed’.  This increase in Purchasing Power created demand and 

transformed Indian farmers ‘wants’ into ‘need’. Hence we see that a single input has such a 

larger impact on the economy. To understand that what are the key factors which influence 

‘new technology’ and Seed Industry as a whole and the key drivers of this technology insights 

has been taken from Porter’s Model38 , which differentiated stakeholders for industry analysis.  

The unanticipated rapid rate at which discoveries and their applications in biotechnology have 

unfolded has stressed the capacity of society - more specifically, our agricultural research and 

educational institutions - to absorb and adjust to change. We are challenged by pressing 

decisions, opportunities, and problems that we face now and will continue to face in the 

future. Competition from abroad impels us to devise and use new technologies that can 

improve the efficiency and quality of Indian agricultural production.  An overview of how the 

agricultural research system is responding to biotechnology and how it might prepare for 

future opportunities is the base of investigation of this thesis.

Indian agriculture has achieved its preeminence through innovation and substitution of 

knowledge for resources. Yet technological innovations cannot revitalize Indian agriculture 

unless farm business management, farm policy, Department of Agriculture, Agricultural 

Universities, extension services, and private sector businesses that serve agriculture are 

innovative. Indian farmers can take the lead in adopting new biotechnologies. These 

technologies should emphasize maximizing economic yield rather than total production. Such 

technologies become increasingly important as the competition increases.

                                                
38 Porter
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The adoption of new technologies has improved the efficiency of agricultural production 

practices. Agricultural systems throughout the world continue to adopt new and better 

technologies that enable them to become more efficient and competitive in developing new 

markets and capturing old markets for their agricultural products. The future leadership and 

competitiveness of the Indian agricultural enterprise is dependent on the health and 

effectiveness of the agricultural research system in the country and its ability to translate 

better technologies into practice. Research must make Indian farming a more profitable, 

reliable and durable business able to compete in both domestic and international markets. 

Innovation is crucial to enhance productive efficiency and environmental acceptability. 

Biotechnology is the key to this innovation. 

1.8.1 Purpose of present research

Present research deals with technological transition brought by biotechnology. With the help 

of biotechnology, the genetic nature of seed itself has been manipulated leading to new 

product development with the help of technological innovation. In its essence the research

enquiry is looking at the companies, the marketplace, and the competition to determine how 

the new product opportunity will fit into the overall industry strategy. New product 

development is a business venture39. Being an explorative research the dissertation also tries 

to ponder deep into various questions raised by Eric S. Grace40 (1997) like:

i. Environmental safety:

a. Will genetically altered organisms upset the balance of populations in natural 

ecosystems?

b. Will modified organisms transfer their altered genes to wild relatives or reduce 

biodiversity?  

ii. Social and economic effects:

a. What effects will biotechnology have on the business of farming around the 

world?

b. Will patent laws give control of key crops to a few large companies?

iii. Ethical and moral issues.

                                                
39 Annacchino, (2003) p.4
40 Grace (1997)



42

iv. Regulatory issues: Do current regulations give enough protection to farmers, 

consumers’ live stock, and the environment?

v. With control of seeds and agricultural research held in fewer hands, the 

world’s food supply is increasingly vulnerable to the whims of market 

maneuvers. Corporate control and ownership of seeds - the first link in the 

food chain - has far-reaching implications for global food security.

Hence the investigation had been done to understand the potential of Biotechnology in the 

realm of Indian Seed Industry.

1.9 Overview of the Chapters

Chapter I deals with Seed Industry vividly at Global and Local scenario. Structure of existing 

format of Indian seed Industry has been mentioned with reference to economic, political and 

technological environments. It gives the broad introduction and outline of the growth and 

development of Indian seed industry, present state of public and private sector, and an outline 

of the business environment scenario and changing trends. In addition, an attempt has been 

made to provide a brief introduction to the phenomenon of technology transition.

The diverse knowledge streams, the actors and drivers of technology transition are mentioned 

in Chapter II which is based on theme based review of literature. The chapter provides an 

overview of conceptual framework from many streams of knowledge. Through existing 

knowledge and scientific examination of reasons interwoven to bring business environment in 

purview of strategy and structure; with basic variables like science, technology, research and 

development, new product development and elements of marketing will have direct influence 

on industry’s structure. Research Gaps evolved as upshot of review of literature leads to 

formulation of research questions, hypotheses and research objectives which have been 

investigated in the thesis. 

In view of the new technology i.e. Biotechnology and its ramification on the seed industry,

there was a necessity to design new frame of methodology for pursuing this study because the 

nature of the actors and drivers of the Seed Industry and their dependency on many streams of 

knowledge required a new approach of investigation. Chapter III explains the step by step 
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evolution and synthesis of research process and research framework for hypotheses testing 

and research objectives.

Chapter IV tried to interpret data and finding from one set was triangulated with other to 

bring out facts. Being ongoing phenomenon, it was necessary to understand the forces which 

are the cause of technology transition occurring in the Indian Seed Industry. Triangulation 

gives flexibility of interpreting archival data and primary data.

Chapter V scans the legal and policy environment in which the seed industry exists and the

Indian policy structure for seed and biotechnological related issues juxtaposed with 

International policy initiative. The chapter provides a basis for understanding, analyzing and 

implementing legal systems that can properly balance the public and private interests in 

agricultural biotechnology inventive contribution. The chapter investigates the possible effect 

of Plant Breeders’ Rights, Plant Variety Protection Act & Farmers Rights with respect to the 

Indian farmers and Indian Seed sector.

Chapter VI brings out the R&D commercialization and its influence in agricultural sector and 

its manifestation in seed industry.

Chapter VII brings out the science and technology environment for Seed Industry. Scientific 

churn leading and ramification of biotechnology in agricultural sector in general and seed 

industry in particular. The form of Genetically Modified Crops is probed in this chapter.

Chapter VIII concludes with suggestions for Indian seed industry, policy makers, academia 

and future researchers in this field. The study explores ramifications of other product portfolio 

of seed market which uses biotechnology. Observing the magnanimity of change brought by 

biotechnology, its ramification can be felt in other industries using biotechnology; the present

study framework can be emulated for them too. Historically it was observed that new 

technology was accelerator of economy and every recession was overcome by new 

technological breakthrough; e.g. Green Revolution and Information Technology.

Chapter IX sums up with recommendations of the dissertation. 

The reference and bibliography and appendix are given at the end of the dissertation. 
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Chapter II: Review of Literature

2.1 Rationale

Historically, it was observed that new technology gives impetus to the economy. At the same 

time, new technology generates many logical arguments and counterarguments. ‘Slow 

acceptance of a new technology can be caused by issues of price, immature technology, or 

simply the human tendency to resist change’1.

The dialectic in terms of ‘for’ and ‘against’ lead to epistemology of ‘thesis’ and ‘antithesis’ 

culminating to equilibrium and acceptance. Last two decades has shown the tremendous 

development in the field of biotechnology. Technological expansion of biotechnology in 

tangible form is being harness to solve many unsolved problems for example ‘human insulin2’ 

produced by bacteria or ‘cell culture3’, and ‘tissue culture4’ technique used to propagate many 

endangered plant species. Recent development in life sciences juxtaposed with the concurrent 

market interdependence has paved way for a new frontier of unexplored market which is 

biotech industry.

Biotech industry ramifies into many other sectors directly or indirectly because of its inherent 

scientific nature which is based on manipulation of genetic make-up. This manipulation is 

also termed as genetic engineering in scientific literature. Agriculture is also one of the sectors 

where application of genetic engineering has started. Recent use of Genetically Modified 

Crop (which is also called as Genetically Modified Organism5) is the extension of the above 

mentioned scientific phenomena.

Business Management phenomenon juxtaposes new product development based on 

biotechnology which has its own implications on Indian seed industry. This is an ongoing

phenomenon. Technology environment is directly influenced by path breaking discoveries in 

the field of life sciences where biotechnology is the causative agent. Genetically Modified 
                                                
1 Bergeron and Chan2004. p.8.
2 Bergeron and Chan2004. p.1.
3 NCERT 2003 pp.191-216
4 ibid. pp.179-190
5 Nill, 2002 p.112.
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Crop (GMC) is also one of the path breaking technological outcomes. GMC as a new product 

portfolio is a shot in the arm of the seed industry. In the first chapter, we have briefly 

explained the growth and spread of seed industry at international and national level. 

Dynamics of market economy is dependent on the performance of the product (i.e. 

Genetically Modified Crop) and acceptance by end-users (farmers). Hence, many actors and 

drivers are part of technology and product supply chains in explicit and implicit manner. 

To have the bird’s eye view in the selected area of research enquiry, theme based literature 

review is chronologically done. Some of the key issues which lead to this approach are as 

mentioned below:

a. Development of scientific knowledge juxtaposing the importance on scientific 

ramification.

b. Technological expansion of biotechnology.

c. Supply chain interface of existing product portfolio and the New Product:

i. Technology supply chain.

ii. Product supply chain.

d. Movement of technology in the rural market.

e. Tentative implication of the new technology on the ecology.

f. Safeguarding the consumers from product failure and adulterated or spurious seeds.

g. To understand or to know if the problem could be traced back to scientific 

development of biotechnology, R&D, ecology, stakeholders etc.

h. To understand what the activist trying to highlight and the need for a strong opposition 

to GMCs beyond the activist dimension.

i. Theoretical stage i.e. stakeholder’s perspective.

Relating the basic cause and to find certain links between the above mentioned. Based on all 

this the following broad area of knowledge is considered to complete the circle:

i. Indian seed industry and its structure

ii. Strategy

iii. New product development

iv. Development in biological science 
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v. The potential of biotechnology

vi. Role of seed 

vii. Genetically Modified Crop

viii. Cotton sector  

ix. Bt. cotton 

x. Intellectual Property Right  

xi. Science, Innovation, Technology and R&D

xii. Rural market and marketing

The overall linkage can be abridged as:

“Science-innovation-R&D-technology-NewProductDevelopment-commercialization”.

2.2 Development in Science

In the year 1838 and 1839, M.J.Schleiden and T. Schwann6 established the identity of 

vegetable and animal cells. They proved that the cell is the basic structural unit of living 

organisms. In 1959, Charles Darwin published his fundamental work, On the Origin of 

Species by Means of Natural Selection7.This completed the development of evolutionary ideas 

over a whole century and formed the basis for new ideas and modern biology. The 

philosophical significance of this discovery was that it revealed the dialectical character of 

natural developments in a particularly succinct form. In the last century, the development of 

the capitalist mode of production and the productive forces of capitalism were made rapid 

progress in the technology and natural sciences. These were developed particularly for those 

sciences that were linked more or less intimately with industry (Engels)8. However, in the late 

Twentieth century, biology has acquired the most dominating role. We are now heading 

towards a situation where knowledge of biology and the resulting technological innovations 

will give rise to the most unbelievable changes in the content of life and remarkably influence 

the living pattern, in general.

                                                
6 NCERT 2003, Text Book of Biology Class XI, p. 138.
7ibid. p.46
8 Engels, p: 6
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J.D Bernal9 (1961) emphasizes three potent influences of Modern Biology in the areas of 

medicine, agriculture and biological industry. According to him, the new agricultural 

revolution puts a premium on aspects of real agriculture science such as agrobiology, 

agrochemistry and agrophysics. Agricultural research has already quadrupled yields; it can 

bring about distributive justice when it is applied by institutions and people with the required 

expertise and component to socio-economic equality. Development of soil science and 

ecology should determine the best use of land. The use of fertilizers in multiplying yields 

should be combined with fertilizer industry that is cost effective with an equitably distributed 

marketing network. Finally, the long battle with disease of animals and plants has to be 

definitely won and the product of the land kept for human beings and not for insects. Through 

detailed biological studies it now seems likely that perennial plague of locusts could be finally 

eradicated from the world. The world can not afford the time where the peasant, however, 

hardworking and traditionally skilled he may be, was illiterate and incapable of understanding 

science. It should be evident that the farmers and the agricultural scientists, they may be both 

the same, but in reality it is not. Farmers toil in the field and produce agro-product which is 

the outcome of the basic ‘input’ i.e. the nature of the seed. The scientists, on the other hand 

works in laboratories for the quest of truth based on facts and findings generated within the 

boundaries of laboratory, which inturn contributes to the macrocosm of knowledge.  

According to Rahman and Chowdhury (1980),10 “Scientific knowledge created new 

intellectual horizons which enabled man to question the accepted beliefs, as well as, 

established objectives, purposes and goals of systems. The technology developments seriously 

affected societies by changing means of production and relationship between man and man. 

The technology created as a result of the twin developments of science and technology on the 

one hand and the economic theories and philosophies on the other, reduced man to a number 

and a cog in the machinery of production and his creative capabilities could only be judged by 

the number of items produced in a given time and his effort valued on that basis”. Published 

literatures during 1960s, 1970s and 1980s shows that machines were synonyms of 

‘production’ and ‘technology’ means more of mechanization. Then process improvement 

                                                
9 Bernal, J.D., 1961 p:971-972
10 Rahman and Chowdhury 1980p.viii.
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based on efficiency and efficacy of machine was the purpose of technology. Contrary to that, 

Green Revolution taught that productivity can be increased by changing the ‘nature of the 

seed’.  Thus, hybrid seeds became the synonyms of Green Revolution and it was also 

dependent on many other technologies and it was ‘input’ intensive technology.

2.3 Role of Seed

Increased production of agricultural crops depends not only on the development of higher-

yielding varieties of seeds but also on the efficiency of the systems available to ensure that 

these seeds reach the farmers on time (Mumby 1994). The objective of seed technology is to 

protect biological entity, namely the embryo in seed (Cowan 1973). The focus of seed 

technology, however, is on the second component, namely the supporting or food storage 

tissue in the seed. 

The improved seed plays many roles in agricultural production (Desai et.al. 1997, Agrawal 

1980, Feistritzer 1975). Seed technology plays the following major roles:

i. It is a carrier of new technologies,

ii. It is a basic tool for secured food supply,

iii. It is the principal means to secure crop yields in less favorable production 

areas,

iv. It is also medium for rapid rehabilitation of plant and agriculture species 

following natural disaster.

When we talk of Evergreen Revolution, perhaps genetic engineering and genetically modified 

crops may be the future determinants of Indian agriculture. A pertinent issue, which we face 

according to Sir Monty Finniston (1985), is the question of entrepreneurial risks in an 

industrial society.  He argues that “no simple solution to this problem has been found. The 

term, ‘market forces’, is a semantic expression which covers the successes and failures of 

technological developments, which depends as much on the qualities of those who champion 

innovation and invention as they do on the market”. There are, however, great risks in 

established products or ventures, and these are becoming even more worrisome (issue of 
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concerns) as industry based on advanced technology grows more complex in content and 

integration into society.

2.3.1 Literature available on Seed Industry: A glance

The available literature includes a long list of seed sector organizations, both public and 

private. However, only a small portion of such literature relevant to the present research is 

being discussed.

The literature on developing country seed markets has mostly emphasized the appropriate 

roles for the State and the market (for instance, Jafee and Srivastava 1994; Pal and Tripp, 

2002; Pray and Ramaswami, 1991; Singh, Pal and Morris 1995). Work has also been done on 

seed regulation and what is appropriate for developing countries (Tripp 1997). Investigations 

of market structure issues are not that many in management research. Tripp and Pal (2000) 

found that brand recall was weak among pearl millet farmers in Rajasthan suggesting that 

brand loyalty is not an entry barrier to this market. Pray, Ramaswami and Kelley (2001) 

showed that during the early 1990s - a period marked by a rapid rise in R&D spending by 

private seed firms - the market structure became more competitive (as measured by 

concentration ratios). Shiva and Crompton’s (1998) survey of the seed industry in India leads 

them towards a different conclusion. They forecast that the seed industry is likely to “coalesce 

under the control of a few large companies with foreign interests.” They argue that

displacement of open-pollinated varieties by hybrid seed, the decline of the public sector, 

private sector promotions and advertising strategies, plant variety protection laws and 

transgenic crops are all factors that will make it difficult for small companies to compete in 

the seed industry. Vandana Shiva11  (2002) stated that patent on seeds affect food security by 

forcing farmers to pay royalties for seeds, thus increasing the cost of production and hence the 

price of food.

In an international context, Morris12 (2002) reviews the impact of globalization on national 

maize seed industries. While Morris does not define globalization, he considers economic 

                                                
11 Shiva, Vandana (2002)
12 Morris, M. L. (2002). pp 209-212.
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deregulation, domestic market reform, trade liberalization, privatization of State industries 

and the implementation and enforcement of intellectual property rights as the processes 

associated with globalization. The outcome of these processes has been an increase in the 

market share of private firms in markets once dominated by public sector organizations. 

While Morris acknowledges that a greater role for private firms would have increased the 

efficiency of the seed system in certain aspects, he also points out that this process has been 

accompanied by higher seed prices (relative to grain prices) and market concentration. In 

many countries, the largest three companies control as much as two-thirds of the market.

Morris (2002) posits a ‘life cycle’ theory of seed industry development consisting of four 

stages. The first stage is a subsistence farming system. The second stage sees a formal seed 

system that is dominated by a public sector. The private sector begins to play a role in the 

third stage where they do plant breeding work, and produce and distribute seed under quality 

standards. In the final stage, the industry is dominated by a few large private firms that are 

largely those that operate globally.

Tripp and Pal13 (2001) concluded that the new emerging company finds it difficult to sell its 

product in market due to already established other company brand. They found that even in 

area where the use of private hybrid seed is extensive while farmers could recall the branded 

seed or the companies’ hybrid. This is possible because companies invest resources more in

advertising company brand rather than research and communication information about the 

varieties. The illiteracy in presence where as private sectors are effectively marketing with 

great success.

Rao14 (2001) stated that farmers faced the problems of lack of technical guidance, foundation 

seeds availability of labor and delays in certification. The traders reported that unhealthy 

competition existed in seed marketing and they are negatively affected by the entry of 

multinational companies into the domestic seed business. The study also suggested that 

                                                
13 Tripp and Pal
14 Rao, G.V.K. (2001). 
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foundation seed technical guidance and quicker certification system should be provided to the 

small companies and farmers.

Asokan and Choski15 (1998) in their study stated that the slow growth of industry is due to 

lack of vibrant policy for research and development in the sector and marketing regulation. He 

suggested that government needs a vibrant policy measure and both public as well as private 

industry need proper seed marketing regulations and pre demand forecasting for breeder seed 

is essential. An efficient marketing information system must be developed by the seed 

companies to ensure easy and effective flow of information from marketing department so 

that seed is multiplied in decentralized manner at the farm fields. 

Pandey16 (1994), in her paper, stated that among developing countries, India occupies a 

prominent place with respect to the development of hybrid seeds. The initial impetus for 

introducing hybrids comes exclusively from the government. But after the new seed policy on 

seed development (1989) led the involvement of the private seed companies in India. For a 

long hybrid seed was not without criticism due to environmental concerns (due to fertilizer 

pesticides, and disease etc). She adds that some regions of the country have refused to grow 

the new hybrid seeds probably because they were using their own traditional alternatives. She 

concluded her paper stating that the traditional seed development methods have also shown 

good results, provided that they follow the proper seed handling process. 

William Lesser (1987) has a comprehensive approach and stated that overall seed patents are 

anticipated to provide moderate private and social benefits at moderate costs. This is

especially true if public seed breeding remains a competitive force in the industry17.

Ulynovky (1981) mentions that the first Institutionalization of seed market started with cotton 

seed in Nagpur with seed loan. But the distress to farmer was not because of seed price rather 

than price determinant of final produce. He further mentioned about the state of affairs in the 

following words “Bombay cotton data on the state of the cotton market also testified to the 

                                                
15 Asokan and Choski (1998).
16 Pandey, B. (1994).
17 Lesser, William (1987).



55

deep crisis of this commercial crop, which was of such importance to India considering the

importance of the sale of cotton for peasant farm, the Bombay chronicle wrote that the 

peasant did not suffer as great losses from low prices of wheat, rice, and so on as from low 

ones for cotton. This was because the peasant retained a large proportion of food products for 

himself, while he sold all his cotton in order to pay the government land tax and purchase 

essentials, and since the price of cotton was well below average costs, the producer was not 

left with enough money to pay tax or satisfy his normal requirements. The peasant was on the 

verge of total ruin as a result of the extremely low cotton prices”18.

2.4 The Potential of Biotechnology

‘Biotechnology’ is a difficult term to define since the harnessing of any biological process to 

human aims and desires could justifiably be called biotechnology. However, the revolution in 

our understanding of the molecular mechanisms underlying the processes of life, in particular 

our understanding of DNA, the prime genetic material, has resulted in the ability to 

manipulate those mechanisms to our requirements. This new-found knowledge and ability is 

loosely termed biotechnology19.

The power of biotechnology is no longer a fantasy. Biotechnology is the use of technologies 

based on living systems to develop commercial processes and products. These include the 

techniques of recombinant DNA, gene transfer, embryo manipulation and transfer, plant 

regeneration, cell culture, monoclonal antibodies, and bioprocess engineering. Using these 

techniques, we have begun to transform ideas into practical applications. For instance, 

scientists have learned to genetically alter certain crops to increase their tolerance to certain 

herbicides. Biotechnology has also been used to develop safer vaccines against viral and 

bacterial diseases such as pseudorabies, enteric colibacillosis (scours), and foot-and-mouth 

disease. Yet, we have barely scratched the surface of the many potential benefits the tools of 

biotechnology will bring.

                                                
18 Ulyanosvsky, Rostislav (1981). page74-75 & 210-211.]
19 Morris and Bruace(2000) p.13.
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Biotechnology offers new ideas and techniques applicable to agriculture. It offers tools to 

develop a better understanding of living systems, our environment and ourselves. Yet, 

advancement will take a serious commitment of talent and funds. Biotechnology offers 

tremendous potential for improving crop production, animal agriculture, and bioprocessing. It 

can provide scientists with new approaches to develop higher yielding and more nutritious 

crop varieties, improve resistance to diseases and adverse conditions, or reduce the need for 

fertilizers and other expensive agricultural chemicals. In animal agriculture, its greatest 

immediate potential lies in therapeutics and vaccines for disease control. Bioprocessing is the 

use of living systems or their components to create useful products that offer opportunities to 

manufacture new products and food, treat and use wastes, and use renewable resources for 

fuel. Biotechnology could also improve forestry and its products, fiber crops, and chemical 

feed stocks.

Biotechnology encompasses many factors, not just research, but includes policy, networking 

and management20.

2.4.1 Conceptual theory of Genetically Modified Crops (GMCs)

Plant breeding, the movement of desirable traits between plants by the use of the traditional 

Mendelian techniques, has played a major role in modern agriculture by providing plants with 

increased disease resistance and higher yields. However, there are inherent problems with this 

method. For example, it may take as long as ten to fifteen years, to introduce, select and 

establish a particular trait into a commercial cultivar and very often, some trait of agronomic 

importance are impossible to introduce by conventional techniques. In addition, breeding for 

disease resistance has been complicated by the continuing emergence of “new” pathogens 

which eventually overcome the “resistant” variety.21

Genetic engineering promises to accelerate the breeder’s efforts in obtaining plants with an 

increased resistance to virus, herbicides, and insects (Fraley et. al. 1988)22. Insect-tolerant 

plants are an example of how genetic engineering has increased the gene pool available to the 

                                                
20 Maredia and Erbisch (1998). p. 49.
21 Luis Destefano-Beltran et. al (1991). p. 24
22 Fraley et. al. (1988). pg: 283-298.
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breeder. Traditionally, breeders relied on the existence of alternative characteristics found 

among plants of the same or closely related species. By using the insect toxin gene of Bacillus 

thuringensis (Bt.) researchers have opened new doors for crop improvement.

GMCs are produced using scientific techniques that enable the alteration or transfer of genetic 

material across living cells and organisms. This aims at engineering particular trait or 

characteristic. Some of the potential benefits of GM crops include improved productivity (by 

the way of higher yields and lower input costs), more sustainable production, lower adverse 

externalities (e.g., from pesticide use), and expansion in the range of products available for 

consumption. Concerns have also been raised, however, over the potential for adverse effects 

of producing and consuming GM crops, including risks to human health, harm to the 

environment, further concentration of supply and for some unacceptable ethical implications.

2.4.2 Risks involved with GM Crops

By applying the tools of modern molecular biology, it is possible to produce genetically 

engineered organisms tailored to particular uses. After laboratory development, field trials of 

transgenic (or any novel, introduced) products involve the potential for an adverse effect after 

release into the open environment. The inherent danger to ecosystems and/or human health 

must be assessed and managed through risk assessment protocols. Over the past decade, the 

use of agricultural products modified through biotechnology has moved beyond the laboratory 

stage. Specific protocols have been developed for these products. Many crops grown from 

genetically altered seeds are widely marketed, and engineered microbes for agricultural use 

are widely available. Microbes are used for other environmental purposes, especially for 

bioremediation. Although engineered microbes for bioremediation are not widely available, 

general use of natural microbes, alone or as members of a consortium, is common.

Consider the following description of the framework for risk assessment as a methodical 

progression via three main steps23. (Adapted from G. Hall,1995).

i. Identify potential hazards.

                                                
23 G. Hall (1995).Genetically Modified Organisms, A Guide to Biosafety. G.T. Tzotzos, ed., CAB International, 
Oxon, UK.
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ii. Estimate the probability that a hazard will cause actual harm (i.e., the risk) by 

assessment of exposure to the hazard and its consequences, and by assessment of 

the level of risk by consideration of the magnitude of harmful consequences and 

the likelihood of their realization.

iii. Select and assign appropriate containment and control measures (also termed risk 

management).

2.4.3 Types of hazards

The potential for hazard of biological materials can be divided into the four categories  viz. 

infectious, allergic, toxic and environmental hazards. Of these, infectious and environmental 

hazards, are the results of the continuing growth of the organism to produce the undesirable 

effect. Allergic and toxic effects may or may not involve concurrent growth of the organism. 

The 1986 Organisation for Economic Co-operation and Development (OECD) publication 

“Recombinant DNA Safety Considerations” (p. 27), categorizes biohazards as:

i. Infection hazard - the potential for disease in man, animals, and plants following 

exposure to the living organism or virus;

ii. The toxic, allergenic or other biological effect of the non-viable organism or cell, its 

components or its naturally occurring metabolic products;

iii. The toxic, allergenic or other biological effect of the product expressed by the organism;

iv. Environmental effects.

The challenge for researchers is to obtain enough data to answer these questions with 

confidence. As has been the case in terrestrial field trials, the goal with regard to transgenic

will be to balance environmental and public health concerns against the potential benefits of 

responsible scientific and commercial applications of this new technology.

2.5 Genetic Resources: Biodiversity, Biotechnology and Biosafety

Fundamental changes are occurring in how, for whom, and by whom genetic resources are 

used. International Food Policy Research Institute (IFPRI)’s research addresses the economic 

incentives to use genetic resources efficiently and equitably in biotechnology research and 

biodiversity conservation; the social and institutional structures that affect the choices of 
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farmers, gene bank managers, biochemists, and scientists; and the implications of their 

choices for developing countries. Researchers are focusing on how biotechnology could meet 

the needs of the poor, including where biotechnology may not be necessary, or may even be 

detrimental.

The nature of the genetic resources generated by scientific research has changed, and so  are 

the rules for conducting research. The rise of proprietary technologies owned by large seed 

companies is restricting the access of public institutions to the tools they need and raises 

serious questions about the extent to which new agricultural technologies will contribute to 

the elimination of hunger and poverty. A few developed countries with strong intellectual 

property protection supply the key technological developments used in biotechnology, but the 

demand comes from farmers and seed companies in many poor countries of Africa and Asia.

Devising policies that encourage transactions between rich right holders and poor right users 

is critical if the poor are to benefit from proprietary technologies. IFPRI research on 

technology innovation addresses changing intellectual property markets in developing 

countries, effects of contractual arrangements on access to technology, and research 

partnerships between public and private sectors in developed and developing countries. Other 

research on biotechnology products is identifying the complementary investments to ensure 

that benefits from these technologies are realized, including those that address farm-level 

impediments to adoption, the design of appropriate biosafety regulations, and intellectual 

property regimes.

IFPRI is also analyzing the impact of attitudes toward and policies on Genetically Modified 

(GM) crops on world markets, especially in developing countries. Researchers have reviewed 

evidence on GM food safety, and are conducting assessments of the likely costs and benefits 

of crop biotechnology products that hold promise for food-insecure people. In 2002, IFPRI 

partnered with the International Plant Genetic Resources Institute (IPGRI) to initiate research 

on biodiversity conservation emphasizing on-farm conservation of cultivated crops in their 

places of origin and off-farm conservation in breeders’ collections or gene banks. With 

IPGRI, IFPRI is implementing a set of empirical studies in countries with a range of crops, 
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farming systems, and income levels. Farmers’ rights crux is to save seed from harvests, to 

claim ownership over varieties as do off-farm plant breeders, and to be rewarded for the use 

of their plant genetic resources by others - are being analyzed as incentives for conservation.

International Food Policy Research Institute (IFPRI) collaborates with ISNAR on the USAID-

funded program for Biosafety Systems, which promotes full involvement of the agricultural 

sector in making regulatory decisions. This program is based on new models for regional 

collaboration, biosafety capacity building, and policy roundtables on GM crop safety. The 

future of smallholder farming depends on efficient and equitable food systems.

2.6 Industry Structure and Strategy

In the words of Barr (2004)24: “As our knowledge of strategy has evolved, however, we 

increasingly recognize that it is as much the differences between firms as the similarities 

across them that are important to advantage (Barney 1991; Wernerfelt 1984). Further, we 

have come to view strategy as an inherently social creation; one that develops through the 

interactions of people (most frequently managers) with one another (Geletkanycz & Hambrick

1997; Lovas & Ghoshal 2000) and with the environment (Greve 1998; Korn & Baum 1999). 

For example, while we may know that unique and complex resources can be used to create 

competitive advantage in the marketplace, we do not understand how those resources evolve, 

what makes them unique, or how they are integrated into strategy to create sustainable 

advantage (Kazanjian & Rao 1999; Zajac 1992). It is this more socially oriented, contextually 

situated view of strategy that demands a more qualitative approach to strategy research”.

2.7 Issues Related to Intellectual Property Right (IPR)

Research and development have three major strategic goals in any organization. Their purpose 

is to contribute to the existing businesses by allowing the organization to defend market and 

product positions, to support sales growth and to expand existing business. Research 

fundamentally generates intellectual property for the organization. If the activities of the 

research element are directed properly, the intellectual property will have tangible value on 

the balance sheet. This asset will be eventually used to develop new products.

                                                
24 Barr, 2004, p. 165-167.
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Salazar25 et. al. (2007) viewed “current farmers’ breeding goes beyond the gradual selection 

in landraces and includes development and maintenance of major new farmers’ varieties that 

are increasingly uniform. This case is particularly seen in South-East Asia. Modern varieties 

developed in the formal sector have simply replaced landraces as the source of diversity, but 

have not abolished farmers’ breeding practices. Interpretations of the new international 

agreements on plant genetic resources should protect the development of modern farmers’ 

varieties. However, ensuring recognition of collective innovation, allowing access to relevant 

germplasm sources for farmers’ breeding activities, keeping materials freely available, and 

arranging for effective benefit sharing, all form major challenges”. This paper proposes a new 

protective measure ‘‘origin recognition rights”.

Erbisch and Velazquez (1998)26 stated that usually, IPR is protected by one of three legal 

theories: copyrights, trademarks or patents. These theories demonstrate that IPR are private 

rights. They have been created to ensure protection against unfair trade practice. Owners of 

Intellectual Properties (IP) are granted protection by a state and/or country, under varying 

conditions and periods of time. This protection includes the right to: (i) defend their rights to 

the property they created; (ii) prevent others from taking advantage of their ingenuity; (iii) 

encourage their continuing innovativeness and creativity; and (iv) assure the world a flow of 

useful, informative and intellectual works.

The violent opposition from non-governmental organizations (NGOs) and farming 

communities in some parts of country raises the issue against IPRs especially, on plant 

breeders’ rights and farmer’s right. The major problem in the implementation of farmers’ 

right is differential approach towards the property. The IPR on seeds to farmer does not make 

any sense to communities where seed is the property of the community and does not belong to 

any individual27.

                                                
25 Salazar, Rene; Louwaars, Niels P. and Visser, Bert (2007). pp 1515-1528.
26 Erbisch and Velazquez (2006), p. 4.
27 Arunachalam, V.2001.
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“As an institution Intellectual Property laws has two purposes; the protection of individual 

rights and the promotion of general welfare. These two purposes exit in tension and this 

tension is the source of intellectual conflict”28. New patent and IPR regime up to some extant 

ignore the contribution of traditional farmers and artisans for the conservation of nature and 

natural resources. In case of agriculture, most of the varieties are developed by the genetic 

resources conserved by the resources poor gene rich informal innovators. But scientific 

advance involves the collaboration of both past and present generation.

New IPR regime emphasizes on the individual ownership of invention: which is against the 

Mertonian ethos of science. “The communism of scientific ethos is incompatible with the 

definition of technology as ‘private property’ in a capitalistic economy29”. Property rights in 

science are against the second ethos of science. This difference is because finding of science 

are a product of person (scientist) with social collaboration and community30. The relationship 

between science, and society may be examined at two levels: (a) First from the stand point of 

nature of activity of science itself, (b) Second from the stand point of relationship between

science and society; that is why science is affected by social forces and manners in which 

science influences society. The ethos of the social institution of science is taken to include 

universalistic criteria of scientific validity and scientific worth, thus involving values easily 

integrated with the values of a free society in which it is men's capacities and achievements 

which matter, not their ascribed status or origin. From the sociological point of view, the 

place of science in the totalitarian world is largely the same as that of all other institution 

except the newly dominant state”31.

“In the post 1990 globalization era, the traditional autonomy of science and its rules of the 

game - it’s either, in short challenged by the external authority”. It may be argued that the 

external authority may be transnational corporation and State.

                                                
28 Evanson, R. E. and Puntam, J. D. (1987, May). Institutional Change in Intellectual Property Rights. American
    Journal of Agricultural Economics,Vol.69.No.2. pp.403-409
29 Merton. R,K, Science and Social Structure. The Free Press, New York .p. 612
30 Ibid. p. 612
31 Merton. R,K, Science and Social Structure. The Free Press, New York .p. 609
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2.7.1 Patent Issues

Vandana Shiva (1999) captured the sense of outrage about the role of these corporations in the 

making of the Trade-related Aspects of Intellectual Property Rights (TRIPS) Agreement when 

she said: “the TRIPS Agreement of General Agreement on Tariffs and Trade (GATT) is not a 

product of negotiations. It has been imposed by transnational corporations on the citizens of 

the world, by manipulating the governments of industrialized countries. The framework for 

the TRIPS Agreement was conceived and shaped by the Intellectual Property Committee 

(USA), Keidanren (Japan) and UNICE (Europe)”32.

Barton33 (1998) explores the intellectual property issues involved in traditional breeding and 

in moving from natural material to the improved lines that are marketed themselves or used as 

parents of a hybrid. The research highlights the access to unimproved germplasm and the 

implications of the United Nations Convention on Biological Diversity. He talked about 

relevant forms of intellectual property protection as applied in USA which includes the plant 

variety protection (PVP) system, the regular patent system and trade secrecy. Further, he 

brought out the relationship between intellectual property and biodiversity.

Maredia and Erbisch34 (1998) talks of the integrated approach to IPR capacity building which 

includes the following: (i) awareness creation; (ii) human resource development; (iii) 

institutional development; and (iv) information access. They further emphasized, “proper

awareness of biotechnology-related issues must be created nationally. Since the IPR issues are 

closely tied in with the use and management of biotechnology, nations must create proper 

awareness among the general public, policy makers, scientists and administrators”. Further 

they ascertain that large investments in new biotechnologies have been made by the private 

sector in developed countries. While many of these promising new biotechnologies reside in 

industrial countries, they may offer new ways in which developing countries could enhance 

their agricultural productivity. These technologies are often proprietary in nature and must be 

managed in a different way from non-proprietary technologies. In the past, technologies

                                                
32 Shiva, Vandana (1999). p.158.
33 Barton, John H. (1998) p.19. The inter-relationships between intellectual property and biodiversity are vividly
    explained in pages 19-21.
34 Maredia, Karim M.  and Erbisch, Frederic H. (1998). p.50.
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developed by the public sector were freely exchanged, particularly agriculture-related 

technologies such as crop varieties and germplasm.

About policy changes and foreign direct investment, Ganguli35(1998) states: with the 

declaration in 1991 of intent to open up the Indian economy, significant changes have been 

initiated in Indian economic and industrial policies. Two changes that have had immediate 

impact on the agriculture, foods, drugs/pharmaceutical sectors are as follows:

a. Hybrid high-yielding seeds, tissue culture propagation of elite plant materials, 

biofertilizers and biopesticides are classified as industrial activities.

b. Bulk drugs involving use of recombinant DNA technology, and bulk drugs requiring in 

vivo use of nucleic acids as active principles and formulation based on use of specific 

cell- or tissue-targeted formulations, would require compulsory licensing.

These have already set the scene for development of biotechnology based industries in India. 

Extensive national debates on various issues related to IPR and the Indian Patents Act 1970 

have also taken place in the last few years. These have helped to enhance the level of patent 

literacy considerably. The first impact has been on the amount and type of foreign direct 

investments that have flowed into India since 1991. 

The patent provides benefit to innovators by rewarding them but it also excludes others for its 

use. So it provides example of rights to excludes. “Patents proclaim exclusive rights of use 

and, often, non-use36”. Patent holders want to maintain secrecy of its invention due to 

motivation of more economic incentives. “The institutional conception of science as part of 

the public domain is linked with the imperative for communication of findings. Secrecy is the 

antithesis of this norm; full and open communication its enactment”37.

Scientists are divided into two schools of thoughts, one group is in favour of voluntary 

disclosure of their invention for serving humanity by means of informed citizenry to advance 

the status of masses; but the other group wants to maintain secrecy. But, it is argued that 

                                                
35 Ganguli, Prabuddha (1998) p.142
36 Merton, Robert K.(I968) Social Theory and Social Structure, The Free Press, New York. p.6l2
37  Bernal. J.D, The Social Functions of Science. p.l50-151
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“science flourishes and scientist make progress in an atmosphere of free enquiry or free 

interchange of ideas with the continued mutual stimulation of active minds working in the 

same or related fields. Any imposition of secrecy in science is like application of a break to 

progress”38.

Modern technology has both fruitful and adverse impact on commons. It depends on the State 

and society how to use the scientific advancement for upliftment of the masses. 

Biotechnology revolution may be analyzed in this context. This technology may free India 

from hunger and malnutrition, but there is also threat for commercialization of developing 

countries agri-market and also monopolization of production by transnational corporation. But 

so far policy issues concerned biased view for fulfillment of desire of anyone stakeholders can 

not solve the problems of our masses. Science is a dynamic force of social change, though not 

always of changes foreseen and desired. But science has social consequences also39.

In the word of Primrose40 (1987), “recent advances in biotechnology have created many 

public policy and legal issues. A number of the most relevant are discussed here: patents, 

deliberate release of recombinant organisms, ethical and legal aspects of gene therapy, legal 

implications of DNA fingerprinting, biological warfare, and the future of biotechnology in 

third world countries. Scientists often find the practice of industrial law confusing; they are 

used to constructing theories based on the (supposed) rational examination of facts. Lawyers 

also examine facts but they interpret them within the framework of existing law. Unlike new 

theories, new laws are not created instantly and final acceptance comes only after months or 

years of courtroom debate.  Reaching a final decision can take years. Nowhere is this clearer 

than in the field of patent law. Even though a patent examiner permits a patent to be issued, 

his decision may be challenged in the court of law by a third party may deliberately infringe a 

patent in the belief that the patentee would lose his case if he chose to defend his patent rights 

in a court of law”.

                                                
38 Merton, Robert K.(I968) Social Theory and Social Structure, The Free Press, New York. p.150-151
39 Ibid. p. 585
40 Primrose, S. B. (1987). Modern Biotechnology. Blackwell Publications, p.187.
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2.8 Policy Initiatives and Indian Seed Industry

Brahmi41 et. al.  (2004) states that Indian PVPER Act appears to be effective sui generis

system providing a balance between plant breeder rights along with Farmers’ Rights and 

researchers’ rights in view. The impact of the Indian sui generis system will be felt only after 

is effective implementation, and ultimately, it can secure the national food and nutritional 

security. But still there is a need for appropriability between all the acts.

Ramaswami42 (2002) observed that the changing structure of seed industry is due to new 

technologies and stronger intellectual property right. He stressed that the small part of work is 

necessary for market forces, transnational companies, and patents of biotechnology itself to 

fair equitable growth of industry respect to farmers concerns. 

          

Reddy and Yadav43 (2001) in their paper, based on the existing literature on consequence of 

Genetically Modified Crops and its impact on food security and food safely in the context of 

Genetically Modified Crop, WTO and TRIPs, concluded that the GM crops with adequate 

safety measures and regulations would be needed for proper adoption of technology transfers.

Singh44 et. al. (1999) argued that country like India where no Indian domestic small firms can 

compete with the giants MNCs in any respect. They suggested that government supports 

should be needed in a big way in research and development and development of 

biotechnology. So that our scientists can be able to develop indigenous local biotech varieties 

and get their patented rights without delay. 

Sindhu45 (1999) stated that implication to the Indian agriculture under the shadow of new IPR 

and strong patent regime may prove harmful. He argued that taking liberty of some relevant 

extension is necessary because most of the third world countries own less than one percent of 

world patent grants. The system is quite clearly most unequal and unjust of all the relationship 

                                                
41 Brahmi, Pratibha; Saxena, Sanjeev and Dhillon, B.S. (2004).
42 Ramaswami, B., 2002.
43 Reddy and Yadav, 2001.
44 Singh A Singh and Singh, 1999.
45 Sindhu, 1999.
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between the developed and developing countries. It has been quite absurd to comprehend that 

the same law can be made suitable for countries with unequal level of development. 

2.8.1 Policy Linkages to strategy and structure

Hitt et. al. (2004)46 mentioned in their study that the degree of regulation is one of the 

important industry level variables in strategic management.

2.8.2 Agricultural Science and Technology Policy

The process of technical change is a phenomenon which is difficult to unravel. For the present 

purpose, four components can be distinguished at a theoretical level. The development of new 

technical possibilities, the application of new methods of production and of new products, the 

diffusion of technical knowledge, and the diffusion of applications. Even a nation’s 

technology policy is based on global explanation and in this sense, it being aimed at welfare 

in the broad sense of the satisfaction of wants.

While the WTO agreements do not regulate the use of biotechnology per se, their rules can 

have a profound impact on the use of the technology for both commercial and non-

commercial purposes. Wüger and Cottier (2008)47 seeks to identify the challenges to 

international trade regulation that arise from biotechnology. Their contribution examine 

whether existing international obligations of WTO members are appropriate to deal with the 

issues arising for the use of biotechnology and whether there is a need for new international 

legal instruments, including a potential WTO Agreement on Biotechnology. They combine 

various perspectives on and topics relating to genetic engineering and trade, including human 

rights and gender; intellectual property rights; traditional knowledge and access and benefit 

sharing; food security, trade and agricultural production and food safety; and medical 

research, cloning and international trade.

The quantitative restrictions has been removed at the time when hundreds of farmers are 

committing suicides in Punjab, Andhra Pradesh, Karnataka, Maharashtra and in different 

                                                
46 Hitt et. al. (2004) p.14.
47 for detail please see : Wüger, Daniel and Cottier, Thomas (2008).Genetic Engineering and the World Trade 
    System: World Trade Forum. Cambridge University Press.
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other parts of the country, some of them are being forced to sell their kidneys and other body 

parts due to increased cost of production, the subsidies are being withdrawn from the 

agricultural inputs, forcing more and more small and marginal farmers to get trapped under 

debt burden, the FCI is withdrawing from its primary responsibility of food procurement

because it is found as ecologically and financially unsustainable and therefore, the 

government is planning to totally privatise the storage and procurement of food grains. This 

has led to a deep crisis in our food and farming systems and further pauperization of our 

farmers48.

2.9 Science & Philosophy of Science

Any legitimate scientific theory will make predictions. A scientific theory will not be rejected 

just because it cannot explain particular observations or results from a particular experiment. 

Kuhn (1970) argues that for a new theory to replace an old theory two conditions must be 

satisfied

i. There must be serious cracks in the old theory, i.e. important facts that the old 

theory does not explain.

ii. A new theory must be available.

Why replace a theory, even one that has evident flaws, unless something better is available 

with which to replace it?

There are further issues:

a. When observations or an experiment give results that are contrary to a well established 

theory, is it the theory or the experiment that is mistaken? There may have been a flaw 

in the experimental procedure.

b. Flaws in experimental procedure are especially common when one is working at the 

limits of experimental technology. It may be at these limits that theory has its most 

extreme test.

c. Often, a small modification to the theory may be enough to accommodate a newly 

discovered anomaly.

                                                
48 Shiva2002



69

d. Scientists may be so deeply wedded to the existing theory that they refuse to accept the 

new theory. This is particularly likely if the new theory is itself incomplete, i.e. many 

of the theoretical details have not been worked out. 

2.10 Innovation, Technology and R&D

Kitcher (2001) drawing a distinction between science and technology states that it thus 

undermines the idea that technology is the appropriate focus of moral appraisal, leaving 

science as pure. The evidence for scientific claims is always insufficient, so that our decisions 

about what to believe are always crucially affected by moral, social, political, and religious

values.

2.10.1 Innovation

Schumpeter49 noted that “innovation itself is being reduced to routine. Technological progress

is increasingly becoming the business of teams of trained specialists who turn out what is 

required and make it work in predictable ways”. In 1950’s Drucker (1954) said, “any business 

enterprise has two - and only these two - basic functions: innovation and marketing.” 

Innovation is the act of developing a new processor product and introducing it to the market. 

It is essentially an entrepreneurial act, whether it takes place in a start-up firm, a large 

organization, a not-for-profit, or a public-sector agency. Innovation means change: sometimes 

radical change. Innovation generally stems from the purposeful search for opportunities. 

“Drucker (2002) identified that opportunities for innovation exist both within and outside a 

company or industry. Opportunities internal to a company include unexpected events, 

incongruities in processes or between expectations and results, process needs, and changes in 

the marketplace or industry structure. Opportunities external to a company include 

demographic changes, changes in perception, and new knowledge”.

Strategic management has profound importance for innovation as Dosi50 et al. (1988) suggest, 

‘strategic management may and does orient market position and learning trajectories in the

long term’.

                                                
49 Schumpeter 1942 p.132

50 Dosi et al. 1988. p.7.
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2.10.1.1 New Knowledge

New knowledge or technology is one of the strongest forces for innovation.  Opportunities are 

being explored in the fields of genomics and nanotechnology. These technologies and systems 

will develop even further as consumers continue to demand new and innovative products and 

immediate access to information, goods and services.

2.10.1.2 Management Innovation

Innovation must be seen as a process occurring within an organization, not a single event. 

This process can be managed. In general, the process follows five stages: 

i. Idea generation, 

ii. Initial screening,

iii. Review, 

iv. Seeking sponsorship, and 

v. Sponsorship and commercialization.

At each of these stages the organization’s culture must be designed to support the innovation 

process.

Recognition of demand is a more frequent factor in innovation than recognition of technical 

potential (Meyers and Marquis 1969).  Before 1970’s market demand was the dominant 

influence upon the innovation process, “calling forth” innovation in market economies. But 

both demand and supply side influences are crucial to understand the innovation process 

(Mowery and Rosenberg 1979). Technological innovation can alter the competitive status of 

firm and nations51. Research shows that the best way for companies to achieve competitive 

advantage is innovation (Rugman. and Hodgetts 1995).

2.10.2 Technology

In traditional neo-classical growth theory technical change is “simply” modeled with a shift in 

the production function that represents the adoption of a more productive technology. But as 

Ayres (1962)52 argued, “technology is essentially an autonomous , self sustaining process,… 

                                                
51 Roberts, Edward B. 1988.
52 Ayres (1962). pg. 125-54.



71

the potential for fruitful discoveries will be enhanced in a receptive environment”. In similar 

vein, Fagerberg and Verspagen (2002)53 note, “technology catch up is not a question of 

replacing an outdated technological set with new one, but to continually transform 

technological, economic and industrial structures.”

Technology draws heavily on scientific advances and the understanding gained through

research and development. It then leverages this information to improve both the performance 

and overall usefulness of products, systems, and services. In the context of a business, 

technology has a wide range of potential effects on management:

i. Reduced costs of operations 

ii.  New product and new market creation.  

iii. Adaptation to changes in scale and format.

iv. Improved customer service.  

v. Reorganized administrative operations.  

Annacchino54, (2003) discussing about the technological fit with respect to new product 

development highlight following pertinent issues:

a. Internal fit: are all elements of the business equipped to handle the technology? 

b. External fit: Is the technology right for the market place?

c. Is the cost of this technology on the appropriate learning and cost-reduction 

curve?

The issue of application development requires technological engagement with the customer, 

in addition to commercial engagement. This is where the basic building blocks of technology 

embodied in the product are available for redistribution and reconfiguration into different 

products altogether, from the factory perspective; however, they are an on-target solution to 

the customer’s problem. An example of this reconfiguration of features is to think of the 

original part as a “toolbox of technology”. Both development and manufacturing that can be 

                                                
53 Fagerberg and Verspagen (2002). 
54 Annacchino, (2003) p.176.
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used to solve different customer problems in different applications55. The identification of 

market opportunities that are on target with the product launch plan, as well as identifying 

new opportunities for small changes in the product configuration. The market development 

aspect gives true definition to the term engagement of the customer. It is most effective when 

the customer is an active participant in the communication between the sales force and 

themselves.

Michael Porter is one of many business analysts who believe that technology is one of the 

most significant forces affecting business competition. In his book Competitive Advantage 

(1985), Porter noted that technology has the potential to change the structure of existing 

industries and to create new industries. “The job of technology is to provide competitive 

advantage. That advantage derives partly from the inherent attributes of technology at a given 

stage of maturation, but also from the characteristics of competition and from effective 

integration with other capabilities in an enterprise (Steele56)”. It is also a great equalizer, 

undermining the competitive advantages of market leaders and enabling new companies to 

take leadership away from existing firms. 

According to Bromley (2004), a permanent fusion of science-or natural philosophy-and 

inventions that had previously been essentially independent activities, devoted to the 

understanding and the mastery of nature, respectively. 

2.10.2.1 Science and Technology

Science and Technology are an integral part of culture; they act as instruments of social 

evolution. Throughout history, society has promoted knowledge in order to meet human 

requirement and to solve problems. Looking back, we find a dynamic interaction between 

knowledge and its application to social problems similarly, the impact of social needs and 

requirements have led to the generation and development of technology57.

                                                
55 Annacchino, (2003) pp.464-465.
56 Steele, Lowell W.(1991, Jul-Aug). “Needed: New Paradigms for R&D”; Research Technology Management  
    Vol-34, No.-4
57 Rahman and Choudhary 1980 p.iii
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2.10.2.2 Technology as a Strategy for Market Competition

Zahra58 et. al. (1999) in their research article ‘Exploiting the dynamic links between 

Competitive and Technology strategies’ discussed about Technology-Strategy relationship for 

market success. They stated that ‘the dynamic (dyadic) perspective of technology 

management recognizes the importance of formal technological initiatives as well as 

prospecting.’ They summarized three perspectives which bring connection between 

competitive and technology strategy. The first espouses a hierarchical view in which a 

company’s competitive strategy and internal capabilities jointly determine its technological 

choices. The second perspective views technology as a subset of organizational resources and 

one of several vital strategic weapons a company can use to pursue its competitive goals. And 

the third perspective that builds on the dynamic interplay between a company’s competitive 

strategy and technology. The article concludes by discussing the implications of the dynamic 

perspective for executive action, highlighting industry forces that may impact the dynamic 

strategy-technology relationship.  

Iansiti and West59 (1997) ascertain that a company’s approach to technology integration must 

fit its capabilities and local culture.

Porter60 (1985) sees technology as an important element that should have its own strategy. He 

defines technology strategy as “a firm's approach to the development and use of technology”

and suggests that: “Technology strategy must address three broad issues:

a. What technologies to develop?

b. Whether to seek technological leadership in those technologies?

c. The role of technology licensing.”

He then describes the link between technology and corporate strategy by identifying four 

generic corporate strategies and a matching set of technology strategies (page 173). While 

Porter views technology as important, he does not pursue the subject in great detail. 

According to his view technology strategy is derived from overall corporate strategy.

                                                
58 Zahra, Shaker; Sisodia, Rajendra and Matherne, Brett (1999). pp 188-203.
59 Iansiti Marco and West, Jonathan in HBR on Managing High-Tech Industries (1999) p.7.  (First Published in 
    Harvard Business Review, May-June 1997).
60 Porter (1985). Competitive Advantage.  pages: 176, 177.
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Prahalad and Hamel (1990)61 intensify the interest in technology by introducing the concept 

of “core competencies.” They subtly expand the view of technology from a broadly described 

feature whose importance is determined by its support of the corporate mission, to a specific 

source of corporate uniqueness. According to the authors, core competencies are the 

collective learning of the organization, especially how to coordinate diverse production skills 

and integrate multiple streams of technology. The concept of core competencies, with its 

implied link to technology, has become one of the dominant concepts in mainstream strategic 

literature. According to Prahalad and Hamel, technology and corporate strategy are seen to 

co-determine one another. After the concept of core competencies was popularised, Hamel 

and Prahalad (1994) published a book entitled Competing for the Future. From the consumer

concern with competitive advantage that dominated the literature in the preceding decade, the 

emphasis now reached forward in time urging managers to secure a ‘foothold in the future.’

By comparison to earlier works on strategy, Competing for the Future, strikes an almost new 

dimension. “We had to conclude that some management teams were simply more 

‘foresightful’ than others. Some were capable of imagining products, services, and entire 

industries that did not exist and then giving them birth”62. Further: “the future is to be found 

in the intersection of changes in technology, lifestyles, regulation, demographics, and 

geopolitics”63. In Competing for the Future, Hamel and Prahalad repeatedly emphasize 

technology foresight as part of an overall awareness of the future and as a dominant ingredient 

in strategy formation. They substantiate the views of those who see technology as having a 

dominant role in corporate strategy.

2.10.3 Research and Development (R&D)

Lee & O’Neill (2003)64 in their study brought out the relationship between ownership 

concentration and R&D investment.

                                                
61 Prahalad and Hamel 1990 p.82
62 Hamel and Prahalad 1994 p. xi
63 ibid. p. 95
64 Lee and O’Neill, 2003
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The Frascati Manual (OECD, 1993)65 classify R&D into three distinct type: basic research, 

applied research and experimental development. The primary objective of basic research is to 

acquire, new knowledge of the underlying foundations of observable phenomena. 

2.10.3.1 Agricultural research and development (R&D)

While global investment in agricultural research by the private sector is increasing with 

growth in developing country markets and the emergence of new technologies, 

complementary public sector investment is stagnating or declining in many developing 

countries. Spielman66(2007) argues that the changing roles of the public and private sectors in 

generating new scientific knowledge may adversely affect the diffusion of explicitly pro-poor 

technologies-technologies that are simultaneously yield enhancing and poverty-reducing. 

Comparing historical evidence from the Green Revolution with recent evidence from the 

emerging era of agricultural biotechnology, this review argues that a more pluralistic 

international system for agricultural research will be more responsive to poverty only if the 

strategic leadership role of the public sector is strengthened, certain research functions are 

reallocated to the private sector, and new policy and organizational mechanisms are used to 

stimulate pro-poor research in and for developing-country agriculture.

Tripp67(2002) states that the growth of private sector participation in agricultural research has 

serious implications for pro-poor technology development, but there are other factors that 

must be considered. New plant varieties are not the only things standing between resource-

poor farmers and secure livelihoods, and institutional strengthening is also necessary. In 

addition, the current state of public agricultural research is cause for concern. It is not clear 

how many effective public-private partnerships can be formed; the public sector needs a much 

clearer definition of its targets and priorities; and funding strategies for national and 

international agricultural research must be overhauled. He further concludes that advances in 

private agricultural research are contributing to increasing polarization in access to 

technology. It is important to focus attention on the needs of resource-poor producers and the 

role of public research. 

                                                
65 OECD, 1993
66 Spielman, David J. (2007) pp 189-204.
67 Tripp, Robert (2002) pp.239-246.
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The system that produces technological advances in agriculture-is changing rapidly. New 

ways of financing, managing, and organizing agricultural R&D; changes in the biological 

sciences; and the proprietary nature of the agricultural sciences are affecting how well 

national and international R&D systems can meet global food needs. IFPRI monitors these 

changes with research on public and private-sector roles in agricultural R&D, the impact of 

biotechnology advances, the effects of stronger intellectual property rights on agricultural 

research and gene banks, and ways to measure the impact of agricultural R&D on poverty, 

agricultural growth, and the environment.

2.11 New Product Development

Ofek68 (2008) states that launching new products is perhaps the most prevalent way for start-

up firms to establish themselves in a market and is a common strategy for incumbent firms to 

retain their industry position and grow top line profits. To reap the rewards from new product 

introductions, the characteristics of the new product must first be conceived, developed, and 

ultimately sold in the marketplace. While new products hold the promise of greater 

profitability, the process from start to finish is costly, time-consuming, and fraught with 

uncertainties.

Mentioning about distance between the company (and its infrastructure) and its customers,

Thomke and Von Hippel69 (2002) observe: “in a nutshell, product development is often 

difficult because the ‘need’ information (what the customer wants) resides with the customer, 

and the ‘solution’ information (how to satisfy those needs) lies with the manufacturer”.

According to Kotler70 (2000) every company must develop new products. New-product 

development shapes the company’s future. Replacement products must be created to maintain 

or build sales. Customers want new products, and competitors will do their best to supply 

them. Each year over 16,000 new products (including line extensions and new brands) are 

introduced into groceries and drugstores. A company can add new products through 

acquisition or development. The acquisition route can take three forms. The company can buy 

                                                
68 Ofek, Elie (2008). p. 49.
69 Thomke and Von Hippel (2002) p.5.
70 Kotler, Philip (2000) p. 328.
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other companies, it can acquire patents from other companies, or it can buy a license or 

franchise from another company. The development route can take two forms. The company 

can develop new products in its own laboratories. Or it can contract with independent 

researchers or new-product-development firms to develop specific new products.

Citing ‘Booz, Allen & Hamilton’, Kotler71 (2000) has identified six categories of new 

products:

i. New-to-the-world products: New products that create an entirely new market.

ii. New product lines: New products that allow a company to enter an established

market for the first time.

iii. Additions to existing product lines: New products that supplement a 

company’s established product lines (package sizes, flavors, and so on).

iv. Improvements and revisions of existing products: New products that provide 

improved performance or greater perceived value and replace existing 

products.

v. Repositionings: Existing products that are targeted to new markets or market 

segments.

vi. Cost reductions: New products that provide similar performance at lower cost.

Less than ten percent of all new products are truly innovative and new to the world. These 

products involve the greatest cost and risk because they are new to both the company and the 

marketplace. Most new-product activity is devoted to improving existing products.

New product development is a business venture72. To effectively evaluate the fit of a new 

product, it is necessary to understand the company’s overall product strategy’73. Answering to

the question, “how does the new product development solve a customer’s need/problem?” he 

stated that New Product Development is the basis for a marketing plan. Effectively answering 

this question will directly tie the customer's need into the product concept. The pathway is the 

                                                
71 Kotler (2000) p. 328
72 Annacchino, (2003) p.4
73 Annacchino, (2003) p.3.
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sales presentation. It relates to the customer and how the solution to their problem or need is 

embodied in the product.  The question leads to the investigation of following factors74:  

i. Large versus small companies

ii. Public versus private

iii. Technology developer versus pure manufacturer

iv. Product offering, which is commodity versus service

v. Profitable versus not profitable

vi. Availability of cash

vii. Competitive nature of the ‘deal’

viii. Perception in the marketplace

ix. Perception of weakness

x. Limiting factors on one firm in the deal

xi. Recoverability index for both companies should a deal go bad

Iansiti and West75 (1997, 1999) argue, “in  many industries, superior technology integration-

the approach used to choose and refine the technologies employed in a new product, process, 

or service  is key to achieving superior R&D productivity and speed, and superior products”.

2.11.1 Scope of Product Line

To identify the product's positioning, the markets served the breadth of the product line, and

the number of versions. The size and rating performance requirements in terms of market 

segments, and identify the scope of how the product will satisfy the market demand. 

Companies need to take care to of the specific in identifying how selected versions address 

specific segments76.

                                                
74 ibid. p.71.
75 Iansiti Marco and West, Jonathan in HBR on Managing High-Tech Industries (1999) p.1.  (First Published in 
Harvard Business Review, May-June 1997).
76 Annacchino, (2003) p.137.
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2.11.2 Life cycle management of a product

Several factors can be used to evaluate the degree of success or failure. Fundamentally, 

outside of the strategic initiatives, a new product development is supposed to generate funds 

to the corporation at a rate that far exceeds the rate of funds consumption77.

In the traditional product life cycle there are three distinct phases of the product life cycle 

(i.e., emergence, growth, and decline). The emergence phase is the start of the new product's 

business. The volume is low, and the product is embryonic in its market share. The second 

phase is the growth phase, where planned volumes are achieved. The third phase is the decline 

if left untended, the company will lose market share and volume will drop off. Generally at 

this point the company is no longer competitive in that specific market segment. Ideally, at the 

time when volume is stabilized and the company is enjoying good profit margin and good 

volume, the project to replace the product with an updated or next-generation.

Iansiti and West78 (1997, 1999) ascertain that Product Life Cycles have shortened 

dramatically, forcing companies to develop and commercialize new technologies faster than 

ever. As a result, the advantage now often foes to the companies most adept at choosing 

among the vast array of technologies and not necessarily to the companies that create them.

Licensing is the most common method of transferring technology79.

2.12 Impact of Globalisation on Indian Agriculture

Following are the effects of globalization on Indian Agriculture80:

a. Transnational corporations may dominate the seed market and this will  have its 

baneful effects on the peasants of poor country.

b. Protection of Plant Breeders Rights under globalization will have its adverse effect on 

farmer’s traditional rights to develop and sell seeds.

                                                
77 ibid p.176.
78 op.cited. p.2
79 Erbisch, Frederic H. and Fischer, Andrew J. (1998). p.31.
80 Rudrappan, p. 46
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c. The commitment on the removal of input subsidy may lead to deceleration of crop 

output leading to untold miseries among the resource poor farmers specifically in 

developing countries.

Bhalla & Singh (1996)81 raised some serious concern over the impact of GATT on Indian 

Agriculture which may lead to serious political economy issue. One of their propositions was 

towards sustainable growth which can be achieved if the policy initiative also focuses the 

small and marginal farmers. One important area of concern referred in their study is ‘the 

process of intellectual hegemony’. Their apprehensions towards provisions like intellectual 

property rights (IPR), Trade Related Intellectual Property Right tend to legalise the 

intellectual hegemonic tendency of the developed capitalism. These will make indigenous 

research costly and accelerate the process of accumulation of knowledge in the advance 

countries and multinationals. Policies related to inputs like fertilizers, pesticides and seeds 

will be area of larger concern.

2.13 Rural Market and Rural Marketing

Kashyap82 (2003) concludes that rural people have evolved systems of selling and 

communicating that have served them well for centuries. Corporate marketers have not used 

that these platform effectively, so far.

Ranganathan (2003) argue that the right marketing strategy for the rural market is to balance 

the conflicting dimensions of ‘availability’ on the one hand and ‘affordability’ on the other.83

2.14 Questions evolved from review of literature

i. What drives agricultural research? Is it a need generated within the industry?  

ii. Who determines what is driving agricultural research? Is it ‘technology push’ seeking to 

employ research through the development of techniques and materials looking for 

applications, or ‘market pull’ in which the need is identified by industry which then seeks 

a solution through research?

                                                
81 Bhalla, G.S. and Singh, Gurmail (1996). 
82 Kashyap, Pradeep (2003, July). Revolution-in-waiting. Praxis, Business line. p.8.
83 Ranganathan, C. K. (2003). p.24.
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iii. How closely is the research matched to the need? Who decides and how are the two 

brought together? Who monitors this decision and the provision of solutions through 

research?

iv. What is unique about the product or technology that will be desired and accepted by the 

marketplace at this particular juncture in time and space?84

v. Who ensures effective use of funds, time, labour and facilities, and who monitors this? Is 

there any accountability involved? How are the objectives for the research set and who 

sets them? Who sets the objectives for the funding agencies and are the objectives based 

on requirements in the real world, perhaps in industry, or to serve a pressing need and, as 

such, recognized as being essential? Are the objectives influenced by the needs, 

aspirations or requirements of the scientists? Or are they politically driven, perhaps to 

satisfy a demand from the public, to gain parliamentary popularity, or for so called 

political correctness? They may even be strongly influenced by what is thought to be 

popular or trendy.

vi. How GMCs are the proponent of the structural change? Is it possible for any technology 

based product to bring out macro-change in Industry; how? Does this product is able the 

solve ‘need-gap’ or it is the ‘want-creation’ of Industry? What is the trend of the market: 

demand pull or supply push? 

vii. Does GMCs are safe?

viii. What should be the response of Indian Seed Companies on the new product technology 

(Biotechnology based seed)?

ix. What should be the direction of agricultural research and what is the changing dimension 

of Indian agriculture under the auspices of TRIPS?

x. Whether the new IPR regime will be able to enhance the scientific and technological 

capability to cope up with the emerging technological, social and legal problem?

xi. The question of concern is that IPRs provides incentive and motivation of carrying out 

better research for the benefit of the society. Have they only monopolized patents for 

private sector? There are some important questions that are often debated in various 

platforms; but there is again polarization of opinions.

                                                
84 Annacchino, (2003) p.4.
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2.15 Research Gaps

i.The effectiveness of large companies in supplying cheaper inputs in village market of 

small size needs study85.

ii.The impact of IPR on seed price is quiet unknown, with the most important assumption 

being as obvious increase in seed price and other agrochemicals. But as far the increase in 

seed price is compensated by the increase in the productivity and increase in the relative 

stability of prices, there is a little room for apprehension of its adoption by the farmers.

iii.Terminator gene seeds such as those developed by the Monsanto Company, as MNC have 

to be purchased every year and they cannot be conserved as seed for next crop86.

iv.Why some firms in a given industry respond quickly to the moves of a competitor while 

others delay response to that same move, and why some firms seem to be in continuous 

battles with one another while others in the industry play a more cooperative game?87

v.There is opportunity of extension of Biotechnology developed technology to proliferate in 

other seed portfolio.

vi.Till now the organization structure is being seen from human capital, machinery, process, 

and product point of view and R&D was a separate entity mostly autonomous. For the 

first time R&D influence on Industry structure is being studied.

vii.R&D as a strategy for Indian seed industry is being studied in this research.

viii.The main aim of R&D is to improve yields and reduce cost of production by optimal use 

of inputs or both as well as for creating human welfare88.

ix.Private companies in Indian seed industry earlier used to procure the improved seed from 

the government institution; but now they are developing new product based on their in-

house R&D.

x.The impact of more active participation of private sector seed industries have to analyse at 

several dimensions. The proponents are in favour of that due to timely availability of 

quality seed but opponents argued research in the public interest will be severely affected. 

This may provide a good example of conversion of public good into private good. 

According to International Rice Research Institute (IRRI) report- “the main worry is that

                                                
85 Alagh, 2003, p: xvi.
86 Rudrappan, p. 50
87 Barr, 2004, p.179.
88 Mukherjee and Pal, 2003, p. 91.



83

[Plant Variety Protection] and [Intellectual Property] legislation, if not properly handled,

may restrict the free exchange of the genetic material or seeds, needed by scientist to 

develop to new high yielding varieties”89.

xi.Transnational company’s entry to the Indian seed sector is not being studied. 

xii.Globalization of agriculture and the acquisition of IPR for plant breakthrough in genetic 

engineering and the seed industry has unparalleled potential for growth and prosperity. 

These events and developing scenario, however raise several apprehensions which need to 

be studied.

xiii.Analysis of policy initiative taken by government of India for safeguarding the interest of 

all the stakeholders under the obligation of new IPR regime in crop variety development 

and improvement programme.

xiv.Scientific experts have been concerned about genetic manipulation and its effect on 

Biosafety and Biodiversity.

xv.The ethical issues faced be seed companies marketing the GM Crops are likely to vary 

based on their particular technology, product focus and stage of development. Some 

examples of ethical issues that firms are facing as they progress from research to bringing 

products to market include:

a. Who owns genetic information? Is it socially equitable and feasible for commercial 

companies to own genetic information? Does this unfairly inhibit academic 

research? How do companies respond to those who claim that no one should patent 

and sell genetic information? What consent, if any, do companies using this 

information need from individuals and communities?

b. How should seed companies producing biotech product (GM Crop) price their 

products in Indian economy, to ensure that they can justify the major research costs 

and risks, and still provide the maximum access and benefit to Indian Farmers? 

c. How does a company manage the inherent conflicts of interest in its GM- product 

that it intends to market? At what stage should it be obliged to disclose publicly the 

results of its research, including negative findings?

d. What are the economic, social, and health implications of the move toward GMCs?   

Will individuals and society be able to afford it?

                                                
89 Benbrook, Rachel C. (2000). [www.grain.org assessed on 18th June 2007].
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e. How can the benefits of genomics and biotechnology be extended to other crops?

2.16 Formulation of Research Hypotheses

From this chapter we have constructed some arguments which in turn transcend to hypotheses

further:

Argument No. 1: Farmers worried about raising enough capital to survive and to see if GM 

technology works and help them to earn more from their field.

Argument No. 2: Private seed companies in India are too small. These companies worry about 

from where to get a product (technology) to market specialized product (GMCs).

Argument No. 3: GEAC guidelines implementation, adherence and outcome.

Argument No. 4: GMC are better than pre-existing seeds. Whole business is about helping 

people.

Argument No. 5: The opponents of GMC argues that the real impact to expect from 

genetically engineered crop is not how it might feed poor, but how it will expand the wealth 

of Trans Nationals poised to enter the seed market in India. IPR may be seen as a key 

component of this strategy to monopolies the seed market and business of countries like India.

2.16.1 Research Hypotheses

The Research Hypotheses are:

Hr1: GM crops provide higher yield, improve pest control, provide drought resistance,

 reduce dependence on chemical fertilizer, short growing season. Therefore it is

 better for overall economy; society. 

Hr2: Indian market has the potential for GM product.

Hr3: Farmers get more choice.

Hr4: Genetically Modified Crop has positive impact on socio-economic status of farmer.

Hr5: Structure of Industry changes in response to market.

2.16.2 Null Hypotheses

H01: GM crops do not fulfill the promises as proclaimed; like higher yield, improve pest

control, drought resistance, reduce dependence on chemical fertilizer, short 

growing season.  Therefore it is not better for overall economy; society. 
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H02: Indian market does not have the potential for GM product.

H03: Farmers choices are limited.

H04: Genetically Modified Crop do not make any difference on socio-economic status of

 farmer.

H05: Structure of Industry does not change in response to the market.

2.17 Formulation of the Research Objectives

The theoretical analysis of present study is based on the various interlinked issues of science, 

technology and ‘society in the form of market’. This undertaken study is an attempt to know 

the relationship between science and market in new global regime. How the tools of sciences 

like IPR and Patent influences scientific community and commons like farming community is 

the major concern of present study. The objective of this Research is to study the outcome of 

these steps:

i. To develop a model to see impact on stakeholder.

ii. Nature of Structural transition of Indian Seed Industry and its impact on stakeholders.

iii. Developing strategy to structure and compaternity of Indian Seed Industry vis a vis its 

Multi National Company (MNC) counterparts.

iv. To explore the various factors that affects and influence agricultural research like, 

technological environment, economic environment, political environment and market 

forces.

v. The fears are expressed that due to emergence of transgenic technology, there may likely 

to have a chance that it will fall under the control of the biotechnological Industry. This is 

argued that Trans- national corporate are aiming to capture huge market in Indian seed 

sector, where farmers still save seed from their harvest for planting the next season. The 

best way to do this to use science to stop the reproductive capacity of plant (by using 

terminator gene) or use law to patent the plant, so no one can commercially exploit it 

without permission of concerned authority.90

vi. To analyze the condition of Indian agriculture in respect to New Intellectual property 

rights and impact of WTO in context to IPR on agricultural R&D, seed sector,   

biotechnology and biodiversity. 

                                                
90 Benbrook, Rachel C. (2000). [www.grain.org assessed on 18th June 2007].
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vii. To focus, how far Indian market has potential for new product range of products, which 

are the outcome of this new concept i.e., Biotechnology; since genetically modified crops 

are capturing global acceptance.

viii. To focus, how the concept of Genetic Engineering is going to be accepted by Indian 

Customers as solution for their agricultural problem? Indian farmers’ perception about this 

product in terms of consumer behavior.

ix. To develop a strategy for analyzing science, society and technology and market dynamics 

to address the concern of environment.

2.17.1 Research Objectives

i. To study the market potential for Genetically Modified Crop (GMC).

ii. To assess the impact of GM technology on Indian Seed Industry91.

iii. To assess the impact of GMC on Indian Seed Market.

iv. To analyse the acceptance adoptability of GMC by Indian farmers and their perception

towards new technology and buyers’ behaviour.

v. To suggest a strategy to link scientific and technological aspects for the changing 

market dynamics brought by Biotechnology.

vi. To outline the future direction of Indian Seed Industry in the context of IPR regime, 

WTO, Technology change.

                                                
91 Note: More than 300 seed companies exist in India.
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Chapter III: Methodology

3.1 Rationale

There are wide varieties of miscellaneous sources that can generate new product ideas. It is 

not necessarily important to remember where the new product ideas come from, as it is to 

evaluate and screen suitable ideas, lock onto them, and execute the best choices. Some of the 

miscellaneous sources are inventors, patent counsel, university laboratories, government 

licensing offices, industrial consultants, marketing research firms and periodical digests 

relating to industries.

Various stakeholders like farmers, state agriculture extension departments, dealers, 

government research institutions, state agricultural universities, seed companies, private 

research institutions, peoples’ representatives, etc. have contributed to the process of taking 

‘bacillus thuringiensis (Bt) technology’ (based on biological sciences)1 from lab-to-land with 

respect to their interests, motivations and circumstances. This study tries to look at the pattern

and contexts of interaction between the different actors that has led to the adoption of Bt.

Cotton in India in general and Andhra Pradesh and Maharashtra in particular. It has enabled 

the identification of a common ground for all the stakeholders in terms of enhancing their 

cotton yield through the new Bt. technology. This has further helped to identify those who 

supported the adoption of this technology, to know what motivated them to support this 

technology and finally how this latest technology is bringing noticeable change in market and 

industry.

Indian Seed Industry’s successive stages of technological2 transition, from ‘Green Revolution’

to ‘Gene Revolution’, bring an unexplored area of current market based techno-legal-

                                                
1Burnham and Anderson (1998) p27. Giving an overview of Stochastic Models in the Biological Sciences the 
authors states  "Models are useful in the biological sciences for understanding the structure of systems, 
estimating parameters of interest and their associated variance–covariance matrix, predicting outcomes and 
responses, and testing scientific hypotheses. Such models might be used for “relational” or “explanatory” 
purposes or might be used for prediction”.
2Desai 2002p.7: There appear to four key shifts in the context of marketing which relate to the postmodern 
condition:
• The speed of change and the impact of technology.
• The constant need to innovate.
• The increase in marketing literacy among consumers.
• The fluidity of categories of identity.
  &  Desai 2002 p.57-62.
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environmental issues. These issues are being raised while biotechnology’s role in agriculture 

is observed through the induction of ‘Bt. cotton’ seed in Indian Seed Market. Scientific 

community and seed companies proclaimed that Genetically Modified Crops like Bt.cotton 

have ‘potential’ to solve certain agriculture related problem. But, the concerns raised by 

scientific community have led a section of it to oppose this technology. In such a scenario, 

science related policy initiatives and regulatory role is also in formative stage which seeks its 

logical and analytical frame based on recent advancement in science and science based 

technology. The market is directly dependent on these ‘potentials’ and ‘concerns’. This 

existing dilemma in the market is unique in the Indian seed industry. The Seed industry is 

now looking up on science for the answers. Simultaneously, market economy and policy 

makers are also looking up on science for future course of actions. Therefore the scientific 

environment is an important component on which the Indian Seed market is dependent on. 

The above mentioned paradox is interpretative and leads to new paradigms brought by 

genetically modified crops. This needs a qualitative inquiry by using interpretative, qualitative 

approach which brings the entire dynamics of the structural transition in Indian Seed Industry.

3.1.1 Key Factors of the Research:

With afore mentioned background, this research deals with different stakeholders of the 

Indian Seed Industry namely the end-users of technology & the consumer at the end of the 

supply chain in seed industry (Farmers), Innovators of the technology – the idea generator and 

developer of the new product (Scientists), middle players who placed in between the 

innovator and end-user: the proponent and propagator of the technology (Seed Industry) and 

International laws and regulation  as legal framework (External Factors).3 This research has 

enormously benefited from the ideas of Michael E. Porter and his model has been used as a 

tool for industry’s environment analysis.

                                                
3  Policy initiatives are still at different stages of formulation. Because the impact or outcome in term of 
‘potential’ & ‘concerns’ are unknown. Even ‘technology’ as strategic decision mainly revolves round the 
literature as outcome of ‘Information Technology’ revolution or technologies related to improvement of  either 
process or product of manufacturing sector which outcome is ‘tangible goods’. In this research technology’s 
success depends on measuring high degree of intangible outcome like ‘gene-expression’ and fulfillment of the 
purpose of ‘foreign’ gene-expression in the host organism. The outcome of gene-expression (the product of 
Biotechnology’s tool) is reduction of the use of pesticides and control of pest as proclaimed by Monsanto [An 
transnational company- proprietor of the technology which hold patent of this technology] in the case of Bt. 
Cotton seed sold as different brand name by many private companies in India under the logo ‘bollgard’. 
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3.1.2 Literature Based Substantiation

In 1990, Hambrick described the field of strategic management as an adolescent. He called for 

a commitment to generalism, use of multiple methods, more theory testing, use of dynamic 

models and data and making realistic assumptions about managers and organizations. Several 

of his suggestions were realized (e.g. more theory testing, use of multiple methods) at least to 

a degree and others are beginning to be more common in strategic management research (e.g. 

use of dynamic models and data).

Hitt et. al. (1998)4 recommended the integration of both quantitative and qualitative 

approaches in strategic management research. Hitt et. al. (2004)5 further go on saying, 

“ultimately, strategic management research serves two purposes: to advance the level of 

theory in the field and to provide useful normative advice to practicing managers”. In their 

words: “there are two primary activities in the research process. Research Questions relate to 

the types of hypotheses that are being asked. We focus on two specific content topics, strategic 

change and contingency theory. The other primary activity is Data collection. Topics that we 

address include sampling, statistical power, and the need for a broader geographic 

(international) focus. Next, we discuss three secondary activities in the research value chain. 

For Measurement, we review current practices regarding reliability, validity, and other 

aspects of construct measurement. Under the heading of Analysis, we cover potentially 

significant problems associated with endogeneity. Finally, Application offers suggestions for 

improving general processes associated with empirical strategic management research. These 

topics are interrelated as implied by the value chain concept. The outcome of this value chain 

of research should be enhanced knowledge and understanding as shown in the figure. Thus, 

we attempt to explain some of the more important interrelationships in the discussions in each 

section”.  Their proposed model is shown in figure 3.1:

                                                
4 Hitt, Gimeno and Hoskisson, 1998, 6-44.
5 Hitt , Boyd and Li 2004, p.5
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Ketchen6 & Bergh’s edited book ‘Research Methodology in Strategy and Management’ gives

direction to the researchers who are investigating strategic management issues. Many scholars 

(Venkatraman and Tanriverdi, 2004; Greve and Wiersema,2004; Barr, 2004; Slater and 

Atuahene-Gima, 2004; Dalton and Dalton 2005, Miller, 2005; John, 2005;Gnyawali and 

Tyler, 2005; Ghosal, 2006; Miles and Snow, 2006; Molina-Azorin,2007; Yip, Hult and Bink,

2007)  have categorically put forward the idea of new direction to Strategic Management 

Research. The necessity of empirical research and theoretical model testing based on 

quantitative and archival data source is being highlighted in their discourse. This necessity 

also highlights the use of multiple methodologies for hypotheses testing. Barr (2004) in 

‘Current and Potential Importance of Qualitative Methods in Strategy Research’ highlights the 

features of Qualitative approach in detail and deals with the methodology to handle the 

enquiry related to Strategy. Molina-Azorin (2007) shows the direction of using multiple 

methods in strategic research. Triangulation method used by Yip et. al. (2007) shows 

direction to pursue strategic and management enquiry.

                                                
6 Ketchen and Bergh (2004, 2005, 2006 and 2007). Research Methodology in Strategy and Management 
volumes: I, II, III and IV.
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3.2 Defining the stakeholders

The industry’s stakeholders are individuals, groups or organizations that affects and are in 

turn affected by the industry’s decisions and actions. Depending on the specific industry, 

stakeholders may include Governmental agencies, social activist groups, NGOs, self-

regulatory organizations, employees, shareholders, suppliers, distributors, media and  the 

community in which the industry is located. The companies that constitute the industry tend to 

develop their views of stakeholders and stakeholder management over a time in reaction to 

events that unfold throughout the industry’s history. 7

The word ‘stakeholder’ for the investigation in this thesis is derived from Michael Porter’s 

work on strategy. The rationale behind selecting this word and Porter’s model is that, in the 

business strategy studies, it can be used as a tool for Industry analysis. Available literature

sources show that research in the streams of technology, R&D, innovation, science policy had 

been done independently or by combining one or two of the above mentioned variables.

Supply-side of understanding based on science and technology based on existing research

literatures emphasizes on process of new product development.  Any new technology and its 

manifestation to the many streams of knowledge need a newer approach to study. The 

constraint of existing methodologies leads to design a new approach. This new approach was 

necessary to interlink many stream of knowledge, to bring clarity and integrate with the 

stream of management research.

Thus, this work would aim at exploring some of the overlooked areas in the existing 

knowledge concerned with Indian Seed Industry. Therefore, the study was broadly 

fragmented into following steps:

a. Understanding of new technology and its impacts.

i. Fusion of Technology: Existing and Embedment.

ii. Post Fusion and the Emergence of Genetically Modified Crops (GMCs).

b. The Process of New Product Development based on biotechnology.

c. Supply-Demand Functioning: Consumer Responses 

                                                
7 Rodgers and Gago, 2004; Heath and Norman,2004.
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d.  Analyzing different Stakeholders

i. Farmer: The end-consumer.

ii. Scientist: The innovator of technology and the interpreter of science

respectively.

iii. Industry: The supply side based on industry’s preparedness & capacity 

building.

iv. Government: The regulator.

v. Civil Society: NGOs, Pressure groups, Farmer’s Association, etc.

The phenomenon8 of technological transition brought by biotechnology leads to a new 

epistemology of management. This, in turn, redefines the structure and strategy of Seed 

Industry in India.  Hence, an extensive literature review9 was done to select the methodology 

for research so that facts and findings can be accepted within the realm of the knowledge. 

Many approaches are considered here to reach a rational conclusion. Customized research 

design and research tool for different stakeholder leads to incorporation of many ideas from 

many streams of knowledge which are being dealt with in the later pages of this chapter. 

Utmost care has been taken while selecting methodologies; wherever required, necessary 

logical reasoning is being given to reduce ambiguity. It was necessary to orchestrate the 

methodologies in synergetic form to bring out the convergence for the purpose of research 

investigation and this process has been done under the guidance of experts.

                                                
8

(Denscombe,2004)As an approach to social research, phenomenology is sometimes presented as an alternative 
to positivism. When a simple dichotomy is called for, phenomenology has been useful for some writers as an 
umbrella term covering styles of research that do not rely on measurement, statistics or other things generally 
associated with the scientific method. In direct contrast to positivism it is seen as an approach that emphasizes:
• subjectivity (rather than objectivity);
• description (more than analysis);
• interpretation (rather than measurement);
• agency (rather than structure).
Its credentials as an alternative to positivism are further reinforced by the fact that phenomenological research 
generally deals with people’s:
• perceptions or meanings;
• attitudes and beliefs;
• feelings and emotions.

9 Literatute Survey for Methodology was done to choose appropriate methodology for this research. At the end 
of the chapter reference is given. Literature mentioned in the reference for this chapter in particular was used as 
insight to select appropriate tools and methods for different stakeholders. It was necessary to select this 
methodology to bring linkages which influences technology integration for new product development. This study 
was a study of an ongoing phenomenon. 
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3.3 Significance of the methodology

The purpose of this research is to understand an ongoing phenomenon of technology 

transition brought by biotechnology in Indian Seed Industry, which in turn changing basic 

nature of the product, i.e. ‘Seed’. Therefore, different data-set and information from 

heterogeneous sources are used to undertake this study. These information are stratified into 

four broad segments to facilitate the research enquiry. They are given in the following order:

i. Genetically Modified Crops: GMC and related trends and the debate about genetic 

modification. The required information has been collected from a wide variety of sources

as follows.

a. Government Reports and Statistics,
b. Newspaper Reports and Features in Magazines and Surveys,
c. Website Material Available on Internet,
d. Literature from Lobbying Groups and Charitable Organizations.

ii. To identify, explain and investigate issues surrounding particular aspects of agriculture 

like; increasing yield, enhancing environmental protection, securing the livelihoods of 

the rural population and so on.

iii. This research explores how the underlying philosophy of inclusiveness of the views, 

needs and desires of the supposed beneficiaries of ‘scientific research into agricultural 

systems’ and empower people in the macro decision-making. 

iv. To examine the multiplier impact of technology from stakeholders’ perspective and the 

potential of ‘how this genetic engineering is shaping the current structure of seed 

industry’.

3.4 Study Design and the Process of Selection of Different Methodology

3.4.1 The Customer

To understand who the customer is, following logical approach has been followed:

a. Technology buyer – Seed industry buying Bt. Technology from Technology 

developer.

b. Input Buyer – Farmers buying seed from market. Farmers are the customer and end –

user of the technology because the ‘developed technology’ is being sold as the 

‘technological solution for the farmer’s problem’.

c. Output Buyer – Buyers of the produce of farmers.
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Research tools used to collect data are:

i. Direct customer surveys: Surveys are a valuable tool to engage a customer to solicit 

feedback and to obtain information in a directed manner.

ii. 10Focused group discussions: This method allows multiple-person input and prompts

discussion to generate ideas (Some of these were recorded11).

iii. Competitors Analysis (Within industry/inter-company):

a. What the competitors are doing towards new product development (GMC).

b. To monitor competitive product development activities.

iv. Company dealers and representatives: Company dealers & representatives can give 

feedback on customer ideas. They can also voice their views about the product. 

However, this medium had been evaluated in the light of supply chain of Indian Seed 

Industry, where the money changes hands.

v. Top management: The decision of Top Management is valuable, as it influences the

product development.

3.4.2 Seed Industry Supply Chain

Farmers - The end-stakeholders of the seed industry supply chain who decides the fate of 

product:

Sample plan:  Selected from different districts of Andhra Pradesh and Maharastra based on 

geographical importance.

Survey tool: Field Survey based on structured questionnaire, Focus-Group Interview, 

Recording and field notes.

Questionnaire was designed to do farmer survey based on the following:

a. Customer’s expectation from product (Consumer behavior).

b. Awareness, understanding, expectation and implementation of technology.

c. Gap between industry and customer in terms of customer expectation and industry 

delivery considering different elements of marketing (Consumer’s awareness).

d. To evaluate the causes of success or failure of technology.

e. To understand the socio-techno-legal framework.

                                                
10 Kotler and Armstrong, 2005,p.113.
11 Desai,2002 p.40-42.
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Format of evaluating customer survey:

a. Stratified into four-segments based on land- holding.

b. Based on the ‘Expectation’ of end-consumer’s ‘needs and wants’.

Expected outcome from customer (farmer) survey:

i. Yield Analysis; whether the technology is delivering what it proclaims.

ii. Where customer needs help?

iii. Success vs. Failure of ‘technology based product’; ‘in the court’ of customer.

iv. Key Success Factor.

v. Consumer behavior, etc.

Scientists (Innovators):

There is an inherent tension between openness to new ideas and the criticism by which the 

scientific research process insists (or should insist) on exposing new ideas. There are general 

principles and methodology specific to particular disciplines. The thesis focuses on these 

general principles and methodologies, and qualitative inquiries12 in particular, thus avoiding 

attempts at rigid prescription of acceptable scientific procedure. In order to discuss research,

the plan includes:

i. examination of existing knowledge, 

ii. decision based on scientific inquiry which transcend to ‘innovation’ and ‘technology’ 

which in turn becomes the cause for ‘new product development13’, 

iii. ways to seek answers of scientific facts, 

iv. analysis of the research data, and 

v. subsequent outcome based on the responses.

Sample plan (Scientists selected from the organizations):

a. Seed Industry: Indian and Transnational companies (TNC).

b. Government Research Centers and Universities.

c. International Organizations.

d. Civil Society.

                                                
12 Patton, 2002, p.512.
13 Kotler and Armstrong, 2005, p.274.



103

Survey tool: In-depth interview14 based on semi-structured questionnaire and discussion with 

scientists working in the field related to Genetically Modified Crops.

Questionnaire was designed to elicit the following:

a. Scientific dimension of the ‘Technology’.

b. Evolution of the technology based ‘new product’ i.e. ‘the new seed’.

c. Awareness, understanding, expectation and implementation of the technology.

d. Gap between “Innovator-Industry-Customer” in terms of customers expectation and 

industry’s delivery. This is in consideration to the need of the technology by 

attempting to answer the key issue i.e., ‘whose need’.

e. To map environmental implication as perceived by scientists based on Genetically 

Modified Crops.

f. To bring out scientific aspect of ‘Socio-Techno-Legal’ concerns and ethical aspects

related to the technology.

Format of evaluation: Respondents are stratified into four segments as mentioned in target 

range.

Expected Outcome:

a. To bring facts from the practitioners to answer the ‘issues’ related to technology & 

opportunities and constraints of the 'technology based product'.

b. Whether the technology is delivering what it 'intends to do'.

c. Potential of the Genetically Modified Crops. 

d. Suggestions and solutions for seed industry based on scientific reasoning in terms of 

‘Gap’ and ‘Capacity Building’.

The seed industry:

The study is being done to assess the macro-environment15, consisting of factors with the 

potential to affect the nature of seed business segment; business environment with elements

more likely to relate to an individual company. Industry analysis is being done to analyze the 

                                                
14 Wrenn et.al.,2002.p.180-200; Desai 2002, p.1-10.
15 Kotler and Armstrong, 2005,p.65.
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specific change brought by the new technological-environment16 within the seed industry.

Interpretation is based on the outcome pattern of consumer survey, and findings are based on 

the Scientist’s opinion. The design will act as a bridge between creator and the end-user of the 

technology. 

Elements of this survey are based on the following factors:

a. Nature of industry.

b. Industry Delivery of the product.

c. Awareness, understanding, expectation and implementation of the technology.

d. Gap between the Industry and the Customer in terms of customer expectation and 

Industry Delivery considering different Elements of Marketing.

e. Evaluate the success and failure of the technology.

f. Technology Transfer.

g. Seed Industry’s Supply Chain :

i. Supply Chain of the Technology.

ii. Supply Chain of New Product i.e., a Genetically Modified Crop (Bt. Cotton 

seed).

Sample Plan:

Selected from public enterprises, private and transnational companies.

Survey Tool:

Interviews, discussion with top management and employees who are involved in the product 

development, field notes, newsletters and the database sent by different companies were used.

Format of evaluation:

a. Stratified Seed Industry: MNC vs. Indian; Government set up vs. Private Seed 

Companies; Area of Geographical dominance; Company having niche product 

portfolio etc.

b. To know industry preparedness and to understand the ‘Expectation’ of farmer.

                                                
16 Ibid. p.82.
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c. Whether the industry is prepared to handle the innovative technology. Issues like 

Mergers, Acquisition, Licensing etc.

d. ‘Socio-Techno-Legal’ constraints in front of the technology.

Expected Outcome: To find gaps and to bring out any changes in the structure.

Policy Initiatives:

This is based on ‘Risk Assessment and Management’17 and legal information. Time to time 

modification in legal and regulatory framework shows the important role of State in 

contextual framework. Juxtaposing the regulatory framework according to the time reveals 

‘how Government initiatives give the direction and re-shape the Industry’ per se.

Purview:

a. National Laws/Rules/ Acts which directly or indirectly influence decision making 

process with respect to biotechnology based product (i.e., GMCs) in the context of 

seed industry.

b. International policy initiatives which influence and provide guiding principles for the 

above mentioned.

Ingredients:

a. Governing Laws for seed companies

b. Patent Laws

c. International laws

d. International Treaties where India is one of the signatories

                                                
17Haimes,2004, p36. ‘Risk assessment and management is a process that must answer the following set of 
questions [Kaplan and Garrick, 1981; Haimes 1991]’ :
What can go wrong?
What is the likelihood?
What are the consequences?
What can be done and what options are available?
What are the associated trade-offs in terms of all costs, benefits, and risks?
What are the impacts of current decisions on future options?
a. Organizational failures are major sources of risk.
b. The perception of risk and its importance in decision making should not be overlooked.
c. Risk management should be an integral part of technology management, leading to multiple objective trade-
off analysis.
d. The expected value of risk leads to erroneous results when used as the sole criterion for risk measurement. 
Also, risk of extreme and catastrophic events should not be commensurate with high-probability/low-
consequence events.
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Purpose for using legal framework: First, to emulate Porter's Strategic model. Second, this 

model gives scope to understand regulatory push or pull in technological failure or success.

Third, to scan the dynamics of the environment in which the seed industry functions.

3.5 Data Sources

Primary Data collection is done using following research tools:

i. Structured Questionnaire,

ii. In-depth Interviews based on Semi-structured Questionnaire,

iii. Focused Group interviews.

Data inflow was from secondary sources:

i. Research Journals (from the field of Science, Management and Social sciences).

ii. International Service for the Acquisition of Agri-biotech Applications (ISAAA)

Database.

iii. International Food Policy Research Institute (IFPRI) Database.

iv. Newsletters published by various organizations.

v. Annual reports.

vi. Conference and Seminar proceedings.

vii. Books. 

viii. Media Reports.

3.6 Different Stages of the research process:

Stage One:

Beginning of the research work: Literature survey was done based on segregation of 

‘issues’ and ‘concerns’, related to the seed industry. Question formulation for research was 

based on literature survey and discussion with different stakeholders. Based on these,

tentative Questionnaires were designed. ‘Research framework’ and ‘Research synopses’ were

approved. Questionnaires were validated with the help of experts in the respective fields. Pilot 

testing was initiated before field level study.
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Stage Two: 

Pilot testing phase I: Structured Questionnaires were designed and pilot testing was done for 

three scientists, Seventeen Farmers, Two NGOs and two seed companies. The above were 

approved and launched for full-fledge survey.

Stage Three: 

Setbacks/Hurdles by using structured questionnaires. Explanation:

i. One hundred twenty questionnaires were sent by post and email to the scientific 

community. Response rate was zero.

ii. Thirty five questionnaires were sent by post and email to the selected companies in 

seed industries. Response rate was zero

iii. Questionnaire designed for farmers had limited response because of language barrier.

Stage Four: 

Why – Why analysis and its justification:

i. Scientific community was not ready to express their views in written or recorded form. 

They were tight-lipped on the GMCs to avoid controversies. [Strong apprehension and 

withdrawal was observed among the scientists working in government institutions and 

officials working in agriculture department. Everyone refused to go on record or give 

any information in written form].

ii. Seed companies did not want to divulge information in written and recorded form 

especially when information was required on GMCs and the issues related to R&D 

and finance in particular.

iii. Civil-society had their own arguments which had heated the debate in media.

iv. The technology was new and the debate is in public discourse.

v. Unknown fear factor towards the use of tape-recorder or questionnaire.

Stage Five:

Need for New approach and Second pilot study

Current methodological framework is the outcome of second pilot study where:
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i. Scientists were interviewed in person. Tape-recorder interviews were restricted. 

Questionnaires were refused by all the scientists, which led to use the open-ended in-

depth interview based on issues related to ‘concerns’ and ‘potentials’.

ii. Company representatives divulged information, but with the condition of 

confidentiality. Finance related issues were sensitive areas to be answered by these 

representatives. They gave generic answers and were more interested to talk about 

product portfolios.

iii. Small and marginal farmers had a sense of fear from progressive farmer. Some of the

issues are dealt in detail in later chapters.

Stage Six: 

New methodology, Final Data Collection, data analysis and compilation:

Sampling technique: Purposive18 sampling selected.

Nature of Research:

The study is exploratory19 in nature because numerous types of data from different sources 

had limited the application of parametric study based on random sampling. But 

Geographical20 aspects are taken care of while collecting data. Couple of in-depth and focus

group interviews are recoded whose content is directly used for data-analysis. This leads to 

use of simple statistics wherever necessary. Name of the ‘knowledgeable key informants’21 are

not cited since some of them who shared their experiences and views requested not to be 

quoted. Though necessary at certain places changed name are being used to remove 

ambiguity. Code of ethics was strictly followed to keep the anonymity and confidentiality of 

all the respondents. For comprehensibility, case study22 method is used wherever required.

Hence, this research can be understood as exploratory research, based on qualitative and 

                                                
18 Cooper and Schindler 1999 p.245: A nonprobability sample that conforms to certain criteria is called 
purposive sampling There are two major types – judgment sampling and quota sampling.
19 Kotler and Armstrong 2005, p.102: “Marketing Research to gather preliminary information that will help 
define problems and suggest hypotheses” & p.116; Cooper and Schindler 1999, p131, 134 -141.
20 Benchmark Soils of Andhra Pradesh; NSS&LUP, Nagpur.
21 Shortell and Zajac1990, p.828–829 : They observed, “using knowledgeable key informants’ perceptions of 
an organization’s strategic orientation is a valid approach in measuring strategy.”
22 Barr 2004,p.172-174 ;Yin2003; Hamel et al.1993,p.v : ‘case study must locate the global in the local’…A 
case study is an in-depth study of the cases under consideration, and this depth this depth has become another 
feature of the case study approach…case studies employ various method which includes interviews, participant 
observation and field study. Researcher’s observation has its own importance in case study approach.
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quantitative information by using a mix of methodologies to explain an ongoing phenomenon.

‘Triangulation’23 is being used for final interpretation to conclude and recommend the 

outcome of the thesis. The necessity of using triangulation is to bring out interlinkages 

between various stakeholders, since multiple methodologies, empirical study and policy24

perspective is being used in this thesis.

Blends of methodological tools are used to elicit different kinds of information-sets from 

heterogeneous sources. These methodological tools are part of dissimilar methodologies

gathered from the existing literature on research methodology. This in turn synthesized the 

methodological approach for this thesis and is mentioned at the end of this chapter25. Hence, a 

composite methodology has been framed. This framing was necessary to have a bird’s eye 

view of the issues as sequel of ‘Review of Literature’ i.e., previous chapter of this thesis and 

for theory construction as proposed outcome of this research. Being an exploratory research,

this thesis is leaving many unanswered questions to be investigated further as the upshot of 

this research. At the end cross-checking of all the information were necessary and therefore

every statement and variable have been attempted to be cross-checked with either published 

source or with sample survey. Wherever cross-checking was not possible, researcher has

probed into deeper science and published articles in reputed journals of various streams as

investigation to reach near truth. This was only possible through Triangulation methodology.

                                                
23Jick 1979, p602-611; Flick1998, p 229-231; Patton 2002, p.247: “Triangulation strengthens a study by 
combining methods. This can mean using both qualitative and quantitative approach. The four basic type of 
triangulation are; first, data triangulation, the use of a variety of data sources in a study; second, investigator 
triangulation, the use of several different researchers or evaluators; third, theory triangulation, the use of 
multiple perspectives to interpret a single set of data and; fourth, methodological triangulation, the use of 
multiple methods to study a single problem or program”, & p.555-559; Denzin and Lincoln 2003, p8,
“Qualitative research is inherently multimethod in focus. However, the use of multiple methods, or triangulation, 
reflects an attempt to secure an in-depth understanding of the phenomenon in question. Objective reality can 
never be captured. We can know a thing only through representations. Triangulation is not a tool or a strategy of 
validation. The combination of multiple methodological practices, empirical materials, perspectives, and 
observers in a single study is best understood, then, as a strategy that add rigor, breadth, complexity, richness, 
and depth to any inquiry”; Flick, 2004, p178-183; Gorard and Taylor, 2004, pp 42-57. “Triangulation between 
the evidence produced by different research methods is thought to be a simple and common form of combining 
methods. Various reasons have been advanced for the use of combined methods triangulation, including 
increasing the concurrent, convergent and construct validity of research, the ability to enhance the 
trustworthiness of an analysis by a fuller, more rounded account, reducing bias, compensating for the weakness 
of one method through the strength of another, and in testing hypotheses”. Molina-Azorı´n, 2007 p37-74.
24 Pablo 2008, p.333: “It improves the quality research”. [Researcher’s note: Triangulate with qualitative and 
quantitative data, in turn give deeper insight about the drivers of technological environment prevailing in Indian 
Seed Market at the time of  research]
25 Reference: Methodology (at the end of this chapter).



110

This thesis work ideally represents the distillation of knowledge from the field of marketing 

with the perspective of new product development whose driver is biotechnology; an ongoing 

phenomenon, which is redefining and reshaping the Indian Seed Industry.

3.7 Scope and Limitations of the Study

Some of the scopes are:

Technological environment has its own implication on the seed industry. The study is ‘New 

Product Development technology centric research’ and its implication for single industry.

Different linkage and diverse kind of dataset is being used to reach near truth. Biotechnology 

is a new field and its manifestation is being used as inter-disciplinary study which gives 

complete features of Technology. Unlike technologies used during Green Revolution, Genetic 

Engineering techniques allow specific genes to be copied into a plant. Because the scientists 

know a great deal about the genes they are working with, it’s easier for them to ‘track’ the 

genes, understand their effects and eliminate unwanted side effects long before the plants are 

used in field trials or grown commercially. Scientists’ opinions have been discussed in detail 

as scientist being one of the stakeholders. Scientific discovery as a by product of R&D efforts, 

juxtaposed with IPR issues and WTO; vis a vis Indian Seed Industry is the central theme of 

the study. Because, the Genetic Engineering is reconfiguring product at the ‘central dogma of 

life: the DNA’; in cascading effect the technology has immense potential to ramify from seed 

industry to agro-based industries by reconfiguring the basic nature of products after products.

The following are the limitation of the research:

i. The research is limited to the state of Andhra Pradesh and Maharashtra. These states

are the important producer of cotton. Other states too grow cotton.

ii. Due to organizational constraints and confidentiality requirements of the respective 

companies Financial statements were not made available, therefore R&D expenditure 

of different companies was collected from the archival source like annual report 

published by Government of India.
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iii. Non availability of population data about number of farmers growing cotton crop, 

random sampling and stratified random sampling could not be used. This in turn 

restricted the research based on purposive sampling.

iv. Considering the sensitivity of data flow advance statistical tool has not been used. In 

the case of question related to refugia, primary data is used as it is. Any use of stastical

tool will distort the finding.

v. Indian farmers don’t keep account of investment incurred so they give their tentative 

answer. In a focus group study done in village it was observed that the big or 

progressive farmers were talking and others were just silent or accepting what ever

told by these big farmers.

vi. At village level big farmers play multiple roles: money lenders, input (like seed, 

pesticide and fertilizer) seller output buyer, etc.

vii. None of the organizations had provided Financial Statement.

viii. None of the private seed company had provided Balance Sheet.

ix. Because of unavailability of financial data any kind of ‘Product Cost Analysis' and 

R&D evaluation became impossible therefore archival data is being used.

x. The IPR is a very complex issue and understanding it in a short term is very difficult 

task. Most of post WTO debate is based on the genetically modified crops and 

Pharmaceuticals sector, so there is unavailability of study materials regarding cash 

crops like cotton crop. Bio-patent particularly plant patent is very new issue for Indian 

research and development organization so lack of study materials about concerned 

subject is obvious. Institution and organization which acts as nodal agency for patents 

and intellectual property rights are at nascent stage, so up to some extant, they are also 

not capable of providing adequate and exact information and data. Lack of resources 

and multiple nodal agencies as actors also cause some problems to fulfill the 

academic ethos of present study. However, an honest and unbiased effort has been 

made to understand the issues and present a crystal clear picture of the concerned 

study.
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Chapter IV: Consumer’s Response and Data Interpretation

4.1 Introduction

In the context of agriculture, India has released its first Genetically Modified Crop (GMC) in 

2002 after five contentious years of rigorous testing and debate on the same. In 2002, Bt. 

cotton was available only in three legal commercial seed brands, produced through 

collaboration of Mahyco (Maharashtra Hybrid Seeds Company: the company providing 

hybrid cotton seed) and its partner and partial owner i.e. Monsanto (the St. Louis based 

biotechnological transnational company providing the gene construct). The seeds were “Bt.”

versions of established hybrid brands namely: MECH-12, MECH-162 and MECH-184. Bt. 

cotton has been cultivated in several states of India for the last seven years. The impact of the 

new seed (genetically modified crop, GMC), in terms of cost and benefit, for the farmers is 

elaborately discussed in this chapter. But on the sales performance, Monsanto reported sales 

of 72,000 packets1 in 2002; 2,30,000 packets in 2003; in 2004, when four Bt. hybrids were 

available, sales jumped to 1.3 million packets, leading Monsanto to proclaim that not only

GM seeds were the fastest adopted agricultural technology in history, but Indian cotton 

farmers were the world’s fastest adopters of the technology. However, year of 2005 was the 

real breakthrough year; with the number of Bt. cotton seed brands sprouting up to 20 in 

numbers, sales jumped to 3 million packets nationwide. 

With the advent of private companies in the agricultural sector, there has been a noticeable 

change in the decision making process of the farmers. The process of interaction between 

farmers and the seed industry has become more direct and dynamic. This type of technology 

intervention and change in relations in the agriculture sector requires preparation by the 

government and a sound guidance system for farmers. The assumption here is; a coherent 

technology should have positive socio-economic impact on the farmers.  The technology’s

impact can be manifold, some are subject to natural science enquiry and some are subject to 

                                                
1 Packet: a packet is of 450gms of Bt. cotton seed meeting the sowing area of 1 acre.
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market and industry enquiry. This study is a market enquiry in terms of the economics of the 

Bt. cotton and its effect on the Consumers (farmers2).   

4.1.1 Goal

The goal of the research is to understand the strategy and structure of the seed industry in 

general and the process of adoption of Bt. cotton and its overall impact on farmers in Andhra 

Pradesh and Maharashtra states of India in particular. As a new product, Bt. cotton being the 

first Genetically Modified Crop (GMC) approved in India for large scale cultivation, can pave 

the way for other types of genetically modified crops. The basic unit of life, i.e., ‘gene’ has 

been manipulated to develop this new product where bacterial gene is inserted in the crop’s

gene, to protect it from insect. The new genetically modified crop will not only exhibit the 

characteristics of cotton plant but also produce the bacterial toxin, which will protect the plant 

from harmful insect. The entire concept is outcome of biotechnological manifestation in new 

product development. All these features lead to ongoing phenomenon which links research 

laboratory, market and consumers with one thread. Hence, the study outlines the structure of 

the industry and traces the preparedness of Indian Seed Industry thereof. 

4.1.2 Objectives

The broad objectives of the study are:

i. To understand the cost/benefit of Bt. cotton especially in the rainfed areas of  Andhra 

Pradesh and Maharashtra because cotton is usually grown in rainfed regions of India.

ii. To study the mechanisms used in influencing the farmers for adopting Bt. cotton.

iii. To examine the interface between the government, other stakeholders and farmers on 

Bt. cotton. 

iv. The study, further seeks to find out the effect of Bt. cotton cultivation and potential for 

GMC.

                                                
2 Consumer: Here the consumer is the farmer cultivating cotton. (Names of the farmers are kept confidential to 
  maintain the research ethics and as pledged in questionnaire. Wherever necessary pseudo-name and place is 
  being used).  
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4.1.3 Methodology

The study used a mix of qualitative and quantitative research methods. The purpose of the 

study was not only confined to collect data, but the process itself was meant to probe the 

farmers about the understanding of the cost/benefit analysis of Bt. cotton and its possible 

impact on health, environment and so on; from the consumer’s perspective. 

The main research tool used for obtaining data was field survey using a set of questionnaires, 

which were administered farmers in different States and penned interviews and interaction. 

First, there was a general discussion, on Bt. cotton, that made the farmers aware of other’s 

observations in the field. The other research methods included focused group discussions, 

field visits, in-depth interviews with the farmers and participant observation. To get an 

understanding of Bt. cotton and related impacts in the selected villages, meetings were 

conducted and discussions held and respondents were profiled based on their usage, 

consumption and preferences.

4.1.3.1 Data collection

Primary data was obtained from six districts, three each, of Andhra Pradesh and Maharashtra 

Viz. Adilabad, Nizamabad, Khammam and Nanded, Hingoli and Yawatmal. In these districts 

of both the states majority of the farmers are dependent on rainfed agriculture. Villages 

where, most of the farmers are involved in cotton cultivation and that too using Bt. cotton 

were prioritized for the study. However, accessibility of the villages and the farmers, 

cultivating Bt. cotton, to the researcher also played an important role in the selection of the 

respondents for the study.

4.1.3.2 Total Sample Size

Total Districts: 6

Total Mandals/Taluks: 18 

Total Villages: 98

Total Farmer Respondents: 533, (Breakup in Table 4.1 and Figure 4.1)

Total Seed Retailers: 17
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Total Seed Distributors: 5

Cotton Ginning Mill: 2

Cotton Oil Mill: 1

Table 4.1: Breakup of Total respondents (Farmers)  from Andhra Pradesh and 
Maharahstra

Number of Respondents
Type of Farmers Land Holding Range Andhra Pradesh Maharashtra Total (%)
Marginal Farmers 1-5 Acres 100 85 185 (34.7%)
Small Farmers 6-10 Acres 73 84 157 (29.5%)
Medium Farmers 11-20 Acres 41 69 110 (20.6%)
Big Farmers 21 acres and above 25 56 81 (15.2%)

Total Respondents 239 294 533(100%)
Source: Sample Survey

Figure 4.1: Breakup of the total respondents (Farmers)

Marginal Farmers, 
185, 35%

Small Farmers, 
157, 29%

Medium Farmers, 
110, 21%

Big Farmers, 81, 
15%

Marginal Farmers

Small Farmers

Medium Farmers

Big Farmers

Source: Study findings

4.2 Consumers’ Response from Andhra Pradesh

Total representation of farmers from Andhra Pradesh based on survey

Total District: 3

Total Mandal: 7

Total Villages: 51

Total Respondents: 239
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Table 4.2: Breakup of  respondents (Farmers) from Andhra 
Pradesh

Types of Farmers Land Holding Range
No. of Respondents
 (percentage of total)

Marginal Farmers 1-5 Acres 100 (4.89%)
Small Farmers 6-10 Acres 73 (30.54%)
Medium Farmers 11-20 Acres 41 (17.15%)
Big Farmers 21 acres and above 25 (10.46%)

Total: 239 (100%)
Source: Sample Survey

4.2.1 Case A: Consumers’ Response from Nizamabad District – Andhra Pradesh

District: Nizamabad

Mandal: Bodhan

Village: Kandurki

Total Respondents: 41

Table 4.3: Breakup of respondents (farmers ) from Nizamabad District 
Type of farmers Land Holding Range No. of Respondents (%)
Marginal Farmers 1-5 Acres 9 (21.95%)
Small Farmers 6-10 Acres 12 (29.27%)
Medium Farmers 11-20 Acres 14 (34.15%)
Big Farmers 21 acres and above 6 (14.63%)
Source: Sample Survey Total: 41 (100%)

Out of 41 farmers, 19 (46.34%) had only dry land, who practiced rainfed agriculture and 22

(53.66%) had some facility for irrigation.

Cropping Pattern:

Kharif: Paddy, Toor Dal, Urad Dal (Black gram), Soyabean and Cotton.

Rabi: Jowar, Wheat, Kardi, Sunflower.

Summer: Groundnut and Sugarcane.

Cotton Seed Brand cultivated by the farmers who participated in sample survey:

Prominent Bt.cotton seed brands year-wise3:

Before 2005: Chamatkar (land race), 44(land race), 46Barik (landrace, local name), Brahma 

(Hybrid), Banni(Hybrid).

                                                
3 Inferred from the farmers’ responses.
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2005-2006: Zero Bt. (spurious Bt. cotton seed), Rasi Bt.

2006-2007: Rasi Bt., Brahma Bt. and Banni Bt.

2007-2008: Rasi Bt., Brahma Bt. and Mallika Bt.

Cotton Seeds prices:

Price of Bt. cotton seed brands in year 2005-2006: Rs.1850 for Bt. cotton; Rs.1000 for zero 

Bt. (spurious seed).

Price of Bt. cotton seed brands in year 2006-2007: MRP was Rs.750 but farmers paid the 

price range varying between Rs.775 to Rs.1250 for established brands.

Price of Bt. cotton seed brands in year 2007-2008: Rs.750 (All the farmers purchased at 

MRP). This is due to availability of many Bt. cotton seed brands in the market which in turn 

led to stability.

Inferences:

The survey was conducted at only one village i.e. Kandurki. Some of the findings are 

following:

i. Issue of Refugia: In the year 2005-2006, all the farmers sowed Refugia for 2-line to 3-

line; even for spurious Bt. cotton seed. In the year 2006-2007 when all the farmers 

were using branded Bt. cotton seed they used 1-line to 2-line on Refugia. In cropping 

season 2007-2008 none of the farmers sowed Refugia.

ii. Productivity: Prior to 2005 the average production of cotton was 2-4 Quintals per acre. 

In the year 2005-2006 the yield ranged from 3-5 Quintals per acre. In the year 2006-

2007 the enhanced yield ranged from 3-7 Quintals per acre. Farmers have bumper 

yield in the year 2007-2008 when the yield ranged from 6 Quintal to 11 Quintal per 

acre.

iii. Brand Loyalty: Farmers of this village used only three brands for cropping in the year 

2006-2007.

Table 4.4: No. of cotton seed brand grown by individual farmer (Nizamabad District)
No. of cotton seed brand No. of Farmers (%)
One Brand of Bt. cotton seed growers 19 (46.34%)
Two Brand of Bt. cotton seed growers 22 (53.66%)
Source: Sample Survey Total Farmers: 41 (100%)
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iv. 100% of the farmers mentioned ‘yield’ as the primary criteria for selection of the seed

as their responses. Therefore, it can be inferred that the farmers’ only expectation was 

‘yield’ from any seed.

v. All of them bought Bt. cotton seed from private retailers. For seed of other crops they 

bought from Government supply or used their own farm saved seed of ‘desi’ or land 

race varieties.

vi. All the farmers consulted retailers if the purchased seed did not give yield as 

proclaimed by the seed company. None of them complained in any consumer fora or 

filed legal cases.

vii. All the farmers responded ‘yes’ for reduction of pest problem and reduction in 

pesticide use.

viii. Number of times pesticide used:

Before 2005, farmers were spraying pesticides 4 to 7 times for landrace (desi variety)

variety of cotton seed and 8 to 14 times for the best hybrid varieties of cotton seed.

Farmers sowing Bt. cotton seed in the cropping season 2005-2006 sprinkled pesticide 

0 to 2 times; for the cropping season 2006-2007 sprinkled 3 to 5 times pesticide in the 

field and for the cropping season 2007-2008 sprinkled 4 to 9 times pesticides in the 

field.

ix. Easy availability of Bt. cotton seed of many brands from increasing number of seed 

companies and reduction of prices, has removed spurious seed problem out of market 

since cropping season 2007-2008 onwards.

x. Bt. cotton seed has completely removed landrace and hybrid seed, from sowing 

pattern.

xi. All the respondents were unaware about the issue of labeling, Government policy and 

laws.

xii. For any problem in the field all the farmers consulted local seed retailer only, for 

solution. 
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4.2.2 Case B: Consumers’ Response from Adilabad District–Andhra Pradesh

District: Adilabad

Mandal: Tanuur

Villages: Javala, Kalali, Kharbala, Tondala 

Total Respondents: 71

Table 4.5: Breakup of respondents (Farmers) from Adilabad District 
Type of farmer Land Holding Range No. of Respondents (%)
Marginal Farmers 1-5 Acres 12 (16.90%)
Small Farmers 6-10 Acres 19 (26.76%)
Medium Farmers 11-20 Acres 23 (32.39%)
Big Farmers 21 acres and above 17 (23.95%)
Source: Sample Survey Total: 71 (100%)

Out of 71 farmers, 39 (54.93%) had only dry land, who practiced rainfed agriculture and 32 

(45.07%) had some facility for irrigation.

Cotton Seed Brand cultivated by the farmers in sample survey:

Prominent Bt.cotton seed brands year-wise:

Before 2005: Chamatkar (land race), 44(land race), Brahma (Hybrid), Banni (Hybrid).

2005-2006: Zero Bt.(spurious Bt. cotton seed), Rasi Bt.

2006-2007: Rasi Bt., Brahma Bt., Mallika Bt., Banni Bt., Fusion Bt. Super Maruti (KDCHH-

441), Ajith Bt.

2007-2008: Rasi Bt., Brahma Bt., Mallika Bt., Fusion Bt. 

Cotton Seeds prices:

Price of Bt. cotton seed brands in year 2005-2006: Rs.1850 for Bt. cotton; Rs.900 to Rs.1150 

for spurious Bt. cotton seed.

Price of Bt. cotton seed brands in year 2006-2007: MRP was Rs.750 but farmers paid the 

price range varying between Rs.800 to Rs.1400 for established brands.

Price of Bt. cotton seed brands in year 2007-2008: Rs.750 (All the farmers purchased at 

MRP). This is due to availability of many Bt. cotton seed brands in the market which in turn 

led to stability.
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Inferences:

The survey was carried out in only one mandal and four villages. The following findings are 

observed:

i. Issue of Refugia: In the year 2005-2006, all the farmers kept refigia for 2-line to 3-

line; even for spurious Bt. seed. In the year 2006-2007, when all the farmers were 

using branded Bt. cotton seed they used 1-line to 2-line. In cropping season 2007-2008 

none of them kept any refuge around their Bt.cotton-fields.

ii. Productivity: Prior to 2005 the average production of cotton per acre was 2-4 Quintals 

per acre. In the year 2005-2006 the yield ranged from 3-5 Quintals per acre. In the 

year 2006-2007, the enhanced yield ranged from 3-7 Quintals per acre. Farmers had

bumper yield in the year 2007-2008, when the yield ranged from 6 Quintal to 11 

Quintal per acre.

iii. Brand Loyalty: Farmers of this village use seven Bt. cotton seed brands for cropping 

in the year 2006-2007.

Table 4.6: No. of cotton seed brand grown by individual farmer (Adilabad District)
No. of Brands No. of Farmers (%)
One Brand of Bt. cotton seed growers 25 (35.2%)
Two Brand of Bt. cotton seed growers 36 (50.7%)
Three Brand of Bt. cotton seed growers 13 (18.3%)
Four Brand of Bt. cotton seed growers 7 (9.9%)
Five Brand of Bt. cotton seed grower 1 (1.4%)
Source: Sample Survey Total Farmers: 71 (100%)

iv.  It can be inferred that the farmers’ only expectation was ‘yield’ from any seed. Since 

100% of the respondents (farmers) answered the same.

v. All of them purchase Bt. cotton variety seed brand from private retailers. For other 

crops’ seed they purchase from Government authorized supply or use their farm saved 

seed.

vi. All the farmers consult the retailers, if the purchased seed varieties don’t give yield as 

proclaimed by the seed company. None of them complained in consumer forum or 

taken any legal action.

vii. All the farmers responded ‘yes’ for reduction of pest problem and reduction in 

pesticide use.
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viii. Number of time pesticide used:

Before 2005, farmers were spraying pesticides 4-7 times for landrace and 8 to 14 

times for the best hybrid cotton seed field. In the cropping season 2005-2006 farmers 

sowing Bt. cotton seed sprinkled pesticide 0 to 2 times; for the cropping season 2006-

2007 farmers sprayed 3 to 5 times pesticide in the field and for the cropping season 

2007-2008 farmers sprayed 4 to 9 times pesticides in the field. 

ix. Easy availability of Bt. cotton seed of various brands have removed spurious seed 

problem out of market.

x. Bt. cotton seed has completely removed landrace and hybrid seed from sowing 

pattern.

xi. All the respondents are unaware about the issues of labeling, Government policies and 

laws formulated for them.

xii. For any problem in the field all the farmers consulted local seed retailers for 

immediate solution. 

4.2.3 Case C: Consumers’ Response from Khammam District-Andhra Pradesh

District: Khammam

Mandal: Burgampahada, Bhadrachalam, Dommugudem, Kuknur, Ashwapuram

Villages: Vapalgada, Poonvaram, Gurrampadu, Vellurpadum, Askapuram, Laxmipuram, 

Tekulcheruva, Cherusingaram, Krishnasagar, Mothe, Irrevendi, Irrevendi Kothuru, 

Burgampahar, Sanjeev Reddipalem, Upusakha, Jinnapadu, Ravulpurm, Pinnapakapetinagar, 

Anjanapuram, Ganpabaram, Urpure Bhuwangiri, Aligudam, Pedaravigudam, Burguvaya, 

Velleru, Sridhara, Tandipaka, Nadigudam, Maradubaka, Nimalgulam, Chirvalu, 

Ramkrishnapuram, Urpure Bhuwangiri,  Pallamadu, Pushmapalli (Pallamadu and Pushmapalli 

are major Bt. cotton growing area), Upperu, Kalyanpuram, Chintriala, Anandpuram, Kruapalli 

Koturu, Tomalacheruvu, Venkatapuram, Ramchandrapuram and Mandikunta.

Total Respondents: 127
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Table 4.7: Breakup of respondents (Farmers) from Khammam District 
Types of Farmers Land Holdings Range No. of Respondents (%)
Marginal Farmers 1-5 acres 79 (62.3%)
Small Farmers 6-10 acres 42 (30%)
Medium Farmers 11-20 acres 4 (3.1%)
Big Farmers 21 acres and above 2 (1.6%)
Source: Sample Survey Total:127

Out of 127 farmers, 69 (54.33%) had only dry land, who practiced rainfed agriculture and 58 

(44.7%) had some facility for irrigation.

Cropping Pattern:

Kharif: Paddy, Jowar, Maize, Redgram, Other pulses (Green gram and Blackgram as Green 

Manure), Sugarcane, cotton, seassamone,  chillies.

Rabi: Paddy, Groundnut, Maize, Tobacco (Virginia and local), Pulses (Blackgram,  

Greengram) seasamone, Cow pea, Sun hemp.

Cotton Seeds brands cultivated by the farmers in sample survey:

For the year 2006-2007: Sigma Bt., Banni Bt, Mallika Bt., Tulsi117 Bt., Ajith Bt.555, PCH-

2270 Bt., CH3001 Bt., TCHH4Bt., Encounter Bt., J.K Durga Bt., Saraswati Bt. 

For the year 2007-2008: Ajit, Nuziveedu, Mahyco, Tulasi, Krishidhan, Ankur, Prabardhan, 

Nath, Nirmal.  

Cotton Seeds prices:

Price of Bt. cotton seed brands in year 2005-2006: Rs.1750.

Price of Bt. cotton seed brands in year 2006-2007: Rs.750

Price of Bt. cotton seed brands in year 2007-2008: Rs.750 and Rs.950.

Price of Govt. variety cotton seed (Narshimha) in year 2006-2007 and 2007-2008: MRP was

Rs.150 but Selling Price in the market was Rs.100 to Rs.110.

Price of Non-Bt. cotton seed brands in year 2006-2007&2007-2008: MRP was Rs.400 to 

Rs.450 but Selling Price in the market was Rs.300 to Rs.350.
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Inferences:

The survey was conducted at five mandals and forty-six villages. Some of the findings are 

following:

i. Issue of Refugia: In the year 2005-2006, all the farmers kept refugia for 2-line to 3-

lines; even for spurious Bt. seed. In the year 2006-2007 when all the farmers were 

using branded Bt. cotton seed they used 2-line.  

ii. Productivity: Prior to 2005 the average production of cotton per acre was 3-11 

Quintals per acre when hybrid seeds predominate cropping. In the year 2005-2006 the 

yield ranged from 3-10 Quintals per acre even though Bt. cotton was adopted in the 

large scale. In the year 2006-2007 the Bt. cotton seed yield ranged from 8-12 Quintals 

per acre for rainfed fields and 12 to 14 Quintals per acre for irrigated fields. The lower 

limit of yield has increase by two to three times although the upper limit of yield has 

increased too. Brand Banni Bt failed in the year 2005-2006 cropping season. In the 

cropping year 2005-2006 upper limit of the yield for Bt. cotton has decreased slightly.

iii. Brand Loyalty: Farmers of this district and fifty-one villages used eleven Bt. cotton 

seed brands for cropping in the year 2006-2007.

Table 4.8: No. of cotton seed brand grown by individual farmer (Khammam District)
No. of Brands No. of Farmers (%)
One Brand of Bt. cotton seed growers 63 (49.6%)
Two Brand of Bt. cotton seed growers 42 (33.1%)
Three Brand of Bt. cotton seed growers 21 (16.5%)
Four Brand of Bt. cotton seed growers 0 (0%)
Five Brand of Bt. cotton seed grower 1 (0.8%)
Source: Sample Survey Total Farmers:  127 (100%)

iv. All the farmers responded that ‘yield’ is the only expectation which they have from 

any type of seed.

v. All of them buy Bt. cotton seed from private retailers. For other seeds they buy from 

Government supply or use their farm saved seed.

vi. Most of the farmer complained to the agricultural officer if the purchased seed does 

not give yield as proclaimed by the seed company. Some of them complained in 

consumer forum.
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vii. All the farmers responded ‘yes’ for reduction of pest problem and reduction in 

pesticide use.

viii. Number of time pesticide used:

Before 2005, farmers were using sprinkling pesticides 5-8 times for landrace and 10 to 

19 times for the best hybrid cotton seed field. In the cropping season 2005-2006

farmers sowing Bt. cotton seed sprinkled pesticide 2 to 3 times; for the cropping 

season 2006-2007 farmers sprinkled 3 to 4 times pesticide in the field. It was observed 

that agriculture officers had played very important role in educating farmers about Bt. 

technology and reduction in pesticide use.

ix. Bt. cotton seed has completely removed landrace and hybrid seed from sowing 

pattern.

x. All the respondents were unaware about the issue of labeling.

xi. Many of the big farmers had shown interest in Government policy and laws which was 

known to them through the concerned agriculture officers.

xii. For any problem in the field all the farmers consulted local seed retailer and 

agriculture officer for solution. 

4.3 Consumers’ Response from Maharashtra

Total representation of farmers from Maharashtra based on survey:

Total Districts: 3

Total Taluks: 11

Total Villages: 47 

Total Respondents: 294

Table 4.9:  Breakup of  respondents (Farmers) from Maharahstra
Type of Farmer Land Holding Range No. of Respondent
Marginal Farmers 1-5 Acres 85
Small Farmers 6-10 Acres 84
Medium Farmers 11-20 Acres 69
Big Farmers 21 acres and above 56
Source: Sample Survey Total:294
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4.3.1 Case A: Consumers’ Response from Hingoli District-Maharashtra

District:  Hingoli

Taluk: Basmath

Village: Wai

Total Respondents: 42

Table 4.10 : Breakup of respondents (Farmers) from Hingoli District 
Types of Farmers Land Holding Range No. of Respondent (%)
Marginal Farmers 1-5 Acres 26 (61.9%)
Small Farmers 6-10 Acres 10 (23.8%)
Medium Farmers 11-20 Acres 4 (9.5%)
Big Farmers 21 acres and above 2 (4.8%)
Source: Sample Survey Total: 42 (100%)

Cropping Pattern:

Kharif: Paddy, Jawar, Cotton, Soyabean, Moong Dal, Urad Dal.

Rabi:  Jawar, Wheat, Toor Dal.

Cotton Seed Brand cultivated by the farmers in sample survey:

Year 2005-2006:

Hybrid (Price Range: Rs. 350 to 450): JK666, Tulsi, Banni, Sakti, Maruti, Yashoda, Dharti

Land Race (Price: Rs 350): Mahabeej-44

Bt.cotton seed (Price Range: MRP Rs.1750): Rasi Bt. and Maruti Bt. (available to the farmers  

Rs.1850 to Rs.2200)

Spurious Bt. cotton seed (Price range: Rs 700 to 1000): Gabbar, Sandocot, Maharana.

Year 2006-2007:

Market was predominant with only Bt cotton Brands: MallikaBt, Banni Bt, Prabardhan 

102, 144Bt, Tulsi Bt, Brahma Bt, Ankur 651 Bt., Ajit 155 Bt, Rasi Bt, Mahyco Bt, Ganesh 

Bt., Yashoda Bt.Maruti Bt.
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Inferences:

The survey was conducted at only one Taluk  and one villages.   Some of the findings are 

following:

i. Issue of Refugia: In the year 2006-2007, 40 out of 42 farmers kept refugia of 2 lines 

and 2 farmers had not kept any refugia.  In cropping season 2007-2008 none of the 

farmers are keeping refuge.

ii. Productivity: In the cropping year 2005 -2006 the range of cotton yield per Acre was 4 

Quintal to 20 Quintal. In the year 2006-2007 the yield ranged from 8 to 20 Quintals

per acre. Top limit being same at 20 Quintal per acre it was observed that the bottom 

line of the yield had shifted from 4 to 8 Quintals which is double after Bt. cotton 

adopted by all the farmers in the village.

iii. Brand Loyalty: Farmers of this village used thirteen Bt. cotton brands for cropping in 

the year 2006-2007.

Table 4.11: No. of cotton seed brand grown by individual farmer (Hingoli District)
No. of Brands No. of Farmers (%)
One Brand of Bt. cotton seed growers 10 (23.8%)
Two Brand of Bt. cotton seed growers 17 (40.5%)
Three Brand of Bt. cotton seed growers 3 (7.1%)
Four Brand of Bt. cotton seed growers 2 (4.8%)
No Response 10 (23.8%)
Source: Sample Survey Total Farmers: 42 (100%)

iv. It can be inferred that the farmers’ only expectation was ‘yield’ from any seed (100%).

v. All of them bought Bt. cotton seed from private retailers. For other seeds they buy

from Government supply or use their farm saved seed.

vi. All the farmers consult retailers if the purchased seed don’t give yield as proclaimed 

by the seed company. Big and Medium farmer consult Agriculture Officer for 

problems in the field along with consulting other farmers and seed retailer. Big farmer

complained in consumer forum for failure of seed.

vii. All the farmers responded ‘yes’ for reduction of pest problem and reduction in 

pesticide use.
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viii. Number of time pesticide used:

Before 2005, farmers were spraying pesticides 4-7 times for landrace and 11 to 20

times for the best hybrid cotton seed field. In the cropping season 2005-2006 farmers 

sowing Bt. cotton seed sprayed pesticide 1 to 3 times; for the cropping season 2006-

2007 farmers sprayed 5 to 8 times pesticide in the field. 

ix. Easy availability of Bt. cotton Seed of various brands has removed spurious seed 

problem out of market in the year 2006- 2007.

x. Bt. cotton seed has completely removed landrace and hybrid seed from sowing 

pattern.

xi. All the respondents were unaware about the issue of labeling, Government policy and 

laws. But all the farmers were aware about crop insurance and none of them preferred 

to take crop insurance.

4.3.2 Case B: Consumers’ Response from Nanded District-Maharastra

District: Nanded

Taluk: Dharmabad

Villages: Bannali, Atkur and Chikna

Total Respondents: 63

Table 4.12: Breakup of respondents (Farmers) from Nanded District 
Land Holding Range No. of Respondent (%)

Marginal Farmers 1-5 Acres 20 (31.7%)
Small Farmers 6-10 Acres 16 (25.4%)
Medium Farmers 11-20 Acres 14 (22.2%)
Big Farmers 21 acres and above 13 (20.6%)
Source: Sample Survey Total: 63 (100%)

Out of 63 farmers, 33 (52.38%) had only dry land, who practiced rainfed agriculture and 30

(47.61%) had some facility for irrigation.

Cropping Pattern:

Kharif: Sugarcane, Paddy, Cotton, Soyabean, Moong Dal, Urad Dal, Toor Dal, Chilli

Rabi:  Jowar, Wheat, Gram, Kardi, Til, Sunflower.

Summer: Groundnut
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Cotton Seed Brands cultivated by the farmers in sample survey at Nanded District:

Year 2004-2005:

Hybrid (Price Range: Rs. 350 to 400): JK666, Tulsi, Banni, Sakti, Maruti, Hema, Tulsi, 

Banni, Brahma, Ankur, J.K. Durga

Land Race (Price: Rs.300): H-4, 468, Mahabeej-44

Bt.cotton seed (Price: Rs.1750): Mahyco.

Year 2005-2006:

Bt.cotton seed (Price Range:Rs. 1750- 2200): Market was predominant with only Bt 

cotton Brands: MahycoBt., Banni Bt,  Rasi-2, and spurious Bt commonly named ‘Zero Bt’

Year 2006-2007:

Bt.cotton seed (MRP was 750 but available to the farmers at the Price Range: Rs. 800-

1100). Market was predominant with only Bt. cotton Brands:  Banni Bt, Mahyco 9 Bt.,  

Brahma Bt, Ankur 651 Bt., Ajit 155 Bt, Rasi Bt, Mahyco Bt, J.K Durga Bt., JK-666 Bt., 

Ankur-651 Bt., Ganga Kaveri Bt., Mahashakti Bt. Mallika Bt.,  Vishwanath (NCEH-2R) 

Fusion Bt. of Nath  Seeds, Super Maruti (KDCHH-441) of Krishidhan Seeds,

Year 2007-2008:

Bt.cotton seed (MRP was 750 but available to the farmers at the MRP). Market was 

predominant with only Bt. cotton Brands:  Banni Bt, Mallika Bt., Mahyco 9 Bt., Brahma 

Bt, Ankur 651 Bt., Ajit 155 Bt, Rasi Bt, Mahyco Bt, Ankur-651 Bt., Ganga Kaveri Bt., 

Mahashakti Bt., Vishwanath (NCEH-2R) Fusion Bt. of Nath  Seeds, Super Maruti 

(KDCHH-441) of Krishidhan Seeds. Hence, it was observed that the Price of Bt. cotton 

seed brands in year 2007-2008 had stabilized at Rs.750 (field survey findings shows that 

the farmers purchased  Bt. cotton seed at MRP). This is due to availability of many Bt. 

cotton seed brands in the market which in turn led to stability.

Year 2008-2009:

Bt.cotton seed (MRP was 750 and available to the farmers at the MRP). Market was 

predominant with only Bt. cotton Brands: Mallika Bt., Brahma Bt, Ankur 651 Bt.,  Rasi-2

Bt., Mahyco Bt, Ankur-651 Bt.,  Super Maruti Bt. 
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Inferences:

The survey was done at only one Taluk and three villages. Some of the findings are following:

i. Issue of Refugia: In the year 2005-2006, all the farmers kept refugia of 2-lines to 4-

line. In cropping season 2006-2007 most of the farmers are kept Refugia of 2-line. In 

cropping season 2007-2008 none of the farmers are keeping refuge.

ii. Productivity: In the cropping year 2004 -2005 the range of cotton yield per acre was 2 

Quintal to 4 Quintal. In the year 2005-2006 the yield ranged from 2 to 8 Quintals per 

acre in the year 2006-2007 the yield ranged from 4 to 8 Quintals per acre. In the year 

2007-2008 the yield ranged from 7 to 11 Quintals per acre. In the year 2008-2009 the 

yield ranged from 8 to 22 Quintals per acre.  It was observed that the bottom limit of 

the yield had shifted from 2 to 8 Quintals which is quadruped by the cropping year 

2008-2009; after Bt. cotton adopted by all the farmers in the village.

iii. In the cropping year 2006-2007, two farmers left cotton cultivation because of lower 

yield. Both of them were marginal farmers.

iv. Brand Loyalty: Farmers of this village used thirteen Bt. cotton brands for cropping in 

the year 2006-2007.

Table 4.13: No. of cotton seed brand grown by individual farmer (Nanded District)
No. of Brands No. of Farmers (%)
One Brand of Bt. cotton seed growers 27 (44.3%)
Two Brands of Bt. cotton seed growers 14 (22.9)
Three Brands of Bt. cotton seed growers 7 (11.5%)
Four Brands of Bt. cotton seed growers 9 (14.7%)
Five Brands of Bt. cotton seed growers 3 (4.9%)
Six Brands of Bt. cotton seed grower 0 (0%)
Seven Brands of Bt. cotton seed growers 1 (1.6%)
No response 2 (3.3%)
Source: Sample Survey Total Farmers: 63 (100%)

v. 100% respondents’ expectation was ‘yield’ as basic quality from any seed.

vi. All of them bought Bt. cotton seed from private retailers. For other seeds they use to 

buy from Government supply or use their own farm saved ‘desi’ variety of seed.

vii. All the farmers consulted retailers, if the purchased seed don’t give yield as 

proclaimed by the seed company. Big and Medium farmer consult Agriculture Officer 
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for problems in the field along with consulting other farmers and seed retailer. Big 

farmer complaint in consumer forum for failure of seed.

viii. All the farmers responded ‘yes’ for reduction of pest problem and reduction in 

pesticide use.

ix. Number of time pesticide used:

Before 2005, farmers were spraying pesticides 4-7 times for landrace and 9 to 17

times for the best hybrid cotton seed field. In the cropping season 2005-2006 farmers 

sowing Bt. cotton seed sprayed pesticide 0 to 3 times; for the cropping season 2006-

2007 farmers sprayed 3 to 7 times pesticide in the field, for the cropping season 2007-

2008 farmers sprayed 5 to 9 times pesticide in the field, for the cropping season 2008-

2009 farmers sprayed 4 to 19 times pesticide in the field.

x. Easy availability of Bt. cotton Seed of various brands have removed spurious seed 

problem out of market in the year 2006- 2007.

xi. Bt. cotton seed has completely removed landrace variety and hybrid seed variety used 

in sowing pattern.

xii. All the respondents were unaware about the issues of labeling, Government policies 

and laws. All the respondents are aware about crops insurance but none of them adraft

for practical crops insurance. 

xiii. Big and Medium farmers complained to Agricultural officer if any problems related to 

seed occur. Small farmers complained to retailer and sometime they get back the 

replacement for seed. Marginal farmers did not initiate any action.

4.3.3 Case C: Consumers’ Response from Yawatmal District-Maharastra

District: Yawatmal

Taluks:  Kerapur, Pandav Kauda, Kedapur, Kelapur, Maregaon,Yavatmal, Ner, Babulgaon, 

Ghatanji

Villages: Sonbardi, Moregaon, Choupan, Wagoli, Sorlundi, Sai Kheda, Kinni, Umri, 

Khungra, Hapoli, Khergaon, Pimpri Road, Chalbardi, Ballarpur, Tilank Takri, Botony, 

Mangru, Waghapur, Lasina, Kini, Warud, Both, Sonewadona, Pimpri, Hatgaon, 

Uttarwadhona Manikwada, Asola, Brahmanwada,Sonkhan, Gondhali,Madni, Sukali, 



137

Karalgaon, Galwa, Rani Amravati, Pimpadgaon, Rajegaon, Titwi, Rajurwadi,

 Mandwa, Wasri Tanda, Rajapeth, Narayanpeth.

Total Respondents: 189

Table 4.14: Breakup of respondents (Farmers) from Yawatmal District 
Type of Farmers Land Holding Range No. of Respondents (%)
Marginal Farmers 1-5 Acres 39 (20.6%)
Small Farmers 6-10 Acres 58 (30.7%)
Medium Farmers 11-20 Acres 51 (26.9%)
Big Farmers 21 acres and above 41 (21.7%)
Source: Sample Survey Total: 189 (100%)

Out of 189 farmers, 58 (30.7%) had only dry land, who practiced rainfed agriculture and 131 

(69.3%) had some facility for irrigation.

Cropping Pattern:

Kharif: Paddy, Cotton, Soyabean, Moong Dal, Urad Dal.

Rabi:  Jowar, Wheat, Pulses, Vegetables, Groundnuts.

Annual Fruit: Orange

Cotton Seed Brands cultivated by the farmers in sample survey:

Year 2005-2006:

Hybrid (Price Range: Rs. 350 to 450): Mahbeej, Ganga Kaveri, Tulsi, Banni, Brahma, Sigma, 

Prabardhan, Ankur 651

Land Race (Price: Rs 350): Mahabeej-44

Bt.cotton seed (Price Range:Rs. 1750 to 1850): Rasi Bt., Mahyco Bt.(12, 162, 184, 6301), 

Banni Bt, Mallika Bt., Ankur Bt.651.

Spurious Bt. cotton seed (Price range: Rs 700 to 1000):  Illegal Bt Raja Rani, Illegal Bt Don, 

Illegal Bt Balaji, Illegal Bt Hema, Illegal Bt Gautam, Illegal Bt, Illegal Bt Shiva-1,Illegal Bt 

Ganesh, Illegal Bt Bhagya

Year 2006-2007:

Market was predominant with only Bt. cotton Brands: Mallika Bt, Banni Bt, Prabardhan 102, 

144Bt, Tulsi Bt, Brahma Bt, Ankur 651 Bt., Rasi Bt, Mahyco Bt., Brahma Bt., Sigma Bt., 
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Fusion Bt. Price of Bt. cotton seed brands in year 2007-2008 stabilised  at Rs.750 (field 

survey findings reveal that all the farmers purchased Bt. cotton at MRP). This is due to 

availability of many Bt. cotton seed brands in the market which in turn led to stability.

Inferences:

The survey was conducted at only nine Taluks and forty four villages. The following findings 

are observed:

i. Issue of Refugia: In the year 2005-2006, all the farmers kept refugia even for spurious 

Bt. cotton. In cropping season 2006-2007 All of the farmers were keeping refugia 

ranging between 1-line to 2-lines.

ii. Productivity: In the cropping year 2005 -2006 the range of cotton yield per acre was 2 

Quintal to 12 Quintals for Bt. and non Bt. In the year 2006-2007 the yield ranged from 

6 to 17 Quintals per acre for Bt. cotton seed. Bottom limit of yield increased to 6 

Quintals which are three times more and top limit of the yield had shifted from 12 to 

17 Quintals after Bt. cotton adopted by all the farmers in the village.

iii. Brand Loyalty: Farmers of these villages used thirteen Bt. cotton brands for cropping 

in the year 2006-2007.

Table 4.15: No. of cotton seed brand grown by individual farmer (Yawatmal District)
No. of Brand grown by individual farmer No. of Farmers
One Brand of Bt. cotton seed growers 34 (17.9%)
Two Brand of Bt. cotton seed growers 136 (71.9%)
Three Brand of Bt. cotton seed growers 17 (8.9)
Four Brand of Bt. cotton seed growers 2 (1%)
Source: Sample Survey Total Farmers: 189 (100%)

iv. 100% consumer expectation was ‘yield’ as basic quality from any seed for buying 

decision.

v. All of them buy Bt. cotton seed from private retailers. For other seeds they got from 

Government authorised supply or use their farm saved seed.

vi. All the farmers responded ‘yes’ for reduction of pest problem and reduction in 

pesticide use.
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vii. Number of time pesticide used:

Before 2005, farmers were using sprinkling pesticides 7 to 15 times for the best hybrid 

cotton seed field. In the cropping season 2005-2006 farmers sowing Bt. cotton seed 

sprinkled pesticide 2 to 3 times; for the cropping season 2006-2007 farmers sprinkled 

4 to 7 times pesticide in the field.  

viii. Easy availability of Bt. cotton seed of various brands have removed spurious seed 

problem out of market in the year 2006- 2007.

ix. Bt. cotton seed has completely removed landrace and hybrid seed from sowing 

pattern.

x. Apart from 7 (3.7%) farmers, all the respondents were unaware about the issues of 

labeling, Government policies and laws. All the farmers are aware of crops insurance 

but none of them go for practical crops insurance. 

4.4 Conclusions

Productivity:

Table 4.16 presents state wise area and productivity of cotton in India between 2003-04 and 

2007-08. The total area under cotton has increased from 7.6 million hectares in 2003-04 to 9.4 

million hectares in 2007-08. The average yield of cotton crop per hectare also increased 

significantly during this period. The average yield of cotton, per hectare increased from 399 

Kgs in 2003-04 to 567 Kgs in 2007-08. This shows that the increase in production area and 

yields are largely attributed to the increased use of Bt. (Bacillus thuringiensis) cotton hybrids 

(a shift from traditional hybrids to Bt. cotton hybrids) and favourable climatic conditions.

Findings from the case studies shows that only 273 (56.52%) out of 483 respondents (farmers) 

had some facility of irrigation and rest 218 (45.13%) of farmers had only dry land. 

Observation during field survey reinforce that irrigated land use for cropping for paddy, 

sugarcane, pulses, vegetables etc. whereas non-irrigated rainfed land use for millets and 

cotton types of crops. In such circumstances minimum range of cotton yield had increased in 

all the districts selected for study.
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              Table 4.16:State-wise Area and Productivity of Cotton
(Area in lakh hectares and yield in kgs per hectare)

2003-04 2004-05 2005-06 2006-07 2007-08
Area Yield Area Yield Area Yield Area Yield Area Yield

Punjab 4.52 389 5.09 551 5.57 610 6.07 672 6.04 619
Haryana 5.26 372 6.21 424 5.83 379 5.30 481 4.83 563
Rajasthan 3.44 452 4.38 427 4.71 397 3.50 437 3.39 451
North total 13.22 399 15.68 466 16.11 464 14.87 549 14.26 560
Gujarat 16.47 516 19.06 651 19.06 794 23.90 733 24.22 786
Maharashtra 27.66 191 28.40 311 28.75 213 31.07 273 31.94 330
Madhya Pradesh 5.91 565 5.76 472 6.20 494 6.39 505 6.30 567
Central total 50.04 342 53.22 450 54.01 450 61.36 477 62.46 531
Andhra Pradesh 8.37 557 11.78 469 10.33 527 9.72 630 11.38 687
Karnataka 3.13 228 5.21 261 4.13 268 3.78 270 4.02 338
Tamilnadu 1.03 619 1.29 725 1.40 568 1.00 850 1.19 714
South Total 12.53 480 18.28 428 15.86 472 14.50 551 16.59 605
Others 0.51 333 0.68 250 0.79 215 0.71 239 1.08 315

TOTAL 76.30 399 86.86 470 86.77 478 91.44 521 94.39 567
Source: Cotton Advisory Board (http://www.cotcorp.gov.in/statistics.asp#area. dated: 18/6/2009)

Table 4.17: Area, Production and productivity of cotton in India during 
last six decades

Year Area in lakh 
hectares

Production in lakh 
bales of 170 kgs

Yield kgs per 
hectare

1950-51 56.48 30.62 92

1960-61 76.78 56.41 124

1970-71 76.05 47.63 106

1980-81 78.24 78.60 170

1990-91 74.39 117.00 267

2000-01 85.76 140.00 278

2001-02 87.30 158.00 308

2002-03 76.67 136.00 302

2003-04 76.30 179.00 399

2004-05 87.86 243.00 470

2005-06 86.77 244.00 478

2006-07 91.44 280.00 521

2007-08 94.39 315.00 567

Source :Cotton Advisory Board
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Figure 4.2 :Growth in Area and productivity of cotton in India 
during last six decades
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Table 4.17  and figure 4.2, highlight the productivity of cotton in India during last six decades

during 1950 to 1980, when farm saved seed and land race varieties were commonly sown, at 

that time initial hybrid varieties introduced by government, the yield increased from

92kg/hectare from 1950-51 to 172kg/hectare in 1980. With the participation of more number 

of private seed companies and more hybrid varieties released thereafter, there was a leap in 

cotton production when yield per hectare rose from 172 kg/hectare in 1980-81 to 

267kg/hectare in 1990-91. Thereafter the productivity increase to 308kg/hectare by the year 

2001-2002, this increase was slow and productivity saturated and a minute decline was 

observed in the cropping year 2002-2003. Year 2002-2003 was also marked the introduction 

of first GMC i.e. Bt. cotton in India. Afterwards there was a substantial increase in cotton 

productivity, within three years the yield increased from 302kg/hectare in the cropping year 

2002-2003 to 470kg/hectare in the cropping year 2004-2005 (the increase in productivity was 

167 kg/hectare). Further the productivity increased to 567kg/hectare in the cropping year 

2007- 2008. These findings lead to a logical conclusion that within six years of the launch of 

Bt. cotton (new product, i.e. a type of GMC), the productivity increased from 302kg/hectare 

to 567kg/hectare, i.e. an increase of 265kg/hectare. This increase is phenomenal within a time 

duration of just six years as compared to what was achieved in five decades, the six years 

registered the same growth due to use of biotechnology in cotton productivity. This illustrates 

the success story of the potential of Biotechnology in the field of agriculture.
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Secondary use of cotton seed:

Table 4.18: Availability of Cottonseed for Processing in India
(2001-2002 to 2003-2004 and 2005-2006 to 2007-2008)

Items 2001-
2002

2002-
2003

2003-
2004

2005-
2006

2006-
2007

2007-
2008

Cotton Production (lakh 
bales)

158 140 167.5 241 280 310 

Cottonseed Production 
(@333kg/bale) (lakh tonnes)

52.61 46.62 55.77 80.25 93.24 103.23

Retained for Sowing & 
Direct Consumption (lakh 
tonnes)

11.3 10 11 13.00 13.00 13.00

Marketable Surplus (lakh 
tonnes)

41.31 36.62 44.77 67.25 80.24 90.23

Production of Washed 
Cottonseed Oil (lakh tonnes)

4.13 3.66 4.77 7.40 8.83 9.92

Source: East India Cotton Association and All India Cottonseed Crushers Association.

Table 4.18 gives broad breakup of cotton seed production and its processing. Cottonseed is an 

important source of vegetable oil and protein but despite the value of these products, the price 

of cotton is based on the spinning value of the fibers that develop as elongations of the surface

cells in the seed coat. From the field survey it was observed that cotton seed oil, used for 

human consumption and after extraction of oil cotton seed cake used for cattle feed. Cotton 

seed oil also has various industrial uses and used as raw material for soap manufacturing. 

Cotton seed and its direct and indirect consumption by human and animal do need scientific 

evaluation of Bt.cotton seed oil and its toxicological findings. The scientific study of 

toxicology and its various aspects are necessary and vital for the welfare of human being 

because the basic change in the form of ‘genetic manipulation’ has been done to cotton plant 

which is directly and indirectly influencing human food chain.

Import of cotton by India:

Table 4.19 and figure 4.3, shows the cotton import by India in last decade. Cotton being a 

cash crop brings money to farmers. Increase in cotton productivity also save valuable foreign 

exchange for the country. After the introduction of Bt. cotton (The First GMC) to the Indian 

agriculture, India’s dependency on cotton imports has declined.  
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Table 4.19: Cotton imports in India – 1996-97 onwards

Year Quantity
(in lakh bales of 170 kgs.)

Value (Rs./Crores)

1996-97 0.30 56.42

1997-98 4.13 497.93

1998-99 7.87 772.64

1999-2000 22.01 1967.92

2000-01 22.13 2029.18

2001-02 25.26 2150.01

2002-03 17.67 1789.92

2003-04 7.21 880.10

2004-05 12.17 1338.04

2005-06 5.00 695.77

2006-07 5.53 752.29

2007-08 6.50 986.33

Source: Cotton Advisory Board for Quantity figures

Figure 4.3:  Cotton imports in India – 1996-97 to 2007-08
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From figure 4.2 and figure 4.3, it is inferred that new technology induction has increased 

productivity of cotton and reduced the import of cotton by India.
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Issue of Pricing:

In the initial years of product (Bt. cotton) launch by ‘Mahyco-Monsanto Biotech Limited 

(MMB)’, the price of Bt. cotton was Rs.1600; in the cropping year 2002-2003, when best 

hybrid varieties of cotton crop in market priced at only Rs.400 for a packet of 450gms of seed.  

Table 4.20 shows skimming pricing in monopoly market. Monsanto through its joint venture 

company ‘Mahyco-Monsanto Biotech Limited (MMB)’ has sublicensed its ‘Bt. technology’ 

to several seed companies in India in subsequent years and availability of these companies’ 

Bt. cotton seed brands in market shows skimming pricing in oligopoly market. After 

government intervention through MRTP Act and entry of more than 20 brands of Bt. cotton 

seed by several companies, the price stabilized at Rs.750 in oligopoly market; still farmers 

were paying more than the MRP to procure Bt. cotton seed because the demand was more 

than supply. By the cropping season 2007-2008, farmers were purchasing the Bt. cotton seed 

packet at MRP, which shows the equilibrium of demand and supply and market behaved as 

perfect competition.

Table 4.20: Pricing of Bt. Cotton

Cropping Year Price of  Bt. cotton seed per packet (450 gram)

( MRP* in Rs.)

2002-2003 1600

2003-2004 1750

2004-2005 1750

2005-2006 2200

2006-2007 750

2007-2008 750

2008-2009 750

Source: Sample Survey & Interviews with farmers, retailers and industry practitioners.

*Including all taxes and levies.
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Figure 4.4:  Price of Bt. cotton seed  during
     different cropping years
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Table 2.20 and figure 4.4, implies that at the beginning new products launched in the existing 

market used the skimming pricing strategy. After the government’s intervention the price 

stabilized to a fixed price, forced by law and agreed by the seed companies.  

As regards Sub-licensing:

Monsanto through its joint venture company Mahyco-Monsanto Biotech Limited (MMB)’ 

sublicensed its ‘Bt. technology’ to several seed companies in India. Under the sublicense 

agreement, MMB permitted sub licensees to use its ‘Bt. technology’ by paying fixed ‘trait 

value’ (another name for royalty) on each packet of seed they sold in the market. Sub 

licensees have to pay this royalty as long as they use MMB’s Bt. technology. In the initial 

years MMB fixed trait value at Rs.1250 on each packet of seed (450 grams) and subsequently 

reduced it to around Rs.100 in 2006-07 after Monopolies and Restrictive Trade Practices 

Commission directed the company to reduce the trait value and different state governments in 

India put the tag on maximum selling price of Bt. cotton seed in the market at Rs.750 per 

packet. After the intervention of the central and state governments, MMB reduced the price of 

a 450 gram seed packet to Rs.750 in 2006-2007.

Issue of Pesticide consumption: 

When the question regarding pesticide consumption and number of times pesticide used in the 

individual farmer’s field was posed to the farmers, the response was similar in all the districts 
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in the selected sample. Overall perception of the respondents was that there was reduction in 

number of times pesticide sprayed and a gradual reduction in bollworm problem in their 

cotton fields. This implies that the overall pesticide consumption has decreased by adoption of 

Bt. technology in India. Hence, this proves that Bt. technology reduces pesticide related 

pollution. However, it is also observed that the number of times spray of pesticide increased 

during the cropping years 2006-2007 and 2007-2008; this is due to the problem of sucking 

pests. Simultaneously, it was also observed that for getting more yields many farmers had 

increased the pesticide spray in the field even though it is not necessary. Therefore, this trend 

needs to be taken seriously and educating the farming community by using mass media 

towards this issue needs urgent attention of government, NGOs and seed industry. 

Table No 4.21: State-wise Consumption of Pesticides (Technical Grade) in India
                                    (2000-2001 to 2007-2008)                               (In MT)

Years
State 2000-01 2001-02 2002-03 2003-04 2004-05 2005-06 2006-07 2007-08
Andhra 
Pradesh 4000 3850 3706 2034 2135 1997 1394 1541
Maharastra 3239 3135 3725 3385 3030 3198 3193 3050
Source: Ministry of Statistics and Programme Implementation, Govt. of India.

Figure 4.5: State-wise Consumption of Pesticides (Technical 
Grade)(2000-2001 to 2007-2008)  (In MT)
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Table 4.21 and figure 4.5, shows a decline in demand of pesticide consumption. The 

remarkable decline in pesticide consumption from 3706 MT in the cropping year 2002-2003 
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to 1394 MT in the cropping year 2006-2007 and further partial increase to 1541 MT in the 

state of Andhra Pradesh reinforces the observations made during the primary survey at field 

level. From the state of Maharastra the pesticide consumption declined from 3725 MT in the 

cropping year 2002-2003 to 3193 MT in the cropping year 2006-2007 and further partial 

decreased to 3050 MT again reinforced the findings of  the primary survey. The findings 

conclude that the microcosm is being reflected as macrocosm both in term of primary survey 

and secondary data.

Issue of Bt. cotton plant after final harvest:

When question like: ‘What do you do with Bt. cotton plant after harvesting’; posed to farmers. 

Their response was similar in all the area selected for field survey. After final harvest farmers 

leave the plant in field for drying. At this stage they allow animals to graze the field. After 

drying up they either burn it in the field or use it as fuel for cooking.

Issue of Product choice/substitute: 

Bt. cotton seed had completely removed landrace varieties and hybrid varieties of cotton seed 

from sowing pattern.  

 Seed Replacement:

As regards the seed replacement, the responded opined differently in terms of seed selection 

for different crops. For cash crop like cotton, all of them buy seed in every cropping season 

whereas for the seed of crops like paddy, pulses, sunflower and soyabean they buy from 

government agencies. Some farmers do buy seeds from private retailers too for the trial 

looking for higher yield. It was observed during focus group interviews that in the first year of 

sowing of hybrid seed of paddy, Pioneer Seed company, yielded very good harvest but farm 

saved seed from same harvest has not yielded as per expectation of the farmer and yield was 

low in subsequent years. 

For crops like Jowar, farmers used their own farm saved ‘desi’ seed; such type of crop was

being grown where other crops were not possible, as Jowar is considered inferior crop against 

paddy or cash crop. Seed companies argue that their hybrid varieties of Jowar could yield 
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better than farm saved seed of this crop, but farmers do not buy seed of crops like Jowar from 

open market. Hence, for private seed companies, large share of profit comes from portfolio 

like ‘cotton seed’.

This shows a unique kind of consumer behaviour in terms of Indian farmers. According to 

farmers’ response, when they grow landrace (which is also called ‘desi variety’ or ‘gaurang’ 

in local term) varieties; the minimum yield is sure in extreme climatic conditions like draught 

seasons. The other advantage of using ‘desi’ variety of crops seed is that it is not highly 

dependent on agricultural farm inputs like fertilizers and pesticides. Therefore, the risk of 

growing this type of crops seed is minimum and with assured minimum yield. Hybrid seed of 

crops, even though they give high yield, the perceived risk is also more in terms of biotic and 

abiotic stress.

In all the area surveyed, it was observed that farmers grew a mix of seed varieties: farm saved 

desi varieties, hybrid seed purchased from private seed companies and government authorized 

shop where agricultural universities improvised seeds are sold. This creates a unique pattern 

of consumer behaviour where farmers use different type of available seeds as ‘portfolios’ with 

moderate risk to have optimum yield. This type of pattern has created all together unique 

supply system of seed demands with distinct role to all suppliers in this industry. 

Understanding the specific needs of the farmers also creates an enormous potential observing 

the consumer behaviour. This behaviour also becomes hurdle in the path of seed replacement.

Seed Supply System:

Table 4.22 and 4.23 shows the supply side of seed industry. From primary survey it was 

observed that Bt.cotton seed portfolio is monopolized by private seed companied leading to 

oligopoly market.  Private seed companies play a leading role in the supply of seed of crops 

like cotton, soyabean, sunflower, paddy whereas government play leading role in supply of 

the seed of crops like cereals, pulses, oilseeds. Private seed companies have monopoly over 

cotton and vegetable seeds portfolio.
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Table 4.22: Crop-wise Availability of Certified/Quality Seed with
Various Agencies in India (Kharif, 2007)

(Qty in Qtls.)
AvailabilityCrop

NSC SFCI SSC Others
Total

Paddy 170664 55758 959577 2640897 3826896
Maize 17672 1133 28152 440001 486958
Jowar 8060 28884 133879 163323
Bajra 5058 44457 179006 228521
Ragi 950 10019 16794 27763
Urd 13487 4589 42877 49355 110308
Moong 3821 3696 49645 72267 129429
Arhar 4094 7200 27598 126159 165051
Cowpea 360 0 500 6952 7812
Moth 300 695 1932 2997 5924
Groundnut 18314 2814 83947 99060 1099135
Till 687 0 4445 12053 17185
Sunflower 708 0 2920 45655 49283
Castor 1976 120 11072 42191 55359
Niger 0 0 130 165 295
Soybean 78482 11614 652140 948120 1690356
Cotton 347 5759 40359 202993 249458
Jute 12382 0 24393 42827 79602
Others 2374 3379 22138 39130 67021
Grand Total 339736 96757 2035185 5100501 8459679

Abbr. : NSC : National Seeds Corporation.
           SFCI : State Farm Corporation of India.
           SSC : State Seeds Corporations.
Source : Rajya Sabha Starred Question No. 534, dated 11.05.2007.

Table 4.23: Share of Public Sector in Making Available/Supply of 
Certified/Quality Seeds in India

(2005-2006 to 2007-2008)
(In Lakh Quintal)

Govt. Agencies Private *Year
Quantity % Quantity %

2005-06 73.67 52.43 66.84 47.57
2006-07 79.62 53.73 68.56 46.27
2007-08 111.59 57.43 82.72 42.57

Note : * : Including Multinational Companies.
Source : Rajya Sabha Unstarred Question No. 553, dated on 23.11.2007.
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Regarding Advertisement Tactics:

Table 4.24: Breakup of the Number of Respondents (Farmers) growing, number
                   of different brands of Bt. cotton in their individual fields  

Breakup of Respondents (Farmers) 
from different districts

Number of 
Brands N
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 (% of total

respondents)
One 19 25 63 27 10 34 178 (33.46%)
Two 22 36 42 14 17 136 267 (50.2%)

Three 13 21 7 3 17 61 (11.46%)
Four 7 0 9 2 2 20 (3.75)
Five 1 1 3 5 (0.93%)
Six 0 0 (0%)

Seven 1 1 (0.18%)
Source: Sample Survey Total: 532 (100%)

Figure 4.6: Number of Respondents (Farmers) growing, number of 
different brands of Bt. cotton seeds in their individual fields
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Source: Study findings

From the field survey, focus group interview and researcher’s observation it was observed 

that “Big (private seed companies call them progressive farmer) farmer’s name” was used by 

a seed company through publishing his name and showing information about him and

arranging field visit to his farm; for advertisement of new product (new seed) by private seed 
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companies in India. Big farmers have multiple roles in village: influencer, opinion leader, 

opinion maker, money lender, agriculture-input seller, agriculture-output buyer and so on. All 

seed companies target these influential (Big) farmers’ field for trial plot where demonstration 

crop by seed companies are sown. Being resource rich, these farmers can take better care of 

trial plot or demonstrated trial field for cultivation of ‘new seed’. As it was inferred by case 

studies that ‘yield’ was the only parameter for ‘buying decision making process’; performance 

of the seed on the parameter of ‘yield’ becomes very important to be in the market. This leads 

to use of these ‘Big Farmers’ plot for showcasing seed companies’ new product. 4

‘Word of mouth’5 is the silent rule of the Indian seed industry. Since, ‘yield’ is the only

criteria on which farmers’ buying decision depends; this logically concludes that Indian 

farmers are not brand loyal and they keep experimenting with different brands (as shown in 

Table 4.24 and represented by figure 4.6) in search of ‘yield’. It was also observed that 

farmers are growing multiple brands of multiple companies in search of ‘yield’. This 

experimental nature of Indian farmers, make the seed market very dynamic and volatile.  

                                                
4 Note: the paragraph’s conclusion is based on focus group interview, field observation.
5 Note: Inference based on the farmer’s response collected during field survey; where all the farmers responded 

that they are influenced by friends or relatives for initial buying decision with regard to Bt. cotton seed.
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Chapter V: Policy and Regulatory Framework

5.1 Introduction

After 1990, globally a major change occurred in all types of international trade and several 

changes are still occurring to accept the challenges, opportunity and threats under the 

obligation of WTO/TRIPS1. This has also affected Indian agricultural sector in several 

dimensions.  A new era of debate is initiated at different levels of society about biopiracy, 

biosecurity, traditional knowledge, biotechnology and Intellectual Property Rights (IPRs). 

Keeping theses issues in mind, a comprehensive study of policy framework has been done to 

understand several factors and its implication on agricultural sector.

Biotechnology is arguably one of the most contentious issues in Indian Seed Industry today.

Its proponents contend that it is the beginning of a ‘gene revolution’ that will vastly improve 

the agriculture as the green revolution did during 1970s and 80s. Critics, on the other hand, 

believe that the perceived benefits of biotechnology are outweighed by the potential risks 

posed to environment and the people through genetic modification and the ownership of life 

through patenting. Once a transgenic plant has been developed, it must be marketed if it is to

prove the value to its creators. In globalize market economy, the development of a marketing

strategy is likely to require consideration of legal questions, for both intellectual property 

rights and environmental regulation can be used to achieve competitive advantage and market 

exclusivity.

The coming into force of IPRs and agreement on agriculture is far from consensus. 

Developing countries like India are facing a tough battle against time, safeguarding their 

natural resources under changing global environment. This situation has arisen after 

establishment of the World Trade Organization w.e.f. 1st January 1995, of the several World 

Trade Organization (WTO) agreements; its agreement on Trade Related Aspects of 

Intellectual Property Rights (TRIPS) is of great significance for most developing countries 
                                                
1 TRIPs or Trade Related Intellectual Property Rights are of the agreements signed at the end of Uruguay Round 
of GATT negotiations in 1995. It sets our minimum standards of IPR protection that each country belongs in to 
the WTO is expected to provide. According to Article 27 of TRIPs, member states are required to allow patents 
for any invention “where the product or process, in all fields of technology” Microorganism and microbiological 
processes are to be provided protection through patents. In the case of plant varieties, countries have choice.
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since ratification by member countries implies important change in their respective 

intellectual property laws. It is very important to mention that, at the time of signing of the 

WTO agreements, IPR laws in developing countries were in nascent stage in comparison to 

developed countries, whose laws or institution are at par with the TRIPS agreement. By the 

enactment of TRIPS, the IPR became an issue of debate between developed and developing 

countries. The word like ‘life patent’ and ‘plant variety protection act’ emerged in front of 

developing countries for the first time. Patent on life (Bio-patent) is not new for developed 

countries but in case of developing countries it is new one. The question was in front of 

developing countries is to accept the TRIPS in which suitable manner that will fit for their 

needs and requirements. After global acceptance of WTO agreement, the dimension is totally 

changed in case of life science industry like agriculture and pharmaceutical sector. The 

mechanism and instrument of life patent has negligible presence in developing countries. 

Most of the debate after TRIPS agreement focused on pharmacy sector and biotechnological 

revolution in plant science. The concepts of traditional knowledge, bio-piracy, biosecurity and 

food security of country like India in new global regime have to be analysed. India has large 

number of crop varieties having diverse centre of crop diversity and its climate is suitable for 

different types of crop and herbs. Therefore, concerns are expressed that the new liberalized 

regime might have some impact on rich genetic heritage and bio-wealth of India.

The study of the Indian seed industry in the light of the technological innovation like GMC 

brought by biotechnology has great significance. Increasing Public - Private sector partnership 

and protection regime definitely has some socio-economic impact on larger farming 

community and the Seed Industry. Existing legal policy framework has been studied to 

understand the complexity inbuilt because of multiple regulatory initiatives at international 

and national context, which has been highlighted in this section of study. This chapter briefly 

explores these legal issues that are associated with marketing transgenic plants, and touches 

on the likelihood that these legal doctrines will encourage a concentrated market structure in 

the agricultural biotechnology industry of which Seed Industry is a segment. This chapter is 

only a research initiative to juxtapose International and Indian regulatory framework which 

explicitly and implicitly ascertain role of policy environment on Genetically Modified Crops 

marketing in global market in general and India in particular. This chapter first introduces the 
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international intellectual property system. It then describes the traditional form of plant 

intellectual property protection, known as plant breeder’s rights or plant variety protection 

(PVP), and next the contemporary use of the regular or utility patent system. It further 

considers the less formal legal protection methods of trade secrecy. It finally turns to a brief 

discussion of those biosafety issues that affect marketing and trade.

5.1.1 Methodology

This chapter based on the critical evaluation of Rule, Acts, National policy and international 

laws etc.2 and discussion arising from that by triangulating to some of the outcomes of 

previous chapters of this dissertation. Juxtaposing national regulatory framework with 

international brings out the influence of global regulatory initiative on Indian agriculture. This 

chapter investigates the possible effect of Plant Breeders’ Rights, Plant Variety Protection Act 

& Farmers Rights (PVPA & FRs) with respect to the Indian farmers and Indian Seed sector.

The enquiry is based on the archival source obtained from various organizations like Indian 

Council of Agriculture research (ICAR), Department of Biotechnology (DBT), Department of 

Scientific and Industrial Research (DS1R), Council of Scientific and Industrial research 

(CSIR), research and press release of IRRI, ISAAA, IFPRI, FAO, Monsanto, Syngenta etc. 

Economic survey of India and Hindu survey of Indian agriculture is done for theoretical 

Knowledge. An interdisciplinary approach had been adopted to know the various features of 

IPR in Agriculture.

5.2 International Regulatory Framework (WTO Agreements Related to Agriculture) 

The WTO agreement consists of 29 individual legal texts, covering a wide range of subjects 

from agriculture, textile and clothing and services to government procurement, rules of origin 

and intellectual property and environmental and sustainable development concerns. Added to 

these are more than 25 ministerial declarations, decisions and understandings. The agreement 

on agriculture (AOA) having 21 articles forms a part of the final act.3

                                                
2See Appendix Policy.
3 Sompal (2002)
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Agreements on Agriculture (AOA)

The long term objective of the AOA is to establish a fair and market oriented agricultural 

trading system. A reform process should be initiated through the negotiation of commitments 

on support and protection and through the establishment of strengthened and more operational 

effective GATT rules and disciplines. It also undertakes to provide for substantial progressive 

reductions in agricultural support and protection sustained over and agreed period of time, 

resulting in correcting and preventing the restrictions and distortion in global agriculture 

markets. Broadly there are four areas under the AOA, whereby member countries are required 

to adhere to commitments and one other area the agreement of on Trade Related Aspects of 

Intellectual Property Rights (TRIPS). These are:

i. Market Access

ii. Domestic Support Measures or the Aggregate Measures of Support (AMS)

iii. Export Competition or Subsidies

iv. Sanitary and Phyto Sanitary Measures and

v. TRIPS

Agreement on Sanitary and Phytosanitary Measures

The Agreement recognizes that Members have the right to adopt or enforce measures that are 

necessary to protect human, animal or plant life or health. This right is subject to the condition 

that such measures should not act as a means of arbitrary or unjustifiable discrimination 

between Members as a disguised restriction on international trade.

Agreement on Technical Barriers to Trade

The   Agreement   is   for   the   establishment   of international   standards   and conformity 

assessment system in packaging, marking and labeling, so as to ensure that technical 

regulations and standards, and procedures for assessment of conformity with technical 

regulations and standards do not create unnecessary obstacles to international trade. No 

country should be prevented from making provisions to ensure the quality of its exports, or 

for the protection of human, animal or plant life or health, of the environment, or for the 

prevention of deceptive practices.
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5.2.1 Evolution of Structure and System based on International Intellectual Property 

System

Intellectual property as the name indicates is the creation of human, the product of 

imagination, of mind or of objective thinking.4  Intellectual Property Rights (IPRs) confer on 

the owner a monopoly of production and distribution of products in a specified territory for 

given period of time along with social obligation of disclosing information. IPR are of 

different types like, trademarks, industrial design, copyrights, plant variety protection, 

geographical indicators and patents.

Intellectual property rights are designed to create incentives for innovation. They permit a 

right holder to prohibit others from practicing the protected technology for a defined period of 

time, and thus assist the right holder in obtaining a proprietary position and some form of 

monopoly rent. This special economic return is intended to encourage the inventor to invest in 

research and development. Moreover, in the regular patent system, known in many countries

as the ‘utility patent system’, where the inventor is required to disclose the details of his or her 

invention in order to obtain protection. This disclosure becomes a starting point for others to 

conduct research, and the patent incentive becomes a way of encouraging inventors not to 

protect their inventions by maintaining them secret.

Intellectual Property Rights (IPRs)5 are granted so that they can stimulate inventions by 

providing inventors with monopoly6 (over the commercial exploitations of his/her idea for 

fixed duration). It is government assurance to innovators by granting monopoly over 

production and marketing. This becomes a particularly important concern when IPRs regime 

is expected to the biological domain. It shows that before the advent of modern technologies 

in the agricultural sector, inventions based on living organisms7 were considered as natural 

and obvious discoveries that could rarely be copied and did not warrant and protection or 

                                                
4 Gupta, A.K. (1999).
5 IPRs are legal instrument which provide protection to inventions such as manufacturing process, product 
design, plant variety, computer programme, publications and music. Broadly it can say that IPRs are legal right 
granted by government authorities to control certain products of human intellectual effort and in genuity (OECD 
1999) P – 12 as cited is FAO legislates study, 85) 
6 Gadgil, M. and Utkash, G. (1999).
7 Like the breeding of new varieties through hybridization, back crossing and selection cannot be copied.
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patents8. In agriculture the use of patents is mostly to protect inventions relating to 

agricultural chemical such as pesticide and fungicides. But they are now being used 

increasingly to protect inventions in the filed of agricultural biotechnology products. 

The actual workings of the systems are subject to significant economic dispute. There is 

strong evidence that adoption of a PVP system in the United States increased private sector 

plant breeding. And it is quite clear that an intellectual property system is essential for 

pharmaceutical products, where there are substantial research and product approval costs as 

well as long product lifetimes, and imitation is relatively inexpensive. In other industries, 

however, intellectual property is frequently regarded as less useful in encouraging innovation, 

and the existence of broad and fundamental patents may do little more than create significant 

conflict among companies.  

The intellectual property regimes themselves are national rather than international (save in the 

special cases of European regional regimes) and are territorial. It is the international

understanding that a plant variety protection certificate or patent confers exclusivity within a 

country’s territory and nowhere else. Thus, one cannot infringe a United States patent by 

one’s activities within India. This is an extremely important point to remember when learning 

of an extremely broad patent issued in the United States or Europe; the patent may simply not 

be relevant to the foreign researcher. The most important point tempering this territoriality is 

that countries to import a product that infringes the relevant intellectual property right or one 

that is made by means of a process that would infringe the national right if carried out within 

the country. The exact scope of this process-oriented protection varies from country to 

country. In most countries, it is only the direct product of a patented process that cannot be 

imported; generally regard it as infringement of the national intellectual property system.

The various international treaties, e.g. (UPOV, 1978) and (UPOV, 1991), for plant variety 

protection and the Paris Convention (1979) for regular patents assume and accept this 

                                                
8 Patent provides the strongest protection to intellectual property. They enable the patent holders to exclude all 
other making, importing, selling or using the intentions in countries where it is patented. In order to be patent 
able on inventions in countries must satisfy certain. Criteria of novelty, non-obviousness, utility or industrial 
applications. In other words the inventions have to be novel, not obvious and useful. 
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territoriality. Their primary object is to create reciprocal rights: in return for a reciprocal 

commitment from other parties, each party gives the nationals of other parties the same rights 

as its own nationals to obtain intellectual property protection in its system and to enforce these 

rights in its own country. Many countries are parties to these agreements. The result is that a 

breeder or inventor can obtain essentially global coverage, but, in order to do so, must file for 

protection within the systems of each country. Although it is ultimately necessary to make the 

more expensive filings in each significant market country, this system can delay the point at 

which these decisions must be taken, thus permitting the decisions to be taken on a more 

informed basis.

Finally, the Uruguay Round brought a new international standard to intellectual property 

protection. The treaties described above incorporated some, but relatively weak, minimum 

standards of protection that had to be satisfied by a member country’s intellectual property 

system. The Uruguay Round’s Agreement on Trade-Related Aspects of Intellectual Property 

Rights, Including Trade in Counterfeit Goods (TRIPS, 1993) establishes more severe 

standards, particularly in the biological area. Its Article 27 states that “patents shall be 

available for any inventions, whether products or processes, in all fields of technology,” but 

permits members to “exclude from patentability” inventions whose exploitation must be 

prevented “to protect public or morality, including to protect human, animal or plant life or 

health or to avoid serious prejudice to the environment.” Finally, the Article permits members 

to exclude from patentability “plants and animals other than microorganisms, and essentially 

biological processes for the production of plants or animals other than non-biological and 

microbiological processes. However, members shall provide for the protection of plant

varieties either by patents or by an effective sui generis system or by any combination

thereof.” Articles 65 and 66 give countries a number of years (up to 10 years for the least 

developed countries) to bring their systems into compliance. Countries are now moving to 

comply with this requirement; if they do not do so, they can be subject to trade sanctions 

under the World Trade Organisations dispute settlement system (World Trade Organisation 

1993).
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There is an intense debate over what is and effective sui generis system as it is open to 

interpretation. The wide spread sui generis system for plant variety protection is established 

by UPOV9 of which presently, two versions are available vide supra table - 5.1. The main 

difference between the two is that the 1991 version provides greater protection to PBR 

holders. Two aspects of these versions are particularly relevant to the breeders’ exemption 

and the farmers’ privilege. The 1991 version of UPOV has been especially criticized as 

unsuitable for adoption by developing countries. This is because this version gives the breeder 

much greater control over plant varieties, without exception, which were available in the 1978 

version. The companies, which are to share with developing countries benefit arising from 

bio-diversity, also criticize UPOV for the lack of obligation. It is argued that the UPOV’s 

criteria over eligibility for protection is biased in favour of organized for development or 

maintenance of cultivars. UPOV only provides for strong breeders’ right suited to developed 

countries where the functions of grains and seed production are divided between the farmers 

and the breeders respectively. There are again discretions available to member of WTO and 

counties that are not member of other IPR agreements. Developing countries like India where 

more than half of the seed supply is ensured by farm saved seed and exchanges of seeds from 

fellow farmers therefore, it requires an innovative piece of legislation looking beyond UPOV. 

Without such legislations the Indian farmers will be deprived of seeds to plant their next crop.

                                                
9 Unions international pourla protection des obtentions vegetables (UPOV). The first UPOV act was drafted in 
1961. Principally by industrialized government seeking to provide protection for plant protection for plant 
breeder is his or her own and overseas market’s the UPOV later revised in Act adopted in 1972, 1978, 1991. See 
details in intellectual property rights in plant varieties, international legal regimes and policy options for national 
government, FAO legislature study, 85.
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Table 5.1: Comparison of UPOV, 1978 Act and 1991 Act

SUBJECT UPVO 1978 Act UPOV 1991 Act
Minimum scope 
of coverage

Increasing number of genera or 
species required to be protected, 
from five at time of accession, 
to 24 eight years later.

Increasing number of genera or species 
required to be protected, from 15 at 
time of accession, to all general and 
species 10 years later (5 years for 
member states of earlier UPOV Act).

Eligibility 
Requirements

Novelty, distinctness, 
uniformity and stability

Novelty, distinctness, uniformity and 
stability.

Minimum 
exclusive rights in 
propagating 
material 

Production for purposes of 
commercial marketing; offering 
for sale; marketing; repeated 
use for the commercial 
production of another variety.

Production or reproduction; 
conditioning for the purposes of 
propagation; offering for sale; selling or 
other marketing; exporting ; importing 
or stocking for any of these purposes.

Prohibition on 
dual protection 
with patent

Yes, for same botanical genus 
or species

No.

Breeders 
exemption 

Mandatory, Breeders free to use 
protected variety to develop a 
new variety

Permissive, but breeding and 
exploitation of new variety “essentially 
derived” from earlier variety require 
right holder’s authorization.

Farmer’s privilege Implicitly allowed under the 
definition of minimum 
exclusive rights.

Allowed at the option of the member 
state within reasonable limits and 
subject to safeguarding the legitimate 
interests of the right holder.

Minimum term of 
protection.

18 year for grapevines and 
trees: 15 years for all other 
plants.

25 years for grapevines and trees; 20 
years for all other plants.

Sources: FAO Legislative study Volume 85, 2005.

Till recently, developing countries like India considering the PBRs system, but knowledge 

about its socio-economic implications is still meager. So far, there are only a few studies 

carried out in USA10 & India11. PBRs have several socio-economic impacts on farmers 

because the development of transgenic involves the rights related to transformation 

technology, selectable marker employed, the target gene promoter, and the regulation protein 

etc are very important to industry segments. The current restructuring of the seed industry is 

being technology driven and influenced by IPRs issue Winner will be those companies who 

are able to deal with IPRs issue effectively and can quickly bring new quality products, in the 

                                                
10 Wijk Joren Van, 1995.
11 Madhav Gadgil & Ghate Utkash 1999. 
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market.  Keeping all these in background India has to design her own version of legal and 

policy framework.

5.2.2 Plant Variety Protection in International Context

Most developed countries enacted plant variety protection (PVP) legislation in the period 

since the Second World War. A number of developing countries are now adopting parallel 

legislation in order to comply with the requirements of the Uruguay Round to protect plant 

varieties.  Such legislation, also known as “plant breeders’ rights,” provides an intellectual 

property system adapted to the needs of traditional plant breeders and is designed to give 

these breeders an increased incentive to develop new varieties while respecting the traditions 

of breeding. Under the treaty, all countries that ratify it must agree to facilitate access to their 

plant genetic resources for food and agriculture. In turn, those involved will share-in a fair and 

equitable way-the benefits arising from the use of these plant genetic resources.

The protection is by means of a certificate granted, most typically by an office of the Ministry 

of Agriculture (rather than by part of the national patent office), upon receipt of a relatively 

simple and inexpensive application. The certificate entitles its holder to be the exclusive 

marketer of the relevant variety, and also of the product of the variety. This right may, of 

course, be licensed to others. The certificate does not, however, prevent others from using the 

variety in efforts to breed further varieties.

The PVP laws are generally adopted in accordance with an international treaty, e.g. (UPOV, 

1978 or 1991), after the French language acronym for the International Union for the 

Protection of New Varieties of Plant. Under the older versions of this treaty, e.g. (1978), 

countries were required both to allow use of protected materials for breeding of additional 

new varieties, and to allow farmers to reuse their harvest for seed purposes. Article 15 of the 

new (1991) version, came into force in 1997, permits countries to allow farmers to reuse seed, 

but does not require them to do so - most countries opted to allow such reuse. In addition, 

Article 14 of this new version adopts a concept of “essentially derived variety,” designed in 

part because of the rise of biotechnology. A breeder remains free to use a protected variety 

and to make any change in such a variety, but is subject to the rights of the owner of the initial 
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variety if that change is so small as to leave the new variety “essentially derived.” Examples 

listed in this Article are varieties made “by the selection of a natural or induced mutant, or of 

a somoclonal variant, the selection of a variant individual from plants of the initial variety,

backcrossing, or transformation by genetic engineering.” Thus, if a biotechnologist uses an 

existing protected variety as material within which to insert an agronomically important gene 

and markets the resulting material, the biotechnologist would infringe the rights of the owner 

of the protected variety. Normally, this problem would be solved through a license under 

which the biotechnologist and the breeder share the profits available from giving the farmer 

the benefit of both the high quality background material and the new gene.

Another important aspect of the new version of UPOV is strong protection for harvested 

material from plants. Article 14 of UPOV (1991) gives the certificate holder rights over 

“harvested material, including entire plants and parts of plants, obtained through the 

unauthorized use of propagating material of the protected variety… unless the breeder has had 

reasonable opportunity to exercise his right in relation to the said propagating material.” It 

also permits member countries to make similar arrangements with respect to “products made 

directly from harvested material.” This article thus protects the holder of a certificate in a

market country against the import of material grown elsewhere, perhaps quite legitimately as 

if the certificate holder had not obtained protection in the country of origin. And the 

certificate holder’s rights extend to any part of the plant, whether useful for propagation or 

not, and, depending on the national law, extend to products from the plant. The likely 

implication, in an era of high-technology agriculture in high-value crops, is that breeders will 

seek to gain consumer recognition of their brand, and use PVP protection in market countries

to seek to limit competition and imports and to command and protect a premium price. 

Licensing rights can thus be used to protect against imports of materials, even though the 

materials may have been legally grown in a country where they are not protected.

Although the above analysis should make it clear that the biotechnological breeder must take 

PVP into account, it is also clear that PVP does not provide adequate protection for a firm 

which has expended significant resources in identifying an important gene, transforming 

plants, and perhaps obtaining regulatory approval for use of the gene. Under PVP, another 
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breeder can purchase the protected material, cross it with his or her own material, and develop 

a new variety that includes the gene. This is in no way an infringement of PVP rights, but it 

clearly significantly decreases the market value of the gene. The company that wants to make 

and protect a significant investment in a new gene must find other means of protection.

5.2.3 Trade Related Aspects of Intellectual Property Rights (TRIPS)

The agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) is an 

international treaty by the world trade organization (WTO), which set s down minimum 

standards for most form of intellectual property (IP) regulation within all member countries of 

the world trade organization. 

Each country has its own law to regulate patents and its infringements can be proceeded 

against as per the law of that country alone. The patent owner gets the right to enforce the 

law. Article 27 of the TRIPS agreement provides that the WTO member state shall provide 

patents for any invention, either a product or process provided that they are new involve 

inventive step and are capable of industrial application. Thus, before a patent can be granted 

it should be shown that the invention is novel and useful; and not so oblivious to anyone 

interested in this subject. It should also be capable of practical implication. The American law 

insists that the protected subject must be useful and British law will grant a patent only if the 

invention is capable of industrial application. The latest trend is to apply the Swedish 

principle under which a patent can be granted for discovery hitherto unknown application 

even in respect of an already popular product.

The coming into force of WTO agreement involving TRIPS has brought both opportunities 

and threat to the developing countries, though convergences of opinion on these aspects exist. 

It is argued that the TRIPS agreement has changed the international governance of Intellectual 

Property Rights (IPRs) radically. TRIPS have sought to establish enforceable universal 

minimum (and high) standards of protection and enforcement. TRIPS has incorporated 

provisions from many existing international IP agreements, introduced new obligations and 

higher protection standards by mandating extension of patentability to virtually all fields of 
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technologies recognized by the developed country patent regime and by prolonging the patent 

protection.

TRIPS agreement did not require us to patent seeds. However we could have to establish an 

effective system “sui generis” for protections of plant varieties seed and other form of 

propagation material that is suitable to our own requirement.12 The proponents of the TRIPS 

agreement argue that it will provide free trade era calls for effective protection of wealth of 

developing countries. Some also argue that there is also possibility of reshaping of 

agricultural institutions and organizations meant for research and development activities due 

to the new global scenario. For the welfare state, the concern is to feed overgrowing 

population to maintain food and nutritional security and the judicious use of new technology 

in our own frame with the fulfillment of international mechanism of IPR is the major task for 

economist, agronomist, social scientist and all other concerned. The science and technology 

has changed the scenario of hunger problem in India up to some extant. This was due to 

adoption of high input responsive technology. This technology has some geo-political and 

socio-economic consequences.

Traditional concepts of factors of production are also changing in the time of liberalized 

economy in case of agriculture and allied activities. The role of knowledge as potential 

contributor to production is increasingly being recognized, thus assuming the status of a factor 

of production. Not only gathering and or generation of information and technology, but its 

effective protection is also vital in new order of international relation and multilateral trade in 

agriculture.

Although TRIPS is difficult to interpret with respect to some of these issues, it is not at all 

clear that even the more recent of these laws comply with the TRIPS requirement that patents 

shall be available “for any inventions, whether products or processes, in all fields of 

technology, provided that they are new, involve an inventive step and are capable of industrial 

application, Article 27. Although most of these countries will almost certainly seek to comply 

with the TRIPS agreement, they will often do so through adoption of some form of PVP, to 

                                                
12 Sui genris mean of its own kind of system of protection.
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satisfy the requirement of a sui generis system for plants, and may seek to avoid changes in 

their patent legislation.

5.2.4 WTO & QR’s

As per the WTO Agreement on Agriculture (AOA), the member countries - both developed 

and developing - are obliged to gradually open up their agricultural sectors to world trade by 

removing all the trade distortions. As signatory to the GATT Agreement, India is committed 

to implement various agreements and provisions pertaining to AOA. These include the 

commitments on (a) domestic support, (b) market access, (c) export subsidies and (d) an 

agreement on Sanitary and Phyto-sanitary issues.   

With regard to market access, all the existing quantitative restrictions and non-tariff barriers 

(NTBs) are to be replaced by the ‘equivalent tariff barriers’ [bound tariff rates (BTRs)] during 

the transitional period, i.e. from 1st January 1995 to 31st December 2004.  According to AOA, 

the unweighted average reduction of bound rates must be 36 percent (24 percent for 

developing countries) with a minimum cut of 15 per cent for each commodity (10% for 

developing countries) over a period of six years (10 years for developing countries) for 

developed countries. Least developed countries are not required to reduce tariff. The 

minimum market access quota is to be expanded to 5% of the total domestic consumption 

with effect from 1st January 2005.  However there are certain protection provisions in the form 

of safety trigger, custom duties, anti dumping clauses and countervailing duty rights. 

Quantitative Restriction’s (QRs) were being maintained ever since 1947 on Balance of 

Payments (BOP) grounds under the General Agreement on Tariffs and Trade (GATT) to 

which India was a signatory. India participated in the 7-year long Uruguay Round 

Negotiations (1986-1993) which culminated in the signing of the Uruguay Round Agreement 

in April 1994 and became a founder member of the World Trade Organisation (WTO), which 

came into being in January 1995. India subscribes to all the WTO Agreements, but continued 

to maintain QRs on BOP grounds as per the provisions of Article XVIII-B of GATT.
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5.2.5 The Regular Patent System

The patent itself includes both a description of how to practice the invention and a statement 

of claims, which precisely define the exclusive rights conferred by the patent. In evaluating 

the possibility of infringement, it is these claims that must be consulted, not just abstracts 

describing the general area of the invention - some of the criticisms that have been made of 

plant biotechnology patents have been made without consideration of the scope of the actual 

claims. Obtaining a patent is both slower and more expensive than obtaining a PVP 

certificate; expenses of global coverage can easily rise high. Patent enforcement is typically 

by private suit before a court rather than an administrative agency and the process is 

dependent on the initiative of the patent holder rather than of an agency.

5.2.5.1 Important differences among national systems

India has been more concern with the issuance of patents in agriculturally-related areas. Many 

countries have, in fact, prohibited patents on food and agricultural products or on portions of 

living things. They may, however, permit patents on certain of the processes to make these 

products. For example, developing country laws like, that of India, prohibits any patent on “a 

method of agriculture or horticulture” or on “any process for the medicinal, surgical, curative, 

prophylactic or other treatment of human beings or any process for a similar treatment of 

animals or plants to render them free of disease or to increase their economic value or that of 

their products.”

5.2.5.2 Typical coverage of actual patents

There are two politically controversial issues here of particular importance. One is the idea of 

a patent on a natural gene or protein. Many actors of Agri-business system, particularly in 

developing countries, object to such patents, typically on grounds that the isolation and 

sequencing of a gene amounts to a discovery rather than an invention, that portions of living 

organisms should not be patented at all, and that the patenting of such materials amounts to an 

appropriation, typically by a developed-country researcher, of something that in rights 

belongs to a developing country that may have been the source of the material, The concern is 

closely related to concern about the protection of developing countries’ genetic resources and 

the desire to use these resources as a basis for obtaining greater access to biotechnology, a 
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concern reflected in the Convention on Biological Diversity (1992)13. The response of the 

biotechnology industry is that such patents are crucial to the encouragement of research in 

both agricultural and medical biotechnology. Moreover, there is a basis for satisfying the 

technical requirements of patent law, because the fact that the nucleic acid or protein is 

isolated or purified means that it is different from what is found in nature and is therefore 

novel.

The structure of the claims, which reach isolated versions of the gene or protein, protects the 

patent holder against use of the gene by another biotechnologist, but leave anyone free to use 

and breed with organisms containing the gene naturally. In light of this logic, patents on genes 

and the proteins for which they code are available in most developed countries; as the 

examples noted above, however, show, some developing countries, however, exclude natural 

genes from patent coverage, and thus prohibit at least the first of the claims cited above. The 

carefulness of this distinction effort suggests the difficulty that may arise in interpreting 

national legislation that excludes the patentability of parts of natural organisms. At the same 

time, it appears very likely that an exclusion that reaches genes violates the TRIPS agreement, 

which, as noted above, requires coverage of inventions in all fields of technology, and 

excludes only whole organisms from patentability.

The second politically controversial point relates to the claims on transformed plants and their 

progeny. Such claims are essential to obtain effective control of agricultural biotechnology 

using the gene, and to keep a third party from crossing the inserted gene into a different 

variety and marketing that variety. With these claims a breeder is much more protected than 

under the PVP system. Nevertheless, in many countries the legal system prohibits the 

patentability of living organisms themselves, and such exclusion is consistent with TRIPS if 

there is provision for sui generis (PVP) protection. Thus, these claims will not always be 

available. Note, however, that in India, it was possible to reach the same result effectively by 

                                                
13 The Convention on Biological Diversity, known informally as the Biodiversity Convention, is an international 
treaty that was adopted in Rio de Janeiro in June 1992. The Convention has three main goals:
  a. conservation of biological diversity (or biodiversity);

   b. sustainable use of its components; and
   c. fair and equitable sharing of benefits arising from genetic resources.
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claims on the process of transformation, which can be enforced against the unpatentable - but 

infringing - products of the process (which has changed now to product patent).

5.2.5.3 Trade Secrecy and Material Transfer Agreements

Arguably, the most important mechanism of protecting biological materials is not a statutory 

intellectual property system, but rather the trade secret system, which is a combination of 

legal principles of contract law and legal principles against misappropriation of another’s 

information. Trade secret protection is required by Article 39 of the Uruguay Round TRIPS 

Agreement, which covers “undisclosed information,” and is already accepted in many 

countries. The contractual component recognises and encourages private enforcement of 

contracts designed to protect information, e.g. confidentiality agreements between a firm and 

its employees. And the misappropriation components protect the holder of a trade secret 

against, for example, one who comes into the laboratory and secretly copies laboratory 

notebooks or steals genetic material.

An important context for application of these trade secret principles in contemporary 

biotechnology-based breeding is in exchange of genetic materials and information - which, in 

a commercial situation, is most wisely done through a “material transfer agreement” (MTA) 

between the donor and the recipient of the material. Such an MTA is simply a contract, 

formalised under relevant national contract law principles, providing for an allocation of 

rights in the materials. The precise terms will vary from case to case, but may, for example, 

permit the recipient to use the material only for research purposes, require the recipient to 

negotiate a royalty arrangement should it identify commercial applications for the material or 

a product derived from it, seek to disclaim any supplier liabilities or warranties with respect to 

the quality or biosafety of the material or to whether or not use of the material infringes a 

third party patent, require return of the material and everything derived from it after a 

particular time, and require consultation before filing of any patent application or presentation 

of any academic article based on the material. Clearly, one of the most important and difficult 

issues is how far the supplier’s rights should run under such an agreement. If, for example, a 

particular purified protein is supplied, should the donor’s rights run to a gene coding for the 
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protein; a probe to identify such a protein; a homologous gene in a different organism. The 

need, of course, is to agree in advance.

The precise terms of these agreements will vary from context to context. Universities 

exchanging material at the relatively basic scientific level are most likely to allow the material 

to be used freely for research but with a protection for their interests should there be a 

commercial application. The private sector may exchange material only after a careful 

negotiation that actually sets royalties or profit shares in resulting inventions and varieties. 

Developing countries, with an interest similar to that of universities, may seek to protect a 

right to a share of profits in the material - and their concerns clearly become significant in any 

situation in which biotechnology is done with materials derived from such countries. Unique 

opportunity emerged form agreements between public and private players in the agricultural 

biotechnology area, for example the collaboration between IIT Kharagpore and JK Seeds

based on biotechnology based agricultural product.

5.2.6 Biosafety and Product Labeling Considerations

Biosafety considerations are important part of marketing, for the commercialization of 

genetically-modified crops. Assuming that a firm complies with local biosafety requirements 

in its research and production, there will still be biosafety-based questions as to whether the 

product can be exported into other markets. These will relate to both consumer acceptance 

and environmental protection.

Two points deserve particular attention at this time. First is the current international

negotiations are placing the international biosafety regime in direct and close relationship -

and possibly conflict - with the international trade regime. Under the Convention on 

Biological Diversity (1992), a working group is developing a Biosafety Protocol, which will 

probably require an international shipper of “living modified organisms,” to obtain “prior 

informed consent” from the importing country before shipping products to that country. The 

precise scope and terms are not yet clear, nor is the timing. Depending on the way it is 

implemented, certain requirements of this concept may be in violation of the World Trade 

Organisation’s Phytosanitary Code (1993), which restricts the use of technical standards as 
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non-tariff trade barriers and - in very rough summary - requires that these standards be 

scientifically based. The evolution of this Biosafety Protocol is extremely important for trade 

in agricultural products derived from transgenic plants. The second point to note is that 

consumer countries are considering the imposition of labeling requirements. There are 

certainly circumstances in which such requirements are clearly justifiable, as if an allergenic 

protein is transferred from one organism to another where it might not be expected by a 

consumer. Similarly, there are circumstances in which marketing can take advantage of the 

features inserted into an organism and labeling is desired by the producer, as in the marketing 

of non-spoiling fruit. However, it is possible that countries may sometimes impose a broader 

range of labeling requirements to identify the use of genetic engineering in the product.

5.3 Regulatory Environment in India

The Ministry of Agriculture within the following legislative framework determines overall 

policy with regard to the seed industry.

The Seed Act, 1966 and Seed Rules, 1968

The Seed Act enacted in 1966, the Seed Rules framed under this Act and notified in 1968, and 

amendments from time to time provide the basic regulatory structure to ensure seed quality 

control.  The Act provides for compulsory quality control of seed of any notified kind and 

variety; voluntary certification of seed of any notified kind or variety; and truthfully labeling 

of seeds.  The Act specifies the function of various regulatory bodies associated with the 

industry as well as rules for notification of new varieties, specifications of minimum limits of 

germination and purity, regulation of sale of seeds, certification, labeling, etc.

This was the first initiative towards the structural framework of Indian Seed Industry in terms 

of ‘product specification and quality control’.

Seed (Control) Order, 1983

A Seeds (Control) Order was issued in 1983 under the Essential Commodities Act of 1955, 

which required seed dealers to obtain a license valid for three years in order to operate, grants 

the Controller powers to regulate the sale and distribution of seed and provide additional 
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power to the seed inspectors. This order shows that how the ‘State’ intervention stated in 

terms of ‘monitoring and control measure’.

Plant Variety Protection and Farmers’ Rights Act, 2001 & Rules

To address concerns about the lack of effective intellectual property rights in the seed 

industry, the GOI enacted legislation in August 2001 named, “Plant Variety Protection and 

Farmers' Rights Act, 2001,” This legislation provides for the establishment of a “Protection of 

Plant Varieties and Farmers' Right Authority” to implement the Act.   Under the new 

legislation, farmers will continue to enjoy their traditional rights to save, use, exchange, share, 

and sell the produce of the protected variety with the only restriction that the farmer will not 

be able to sell branded seed of the protected variety for commercial purpose.  The legislation 

contains several of the contentious issues such as the compulsory acquisition of parental 

material of a variety and granting production license to a third party to produce proprietary 

variety when there is a shortage of such seeds. 

New Seed Legislation, 2002

The purpose of formulating New Seed Legislation was to replace the existing Seed Act, 

Rules, and Seeds (Control) Order, 1983.  This legislation was aimed at regulating the quality 

of seeds for sale, imports, and exports.  Various stakeholders reviewed the draft bill.  The 

salient features of the legislation are:

i. Compulsory registration of all varieties being offered for sale by National Seed Board 

(NSB), to be constituted by the government

Registration to be valid for fifteen years for annual and biennial crops and 18 years for 

long duration perennial crops.

Registration of genetically engineered crops subject to clearance under the

Environmental (Protection) Act, 1986. [This clause raises the debate over GMCs]. 

ii. Selling, bartering, importing/exporting of seed of any transgenic kind/variety subject to 

declaration to this effect.

Non-registration of a kind/variety of seeds containing any technology (including

genetic use restriction technology and terminator technology), which is harmful, 

or potentially harmful.
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Registration of existing varieties on the basis of three years of agronomic performance 

data to be submitted by the applicant

iii. Registration of new/exotic varieties only provisionally for two years Registration of all 

seed producers and seed processing.

Declaration of information on adaptability and expected agronomic performance by 

the breeder.

NSB to decide the seed standards, to appoint private/public seed certification agencies 

and to formulate rules for compensation to farmers in the event of a crop failure due to 

defective seeds.

Exemption of farmers seed from the Seed Act and allowing them to save their own 

seeds and market it without branding.

National Seed Policy, 2002

The National Seed Policy, 2002, is expected to lay the foundation for comprehensive reforms 

in the seed sector. This will entail significant changes to the existing legislative framework in 

order to stimulate varietal development in line with market trends and to introduce advanced 

scientific knowledge (including biotechnology) to meet farmers’ needs.  

Other Rules, Law & Acts:

Phytosanitary Regulations [The Destructive Insects and Pests Act, 1914 & Plants, Fruits 

and Seeds (Regulation of Import in India) Order, 1989]

This Act and Order regulate the import into India of agricultural products including plants and 

seeds.  Salient features are:

Prohibit import of seeds for sowing and planting materials without a valid permit

a. Clearance of consignments subject to inspection, fumigation, disinfection, and

disinfestations as the case may be under official supervision

b. Imports not permitted unless accompanied by an official Phytosanitary Certificate
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Biodiversity Act, 2002

Being a signatory to the United Countries' Convention on Biological Diversity, India enacted 

a Biodiversity Act in 2002.  The Act provides for the establishment of a National Biodiversity 

Authority (NBA) and State Authorities.  

The provisions of the Act, which will have a bearing on seed trade, are:

a. Person(s) who are not citizens of India would be required to take permission of NBA 

before obtaining any biological resource occurring in India.   Foreign companies, and 

even Indian companies having foreign equity are included in the list of such persons.

b. Prohibits transfer of material or research occurring in India or obtained from India 

unless the research is collaborative and there are agreements to this effect before the 

Act was commenced.

c. Does not allow application for IPRs without permission of NBA in case the biological 

resource from India has been used for development of such a product. 

d. Provides for imposition of charges by way of royalty subject to terms and conditions.

Biodiversity and Biopiracy

The third world countries are rich in biodiversity. "Indian subcontinent is bestowed with great 

diversity in agri-horticultural crops; of this 8900 species are of ethno-botanical importance. 

Around 75-80 % of population of developing nations depends on this genetic wealth for their 

livelihood and medicinal purpose"14 Due to wide geographical and biological diversity India 

has been divided into 16 different agro-climatic zones, 10 vegetative zones and 10 biotic 

provinces.15 Concerns are expressed in many schools of thoughts that the introduction of IPR 

may lead to erosion of biodiversity of cultivated crop as more and more would be occupied by 

transgenic crop. It is argued that transgenic crop will hamper our crop genetic variability by 

promoting monoculture of ‘single trait’ specific crops. 

Rules for the manufacture, use, import, export, and storage of hazardous microorganisms 

genetically engineered organisms or cells under the Environment (Protection) Act, 1986

                                                
14 Kamboj, V.P. (2000). p35-39.
15 Ghosh, S. K. (). p196-205
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All genetically engineered crops/varieties will be tested for environment and bio-safety before 

their commercial release.   Bio-safety guidelines and regulations are formulated by the 

Department of Biotechnology (DBT) in exercise of powers conferred to it through “Rules for 

the manufacture, use, import, export, and storage of hazardous microorganisms genetically 

engineered organisms or cells” formulated under the Environment (Protection) Act, 1986 and 

issued by the Ministry of Environment and Forests in 1989. Imports and exports of bio-

engineered products are also governed by these rules.  

Quantitive Restriction and India

India has bound all its agricultural tariffs under the WTO Agreement on Agriculture. The 

tariff bindings in agriculture range from 0% for primary products to 150% for processed 

products and 300% for edible oils. In case of a number of cereals, most of which are on 

negative list of imports, India has bound rates of 0%. India had recently re-negotiated bound 

duty for some agricultural items such as rice and milk under GATT Article XXVIII. 

In spite of increasing debt and continuing BOP vulnerability, the WTO-IMF working in 

tandem forced India to remove its BOP cover to restrict imports by the year 2003 on the basis 

of a dispute initiated by US, with the European Communities, Canada, Australia, Switzerland 

and New Zealand joining in. However, with the artificial improvement in the BOP position, 

some members of the WTO disputed India's justification on need to continue QRs on imports 

for BOP reasons. In May 1997, India presented a plan for elimination of these restrictions on 

imports over a period of 9 years, which was considered at consultations held in the Committee 

on Balance of Payments Restrictions in June-July 1997. This nine year time schedule was 

from 1st April 1997 to 31 March 2006, divided into three phases. 

While the plan generally received the support of developing countries, the developed 

countries felt that the phase out period was too long. Although India agreed to reduce the 

phase out period to 7 years, even this was not acceptable to the developed countries. 

Till 31st March 2000 the quantitative restrictions were maintained on balance of payment 

ground on 1429 items out of which 700 items were under Restricted List, 685 items were 
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under SIL (Special Import License) list and there were 44 items under Canalised list.  In April 

1999 about 1285 items were already shifted to the open general license list.

5.3.1 Trade Related Aspects of Intellectual Property Rights and India

This Agreement is made to promote effective and adequate protection of intellectual property 

rights and also to ensure that the measures taken in this direction do not become an 

impediment to legitimate trade. H is through Article 27.3(b) of the Agreement that the subject 

of agriculture is brought under this Agreement.

This issue is related with 1PR in agriculture, H must be realized that there has to be a 

comprehensive legislation or act on patenting. Its absence has cost India heavily as other 

countries have taken advantage of large scale patenting. India has witnessed several cases of 

biopiracy, due to lack of patent mechanism. India has incurred a great deal of expanse by 

loosing a large number of patents and entering into unnecessary legislation. Second, the 

biodiversity conservation act (BCA) and plant variety protection act (PVP) to save India's 

genetic resources from misuse, plunder and overexploitation and protect the rights of its 

farmers and researchers, have become absolutely essential. The plant variety protection act 

came into existence after autumn of 2001 and biodiversity act should have been introduced 

much earlier16.

The third equally significant aspect of IPRs is India's stand on patents which have already 

taken or filed by the developed countries based on our germplasm and traditional indigenous 

knowledge. These include Basmati rice, Neem, Haldi, and Amla or other products know to us 

through the traditional medical formulation. Geographical indication and appellation of origin 

constitute IPRS that are distinct from patents, furthermore patents can not be granted for 

knowledge that is already in public domain.

In India the concern for the protection of intellectual property was evident way back in the 

design act of 1911. Later the patenting system was modified and a comprehensive act viz., 

Indian patent act was passed on 1970. Prior to the agreement on TRIPS India had legal system 

                                                
16 Sompal (2002).
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of protection for four types of intellectual property like patent, trademarks, copy rights and 

industrial design. In view of TRIPS article Indian government amended 1970 patent act to 

incorporate issues of plant patent as well acceptance of both process and product patent in 

recent years.

Besides a rich biodiversity, India has an abundant wealth of agricultural ideas, techniques, 

products and processes. Being a country with a long and varied past many of its knowledge 

and practices relating to agriculture has come down through generations. These traditional 

knowledge and practice have found many modern applications. On the basis of India's rich 

biowealth, one argued that India may take benefit from TRIPS, if its traditional knowledge is 

documented and registered properly.

However India's rich reservoirs of the traditional knowledge and practices are under threat 

from MNCs and usurpation elements, which are quick to grab the opportunity to patent our 

knowledge and practices in western countries. India needs to put in place effective steps to 

protect them. Proper documentation of these knowledge and practices should be the first step 

in that direction.

5.3.2 Post-WTO Indian Legislation Pertaining to Agriculture17

Under the changing dimension of agriculture under auspices of TRIPS, government of India 

formulated different acts, legislation and amendments to compete with global counterparts so 

far the agricultural research and development is concerned

Protection of Plant Variety and Farmers’ Rights Act, 2001

The Act is for the establishment of an effective system for protection of plant varieties, the 

rights of farmers and plant breeders and to encourage the development new varieties of plants. 

This Act is to give effect to Article 27.3(b) of the Agreement on trade Related Intellectual 

Property Rights, India having ratified the Agreement on trade Related Aspects of Intellectual 

Property Rights. The Act recognizes the necessity of protecting the rights of farmers in 

respect of their contribution made in conserving, improving and making available plant 

                                                
17 Sompal (2002) p.411



177

genetic resources for the development of new plant varieties. The Indian act seems to be a role 

model for developing world, because it provides recognisation of farming community for their 

contribution in conservation of crop genetic resources and also providing reward system for 

breeders to encourage them for better research for sake of public welfare.

This act also provides a way for new institution like plant variety and farmers right authority. 

This act also provides a way for setting up of new gene banks for conservation of germplasm. 

India did not accepted UPOV model of plant variety protection but it adopted several positive 

elements from UPOV.

The Geographical Indications of Goods (Registration and Protection) Act, 1999

According to the Act, the term 'geographical indication', in relation to goods, means an 

indication which identifies such goods as agricultural goods, natural goods, or manufactured 

goods as originating, or manufactured in the territory of a country, or a region or locality in 

that territory, where a given quality, reputation or other characteristic of such goods is 

essentially attributable to its geographical origin. In case where such goods are manufactured, 

one of the activities of either the production or of processing or preparation of the goods 

concerned takes place in such territory, region or locality, as the case may be.

The Act is for the exclusion of unauthorized persons from misusing geographical indications, 

add to the economic prosperity of the producers of such goods and also promote goods 

bearing Indian geographical indications in the export market. Unless a geographical indication 

is protected in the country of its origin, there is no obligation under the TRIPS Agreement for 

other countries to extend reciprocal protection.

The Patent (Second Amendment) Act, 2002

i. The non-patentable aspects of the invention are specified. This includes plants, 

animals in whole or any part thereof, including seed varieties and essentially

biological processes for the production or propagation of plants and animals.

ii. Micro organisms per se can be claimed provided; they are not mere discovery 

of organisms existing in nature.
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iii. Methods for rendering plants free of diseases or to increase their economic

value will be patentable.

iv. The Act of 2002 makes it mandatory to deposit the biological material

mentioned in the specification with a depository notified in the Gazette of 

India. The source and geographical origin of the biological material must also 

be disclosed in the specification.

5.4 Patent Issues in Indian context

The recent changes in the General Agreement on Tariffs and Trade (GATT) now require 

members of the World Trade Organization (WTO) to respect each other’s IPR. In the past, 

public sector research in most developing countries was predominantly supported by their 

governments which mandated that public sector institutions freely serve society. Therefore, 

technologies generated by the public sector were freely exchanged for research and 

development purposes without entering into any kind of commercial agreements. With the 

advent of biotechnology, this trend is now changing. As the global community increasingly 

attempts to privatize the agricultural sector, and access new and emerging technologies, many 

national governmental policies are changing to address IPR issues. In order to build a sound 

IPR framework, countries must address the issue of capacity building at both the national and 

institutional level.18

With the growing recognition of IPR, the importance of worldwide forums on IPs is realized. 

Worldwide companies, universities and industries want to protect their IPR internationally. In 

order to reach this goal, countries have signed numerous agreements and treaties and 

developed organizations to oversee their applications. These agreements and treaties include 

the General Agreement on Tariffs and Trade (GATT), the World Intellectual Property 

Organization (WIPO), and the Trade-related Aspects of Intellectual Property Rights (TRIPs) 

treaty.19

                                                
18 Maredia, Karim M.  and Erbisch, Frederic H. (1998) pp 49-50.
19 Erbisch, Frederic H. and Velazquez, Carlos (1998) page-4.
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For decades, there has been an ongoing and intense debate about the appropriateness of 

patents for living matter. This debate was greatly intensified in the late 1990s with the 

convergence of three developments. First, advances in science led to a rapid increase in the 

number of biotechnology patents in the late 1990s, particularly in the field of genetics. 

Second, the international community negotiated in 1995 a new international regime for 

intellectual property protection through the World Trade Organization’s Agreement on Trade-

Related Aspects of Intellectual Property Rights (TRIPs Agreement). Third, international

debate about ownership, control, access and benefits sharing related to global plant genetic 

resources heated up through a variety of negotiating venues under the auspices of the 

Convention on Biological Diversity (CBD). These three developments at times supported and 

at other times challenged the international innovation agenda that is increasingly focused on 

knowledge-based economic growth. The expansion of private rights to intellectual property, 

particularly for inventions related to composition of living matter and genetic isolates, is 

viewed as the foundation of knowledge-based economic growth. This has generated 

significant public debate. The dominant agenda generally operates on the assumption that 

patents are essential to the identification of research targets, the mobilization of public and 

private resources, the oversight of new technologies and products and the active adaptation, 

adoption and use of new end-products. Those supporting this extension argue that, in a period 

of knowledge-based growth, private investors need to have the incentive for and assurances of 

monopoly access to and use of their inventions. Many of these supporters firmly believe that 

private initiative is the only way to generate the optimal amount of investment in Research 

and Development (R&D) and that any resulting inequities should be handled outside the 

formal Intellectual Property (IP) system. Arrays of opponents challenge this expansion of 

private rights, arguing either that the range and scope of rights may be excessive or, in some 

cases, inappropriate. This issue is important for everyone involved in agri-food research and 

general development policy. The debate and related conflicts about access and benefits 

sharing do not align exclusively along a North-South axis. While many of the higher profile 

conflicts relate to germplasm drawn from indigenous communities in “southern” developed 

countries, there is rising interest and concern about how indigenous communities in Canada, 

the US, Australia and many other developed countries will be able to control access and share 

benefits related to use of their traditional knowledge and genetic resources. Similarly, 
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virtually all agri-food research programs in all countries depend heavily on germplasm from 

others - no country is self-sufficient in any major crop. Hence, how the debate unfolds and 

how rights are sustained or realigned will have an influence around the world.

Concerns are expressed in many quarters that the introduction of new IPR in agriculture may 

led to the erosion of genetic and biological diversity of many cultivated crop species as more 

and more would be occupied by genetically modified crops. This may result in narrowing the 

genetic base of different cultivated crops and in turn it may lead to uniformity of genetic base 

would have its implication on susceptibility to diseases and pest and spontaneous out break of 

biotic stresses.

The extant and degree to which IPR influences productivity increase is still to be assessed in 

Indian condition because it has not witnessed the cereal crops in this context. There is a 

chance that the commercial crops may push crops like rice and wheat in back stage due to 

high private sector investment in research and monopolization of seed market by transnational 

corporate as well as many environmental and ecological threats in many high productivity 

zones of the cereal crops.

5.4.1 Salient feature of Indian Version of Plant Variety Act

The Indian Plant Variety Act (PVA) induces both element of UPOV Act (earlier 1978 Act and 

revised 1991 Acts) any beyond with some new features vide supra in Table 5.2. It has drafted 

a bill (The Protection of Plant Varieties and Farmer’s Right Bill, 2000) and passed it as an Act 

in an amended form, 2001. It has a number of provisions to protect farmers’ right and 

introduce a mechanism for benefit sharing. The main objective is to promote the research and 

to protect plant20  rights of both farmers and plant breeders. “…It protects plants, Plant 

breeders’ rights to stimulate investment for research and development of new plant varieties”. 

                                                
20 The printed version of the Act is published in the Newsletter of Seed Association of India (2001). Newsletter, 
vol. 15.  pp 1-35,.
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Table 5.2: Comparison of Indian PVA with UPOV, 1978 and 1991 Acts.

Features UPOV 1978 UPOV 1991 Indian PVA
Minimum scope 
of coverage

Increasing number of 
genera or species 
required to be protected, 
from five at time of 
accession to 24 year 
later.

Increasing number of 
genera or species 
required to be 
protected, from 15 at 
time accession to all 
genera and sp. 1oyrs 
later (5) years for 
member states of 
earlier UPOV act

All species required to 
be protected for 15 
years

Exception to 
right (farmer 
privilege)

Farmer privilege in 
practice

Farmers privilege 
option of the 10th  
reasonable limits and 
subjects to safeguards 
the legitimate interests 
of the right holders

Farmer right specially 
recognized in article 
27.3 (b)

Protection period 15 years 20 years 15 years
Compulsory 
licensing 

Not defined Not defined In case of public 
interest defined as 
reasonable availability 
of seeds and supply of 
export and marketing. 

Breeder 
exemption 

Mandatory, breeder free 
to use protected variety 
to develop a new variety

Permissive but 
breeding and 
exploitation of new 
variety “essentially 
driven”

Permissive

Protected 
material 

Vegetative and 
reproductive 
propagating material, 
harvested material for 
commercial use of 
ornamental

Vegetative and 
reproductive 
propagating material, 
harvested material 
under particular 
conditions

No material required 
to be protected; best 
state must protect 
sufficient material to 
grant an IPR.

Other 
requirement 

Those imposed by 1978 
Act

These imposed by 
1991 Act

These imposed by 
Indian own Act.

Sources: Compiled from FAO Legislative Study, Volume 85, 2005.

It also “…protects the rights of farmers in respect of the contributions made at any time in 

conserving, improving and making available Plant Genetic Resource (PGRs) conservation for 

the development of new plant varieties”. Another important and related objective of the Act is 

to “Promote the availability of high quality seed and planting material to the farmers”. The act 

has a provision to deny protection to varieties on the grounds of public morality, health and 

environmental concerns and exploitation of such a variety is necessary to protect public order 
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or public morality or human and animal, plant life and health or to serious prejudice to the 

environment. The special features are discussed follow.

Feature of protection
The scope of protection is to all categories of plant except microorganisms, as decided by the 

competent authorities from time to time. The certificate of registration issued under [section 

24 or sub section 98 of (section23)] shall be valid fro nine years in the case of other crops, and 

may be reviewed for the remaining period on payment of such amount as may be fixed by the 

rule on this behalf subject to the conditions21. For a new variety to be eligible for registration, 

it must conform to criteria of novelty, distinctiveness, uniformity and stability (NDUS)

described in section [15 (1) - (3)]. The compulsory registration of varieties based on the 

agronomic performance data as specific character. (New Seed Bill, 2004)22.

Protection of “essentially driven varieties”

The PVA also covers the protection of essentially driven varieties. Thus clauses restrict the 

marketing of newly developed varieties if it is genetically similar to protected source variety 

and demands authorization from the breeder who has protected it. The Introduction of this 

principle of ‘essentially driven’ strengthens the protection of existing protected variety. Then 

the question come now how to determine the “essentially driven variety”; which needs 

clarification further in this context.

Community and Farmers Rights:

The term farmer’s right has been coined to recognize the rights of farmers over their 

contribution to conservation of crop development. It also provides for the farmers to be 

awarded for their contribution to preservation and improvement of germplasm and the sharing 

of their contribution to sharing of their knowledge on adoptive traits23. Furthermore, farmers 

will also have the right to save, use, sow, re-sow, exchange, share or sell seeds of the 

protected variety (Chapter VI of Act) except the sale under a commercial marketing 

                                                
21 In case tree vines, 18 years from date of registration variety incase of extent varieties 15 year from the date of 
the notification of that variety by the central government under sections 5 of the seed 
22 Drafts of National Seed Policy and New Seed Bill 2004
23 Geeta Rani, M, 2000
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arrangement (branded seeds) [section 39(I), (I) - (iv)]. Further, the farmer have also been 

provided protection of innocent infringement when, at the time of infringement he farmer was 

not aware that he was infringing the act.

PBRs under UPOV’s vide table exclude the farmer from producing and exchanging the seed 

material except only on the permission of the concerned breeders. Therefore, adoption of PBR 

the farmer’s practices of seed multiplication would be illegal and can be considered as theft. 

But in revised Act (1991) this privilege was made optional for the member’s states because of 

vested interested of private seed industry. It was emphasized in Indian New Seed Bill, 2004.

National Gene Fund

The act also provides a National Gene Fund, which is constituted under the Act. The fund24

raises question on collection of annual registration fee, compensation and other contribution 

that will deposit in the fund. The fund will be applied for abusing share to benefit claimers, 

either individual of organization and for compensation to village communities. The fund will 

also be used to supporting, conservation and sustainable use of genetic resources including in-

suit and ex-situ collection and build village level (panchayat level) to carry out such 

conservation and sustainable activities (section 45). For this our agriculture research system 

needs infrastructure facilities and manpower to support the programme. The reason most of 

farmer’s are unaware about the importance of plant genetic resources even they are active 

conservators and protectors of resources. 

Compulsory License25

One area in which compulsory licenses may affect plant breeders is that of development of 

patents and dependence on it, which are defined as patent whose use requires that 

                                                
24 The benefit sharing from the breeder, annual fee payable to authority by a way of royalists, compensation 
provided to communities accordant to under [section 41 (sub1)] and contribution from any a national or 
international organization.
25 TRIPS contain a complex set a rule that regulate, when state may compel patent owner to license their 
products and processes to governments to or to private parties. Although TRIPs agreement does not specify the 
grounds which justify the creation of compulsory licenses (Gervais, 1998 p. 165) into can be inferred that such 
licenses may be granted only to prevent “abuses which right results from the exercise of the (patent owners) ex 
Chinese rights” even where such abuses exist TRIPs article 31 impose further conditions upon the granting of 
compulsory licenses.
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authorization of an earlier patent owner. Such protection regimes are restrictions on plant 

breeding activities where, the creation of new varieties often occurs incrementally in form of 

adaptations and improvements of existing varieties, as opposed to radically new innovation26. 

Increment forms of innovations are necessary to access protected varieties. So that the 

government may require imposing compulsory licenses in favour of third party breeders who 

are unable to negotiate voluntary access to protected varieties (more in Article 31).

The Indian, scenario, the Act passed by parliament, authorities grant of compulsory license, in 

case of any complaints about the availability of seed of any registered variety to public at a 

reasonable price. The license can be granted to any person interested to take up such 

activities. The license provides that after the three years of registration to under take 

production, distribution sale of seed or other propagating material of variety [(section) 47(1)] 

after the implementation of Act 2001, any other which party can be granted licensed if in the 

companies is not fulfilling its obligation. This is ineffective mainly because of India does not 

have the adequate trained manpower and infrastructure to the evaluation of PBRs 

applications. Secondly, database of all the varieties development and released in Indian will 

have to compile and that it will need time and money27. As per example a number of crops 

such as rice and wheat varieties are grown in a large part of the country and have a large 

degree pf genetic variable varieties and this will be a great challenge in compilation of the 

database. In absence of competent manpower and database to examine PBR claims, there is a 

fear that wrong patents may be accepted. The implications of this could be serious. It is 

therefore important that the building of these capabilities is given utmost priority by the state 

Government has taken limited step and these include the setting up of a patent cell by the 

ICAR at it’s headquarter in 1996. The availability of patented variety under the Act is 

alarming situation to the research. As per literature of ICAR, patent cell only have process 

patent on Genetically Modified food crop varieties protected under this.

                                                
26 Cited in FAO legal study 85, 2004. (See more details  C.M.Intellectual property right the WTO and 
developing countries. In The Trips Agreement 1995)
27 Alam, G. 2004.
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Consideration for effective implication of Act

India has opted for a sui generis system of protection of plant varieties and has provided for 

farmers’ right, breeders’ right, researchers’ right and equity concerns in the legislations. All 

these provision in ones legislations make it a unique Act when compared to similar 

legislations in other countries. Although, a few countries have provided farmers rights, other 

different right i.e., researchers, breeders, consumers and seed producers have not been 

considered elsewhere in the world. The unique Indian act also poses many challenges for 

effective implications. The harmonization between the interest of breeders’ right (PBR) and 

farmers’ rights (FRs) could be tough to strike. Although the Indian authority also got some 

success to make a balance between all rights but the efforts are not enough to make clarity and 

understanding.

Farmer Perspective

The act has taken care of farmers’ interest [section 18C] requiring an application to provide an 

affidavit that newly bred varieties does not contain terminator gene. A farmer who has bred or 

developed a new variety shall be entitled for registration and any other protection as a breeder 

[section 2(j)]. It includes a farmer variety also, which may be land races or a wild relative 

about which farmers possess common knowledge.

The uniformity criteria in case of registrations of these varieties are difficult to ascertain. Such 

consideration may have to be included in DUS guidelines for testing of these varieties in 

future, as there could be innumerable to farmer’ varieties because of traditional land race. The 

registration and data are scattered and some times over lapping and thus makes if enduring 

task to compile if at the cost of farmers’ interest. 

A farmer/farmer’s organization claim that besides modifying the patent system to protect 

special land races/folk knowledge or innovations it is necessary to explore the possibilities of 

tailoring plant breeders’ right regime to protect folk varieties. It is difficult to distinguish and 

protect farmer varieties from place to place, from one generation to another. Hence, it is often
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difficult to distinguish one from another variety of particular crops28. Furthermore, 

denomination and documentation is necessary.

The modern plant breeding develops varieties that have a very narrow genetic base so that 

these satisfy the DUS criteria prescribed for protection under UPOV’s framework. It was also 

adopted by our draft PVPA Act. The folk (traditional) varieties are unlikely to satisfy these 

norms and it is very easy for private business to indulge in piracy theft. However, petty patent 

or confused plant breeders’ right system serves to protect at least some of these varieties. 

Question pertaining to novelty and ownership raises further difficulties in protecting folk 

varieties because most of these varieties are not novel. However, these are also not registered 

under the Seed Act 1966, which primarily recognizes varieties, which are developed by public 

sector. The PVPA Act precludes protection of varieties registered under the Act, 1966. Hence, 

countless examples of traditional communities in India contributing to development of new 

varieties and saving bio-diversity are available. Some grow well under drought other 

withstand against pests and disease while some other such as aromatic, sticky, medicinal 

value and have from time immemorial allowed farmers and consumers to meet their need29. 

Therefore, the obligation to recognize and protect the traditional and contributions made by 

rural societies lay with the authorities. It is in the backdrop that aspects of the Indian Sui 

generics PVPA act are examined.

Farmer organization and farmer [section 39 (2)] can claim compensation if a variety fails to 

give the expected performance under given conditions. Such a claim may have to be paid by 

the breeder as directed by the authority after giving due hearing to both the parities farmer and 

the breeder. But the breeders or private sector do not accept their obligation in fulfilling such 

claim properly the reason being their lack of awareness and poor infrastructure among the 

farmers. 

                                                
28 A Kaga is vernacular generic term describing various salt resistant varieties traditionally grown along the west 
of northern Karnataka with lot of varieties with lost of varieties from village to village assigned to name such as 
“Bilikaga” attractively a single base name refer to two different varieties.
29 Katiyar R.P Recent advance in seed science and technology
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Section 42, regarding protection to farmers for innocent infringement is also not clear as to 

how to define innocent infringement such a clause may not stand in the court of law in view 

of other law where ignorance is not a reason to have protection from legal obligation30.

Introduction of PBRs will clearly have a number of positive effects on agriculture research in 

India. However, it must be mentioned that IPRs can also have some negative effects. If public 

sector institute encourage protection of their varieties more are likely to be linked to the 

spread of variety. The varieties, which are planted in large irrigated area, will have the high 

potential of earnings. This may strengthen the existing bias in research system31 which 

favours only those crops which are having commercial high value and preferably grown in 

irrigated area. There is an urgent need to shift the balance in favour of orphan crops (Poor 

men crops like millets) of dry land and small and marginal farmers. This will be a balanced 

approach for socio-economic development of farming community. It is therefore, needed that 

the R&D incentives through PBRs is not allowed to distort the research priority unduly.

The establishments of private sector are naturally looking for return on their investment 

support and provide incentive for their future innovations. The consolidation of seed business 

with the introduction of PBR in the small and medium sized domestic companies, which do 

not have the capability to do research, and rely on the public sector/ big companies for 

breeders’ lines, may fine it difficult to sustain in  seed business. It results in cutting down the 

number of companies and seed price may increase. The effect of an increased seed price will 

be particularly serious concern to small farmers those have smallholding. They will find it 

even more difficult to replace old seeds that in the past. It is therefore important for 

government to exercise a proper price mechanism, which will be necessary for crops, which 

are largely grown by poor small and marginal farmers32

Integration and implementation of different rights

There is a need for effective and integrated implementation of various new Acts/Bills 

concerning bio-diversity, environment safety and seed, which have some, interface because of 

                                                
30  Brahmi, Pratibha; Saxena, Sanjeev and Dhillon, B. S. (2004).
31 Alam .G. 2001
32 UNDP human development Report (Oxford university press) 2001
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the common commodity that is the seed. There are several arising concerns above the New 

Seed Bill, 2004; Indian Agro-Biodiversity, 2002; International Biosafety Regulation and 

National Policy on Biotechnology Policy, 2004 the area of benefits sharing mechanism for 

conservers of agro-diversity and the establishment of a fund for claims of benefit sharing.

The Ministry of Agriculture, which piloted the PVPA&FR Act, has now authored the Seed 

Bill in which many a farmer friendly provisions of the PVPA&FR are re-written. The present 

seed law regime allows a foolproof patent like monopoly a hybrid seeds and transgenic 

hybrids and farmer unfriendly practices in the trade of low volume high value seeds. Hence, 

contradictions between the Seed Act and other legislations create loopholes for establishing 

monopoly on seeds, pirating national bio-resources, denying the farmers rights and evading 

public accountability.

The Biological Diversity Act (2002), dealing with conservation and access to biodiversity and 

the protection of plant varieties and farmers’ right act along with one Seed Act may be 

simultaneously and effectively integrated for smooth implementation. Although, some over 

lapping issues have been sorted out to bring harmony between the Seed Act and the PVP&FR 

act in the New Seed Policy 2002 and New Seed Act 2005. But again the seed sector is the key 

area of development perspective so that appropriability between industry and framers are 

needed33 in future development. 

5.5 Pattern and Direction of Agricultural Research and Development in new IPR regime

There is also a positive argument that Introduction of IPR norms may result increased 

resources allocation to research. The hypothesis of IPR induced inflow of fund towards 

research still is to be verified. Along with the total allocation of research funds, the area of 

attention is also important. The possibility of channelising a lion's share of privately funded 

research towards high profit oriented elitist technology can not be ruled out. The oblivious 

opinion on the part of government will be to monitor the quality as well as the funds 

                                                
33 Pray. C. and Basent, R. 2000
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allocation towards research and bring the necessary guidelines to protect the interest of 

farmers and breeders.34

The opponents also argue that the new IPR regime under the WTO/ TRIPS auspices is more 

stringent than the existing one in India, encompassing more monopoly elements. This gives 

the innovator more incentive and protection and calls for more investment in research and 

development. However, its impact on developing countries like India is to be examined 

particularly on public sector research system.

India was a founder signatory with 23 countries for establishment of GATT (General 

Agreement on Trade and Tariffs) as early as in 1948 to promote and regulate international 

trade. However, the signing of multilateral world trade agreement by India along with 124 

nation states in April 1994 transferring GATT into special significance. The world trade 

agreement (WTA) under the auspices of WTO includes an agreement on Trade Related 

intellectual Property Rights (TRIPS) according to which India as a member state, is obliged to 

enact and enforce a system of plant variety protection (PVP) either by patenting or by any 

effective sui generis system (an unique system of its own kind) or any combination thereof.

The conclusion of the protracted Uruguay round of multilateral trade negotiation marks a 

major leap forward in international trade liberalization. The final act was signed in April 1994 

at Marrakech, Morocco. With this old general agreement on trade and tariffs was replaced by 

the new multilateral trade regime known as the world trade organization (WTO) with a 

membership of 136 countries as on 1st January 1995. The most avowed goal of the WTO as 

set out in the promoting documents is to create a fair and equitable, rule based multilateral 

trade system. The most appealing aspect is that the new multilateral trade regime would be 

transparent and non discriminatory. For the world trading community as a whole, every 

initiative on trade liberalization should insure rewards in the form of large and expanding 

market, and the greater trade flows for all participating members.

                                                
34 A. Suresh and Dr. Puran Chand (2004) Trade Related Aspects of Intellectual Property Rights: An Evaluation . 
Kurukshetra, April 20G4.pp21-26
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5.6 Agricultural Biotechnology and Policy initiatives in India

There is a general recognition within India’s scientific community, and even within the 

government, that biotechnology offers the only realistic means to achieving food security. 

According to the GOI’s National Seed Policy, 2002, “Biotechnology will play a vital role in 

the development of the agriculture sector. The technology can be used not only to develop 

new crops/varieties, which are tolerant to diseases, pests, and abiotic stresses, but also 

improve productivity and nutritional quality of food.”

The present regulatory structure and procedures, which have approved only one (non-food) 

technology after seven years of deliberations and review i.e cotton crop (Bt. cotton). Bio-

engineered varieties of several crops are in various stages of development and testing, both by 

pubic sector research institutes/universities and private seed companies.  

Legal aspect attached with this technology is being seen based on international laws and 

treaties and juxtaposing those laws with the national laws as well as their relevance with 

liberalization, privatization and globalization. 

5.7 Technology and Regulation

It is argued that transnational corporate may usurp the third world crop genetic resources by 

means of new mechanism like patents. At present over 160 patents have been granted in the 

field of rice biotechnology worldwide, over half of them are held by 13 companies in the 

industrialized country. If patents on the life are accepted in Asia, rice scientist will have to 

pay to use genetic resources and technologies, and the bill will be passed on the framers.35

The development of vitamin A - fortified golden rice,36 which has been so highly, 

commended in western press, involved warding through no less than 70 patents, according to 

Dr. Peter Bayer of the University of Freiberg, one of the scientists who developed the rice. He 

himself is a party to a patent application on it. IRRI argued that golden rice will be available 

                                                
35 Benbrook, Rachel C. (2000). Rice research losing the patent bottle. The Grain, Volume 1, March 31st  2000. 
    [www.grain.org assessed on 18th June 2007].
36 Golden Rice is a transgenic variety of rice, which has genes for the synthesis of Beta-Carotene. These genes 
     are taken from the garden favourite Narrcissus pseudonarcisuss (Daffodils) and inserted into the genome of a 
     temperate strain of rice.
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for free. After complex licensing negotiation, it might be. But that does not answer the 

question – ‘who will pay for it’. The big corporation keeps arguing that patents are needed to 

recoup their R & D costs.  A little bit of charity might win them some public relation points in 

the short terms but it wont support their investment.

There was a Convention of Biodiversity under the UN auspices in July 1999 when the issue 

of TRIPS vis-a-vis the rights of farmer came to be debated. The TRIPS agreement became 

controversial because it recognized patents on plant developed through biotechnology using 

plant varieties that themselves are the result of years of cross breeding by farmers. It does not 

recognize the rights of communities over their intellectual resources but concentrate on the 

rights of individuals and companies claiming the patents as their own investment. 

Many a times it is argued that interest of Indian farmer will not be hampered due to new IPR 

regime since majority of Indian farmers use farm saved seeds. In the new regime, farmers are 

completely free to use farm saved seeds of a protected variety for growing subsequent crops 

on his own land or on leased land or for traditional exchange in the village community. Once 

he converts into commercial seed sector, he is not permitted to sell the seeds of protected 

varieties without prior permission and he can be booked for breaching the IPR norms in that 

case.

5.8 Impact of New Technology and IPR on Agricultural R & D

Due to adoption of TRIPS under WTO obligation, the research and development pattern in 

agriculture has affected by several factors. Liberalization, globalization and free market 

access system have several impacts on Indian agricultural research and development and food 

security. Agricultural R & D in the India owes its origin as well as present status lo public 

sector. After enactment of WTO and new seed policy in year 1988 several changes has 

occurred and still occurring like emergence of private sector, multinational corporate and 

company merger in agricultural sector.
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The study by Adede37 (2001) concludes that patents are obviously bad for poor countries. 

They are largely the preserve of western multinational companies, allowing them to establish 

monopolies, drive out local competition, divert research and development away from the 

needs of poor countries and force up the price of everything from seed to software. Further 

adding to this view, the study of Raju (2004)38 shows that though TRIPS Agreement 

prescribes the maximum standards that will substantially increase the degree of harmonization 

of intellectual property, it does not provide a uniform law. Even the protection is on a 

universal scale leaving considerable room for national laws to define a number of important 

aspects. The idea of patenting itself was creation of the industrialized countries for protecting 

their intellectual creations. The developing countries like India were always on the receiving 

end.   

Pal and Bayerlee39 (2003) analysed the historical perspective of research and development in 

agriculture and told that “nearly 30 years ago, a global consensus emerged that developing 

countries must target 1-2 % of agricultural GDP for agricultural research and that the 

government must lead this in view of the very limited private sector presence”. They also 

revealed that the economic reforms of last 10-15 years encouraged private sector participation 

in agricultural research and development.

Jha (2003) accepted the changing pattern of market demand in agricultural research and came 

to conclusion that economic liberalization and integration with the global market has changed

this basic premises, economic efficiency has become the new mantra and regional and global 

comparative advantages is the new route to future agricultural and economic growth. This will 

demand major adjustments in resource allocation and production patterns.40

Malik and Jafar (2005) revealed that with structural adjustment and liberalization, public 

research institutions-are under pressure to become involved in income generating activities. 

Revenues from licensing or royalties, or from provision of services, could therefore become 

                                                
37 Adede, A. O. (2001).
38 Raju, K. D. (2004).
39 Pal and Bayerlee (2003)
40 Jha (2003)
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important for those institutions, which until; now have made their "innovation" freely 

available to both public and private sector. The need for public sector research in agriculture 

will remain despite the private sector assuming a growing role. They also emphasized that the 

introduction of IPR system may even facilitate a more rational public /private division of 

biosecurity roles.41

Harbir Singh42 (2002) analysed that more proprietary controls in research tools and 

uncertainty in the limits of ownership make the conduct of agricultural research all the more 

difficult by requiring complicated negotiations. He asserted with example of use of golden 

rice variety involves clarifying user license for over 70 patents.

5.9 Implications for commercial companies

Patents have enormous implications for the strategy of a breeder seeking to protect new 

innovations and ensure access to its market. Certainly, it will sometimes be possible to devise 

a combination of technology and patent coverage that leads to an exclusive ability to fill at 

least a niche market and to protect one’s proprietary position within that market. This 

possibility - and the ability to build consumer recognition for specific varieties - suggests that 

maintenance of proprietary position may become nearly as important in agricultural 

biotechnology as in medical biotechnology. From this perspective, the acquisition of a patent 

on a gene and plants transformed with it offers a very valuable incentive for research and the 

investment needed in product approval; this is the context in which the patent system is likely 

to work to benefit innovation.

Nevertheless, the sheer bulk of very broad and very basic patents creates significant barriers 

to marketing of biotechnology products. The of patents covering fundamental research and 

transformation methods and covering broad species ranges show how difficult it is likely to be 

to operate without risking infringement litigation43. Probably some of the patents would be 

struck down during litigation, but the expense of litigation is itself a significant problem for 

                                                
41 Malik and Jafar (2005)
42 Singh, Harbir (2002).
43 Bossche, Peter Van den (2005). page 133 and162. For detail, see “The Law and Policy of the World Trade
    Organization: Text, Cases and Materials. Cambridge University Press, Cambridge”.
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many companies. Just as there is a concern in ensuring that one has a strong proprietary 

position, there is a concern in ensuring that one will not be sued. It is therefore necessary to 

obtain a careful legal opinion examining the possibility of infringing a variety of possible 

patents before it is safe to invest large sums in developing a new biotechnology derived 

variety.

To avoid litigation, one may seek license rights from the relevant companies, e.g. those 

holding rights over transformation methods, specific promoters, specific genes, and specific 

plant categories, as well as the holders of plant variety protection over the variety that is 

genetically transformed, in order to be able legally to participate in important agricultural 

markets. These rights are likely to prove expensive. A typical commercial evolution in such a 

situation is for firms to enter cross-licenses, under which each firm permits its cross-licensee 

to use certain of its own basic technologies in return for the right to use the cross-licensee’s 

basic technology. In this context - and the point is extremely important for a company’s 

intellectual property strategy - it may be as important for the company to obtain patents that 

others are likely to infringe as to obtain patents to protect its own proprietary position. It is 

patents that everyone in the industry needs that are the basis for entering into the cross-license 

structure or for use as a counter threat to protect oneself from suit.

Clearly there is a risk, not just that these broad and basic rights will complicate life for 

agricultural biotechnology firms but that they will lead to concentration in the industry. It is 

after all, the larger firms that have the greater resources for litigation, the larger patent 

portfolios, and that may be able to obtain the best cross-license arrangements. Certainly, 

concentration is occurring in the industry, as with Monsanto’s acquisitions of Emergent and 

joint venture with Mahyco i.e. Mahyco Monsanto Biotech (MMB).

5.10 Government of India intervention

i. The Genetic Engineering Approval Committee (GEAC) permission for field 

trial.44

                                                
44

Field Trial of GMCrops only after GEAC Approval, Rules Apex Court. The Financial Express - May 2, 2006
(see appendix policy)
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ii. To bring down the prices.45

5.11 The Debate

In the current context Intellectual Property Regime is a legal concept which stands on the 

foundation of Rights of the Inventor as an individual or as a group which excludes others 

rights in favour of the inventor for a stipulated period. As a principle it is aimed at motivating 

the culture of new inventions by providing the incentive of exclusivity.

The origin of debate started with the inclusion of TRIPS in GATT, developed countries 

emphasized that TRIPS should be added to GATT because LDCs were imitating the 

innovations of developed countries. LCDs on the other hand stressed that TRIPS should not 

be added to GATT because it will lead to an alarming increase in the prices of biotechnology 

based product on one hand and will cause harm to infant high-tech industry on the other. 

Ultimately TRIPS was added to GATT treaty at the end of the Uruguay round of trade 

negotiation in 1994. Developed countries further stressed that establishing strong Intellectual 

Property Rights would actually benefit the developing by encouraging foreign investment, the 

transfer of technology gearing domestic R&D. India initially opposed the TRIPS agreement of 

WTO and refused to comply with its provision earlier. The reason was that The Indian Patent 

Act of 1970 has continued to govern the IPR Regime. By being a signatory member of WTO, 

India had to agree to comply with its provisions.

The major difference between Green revolution and Gene revolution is the new protection 

regimes and exploitation of Plant Genetic Resources (PGRs)46. The processes and 

methodologies used in modern agriculture, science and technology raise level issues because 

it’s proprietary natures47 and increasingly subjected to intellectual property rights (IPRs) 

protection along with the product. This is the most debated issue in agriculture, IPRs 

specially, patent, plant breeders rights, copy rights and plant variety protection systems, 

farmers rights, and “sui genreis” system along with the bio-diversity issues which are major  

concern to Indian agricultural scientists, traders, policy makers and politicians. The question 

                                                
45Regulator tells Monsanto to cut GM Seeds Prices (see appendix policy) 
http://agbios.com/sabp_main.php?action=ShowNewsItem&id=7517AFP - May 12, 2006.
46 Rai, M. and Prasana, B, (2000).
47 Alam, Gayour (2001).
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is how to safeguard our bio-wealth farmer interest as well as breeders rights as cultivars 

developed by him. Secondly, how can we make profits from all the above by striking the 

balance among them? On the other hand, global concern is drifting agriculture into 

commercialization, which has led to future concern for free access of germplasm, trade related 

aspect and conservation issues raises on free movement of PGRs. Our traditional communities 

have made enormous contribution to conservation and improvement of germplasm and land 

races, which are the main sources of material used in modern plant breeding. The farming 

communities have also developed techniques and management practices, which are central to 

modern farming, furthermore, the bio-resources and traditional knowledge developed and

preserved by these communities are the most valuable new material in biotechnology based 

research. At present, no international accepted system to protect traditional knowledge exists. 

In such an ineffective system it is easy for industry in developed countries to use the bio-

resources originating in the developing countries without compensation.

Supporters of IPRs point out that developments in biotechnology48 have changed this situation 

dramatically because, biotechnological inventions require substantial investment and its 

processes and products can be easily copied. Therefore, the industry sector think that the 

absence of a grant of exclusive rights over those products, so called free riders,49 could be 

misused. The policy goals of granting IPRs to Plant varieties are grounded principally on an 

instrumentalist approach50 to IPRs. This is true both for patents and plant breeders’ rights. It is 

argued that without IPRs the investor would not have incentive to invest in the creation of 

information or to disclose the invention. Due to free rider problem there may be under 

investment in seed sector. Patents are means to solve the free rider problem by providing the 

inventors with a legal right to his /her inventions for a specified period and ensuring that other 

can not copy his / her invention. 

                                                
48 Some economic survey have predicted that biotechnology alone would account for up to 50-60 percent of 
global economic control is seed sector in next two or three decade. 
49 Who have not made such investments could exploit inexpensive distributes and reproduction technologies and 
sell other intellectual property product at a much lower price. 
50 It is philosophical approach to decision to grant IPRs it takes as its starting premises an instrumental view of 
intellectual property. Legal protection for the products of human intellectual effort and ingenuity in granted no 
because of moral commitment to compensating graters and innovators, but rather because the products they 
create enrich a societ’s culture and knowledge and thus increase its welfare. The well manifestations of this 
approach is found in IP clause of United State constitution (FAO legislative study. Vol. – 85), 2004.
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Others argue that since patent and protection of plant variety involves granting a monopoly 

right to the investor there are economic costs associated with IPRs. This may be lead to the 

diversions of resources from important aspects of research to more patentable areas. Such 

kind of plant breeding is increasingly being carried out by large multinational commercial 

establishments (in many developed western countries and some developing countries), by and 

large state run research institutes in few developing countries like India and China using 

modern technology. These provisions are likely to have a serious impact on agriculture in 

developing countries. 

The granting of PBRs is likely to provide strong incentives to breeders to develop and 

introduce new plant varieties. It will also encourage the private sector to invest in research 

and the development of open pollinated varieties. Furthermore, it is also likely to promote the 

exchange of germplasm between private and public sector.  However, some of the provisions 

of TRIPs may have negative effect on seed industry sector in developing countries ability to 

develop and use agricultural biotechnologies. This will especially influence advanced 

developing countries such as India, which have biotechnology capacity. The implication of 

plant variety protection and seed industry transformation is discussed below. 

Food Security

Food security defines a situation in which people do not live in hunger or fear of starvation. 

Worldwide around 852 million men, women and children are chronically hungry due to 

extreme poverty, while up to 2 billion people lack food security internationally due to varying 

degree of poverty51.FAO define food security as “food security exist when all people, at all 

times, have access to sufficient, safe and nutritious food to meet their dietary needs and food 

preferences for an active and healthy life.”

One of the most vital issues concerned with the third world countries regarding WTO/TRIPS 

regime is fulfillment of the food and nutritional security. Although the countries of south are 

provided with rich natural resources and different varieties of crops, but due to traditional 

                                                
51 FAO (2003).
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mode of practicing agriculture fulfillment of the dietary requirement of their population is a 

daunting task. It is argued that WTO promotes commercialization of agriculture. It also 

provides better opportunities to modern technologies in agriculture. The emergence of biotech 

is major feature of global agriculture after the WTO enactment. Most of the laws of WTO are 

in conformity with the countries of the north.

Due lo the deference in food habits of developed countries and developing countries, the 

dimension of food security is also differing from one part of the globe to other part. Cereal 

crops like wheat and Rice and millets like Jowar, Bajra and Ragi are grown and consumed in 

third world countries. In the fast changing economics of agriculture, the cultivable land of 

third world also came under commercial crops to enhance more benefit in global agri-market. 

The pattern of cropping is changing from food crops to cash crops and also investment in 

agricultural research and development is tilted more towards commercial crops. This type of 

situation will must have some impact on food security. The changing pattern of more thrust 

on low volume but high return crops may have impact on food security.

The agricultural biotechnology revolution has both positive and negative impact on the food 

security of third world countries. This is argued that judicious application of biotechnology 

may fulfill the food requirement both in quantity and quality. Colder A rice project is 

noteworthy example in this context. Use of biotechnology may invent trait specific varieties 

suitable for a particular agro-climatic region. The planner policy makers and agricultural 

scientist of various nations in the south and west Asia have been  engaged  in  alleviating 

poverty,  improving food security ,and  reducing malnutrition ,by using new technologies in 

eco-friendly and sustainable manner. This is | also   argued    that   the    tools   of   

biotechnology    like    genomics,    bioinformatics, transformation and molecular breeding 

will provide better path for agricultural research; to maintain the food security of nation. 

Therefore, it is argued that, a holistic approach is needed for the agriculture sector in new IPR 

regime to fulfil the requirement of all the stakeholders of the society.

Dr. M. S. Swminathan (2000) argued that “we need to examine how science can be mobilized 

to raise further the biological productivity ceilings without associated ecological harm. 
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Scientific progress on farm, as an evergreen revolution, must emphasize that the productivity 

advance in sustainable over time since it is rooted in the principles   of ecology,   economics,   

social   and   gender   equity,   and   employment generation”52.Technological advancement of 

science can solve the problem of hunger and malnutrition in third world agriculture if it is 

regulated in suitable manner by the welfare state like India.

The tool of IPR in agriculture like patents, geographical indicators and plant variety 

protection acts is likely to have some impact on food security. The impact of the provision of 

TRIPS on food security is yet to be analyzed. The restructurisation of existing institution of 

agricultural research and development to fulfil the concept of food security is need of the time 

which is influenced by the new regime. The step is already taken by the government of India 

by enactment of New Seed Policy, Biodiversity Act and Plant Variety Protection act which 

wilt streamline the concept of food security.

Food security has its dimension from the international level to global level. It encompasses 

the production as well as the accessibility and purchasing power of the individuals. The issue 

of food security has its own gender dimension also. The fundamental aspect of food security 

is the production of sufficient quantity of quality food capable to fulfill the nutritional needs 

of the masses.

There is the chance that commercial crops may push the food crops to backstage due to high 

private research investment in cash crops as well as many environmental and ecological 

threats in many high productive zones of the country. Secondly, the quality parameters of 

food with regard to its nutritional utility. IPR may provide a better condition for cultivation of   

transgenic to fulfill the nutritional as well as quantities requirement of poor masses. However, 

it may lead to monoculture of crops which will narrow down the genetic variability and in 

turn led to genetic erosion of our rich agro biodiversity. In the new IPR regime monoculture 

of specific crops will create several other problems like insect pest resistance.

                                                
52 Swaminathan (2000)
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Country’s food production jumped from about 50MT, to over 200MT. in fifty years or so is to 

state the obvious. Based on requirements of between 2200-2400 kilo calories deemed 

necessary for leading an active life ,it is estimated that per capita per day consumption should 

be 425 grams of food grains, 60 grams of proteins and about 20 grams of fats. Based on this 

premise food grains (cereal)requirement for a billion population will be about!70-175 million 

tones and for a projected population of about 1.3 billion in 2020 it is likely to be about 190-

195 million tones for human consumption.53

There are different thoughts in counter groups about issues of the food security in the new 

IPR regime. Various institutional changes occurred in respect of IPR and food security. The 

tools of IPR like patenting, plant variety protection and geographical indication with 

emerging technology often debated in counteracting forces with opposite argument in context 

to food security. One group of thinkers often claimed that the new tools will hamper food 

security of the developing countries by monopolization, commodification and 

commercialization of resources by new legal and more protective instruments. The counter 

argument is that now tools will create economic incentives for scientific community that 

will promote them to do some greater innovation for public welfare.

N. R. Subbaram (2001) has a very positive argument about the impact of new patent 

amendment act and PVPFR act on food security. He stated that the legislation relating to the 

protection for the new plant varieties is expected to be advantageous to India, 

particularly in the area of food sector. This is because such legislation will encourage 

development of new varieties of plants, which are useful in the area of food related crops

and also to protect such new plant varieties to safeguard the interest. Such an environment 

will have great impact in the production of food, which will result in the availability of 

food items in abundance, facilitating its availability at reasonable rates.54

One group of thinker realized that the new tools of technology and IPR as a threat to food 

security. They asserted that the private sector, particularly a few MNCs, have invested 

heavily in bio-technology. As a result, a significant part of the unfolding bio-revolution is 
                                                
53 Taimini (2001). Vision for 21st century: Food Security in 21st century Perspective and Vision. Konark
     Publication, pp. 148-175.
54 N. R. Subbaram (2001).
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likely to come from the private sector. The private seed sector needs returns on its 

investment, which can be ensured mainly through patenting of its products, unless the 

government wants to compensate it through lump sump transfers. This act has at least two 

implications with respect to food security, first is the relative increase in prices of seed 

in comparison to publicly funded research and second factor is that the oligopolosiation 

of seed market by terminator seed technology.

Traditional Knowledge

Seed is the basic input of agriculture on which whole agricultural operation, innovation and 

development is based. Seed plays a central role in agriculture-society-environmental interface. 

In the new IPR regime seed provide a debate between traditional knowledge and modern 

technological breakthrough. Bradford and Cohn (1998) stated that “seeds are the connection 

between the past and future. They contain the accumulated genetic wisdom of the past, and 

the potential for its perpetuation in the future”55.  This is the traditional knowledge system that

saved the seeds for present generation and this is the modern emerging technology that will 

make its propagation and distribution more convenient for the human welfare and again for 

the coming generation.

One group of thinkers argued that the south Asian region is the one of the largest gene rich 

regions of the world and equally rich in traditional and indigenous knowledge. The rich socio-

cultural heritage of the developing countries is evident in that the plant variety has always 

remained freely accessible to all since limes immemorial.

Sharma (2000) argued that the Asia-pacific region is rich in agro-biodiversity. It is the centre 

of origin of several important crops including rice, sugarcane, coconut, jute and cotton, 

besides vegetables and other crops. The region has a gene pool for several plant species that 

have already been identified as ‘endangered’. With more than 47000 species of plants and two 

                                                
55 Bradford, K. J. and Cohn, M. A.(1998)
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hot-spots of biodiversity, 8 % of the total biodiversity is available in the Indian sub-

continent.56

R. A. Mashelkar (1999) revealed that the issue of economics based on traditional knowledge 

and biodiversity is far more complex. India, with approximately 8% of the worlds biodiversity 

and as one of the greatest storehouse of traditional knowledge have a potential of becoming a 

major player in global trade in herb based formulation, medicine and products. An estimate by 

the EXIM bank puts the international market of medicinal plants related trades at US $60 

Billion per year growing at about 7% annually. India has only 2.5%share of the market.57

Kamath58 (2002) cited that 1970 Patent Act, although helped the domestic companies to grow, 

had negative scientific culture, which did not promote creativity. Continuing changes in the 

law required by TRIPS is in fact a blessing in disguise for an industry that is yet to receive its 

true creative potential. Laws that promote and reward creativity are to be welcomed rather 

than opposed.

Anil K. Gupta (2003) also emphasized that traditional knowledge system help a very large 

section of our society not only survive against all odds but also generate in the process, some 

of the products, which might have national and global market if properly developed.

Fred Powledge (1995) asserted that Rice and beans, wheat and soybeans were part of the 

global commons, along with air, soil, water.59 Elenita C. Dano argued that more than 70 % of 

worlds biodiversity are found in only 7 % of the earths surface, namely in key centers of 

mega-diversity spread across Asia, Latin America and Africa.60

Anup Shah argued that large transnational corporation like Monsanto, Du Pont and others 

have been investing into biotechnology in such a way that patents have been taken out as 

                                                
56 Sharma (2000)
57 Mashelkar, R. A.(1999)
58 Kamath, N. (2002). http//:www.users.ox.ac.uk/-edip/kamath.pdf
59 Powledge, Fred (1995). Biosciencc.Voi.45.No.7 (Jul-Aug.).pp440-444
60 Dano, Elenita.C. Biodiversity, Biopiracy and Ecological Debt.
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indigenous patents which have been used for generation by the local people without their 

knowledge or consent.61

UNCTD-ICSTD project on IPRs and sustainable development also came to conclusion that 

Traditional Knowledge is being widely disseminated and commercially exploited, with only a 

small proportion of the benefits flowing back to provider peoples and communities, raises the 

question of ownership. This project report also raised an important question who owns 

traditional knowledge, according to traditional people and communities? And who owns, 

according to most national legal systems and the international IPR regime.62

Vandana Shiva  argued  that the expansion of new ‘IPR’ into the domain of life forms and 

biodiversity, and globalization of this regime TRIPS of GATT/WTO, has been an attempt to 

enclose the biological and intellectual commons.63

Muchkund Dubey (2005)64 stated that the provisions in the TRIPS agreement For the 

patenting of plant varieties, micro-organisms and micro-biological processes [article 27.3(b)] 

can be potentially used by multinational companies for the piracy of the bio-resources and

related traditional knowledge, from developing countries. He quoted the example of basmati 

rice, neem, haldi, etc. He also predicted about another discriminatory aspects of the TRIPS 

Agreement is that it provides for higher level of protection to Geographical Indicators. South 

Asia has many Geographical Indicators of tremendous commercial value such as basmati rice,

Darjeeling tea, etc. for which such protection is not available.

5.12 Inferences

The literature about the impact of TRIPS on Seed Industry gives a mixed opinion. A few 

researchers believe that product patent will result in metamorphosis of the industry while the 

other few appear to be not supportive of this view. WTO affected the agricultural situation of 

                                                
61 Shah, Anup. Genetically Engineered Food Patents-Stealing Indigenous Knowledge. 
     <http:www.globalissues.org/EnvIssues/GEFood/FoodPatents.asp>
62 UNCTD-ICTSD project on IPRs and Sustainable Development, page 117
63 Shiva, Vandana (2000). The Enclosure of the Commons: Biodiversity, Indigenous Knowledge and Intellectual 
    Property Rights.
64 Dubey, Muchkund (2005).
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developing countries in different manners. After emergence of WTO in global arena, 

particularly TRIPS reshaped and redirected all the existing pattern of agricultural research and 

development, production and productivity pattern of crops as well as investment in 

agricultural innovation. A holistic approach is used to understand different arguments in 

favour and opposition of Intellectual Property Rights. Policy formulation is based on the 

adoption of several ideas, thoughts and expressions. The different components of science and 

technology may be used for the betterment of society, if they are used in judicious, efficient 

and equitable manner.

In the changing situation of world the issues of Plant Variety Protection have become 

important concerns. These rights will encourage the private sector to increase its investment in 

research and development. Plant Breeders’ rights will clearly have some positive effect on 

agricultural research in India. However, it must be mentioned that   IPRs can also have some 

negative implication on small local players, orphan crops and marginal farmers.

Considering the potential of Bt cotton many Indian seed companies have become sub licensees 

of MMB. It has sub-licensed the Bollgard II gene construct to Rasi Seeds, Ankur Seeds Pvt Ltd 

(Nagpur), Krishi Dhan Seeds Ltd (Jalna) and Emergent Genetics India Pvt Ltd, Hyderabad. 

These companies have incorporated the gene construct into their respective cotton hybrids. 

MMB has sub-licensing agreements for its Bollgard technology with 21 domestic seed players, 

including the five who have opted for the improved Bollgard II versions. Of the remaining, 10 

companies are from Hyderabad. Others include Namdhari Seeds Pvt Ltd (Bangalore), Tulsi 

Seeds Pvt Ltd (Guntur), Ajeet Seeds Pvt Ltd (Aurangabad), Vikram Seeds Pvt Ltd 

(Ahmedabad), Solar Agrotech Pvt Ltd (Rajkot) and Proagro Seed Company Pvt Ltd (Delhi). 

Seven of the 10 seed companies based at Hyderabad led by Nuziveedu had formed a 

consortium-Swarna Bharat Biotechnics-to enter into an agreement with the National Botanical 

Research Institute (NBRI), Lucknow, for commercializing Bt cotton technology to combat the 

multinational dominance. But now all have became sub-licensees of MMB.

Although proprietary seeds have enjoyed a robust growth over the last decade and new 

companies have entered the market, the current situation is characterized by significant 
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uncertainty about future market dynamics. At the ground level, there is a substantial shift of 

farmer preference towards Bt. seeds as a result of which companies find it imperative to come 

out with Bt. hybrids. Almost all the major companies except JK Seeds have tied up with MMB 

(the single source for this technology) possibly enhance the monopoly of MMB licensed 

genes for the future as well. Significant investments have been made and firms are impatient 

to get to the market as early as possible when competition in the Bt. market is still weak. The 

uncertainties stem from the competition from illegal seeds, from other genes in the testing 

process and also from regulatory policies. Companies looking to enter are fearful of regulatory 

capture by incumbent firms.

5.13 Conclusions

Modern biological history is in a sense is a story of technology from discovery of bacteria to 

that of genetic engineering. The tribulations and triumph of such journey will continue in the 

future, has one aspect constant at its core - ‘the laws that govern them’. Technology per se is 

never a disputed issue but for whom and at what cost has been the issue in the ambit of 

governance. The biotechnology holds the promise of quickly reaching the masses as opposed 

to earlier technologies, which has a trickle down effect; Bt cotton is the best example of it. 

Such a promise and potential can only be realized with an appropriate legal regime based on a 

given socio-economic-cultural factors. In the ambit of technology and law, law needs to 

provide road map to the technology.

In India during 1980’s due to the commercialization of hybrids leading to high profit margin 

in seed business several chemical companies including, Sandoz, Ciba-Geigy, Dupont, 

Monsanto and Unilever started acquiring small seed companies. But it did not work well, and 

again during 1990s they started diverting them towards seed and biotech business in 

production of Genetically Modified Crops (GMOs). The path from inception of agricultural 

biotechnology industry to field production of commercial products were full of obstacles, 

ranging form scientific and technological challenges, to legal and regulatory hurdles, to 

economic factors and social concerns. Slowly, the agrochemical cum-seed companies are 

getting into biotechnology research as the transgenic products starts entering into market, and 

this convergence has changed the structure of the traditional business and product pricing. 
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Therefore, attempts are being made to separate the value of technology form the value of seed 

in the form of technology premium to be paid by farmers when they purchase a product 

improved by biotechnology. Getting IPR in case of transgenic plant product is very easy for a 

company and to block the development of a produce to maximize value recovery, minimize 

litigation and access the technology such as Bt based insect protections in Cotton, maize etc. 

The new competitive strategies that is likely to focus these areas in seed industry in view of 

IPR and PBR. As mentioned earlier, TRIPs requires developing countries to protect the right 

of breeder either through patents or plant breeder right. It does not indicate the type of plant 

breeders’ right to be used but requires that protection have to be “adequate”. It provides 

freedom to adopt a sui generis system to suit their development. 

The spread of new types of intellectual property protection into agricultural biotechnology 

and the rise of regulatory activity dealing with genetically modified organisms imply that the 

commercialisation of these new products will require careful legal analysis and planning, 

which will have to be carried out well before much of the scientific research. Because of the 

increase in the role and number of broad and fundamental patents, the needs are not simply 

the traditional ones of obtaining intellectual property protection in order to develop a 

proprietary position and of satisfying regulatory requirements. They are also ones of 

recognising that firms will be seeking to use these intellectual property and regulatory regimes 

to attempt to keep their competitors from marketing their products at all. These bodies of law 

may have the effect of increasing concentration in the agricultural technology industry, and

the lowering of traditional trade barriers to agricultural products may simply permit the 

commercial battleground in future agriculture to move to the legal and regulatory arenas for 

example: Navbharat seed floated by Dr. Desai65 (former Professor of Gujrat Agriculture 

University), who crossed his varietal seed of cotton with Bt. cotton seed and sold in Gujrat 

cotton seed market.

The responses for a company seeking to enter the industry thus involve difficult choices and 

strategies of seeking niches, seeking alliances, and patenting for bargaining purposes as well 

as for product proprietary protection. And countries seeking to encourage their firms may 

                                                
65 Dr Desai, properitor of Navbharat Seeds. [Seeds of Disater, Businees World, 22 July 2002.]
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wish to take great care in the way they define their national intellectual property and biosafety 

regulatory regimes and to participate thoughtfully in efforts to modify the existing 

international intellectual property, regulatory, trade, and competition regimes. The need of the 

times is that of a strong legal research orientation which needs to travel along with 

technological developments if not in advance. Such an effort can make law as a management 

tool, of rights and obligations in the interface of technology and Governance.

The New Interlinked Institutional Structure for biosafety related policies

Biosafety in India follows a three-tiered system. The first tier is the Institutional Biosafety 

Committee (IBSC), which oversees more than 160 institutional biosafety committees 

throughout the country, including all research institutions, universities, NGOs, or companies 

engaged in transgenic research. All experimental protocols are looked into by a group of 

experts. If someone wants to introduce a new technology for the benefit of human-kind, he 

must have confidence in the key players and scientists. At the IBSC level it is the scientist 

who decides what strategy is important for GMCs. The second tier is when scientists have 

completed their experimental work. One has to initially conduct small-scale containment 

experiments followed by large-scale open-field experiments. The Review Committee on 

Genetic Manipulation (RCGM) looks at all the details and gives permission to carry out 

small-scale experiments under containment in the field. Thereafter, the members of another 

committee, the Monitoring-cum-Evaluation Committee (MEC) visit all the sites where the 

experiments are conducted, collect the data, present it in terms of the actual agronomic 

parameters, the environmental risk factors etc. to the RCGM. The committee’s report is again 

looked into by the RCGM. The third tier is the Ministry of Environment and Forests (MoEF), 

which grants permission for large-scale field trials. This doesn’t imply immediate 

commercialization but only permission to conduct large-scale field trials. The DBT had an 

agreement and arrangement with the ICAR to shorten and streamline the procedure. This kind 

of arrangement is done by observing many countries biosafety structure.66  The ICAR 

network with its agricultural universities, research institutions and All-India Coordinated 

Programmes, is probably better than other similar networks around the world.67

                                                
66 Based on the interviews of expert. Also see Chapter 7 of this thesis.
67 Compiled from the interviews of top Directors of Research Institutes, Scientists and Beurocrates.
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Chapter VI: R&D in Agriculture and Indian Seed Industry

6.1 Introduction

The economic structure of India is characterized by, what may be described as, over 

population and the dominance of agricultural sector, which continues to be a major source of 

livelihood for the people of India. Agricultural sector is important in the Indian economy both 

in terms of share in the national income, as well as, for employment, though the share of 

agriculture in the national income has declined over the years. In 1950-51 agriculture 

contributed around 59% to the national income by 1960-61 it was 54%; in 1970-71 it was 

48%; in 1980-81 it was 40% and in 1996-97 it was 29% (Planning Commission Reports & 

India 2007)1. But its share in employment is still very high. In 1998, In addition as it is well 

known, this sector is also important for industrial development, because it provides raw 

materials to industries like Cotton, Textiles, and Jute etc. According to India2 2007 published 

by GOI, still 65 to 67 percent of Indian population is engaged in agriculture and allied sector. 

An increase in productivity can increase the income of people dependent on agriculture.

In the mid-sixties apart from introduction of high yield varieties of seeds for Wheat and Rice, 

public investment in agriculture too had been increased significantly, as a result of which the 

annual Gross Capital Formation in agriculture both public and private, combined at constant 

prices, rose faster than the pre-green revolution period. During the green revolution the

increase in output took place mainly through the increase in the yield per hectare.  Initially the 

HYVP was implemented in India, in 189 million hectares of area. Between 1951 and 1990 the 

production of two dominant food grains rice and wheat went up from 20.6 to 74.1 and 6.5 to 

49.7 million tonnes respectively. The per-hectare availability of Rice and Wheat went up from 

159 to 222 and 66 to 130 tonnes (Mishra and Puri 2004).  The rapid growth of these seeds was 

the main priority of the agricultural sector in the fourth and fifth plan. During the green 

revolution period total food grain production showed a high trend mainly in Northwest India 

and in some parts of the South. The increase in output in this particular period took place due 

to increase in yield per hectare. Oilseed and pulses were grown as essentials during this 

                                                
1 Planning Commission Reports and India 2007.
2 Ministry of Information and Broadcasting (2007) India 2007.
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period. Though green revolution was concerned with a lot of new variety crops, only Rice and 

Wheat were very relevant in the Indian context and paid their potential concern. Another fact

to be noted is that even if the growth rate of food grains seems to have improved due to the 

new technology, the growth performance was not smooth. There was variation in the 

productivity from one year to another year. In fact there has been a degradation of agricultural 

productivity and production in 1990s as compared to the 1980s. In the case of rice the 

production was 3.62 million tones, in between 1980-81 to 1989-90, but in between 1990-91 to 

1998-99 it came down to 1.69 million tones. In the same period the yield per hectare of rice 

showed a falling trend from 3.19 million tones to 1.18 million tones.  The production of all 

crops during the period of 1980-81 to 1990-91 was 3.19 million tones but it fell to 1.73 

million tones during 1990-91 to 1998-993.

The above discussion shows that there is need to increase agricultural production. This can be 

done either by increasing the area of cultivation or by increasing the yield per hectare. In 

1950s and 1960s more production was possible by extending the area under cultivation. But at 

present, the area available for cultivation is less feasible for any increase as the forest cover in 

the country has already come down to a dangerously low level. The main concern thus would 

be to increase the production by increasing the yield within the fixed area. In such cases, 

agricultural research is considered as an operating factor, which can help to increase the yield, 

which can shift the production function upwards, as new methods of production and 

cultivation are developed. An increase in the income of farmers as a result of the increase in 

productivity, will ultimately lead to increase in the aggregate demand in the economy. Jha 

(2001) has pointed out that technological change through agricultural research has been an 

important basis of agricultural growth and its significance has become even more fundamental 

as land and water frontiers close and shrink. As the supply of un-used land diminishes, 

technological changes play an ever-larger role in increasing farm production (Baum, Tolber 

1985). 

R&D generates new information, which can be used to develop new processes, products and 

inputs. These can be exploited only if they offer distinct advantages over previous methods 
                                                
3 Government of India Economic Survey, various issues.
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and products. Thus the process of adoption and innovation, which links R&D with the 

commercial and economic system, determines the effect of R&D on people’s lives and 

welfare (Harvey 1988).  Several studies have attempted to show the impact of agricultural 

research on various food-security indicators (World Food Submit, FAO 1996). 

In developing countries public investment is more effective rather than private sector 

investment (Phillip, Parday, Alston 1995, USDA 2002).  Private and public investments both 

have different objectives. The public research investment in R&D helps the development of 

basic scientific knowledge and extension of the same to the public benefit. Private R&D 

mainly aims at marketable application, so that they can earn profit (USDA 2002). Public 

sector investment is important (Alston, Parday and Roseboom 1998, Byerlee 1998). Further, 

agricultural R&D is a kind of public good and is profitable to the society, as a whole. The 

investment on agricultural R&D is a long time lag, the investment on today’s agricultural 

research will result in future, consumer or producer, and private firms can’t wait for that long. 

So in this regard, public investment is considered essential (Alston, Parday, Roseboom 1998, 

Evenson, Prey,Rosegrant 1999). Yet another reason for government in agricultural R&D is 

due to the general market failure. As the private firms are not socially optimal, it leads to 

market failure (Alston 1998, Byerlee 1998). Some studies show that the private investment is 

increasing in agricultural sector in recent years, but this is still only a fraction of public sector 

funding (Pray and Umali-Deininger 1998). Private sector can only use the knowledge and 

technology developed by public sector (Byerlee 1998). Thus the private sector can only invest 

in the development of embodied technology (Pal 1995). So the private investment depends on 

public sector for basic research and development. Thus public investment is important into 

stimulating private research (Pray, Basant 2000) as well. 

Capacity building is the strengthening and/or development of human resources and their 

institutional support structures. In agriculture, biotechnology is currently applied to improve 

agricultural productivity in order to feed growing populations in an environmentally friendly 

manner. Biotechnology encompasses many factors, not just research, but includes policy, 

networking and management. In order to utilize properly the new and emerging tools of 

biotechnology, nations must take an integrated approach and build capacity in all these areas. 
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Developing capacity in policy areas includes fostering experience and expertise in intellectual 

property rights (IPR), biosafety and commercial linkages.4

6.1.1 Methodology

This chapter is build based on the primary and secondary data. Since the seed companies did 

not want to divulge the information on R&D expenditure; secondary sources like published 

literature were used to build the chapter. DSIR, ICAR, IFPRI reports has been in context of 

sources for secondary information.

Further in understanding how seed markets may evolve in the future, it is useful to look at 

entry barriers and cost advantages. Therefore the end of the chapter is largely based on 

interviews with seed companies.

6.2 Agriculture Research and Development System in India

The involvement of a wide range of institutions helped in the separating the aspects like 

policymaking, funding and execution of research, since each one requires different inputs and 

skill. In India the Indian Council of Agricultural Research (ICAR) was restructured to allow 

its headquarters to focus primarily on policy and funding of research, while the decision about 

research execution was undertaken by different organizations operating under the ICAR.

ICAR implements its research through 48 ICAR Institutes, 5 Bureaux, 30 National Research

Centers, 11 Project Directorates, and 77 All India Coordinated Research Projects.5 Another 

important change made in the National Agricultural Research System (NARS) is the 

improvement of level and effectiveness of public research organization. Increasing efficiency 

and effectiveness in India means consolidation and rationalization of existing network of 

research stations. In India NARS the highly centralized system, such as ICAR is exploring 

options for decentralization, by developing full decision-making authority to its center 

directors. 

Adequate attention needs to be given to the globalization of agricultural research, so that a 

country can maintain a competitive agricultural sector. In India, centers of excellence are 

                                                
4 Maredia and Erbisch (1998). p. 49.
5 Source: http://www.icar.org.in/ICARataglance.pdf (access on 18th May 2009)
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being established for specific strategic research areas and they link themselves with the global 

scientific community.

 India has one of the largest research systems in the world; the public sector is still under-

investing in comparison to other developing countries. In the late 1990s, India invested 0.31% 

of its agricultural GDP in research, closely followed by China with 0.43%, but it is lower than 

the average of all developing countries which was 0.62%, and also lowers than the intensity 

ratio of the industrial countries. This implies that industrial countries spend a higher amount 

(of 2.64%) of agricultural GDP on research, thus reflecting their higher tax base, smaller 

agricultural sector in relation to the economy, and often politically powerful farm lobby 

groups (Pal, Byerlee 2001).

6.2.1 Structure of Agricultural Research System in India

The Indian agricultural research system is considered as a large and complex one. But with 

time the National Agricultural System is changing in both its organizational and research 

form. Since independence it has made rapid changes, both in conceptualization and 

implementation, for an effective system. In other words the most effective and successive 

change in Indian agricultural research system occurred only after the post independence 

period. 

The milestone in the National Agricultural Research System is the establishment of Imperial 

Council of Agricultural Research (ICAR), which was established in 1929 on the 

recommendations of Royal Commission on Agriculture. It has been renamed as Indian 

Council of Agricultural Research (ICAR). ICAR has an established mandate to guide, 

promote and co-ordinate agricultural research and education in the country. The re-

organization of ICAR was done in 1965. This was is considered as a landmark in agricultural 

research, as the research institutes under the ministry of food and agriculture as well as those 

with the commodity committees were transferred under ICAR. In the next stage of re-

organization of research in the country, the research farms under state control were transferred 

to State Agricultural Universities (SAUs) within the respective states, as even if there were 17 

SAUs the amount of co-ordination remained low. Thus the primary responsibility for 
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agricultural research and education was given to state but the ultimate responsibility for 

agricultural development lies with Centre. With this reorganization the SAUs and the ICAR 

became the two leading partners for agricultural research and development and education in 

the country. For greater autonomy, flexibility in operation and management, the ICAR was 

reorganized for the second time. ICAR was given the responsibility to promote agricultural 

research development and education in the country ICAR operated the All India Coordinate 

Research Project (AICRP) and National Research Project (NARP). Department of 

Agricultural Research and Education (DARE) was set up in the Ministry of Agriculture to 

provide ICAR with the required linkage and to deal with the Central and State Governments 

on the one hand and the International Organizations on the other hand without going through 

the Department of Agriculture.

The national agricultural research system of India has different components. One is ICAR in 

national level and state agricultural universities at state level. According to the constitution, 

the major responsibility of executing agricultural research and education programmes in 

different state depend upon particular states but the overall responsibility for agricultural 

development in the country lies with the central government, which provides assistance to the 

states in the form of both resources and personal for such activities. Besides this there are 

many other agencies also which undertake research and development activity. Thus the main 

component of the agricultural research system in India can be broadly grouped into the 

following categories:

a. The ICAR system

b. The Agricultural University System.

c. General Universities having either faculties/colleges or strong departments in various 

disciplines of agriculture and allied activity.

d. Scientific origination working in areas related to agriculture.

e. Government department in the center.

f. Various Ministries in the center and,

g. Voluntary originations/private institutions participating in agricultural research 

activity. 
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The agricultural research and development comprises of ICAR, its various institutes and State 

Agriculture Universities (SAUs) and their various campuses and regional institutes. By the 

year 2009, ICAR implements its research through 48 ICAR Institutes, 5 Bureaux, 11 Project 

Directorates, 30 National Research Centres, 138 Substations of ICAR Institutes, 77 

AICRPs/AINPs, 516 Krishi Vigyan Kendra (KVK), 41 State Agricultural Universities

(SAUs) all over in the country and there is one central Agricultural University and 4 Central 

Universities having facility of agriculture6.  SAUs also have Zonal research stations to address 

research problem for each agro climate zone. There are some non-agricultural universities or 

organizations that conduct agricultural research directly or indirectly such as Department of 

Biotechnology (DBT) Department of Science and Technology (DST) etc. Private voluntary 

organizations and scientific society too are involved in agricultural research and form a part of 

NARS.

6.3 Investment Pattern of Public R&D in Agriculture

The national agricultural research system is dominated by the public sector. Agriculture is a 

state subject in the constitution of India. But the union government funds major components 

of research system. So government investment means it includes the expenditure made by 

union and the state government and the union territories as well. The public funding to 

agricultural research and education in India is provided in block grants to ICAR and SAUs, 

which is determined according to the five years plans.

In the beginning of each plan, the planning commission constitutes a working group to agree 

on broad agricultural R&D priorities, which also assesses the financial requirements for their 

implementation. Recommendations of the working group are later discussed in several 

consultations between the Department of Agricultural Research and Education (DARE) and 

Planning Commission. Based on the outcome of this decision of DARE it develops its five 

years plan. The plan outlays for each ICAR institutes are approved by Ministry of Finance 

depending upon the proposed outlays and they are finally evaluated. The approved outlays are 

the basis for the funding of each institution during the plan period. The funds received at that 

                                                
6 Source: http://www.icar.org.in/ICARataglance.pdf (access on 18th May 2009)
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plan period are called ‘plan funds’. The ongoing activities of the previous plan are financed 

under ‘non plan funds’ which is funded to maintain the fixed costs.

State funding is too done in the same procedure, but from the allocation that the Planning 

Commission has already made to the state as part of total plan allocations to a state. The 

respective State governments then approve expenditure on research and education.

Figure 6.1 Major Sources of Investment in Agricultural Research & Development in 

India

                

Table 6.1: Central Government Grant to ICAR (Rs. in million)

Investment 1997-98 1998-99 1999-00 2000-01 2001-02

Non-plan 3501.8 5447.67 4373.26 73355.08 7003.00

Plan 3306.70 4277.24 4550.03 5160.44 6834.00

Total 6808.50 9724.91 8923.29 12515.52 13837.00

Source: ICAR Annual Budget Books, 1997-98, 1998-99, 1999-0, 2000-01, 2001-02.

In the year 2000, ICAR was given a grant of around Rs.13 billion by the central government. 

ICAR also acquires loans from World Bank and international institutions. Recently for the 

period 1998-2003, ICAR got a loan under NATP for US$180 million from World Bank for 
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research and development. ICAR too generates itself by its own revenue. The same amount it 

earns is used to finance competitive grants to individual scientists and organizations. But this 

earning of ICAR is only 3% of total budget in 2000.

Out of total public expenditure on research and development the central government provides 

52%, which pass through ICAR7. A large proportion of ICAR funds (87%) is given to SAUs, 

and other part are made for external funding. In the year 2000 the state governments were 

provided Rs.12 billion for SAUs. The state of Maharashtra, which has 4 SAUs, claimed 14% 

of total ICAR grants, indicating the fact that states with higher research investment were also 

getting higher ICAR financial support. Similarly, the states of Andhra Pradesh, Haryana and 

Kerala too received higher ICAR expenditure. The funds allocated to the states are used only 

for the SAUs in that particular state but in the case of Uttar Pradesh, a small competitive fund 

is open to all research organizations located in U.P, which also includes ICAR institutes. The 

other source of funding is the private sector which provides around 10% for research in 

agriculture. But private funding for the public organizations is very negligible. Thus the 

establishment of Mahyco foundation for hybrid in 1995 established a research linkage with 

ICAR. Since the 6th plan, in the case of central government assistant, the total amount 

invested for ICAR, claimed nearly 3/4th of resources. With in research, focus has been on crop 

research, which accounted for 1/3rd of total research outlay. The share of crop research 

declined in eighties but was restored during 8th plan period. Since 1980, major expansion has 

taken place in non-commodity, resource related research, which now accounts for one third of 

total plan outlay for research. Educational research, which accounted for nearly 1/3rd of ICAR 

plan allocations in 70s, is now accounted for nearly 12%.

  

                                                
7 The other central government funding is through the Ministry of Science and Technology (DBT and DST).
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6.4 Public Investment in R&D and Productivity

6.4.1 R&D and Agricultural Productivity

There is a need to increase productivity growth in agriculture in many developing countries. 

Even though the world’s food production is increasing faster than the population growth (AO 

June-July 2002), many people are still undernourished in the under developed regions. The 

under developed countries do not have large financial resources to invest in maintenance of 

research, scientists and in strong agricultural research and development (R&D). Where as the 

developed western countries in the world gained a lot from R&D as it increases the 

agricultural productivity of a country. The new technology and investment in innovative 

practices have been the key factors in economic development of high-income countries. 

Investment in R&D in the case of developing countries is less when compared to developed 

countries. In order to attain food security, developing countries should increase their 

investment in R&D. Agricultural production in these countries must grow rapidly in 

comparison to the past decades so as to increase food production. This is possible only when 

the amount spent on research is increased in these countries. Investment in Asian countries is 

more than most of the countries in Africa yet the average level of expenditure in Asia is still 

below the world average. 

Table 6.2 below shows that the productivity in India is much less when compared with the 

productivity level of other countries of the world. Also productivity per hectare for almost all 

crops is low when compared with some developing countries. The crop production shows that 

in all crops India’s production was low compared to rest of the countries expect in case of 

Pulses. And also the crop productivity was very low in comparison with other countries.  

Even though Rice is the staple crop in India, the productivity of Rice is very low and ranks 

51st among the rest of the countries. This shows the low productivity in India of all the crops. 
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Table 6.2: Place of India’s Agricultural Production and Productivity

Production ( in Million Tonnes) Productivity (Kg/ha)Crop

India Rank Highest India Rank Highest

Wheat 69.1 (3) China 109.01 2493 (32) Ireland 8997

Rice 82.2 (2) China 190.10 2811 (51) Ukraine 7444

Maize 8.66* (9) USA 236.60 1408 (105) UAE 18636

Sorghum 10.50* (2) USA 20.39 897 (51) France 6182

Potato 17.94* (6) China 46.05 16478 (51) Ukraine 43966

Pulses 14.8 (1) India - 608 (118) France 4769

Cotton 14.0 (3) China 18.75 922 (57) Israel 4527

Sugarcane 289.7 (2) Brazil 324.44 65892 (34) Peru 121361

Notes: Production figures for India are 1998-99 estimates taken from the Economic Survey. 
Rest of the World Production figures corresponds to the year 1996. Figures pertaining to productivity and 
area correspond to the year 1996. *1996 production figures used for these items. Source: www.cifti.com

Agricultural research is considered to be the main factor for increasing the agricultural 

productivity of a country. As mentioned earlier, agricultural research activity leads to 

innovation of new technology and new projects, along with establishment of new research 

institutes. The institutes carry out advanced research in agricultural sector which finally leads 

to increase in productivity. Besides, trying to merely increase the volume of agricultural 

productivity, is not the sole concern, there is also the need to increase the farmer’s income by 

reducing the cost of production. Past evidence suggests that the Total Factor Productivity 

(TFC), in developing countries has shown a growth rate of 1% to 2 % per year.  Research 

accounts for one third and one half of that growth. Some studies have revealed that there 

exists a high rate of return on investment in research in the agricultural sector in developing 

countries (Echeverria 1990 and Evenson and Rosegrant 1993). 

Agricultural research has contributed immensely to the economic well being of both 

producers and consumers by raising the productivity. Investments in agricultural research 

have made possible the technological breakthroughs that led to greater food security around 

the world. Without these investments in agricultural research, the consequence would have 

been higher with the food costs causing greater food insecurity for those with low purchasing 
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power. Likewise, without sufficient future investments in research, the process of achieving 

food security, poverty alleviation and economic development will be seriously threatened. 

Agricultural research also has some positive effects on the environment. Most notable among 

them being the increased productivity, resulting in fewer marginal areas being cultivated. In 

India for instance with the technologies of the 1960s, farmers would need nearly 60 million 

hectares of additional land to produce the quantity of wheat consumed today. 

Rates of return of investments on agricultural research have been impressive and are generally 

estimated in a range of 20% to 190 % in developing countries. A comparison across 

commodities indicates that rates of return in the case of maize research have been very high at 

191 % in South America and 78% to 91% in Mexico. Rates of return in rice research in India 

and Indonesia are in the range of 60% to 65%. Rates of return of wheat research have been 

over 50 percent in developing countries. Even for non cultivated crops such as cowpeas, 

research investments have fetched good pay-offs, in the range of 60% to 80%. These high 

rates of returns indicate that the benefit from investment can easily justify the research costs8. 

The table 6.3 below shows the investment pattern from 1975 to 1998 by both public and 

private sectors at all India level. Some studies have concluded that there is a high 

complementary relationship between the two types of investments (Hanumantha Rao 1994, 

Shetty 1990, Hanumantha Rao1986) while some scholars have described it as an inducement 

effect of public investment on private investments9 (Rath 1989, Patnaik 1987). However the 

actual behavior of the two shows that after reaching the peak in 1980-81, public investment 

started moving downward whereas private investment continued to rise. One among the main 

reasons, for the fall in public sector investment, is the decline in investment in irrigation. 

Another explanation for this is the diversion of resources from capital account to current 

account to meet mounting inputs subsidies in agriculture. As agricultural subsidies increased 

tremendously after 1980-81 it put a massive strain on fiscal resources. Accordingly rise in 

subsidies is recognized as a major constraint for raising public sector investment in 

                                                
8 (1996) “Role of Research in Global Food Security and Agricultural Development”. FAO, World Food Submit, 
   13-17 November, Rome Italy.
9 Patnaik Prabath (1987), “Recent Growth Experience of the Indian Economy: Some Comments”. Economic
   and political weekly, vol 2, No. 19-21, May.
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agriculture10. The table 6.3 shows that both Total and Private Investment in agriculture is 

increasing whereas public sector investment is declining.  

Table 6.3: Public and Private Investments in Agriculture at Current and 1980-81 Prices

(Rs.Crore)

At current prices At constant prices
Year

Public Private Total Public Private Total

1980-81 1892 2975 4867 1892 2972 4864

1981-82 2066 3381 5447 1878 2863 4741

1982-83 2275 3806 6081 1857 3008 4865

1983-84 2495 3623 6118 1843 2563 4406

1984-85 1679 5327 7006 1822 3066 4888

1985-86 2811 4771 7582 1631 3010 4641

1986-87 1901 5839 7740 1550 2810 4360

1987-88 3311 5877 9188 1580 3202 4782

1988-89 3445 6534 9979 1485 3252 4737

1989-90 3347 7661 11008 1301 3490 4791

1990-91 3628 9225 12853 1315 3761 5076

1991-92 3653 11123 14776 1135 4077 5212

1992-93 4175 13938 18113 1179 4694 5873

1993-94 4920 13788 18708 1272 4302 5574

1994-95 6022 18498 24520 1438 4806 6244

1995-96 6557 22778 29335 1250 5677 6927

1996-97 6323 25965 32288 1132 5867 6999

1997-98 5963 24969 1096 5789 6885

Source: Ramesh Chand (2000). “Emerging Trends and Regional Variation in Agricultural Investment and their 
Implications for Growth and Equity” Policy Paper 11. National Centre for Agricultural Economics and 
Policy Research. 

The investment in agricultural Research and Development (R&D) can be channeled through 

two sources; one by the public sector and another by the private sector. Public sector 

investment initiates new techniques and establishes institutes. New institutions and research 

centers enhance the process of agricultural research activity, mainly through plant breeding. 

Private sector uses the techniques, to make genetically modified seeds. Major bio-

                                                
10 Humantha Rao (1994). “Agricultural Growth, Rural Poverty and Enviromental Degeration in India”. Oxford 
University Press, Delhi.
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technological research is carried out by private sector. These researches are mainly knowledge 

intensive and skill intensive. The research thus results in new varieties of seeds with low 

environmental pollution causing capacity and low cost. This study has not concentrated much 

on private sector research, but the main focus of the study is on the public or government 

investment in research.

As mentioned earlier, agricultural research in India was initiated under the colonial regime 

through the Imperial Council of Agricultural Research and was continued through the Indian 

Council of Agricultural Research. In the post-independence period the extent of ongoing 

research activity was not sufficient keeping in mind the requirements of the time. Hence, the 

need of the hour was an increased investment in agricultural research for an increased 

productivity. It has been specifically pointed out here that productivity in India has largely 

been increased through new technology obtained from four sources- Indian public research, 

international agricultural research centers, international technology transfers, and private 

research investments. (Evenson, Pray, Rosegrant 1999). The discussion of the relationship 

between investment on agricultural research and productivity is very important, because there 

is a long lag between the two. The agricultural food security challenges that India wants to 

achieve in the next decade essentially depend upon the investment that is made today.

Kumar and Rosegrant (1997) have underlined the importance of effective agricultural 

research in their work. Kumar, Rosegrant and Hazell (1995), had examined the prospects of 

Indian cereals supply, demand and trade using an econometrically estimated supply and 

demand model for India.  On the supply side, production of each cereal crop is determined by 

input prices and total factor productivity growth, which in turn are driven by investment in 

research. Their study shows two trends: Continued decline in rate of growth of productivity 

due to continued slowing in the rate of growth of public investment, and Sustained growth in 

productivity at the prevailing level of the 1980s, through a recovery in public investment in 

agriculture. The investment intensity taken into consideration here helps in explaining about 

the real trend of expenditure on R&D. There are three ways to calculate the research intensity; 

it can be found out by taking Agricultural GDP, by taking R&D investment as a percentage of 

Gross Cropped Areas (GCA), and by the number of scientists. Here investment intensity 
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implies funding per hectare of land, which shows the amount of investment in particular states 

to one hectare of cultivable land. The table 6.4 below shows the relation between investment 

in R&D and Agricultural productivity.

Table 6.4: Growth Rate of Public Investment in R&D and Agricultural

Productivity: All India

Trend Growth Rate (%)

Year Expenditure in 

R& D 

Agricultural 

Productivity

1980-81to1989-90 5.91 2.85

1990-91to1999-00 4.82 2.34

1980-81to2000-01 5.30 2.80

Source: State Finances, Reserve Bank of India (Various issues 1980-2002).

6.5 Public and Private debate on investment in Agricultural R&D

Arrow (1962) points out that in an ideal world the reward for invention and research should

be divorced from any charge from the users. This new knowledge is not only a public good 

but also has an additional feature of increasing returns to scale. Since the benefits of R&D are 

productively captured by the commercial world it should be publicly funded and freely 

available. If funded by the private agency, it is done for one’s benefit or profit and doesn’t 

benefit the society.

The objectives of the public and private sector investment are different. The public research 

has supported the development of basic scientific knowledge and applications that are 

beneficial to the general public and thus the public agricultural research system focuses on 

pre-technology science for agricultural and farm level technology. But in contrast, private 

R&D tends to focus on marketable application of agricultural chemicals and biotechnology, 

whereas Private sector firms are mainly profit motivated. The objective of India and most of 

the developing countries is to meet the demands of a huge population by attaining food

security, which can be fulfilled only with the government intervention only, as the private 

sectors is more profit motivated.
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In most of the developing countries public investment on agricultural R&D is more important 

since very little private investment is attracted. As such support to agricultural R&D is a 

traditional government objective in most of the developing countries. In agricultural research, 

the output is a new knowledge, or a knowledge that is embodied in new inventions. There are 

certain technologies in which knowledge is not embodied which can be a public good. Public 

good is something, which is non-rival and non-excludable and is characterized by the 

increasing returns in use. Generally, public good is characterized by suitable change or 

institutional practice. 

Even after a period of rapid increase of private investment, private R&D is only 10-15% of 

total agricultural R&D in developing counties. This is only half when compared with the 

industrialized countries (Byerlee 1998)11. The main reason is that the private sector depends 

upon the public sector investment as it uses the knowledge and methods developed in public 

sector. If the government withdraws from agricultural research, then the investment in 

agricultural research will be insufficient. The research activity is usually long-term, large-

scale and risky. And the private firms in agriculture are not capable of effective research. 

Agricultural R&D is characterized as long term project which entails, that there exists a very 

long gap between research investments and its impact. An investment in R&D today will 

result in a better future. The benefit from today’s research investment may assist the future 

generation of producers and consumers. The private sector, which is generally profit 

motivated thus doesn’t wait for long term results. That leads to a under investment of private 

sector investment in R&D. another factor is that the investment on agriculture is huge. Hence 

it is not possible on the part of any single firm or an organization to take on such a 

responsibility. So institutions need to set up funds on a collective basis to carry out research. 

The above discussion shows the necessity and importance of public sector investment on 

R&D. Presently, one of the main concerns of many of the developing countries is to deal with 

the issues of the public and private investment on R&D. The policy makers have pointed out 

that the private sector will invest only in the development of embodied technology and areas 

like crop and resources management, research problems may not be addressed by the private 

                                                
11 Byerlee 1998
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sector. Also in the absence of adequate measures for protecting proprietary material, private 

investment in research may not be substantial. Thus, strengthening agricultural research with 

adequate public investment is essential, mainly in a developing country like India.

6.6 Issues of Research and Development in Indian Seed Sector

Nearly 80 percent of agriculture research in India is publicly supported yet, research 

investment account for barely 0.5 percent of agricultural GDP12. The public system has been 

struggling to match limited funds with burgeoning R&D needs. In this context, rational and 

viable objective allocations are crucial. This down turn is partly due to the relatively slow 

growth of real plan expenditure on agriculture since the early 1990s. The stagnation of the 

1980s, which continued into early 1990s, was essentially due to decline in public sector gross 

capital formation. Private investment did not rise fast enough to compensate for the relative 

decline in state- sponsored investment. The nascent private sector accounted barely 10-15 

percent in seed research. Not surprisingly effort to raise the funding have always held center 

stage. The R&D resources allocation seeks to examine the pattern of deployment of scientific 

resources in strategically on different thrust areas.

There is no single model that can be recommended for research and development in 

agriculture. The research effort must be on the basis of present resources and applications. It 

has clearly resulted in the farmers’ demand and socio-economic development of farmers. The 

goal should be clearly focused on the problem solving, orientations basically given on the 

small and marginal farmers’ demand.

There are certain areas where public sector agencies can exclusively play role in agricultural 

education, research and extension. These belong to areas of national resources conservation 

and efficient use of available land resources with upgradation in technology. Similarly, the 

area where the interests of small arid poor farmer are involved the public agencies have to 

play a very important role. There is considerable scope for improvement in the public sector 

R&D system, which has been built in this country. The in-house seed resources and others 

                                                
12 DATA Book 2003. Indian Council of Agricultural Research, Directorate of Information and Publication of 
Agricultur, Krishi Bhawan, New Delhi.
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accounting system can be very useful for improving the efficiency of public sector R&D. 

Where there is a need for inflow of knowledge from aboard, it is better to have collaborations 

with international institutions in public domain.

In recent period the private research in India has grown rapidly since 1985. Between 1985 and 

1995, private research expenditure increased significantly. Some multinational corporations 

(MNCs) are establishing research laboratories on some specific crop products. This is faster 

than public agriculture R&D, which grew at 69 percent vide in Table – 6.5. This shows the 

growth in food and agricultural research by private firms and government owned corporations 

registered by science & technology. The data showed that seed research expenditure doubled 

in the period 1985 to 1995.

Table 6.5: Research expenditures by private firms and state-owned enterprises (SOE),

India, 1984-95

Research expenditures

(1995 US dollars)

Industry 1984-85

Millions US$

1994-95

Millions US$

SOE   in 

1994-95 (%)

Increase

(%)
Seeds 1.33 4.93 0 271

Agricultural machinery 32.70 6.48 13 75

Fertilizers

*

6.80 6.65 67 -2

Pesticides 9.00 17.02 15 89

Veterinary pharmaceuticals .90 2.72 5 203

Sugar industry .90 2.49 1 177

Food processing 1.27 10.33 1 712

Vegetable oil processing .07 .14 0 99

Total 23.97 50.75 16 112

Public research 206.22 347.90 69

Sources: Department of Science and Technology.

R&D activities related to the seed industry are carried out in a variety of organizations in 

India. This relates both to private companies as well as public sector research institution. An 
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over view of nature and thrust areas of R&D of these organizations are discussed in this 

chapter.

6.6.1 Seed Research in Public Sector

The large part of seed research in India is predominately carried out by public research. 

Around 80 percent variety development is still in the hand of national agriculture research 

system13. After the initiation of concept that of All India Co-ordinated Crop Improvement 

Projects starting with maize in 1957, replication of same coordinated mission project in 

different crops showed significant result. More than 3073 varieties and hybrids have been 

released for commercial cultivars in different crops, out of which 450 varieties are on actual 

seed production chain. The whole seed programme revolves around the improved quality and 

quantity seed.

The production of Nucleus/Breeders seed development is the mandate of the Indian Council 

of Agricultural Research (ICAR) which is being undertaken with help of National Agriculture 

Research Centre (NARC), Project Directorates (of different crops like rice, wheat maize 

cotton and sugarcane, etc.), forty one State Agricultural Universities (SAUs) and Non-

Governmental Organizations. Some international research organizations are also supporting 

and working in collaboration with ICAR. Institute like ICRISAT, ICGAR, CIMMYT, IRRI 

and IBPGR also helping in varietals improvement programme.

There are 54 breeders seed production stations for different crops including vegetable crops 

located in SAUs and ICAR institutes and 240 seed testing laboratories14 in different state 

whose seed testing capacity is about 7.24-lakh samples. But the number cannot be regarded as 

adequate to cater to the need of the country. The production of breeder seed has made 

impressive increase from 3914 quintal in 1981-82 to 738300 quintals in 2006-0715. In addition 

to this a good quality of breeders seed of various crops varieties are also produced by state run 

research station at state level. In general, production of breeder seed is higher than the indent 

                                                
13 Various ICAR Reports.
14 Compiled from Lok Sabha unstarred question no 165 dated on 13.08.2007 (www.indiastat.com).
15 Economic Survey 2007-2008. p.167
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every year. In recent past efforts are however needed because there are several mismatch seen 

in demand and supply of quality and quantity seeds of different crops.

For supply of certified seed, the Department of Agriculture and Co-operation established NSC 

in 1963. The fund is separately investing for strengthening of production chain through 

marketing of seed to farmers. Government again has large seed production system at centre 

and state level. Fourteen State Seed Corporations (SSCs) have the objectives of production of 

Breeder seed, Foundation seed, certified seed and labeled seeds of wide range of field crops 

and vegetables, preserving buffer stock and provide consultancy for seed testing and 

installation and operation of seed processing plants.

The real expenditures estimation of crop-wise investment is not easy task because the seed 

development research carried out is of heterogeneous nature. The expenditure by government 

is allocated under heads of Crop Science & Research Division, ICAR. The ICAR allocate 

funds to the concerned institute, which is independent to utilize according to their priorities. 

Due to this limitation no separate crop wise research allocation is presently available. Thus, 

some research development expenditure for technological capabilities development in the 

ninth plan was allocated to seed division the tune of Rs.93.44 crore.16 This fund was mainly 

utilized in different schemes like the National Seed Project, upgradation, strengthening of 

seed quality control, National Seed Bank and setting up of new seed testing laboratories and 

effective implementation of Plant Variety Protection Act and farmer rights.17 The investment 

was 26.96 and 22.38 crore invested in 2002-03 and 2003-04 respectively. The part of fund 

was also invested in technological capabilities generation and maintenance of National Seed 

Bank etc.

There is a still need to generate more human resources development in public seed research. 

Presently, there are 79 scientist and 200 technical personnel and 23 supporting position in 

various institute working under seed programme. In addition, separate unit for production of 

breeders seed of groundnut, sunflower and soybean have been established at 24 centers with 

                                                
16 Parliamentary Standing Committee Report, Ministry of Agriculture.
17 ICAR report.
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44 scientists 101 technical personnel and 23 supporting staffs engaged.18 The present 

technical manpower is not enough to face the challenge of shortage supply breeder seed.

6.6.2 Thrust and challenge of Seed Research and Developments.

In changing global situation the seed sector is at a crossroad. There is a steadily decline in 

public support for technological capabilities development. The most out-dated conventional 

breeding methods time-consuming technologies have failed to attain desired level due to 

various reasons. Also there is a lack of effective regulation mechanism for market control for 

a major challenge to industry. In above condition, the role of state has to be very pro-active. 

The poor germination percentage, seed purity and exploitation of Hybrid Vigor, infestation of 

disease and pest, poor Indian minimum seed standards and yield with quality are the major 

concerns to public research sector.

The seed health is priority area in seed programme that needs immediate attention to scientists 

and planners. The farmers of several states reported that some improved seeds produced by 

public and private sectors have not fulfilled the promised demands.19 In several states like 

Andhra Pradesh, Maharatra, Karnatka, Gujrat and Madhya Pradesh farmers complained that 

crop failures are mainly due to infestation of disease/insect attack on improved seed.20

Pulses like i.e. Gram, Mooth, Lentil, Arhar, Moong and Guar are mainly grown in dry land 

area where the annual rainfall is low. These crops are also the major contributing factors for 

socio-economic development of farmers.21 The study on pulses and oil seed revealed that the 

seed replacement rate in most of these crops in most of the states were far lower than 

prescribed government rate vide Table 6.6 the reasons for the gap between breeders seed, 

foundations seed and certified seed is the lower multiplication rate in different crop varieties, 

lack of early demand forecasting of the breeders seed by state. The poor infrastructure and co-

ordination between research institutes and agencies are the serious concerns.

                                                
18 ICAR report.
19 Compiled from media reports & Judicial cases: Y. Hemantha Reddy VsVarun Hybrid , The Business Manager, 
Rasi seed Pvt. Ltd. Secunderabad and others in the Court of Dist. Forom at Bellary. And six other similar legal 
cases.
20 Various Media Report.
21 ARCE (2003).
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Table 6.6: Distribution of Certified Quality seeds and Seed Replacement Rate (SRR) in lakh 

quintal.

Distribution 

of Seed

Seed 

Replacement 

Achieved

Crop 100% Seed 

requirement 

for saturation
2000-01 During 2000-01

SRR

Suggested by    

Expert Group     

on Seed

SRR Projected  

for Xth Plan

Wheat 274.86 26.93 9.8 12 12

Paddy 135.49 24.77 18.28 20 15

Maize 12.84 3.12 24.3 33 25

Jowar 12.3 2.46 20 33 30

Bajra 3.56 1.93 54.21 33 40

Gram 46.1 1.09 2.36 15 5

Lentil 3.7 0.13 3.51 15 7

Urad 5.88 0.89 15.14 15 15

Moong 5.81 0.77 13.25 15 20

Arhar 6.85 0.58 8.47 15 10

Groundnut 103.01 5.42 5.26 15 10

Rape/Must 3.01 0.69 22.92 33 30

Till 0.78 0.1 12.82 20 15

Sunflower 1.29 0.42 32.56 33 33

Soybean 38,89 4.75 12.21 15 15

Cotton 12.77 2.64 20.67 33 33

Jute 0.85 0.26 30.58 50 30

Source: NCA, Reports, State of Indian Farmers, 2004

The Indian Minimum seed standard is also a major issue if seed for export from India was to 

improve to any substantial extent. The same standard for domestic market is required as 

quality consciousness is increasing day by day and even consumer forum have began to play 

on active role in the area. We need to develop demand base varieties having higher genetic 

purity taking experience from developed countries. This we can fulfill because India has a 

tremendous potential of any quantity with quality through diverse agro-climatic conditions.

The several pockets of the country also report the poor technical information network and 

hybrid seed production guidelines. The availability of spurious and fake seed is very serious 
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concern to seed sector as well as farmer. Because the large sections of farmer fail to 

distinguish between spurious seed and quality ones.22

It is essential that we ensure availability of seed of superior quality in adequate quantity on 

timely basis as envisaged in our National Agricultural Policy 2004. The productions and 

multiplication of hybrid seed needs to be given a thrust of R&D incentives in seed sector to 

achieve desired level of seed production and distribution of any specific varieties.

In above condition without proper allocation of R&D and extension machinery support one 

cannot expect to achieve desired level. Government achieved some success through seed 

minikit programme, which became a way /means to dispose off unsold stock by some of the 

seed corporations as seed minikits. This had been due to the fact that under the programme, 

the distribution of all kind of varieties irrespective of their age/notification/years of release 

has been allowed. Although, there has been some modification in the programme of cereals 

minikit where in varieties released up to 5 to 7 year back are to be included. But in the 

programme of technology mission on oil seed and pulses, some older varieties, which have 

already become popular with the farmers and the effective implementation with full 

awareness about varieties and participation with private grower also help in success of 

programme.

6.6.3 Seed Research in Private Research

As it has been earlier discussed, large number of seed companies are engaged in seed 

production, distribution and marketing of seeds. Most of the medium sized companies 

generally multiply foundation and certified seed from breeders and foundations seed 

respectively obtained from the public sector organization, SAUs research stations and NSC. 

Their production activity is restricted to specified regions and so is their marketing network. 

Processing of seed is generally carried out on custom basis.

Out of them very few large (around 24 multinational and national companies) are involved in 

evolving new hybrid of pearl millet, soybean, cotton, maize, sunflower and vegetables.  These 

                                                
22 Rao,G.K.V.2001.
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companies have full-fledged research division with highly qualified breeder scientists. They 

have its research facilities like laboratories and research farms and their own adequate 

processing facilities. They get the germplasm from project co-coordinators of All India 

Coordinated Crops Improvement Project (AICCIP), National Bureau of Plant Genetic 

Resources (NBPGR), International Centre for Agricultural Research in Semi-Arid and 

Tropics (ICRISAT), International Rice Research Institute (IRRI), Public and Private 

Institution in the USA, and other countries. These companies however experienced certain 

difficulties in acquiring germplasm both from within the country and abroad and felt that the 

procedures should be streamlined for the smooth delivery of the basic raw material some of 

those have full flagged research facilities are in advanced stage in the development of hybrids 

of pearl millets soybean, maize, sunflower and cotton. Lately, some are extend in-house 

research development with collaboration of Indian domestic seed companies.

The private seed sector make substantial in investment agricultural. A survey reported in 1985 

that seventeen of the companies had plant breeding research programme with average seed 

sale above R&D programme. The companies were investing total Rsl9.5 million or average 4 

percent of seed sale on research. These companies have 31 PhDs 45 with M.Sc. degrees, Total 

experiment status area was 408 hectare with 24 firms an R&D field trial programme. The 

same survey conducted in period between 1988 and 1996 on the basis of questionnaires were 

sent out to approximately 160 seed companies that have link with ICRISAT and member of 

Seed Association of India. These included most of the major seed firms accounting 75 percent 

commercial seed sale and 38 percent seed sale in India using the similar methodology as in 

1985. The 1996 survey cited responses from 23 firms that include all large private firms that 

were active in earlier survey out of which 13 firms participated in 1996 survey companies 

accounting for only less than 1 percent of total R&D in 1987.

Between 1988 and 1996 R&D expenditure grew from Rs, 19.5 to 155 million, which is 

increase of more than 800 percent. In real term gross capital formation at 1981-82 prices the 

increase is from Rs.13.1 million total 6.5 million, which is a growth of more than 250 percent. 

The survey also asked questions about other inputs of R&D efforts such as technical 

personnel and size of experiment station. The number of researchers increased 31 to 111 with 
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PhD and 45 to 140 M.Sc holder technical personal. The experimental station size also 

expanded from 400 over 1200 hectares. Vide in Table 6.7 Thus in every measure (Rupees 

investment, technical and size of experiment station) the R&D efforts seem to have tripled in 

a short span of about 8 years. This may be due to government incentives to private and 

diversification by the private companies. Others argued that this might be due to policy 

reform by liberalization because the two surveyed were conducted in before and after 

economic reform. A series of policy changes has relaxed these regulations since 1991. Several 

recent studies have looked at the impact of these policy changes and privatization of the 

industry.

Table 6.7: R&D programmes and expenditures

Measure of impact R&D 1985-86 1995-96

Selected companies 51 160

Responded companies 24 49

Number of PhDs 31 13

Number of M.Scs 45 140

Research station size chart 400 1200

R&D investments (Rs. million) crops 19.5 155

Sources: Pray et. al. 1991, 1997.

Study on maize seed industry concluded that existing government seed supply and 

contribution due to recent changes has improved the efficiency of industry. The multinational 

companies have new biotechnology tool and information for better marketing facilities to 

Indian seed industry. None of them are able to provide quantitative evidence of the impact of 

policy changes is responsible for private seed sector R&D as whole.

In vegetable, Indian vegetable hybrids are in a developmental stage. A study conducted for 

the South East and South Asia by Asian Vegetables Research and Development Centre, 

Taiwan (AVRDC) has highlighted that about 32 percent of the seed companies have 

established research and development (R&D) budget below 5 percent of their total budget, 55 

percent are in range of 5 to20 percent and only one company has a budget of above 20 

percent, The allotted budget is mostly confined to developing new varieties and hybrids for 
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local and international market. Thirty three percent of companies have out reach programmes 

having sub station or branches in foreign countries.

According to study by ICAR and Agricultural University Research System about thirteen 

private seed companies are actively involved in vegetable R&D. Some of them have joint 

venture with multinational or domestic companies specializing in vegetable crop research and 

utilizing R&D facilities available with their overseas partners vide in Table-6.8. Few 

companies have created facilities for field testing and imported the germplasm from other 

public research organization primarily for developing Fl hybrid and few open pollinated 

varieties.

Table 6.8: Hybrid varieties and number of companies R&D available in market 1996-97

Crops No of companies No of hybrid varieties

Tomato 11 48

Brinjal 10 38

Chilli 8 27

Lady Finger 13 25

Cabbage 11 40

Cauliflower 8 21

Ridge guard 6 8

Water melon 5 13

Musk melon 2 7

Sources: Kuldip R. Chopra, Mahendra Hybrid Seeds Co. Ltd. old MIDC, Jalna India, 2004. 

When we compare the data from the hybrid developed by public and private sectors it shows 

the significant participation of private sector as compared to public sectors in between 1995 to 

1997 vide in Table-6.8.
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Table 6.8: Number of private and public bred in may on crop in major crop in market 

during 1995-1997

1995 1997

Crops Private Public Private Public

No. of private Hybrid grow 

on 2% for more area.

Pearl 

millet 50 4 60 6 14

Soybean 22 4 41 5 6

Maize 57 3 67 3 12

Sunflower 47 5 35 6 10

Cotton 73 15 150 15 19

Rice 4 4 8 4 -

Source: Kuldip R. Chopra, Mahendra Hybrid Seed cotton old MIDC, Jalna India 2002.

 Many of hybrids, which are accepted by the farmers, are grown on 2% area or so. The private 

seed companies invest in research where increased seed sales or high margin or both are 

expected.

6.6.4 Major Constraints in the Private Seed Sector

We also opine that the private sector should be involved more in organized seed activity 

research multiplication and distribution. The major constraints in participation of private 

sector in seed research are (i) lack of clarity on issues of protection of IPRs regime (ii) 

restrictions on transfer of land to private agencies for research activity.23

Seed Industry face the problem of weak R&D, infrastructure, and technical service needed by 

seed companies. Because the research is capital intensive activity and returns to research 

could be expected after a moratorium of at least six to seven years in conventional breeding 

process. On the other hand benefit from research are spread over a number of years and new 

seeds (varieties) evolved by an agency, do not venture to invest in basic seed research. 

                                                
23 Singh, G; Asokan, S.R. and Asopa, U.S. (1990).



239

Similarly, restrictions on transfer of land for research activity to private companies should be 

done away with. At the same time sale /resale of land by the seed agencies may be banned to 

avoid misuse of suggested relaxation.

The risk associated with production and multiplication of seed include crop failure due to 

natural calamities, loss in yield due to pest /disease, low input use and deviation from 

recommended practices, rejection of seed due to admixture, spurious seed in market, viability 

and high cost of production due to unforeseen expose.

On the basis of above arguments we can say that at times of crisis while public seed agencies 

get the government support for research, private seed agencies have to  bear the costs of carry 

over stock in times of market failure.24

6.7 Relevance and Need for Agro-Biotechnology in Seed Sector

It is an overwhelming fact that seed dominated the realm of green revolution. The widespread 

increase in food production could be achieved by increasing the use of high quality seeds of 

high yielding varieties. The intensive input use has become more complex because of 

urbanization and industrialization, which has put a limit on the availability of land and water 

resources, as in the decades to come for availability of land, will get reduced.25 Thus, more 

food is to be produced from less land. This requires Plant Breeders who can rectify problem in 

crop only when there is variability for desirable traits within compatibles species complex. 

The transfer of useful traits from distinctly related species, which do not sexually cross with 

other crops plant, is not possible through ‘conventional recombination breeding procedures’. 

Considering that many problems still remain unsolved and even hybrid can increase yield up 

to only 20 percent more than normal varieties. Although, hybrid technology achieved higher 

agriculture output but, it also brought several problems that the currently, available 

technologies are inadequate to solve. According to Swaminathan, “In the 21st century, Gene 

Revolution will be the guiding force behind agriculture development as Green Revolution was 

in 20th century”.

                                                
24 Cotton crop failure in Andlira Pradesh, 1998, Report of the Research Foundation for science, Technology and 
Ecology.
25 G.S.Bhalla. 2002
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Biotechnology is emerging as one of the most innovative achievement in life science, which is 

influencing almost every aspect of life, and seed sector being not exception. Biotechnology is 

inter-disciplinary in nature. It cuts across various disciplines such as molecular biology, 

biochemistry, microbiology and information sciences. In other words, biotechnology is an 

applied science utilizing biological organism, system or process in manufacturing and service. 

Recognizing the potential of genetic engineering and biotechnology and its relevance to India 

setting up of the separate Department of Biotechnology in 1986 has given a new impetus to 

development in the field of modern biology and biotechnology. Because of vast availability of 

genetic variability26, trained manpower, strong knowledge base, good network of research 

laboratories and well-developed base of industries like seed and Pharmaceuticals industry27

the importance in the field of biotechnology in the field of great importance.

All the above opportunities of Biotechnology can prove to be a potential tool in development 

of seed sector that guides the future thrust of biotechnology in the field of agriculture 

production. Hence, we wish to present in this chapter a salient feature of investment support 

in biotechnology, opportunities of Agro-Biotechnology in the seed sector and various issues 

pertaining to transgenic research and regulation in India.

6.7.1 Investment   in Biotechnology

Investment in India began with early initiatives of the government and setting up of a separate 

Department of Biotechnology for promoting R&D, human resource development. Since the 

establishment of biotechnology facilities, product and process development during financial 

year 1985-86 to March 2002 an investment of Rs.12.95 billion has been made. Fifty percent 

of this investment has been made in the last five years and the same is increasing 

approximately by 30 percent. In early years most of this investment was on infra structure 

facilities. Since 1997-98 the annual allocation for R&D is almost more then 60 percent, 

Agriculture and Medical research received maximum fund.28

                                                
26 Compendium of Environment Statistics, India 2002.
27 www.dstindia.org & www.icarindia.org
28 Rao, 2002
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Beside the Department of Biotechnology (DBT), other government S&T Organizations such 

as the Indian Council for Agricultural Research (ICAR), Council for Scientific and Industrial 

Research (CSIR), University Grant Commission (UGC), Department of Science & 

Technology (DST) and other autonomous institution also support R&D programme in 

biotechnology. Since, in all of these organizations there is no clear-cut separate evidence for 

investment available to biotechnology. However, normally the contribution or sharing of cost 

in most of these projects is about 30 percent, and therefore, it can be presumed that the 

contribution by all would be around Rs.404 million since 1987-88 to Rs.1138 million in 1997-

98 to Rs.2356 million in 2002-03 Biotech Consortiums India limited (BCIL). The centre is 

also planning to introduce additional venture capital funds in lines with its Technology 

Development Fund (TDF) to promote small and medium biotech enterprises,

  

Several states have taken their own initiatives in term of defining their own biotechnological 

policies to give an impetus to the industry in this sector and to biotechnology in India as a 

whole. Some states like Andhra Pradesh, Karnataka, Maharashtra, Kerala, Tamil Nadu and 

Himachal Pradesh are developing biotech parks, Several concessions are being offered to the 

industry in term of single window clearance, speedy customs clearance, and exemption from 

tax creation of funds to be used for incubations of new projects.29

Private sector investment has also showed positive trend since 1995. There are no authentic 

statistics available in the private sector investment. The private sector do not want to disclose 

R&D expenditure for some unknown reason. But the expected investment in the next five 

years is, vide Table 6.9. The expected investment showed that the maximum contribution of 

Rs 1500 million was on seeds sector (GM crops). These trends are the positive indications of 

the huge market for the seed sector.

                                                
29 www.techno-preneur.net & www.dbtindia.org
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Table 6.9: Investment on biotechnology in next five years

Specific area of investment Est. investment Next 5 year ($ Million)

Vaccine 300-400

Seeds (Hybrids) 1500

Biopesticides 800

Biofertilizers 200

Amino acid production 700

Production of specialty biochemical 1000

Sources: biotech market research reports, 2004. 

6.7.2 Agro-biotechnology opportunities in the Indian seed sector

India is the second largest food producer after China and thus, offers a huge market for agro 

biotechnology products. The global commercial seed markets of agricultural and horticulture 

seed have a value of $30 billion worldwide. It is estimated that the market could triple to 

around $91 billon, if the Asians region open up their markets for European and United States 

seed companies. India's market is around 3 percent of the global seed market. Industry 

segments of agro-biotech contributes 60 percent of the total biotechnology growth, vide Table 

-6.10, dramatic increase in the annual expenditure on research by the private sector on 

biotechnology research is yet another indicator of increasing involvement of different 

stakeholder which indicates opportunities of transgenic seed. In changing global agriculture 

situation, rapidly decreasing land resources and low opportunities for improvement in existing 

crops varieties quickly shift towards transgenic, this will have major impact on the seed 

business.

Table 6.10: percentage Market Share of Agro Biotechnology in India

Sector % Contribution

Agro-biotech 60%

Diagnostic & therapeutics 25%

Vacancies 15%

Source: biotech market research reports, 2004.
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The growing population and increasing food demand also showed changing pattern of 

consumption. The actual market consumption in biotech products in 1999 was $ 8.6 billion. It 

could result in a turnover of $ 9-10 billion in the next 5 years out of which agricultural 

product (including seeds) contributes 29.8 percent. It will move to 30.7 percent by 2005, vide 

Table-6.11. This is expected due to value addition in existing products, change in traditional 

foods, and diversification in food basket, rapid economic development, and better markets 

opportunities for export, which have increased the demand of Genetically Modified Food30.

Table 6.11: Consumption trend in biotechnology in year future

Biotech Actual 

Consumption 1999 

Future 

Consumption 

Estimate 2005 

Future 

Consumption 

Estimate 2010

Human & Animal 

Healthcare Products 

32240 (37.5) 35320 (37.6) 93540 (40.0)

Agricultural 

Products (incl. 

Seeds) 

25670 (29.8) 28880 (30.7) 78720(33,7)

Industrial Products 27090(31.5) 28500 (30.3) 53590(22.9)

Other Biotech 

Products 

1040(1.2) 1300(01.4) 7940 (3.4)

Total in Rs. Million 86040(100) 94000(100) 233790 (100)

Sources: Biotech market research (figure in brackets indicates contribution in % of the total)

6.7.3 Transgenic Research in India

Despite significant advances in crop improvement, it is predicted and felt by many researchers 

that crop yield increases through conventional methods and will not continue progressively at 

the same rate of the demands. Driven by the need to achieve higher and more stable yield, 

several advanced techniques have been developed by the researchers to aid identification and 

transfer traits. These include the molecular markers31, DNA finger printing32 and tissue 

                                                
30 Alam. G. 2001
31 Molecular markers gene that are responsible lo identification of the desired gene in desirable species
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culture33 technologies. These technologies have the capacity to allow access to gene pools that 

were previously too distant to be tapped through the conventional breeding or sexual 

hybridization.

The techniques of genetic modification, which essentially include molecular biology and 

Genetic engineering, provide vast opportunities to facilitate creation of new genetic variability 

and can effectively complement to the conventional breeding strategies34. The balanced   

approach   of conventional   and   molecular biology is undoubtedly a way to look forward in 

our effort to enhance quality and quantity of crop production. The crop plants improvement 

through genetic make up and exploitation of intellectual asset through genetic transformation 

or genetic engineering can increase farmer’s income and reduce uncertainties and risks 

associated with production35, provided, that the price of seeds is kept low. This will 

particularly benefit the poor and the marginal farmers.

Genetic engineering is one of the component of biotechnology which allows gene that carry 

instructions for particular feature to be isolated and move from one organism to another, 

resulting in a Genetically Modified Organism (GMO) or Transgenic(s). Transgenic is defined 

as “those organism with a gene or genetic construct of interest that has been introduced by 

molecular or recombinants-DNA technique”. These exclude organisms produced by 

conventional breeding as well as organisms produced by chemical means. The GMOs, thus, 

carry transgene(s), which when integrated and expressed stably and properly confer either a 

new trait to the organisms or modified it which was hitherto not present (for instance, insect 

resistance) an enhance on already existing traits (for instance nutritional yield).

Several public institutes under the Indian Council for Agricultural Research (1CAR), Council 

for Scientific and Industrial Research (CSIR) besides reputed research organizations and 

universities actively are involved in research on transgenic vide in table 6.12 covering wide 

                                                                                                                                                        
32 DNA finger printing process by which unknown sequence of DNA can by known, through Known DNA 
     hybridation sequences
33 Cultivation of plant cells and tissues in vitro on artificial media or m aseptic conditions
34 Clive James. 1999
35 Barnes and Bread. 1992
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range of crops likes tobacco, rice, mustard, cotton, potato, brinjal, tomato, cabbage, 

cauliflower etc, most of them are under field trials and results are expected in the 2005-06.

In the private sector, Pro-Agro- PCS India Ltd. was the first company to obtain the permit 

from Department of Biotechnology in September 1994 to conduct controlled field trials with 

mustard (Brassica Juncea) containing Barstar (male sterility gene) and Barnase (Fertility 

restorer gene) gene of plant Genetic system, Gent, Belgium. The main aim was to increasingly 

productivity of the crops, the yield to which had been rather stagnant for several years. 

Subsequently, permits have also been obtained to conduct trials with cauliflower and cabbage 

since several other companies have also showed interests e.g. MAHYCO, Jalna (Bt. cotton); 

SPICE, Chennai (male sterility) paddy; Ankur Seed (GM cotton seed and vegetables); Rasi 

Seed, Tamil Nadu (Bt. Cotton) and Nicholas Piramal Mumbai, (cotton and all crops) have 

also obtained permits for experimentation. Some of these multinationals and domestic 

companies collaborated with Joint venture research with the public research institutions and at 

present the characters predominantly targeted by institutions carrying out genetic engineering 

experiment in the both public and private sector in India is insect-pest resistance, mainly using 

Bt. base strategy. Several crops including potato, cabbage, cotton and rice are being targeted 

for this purpose besides, effort are also being made, mainly in the private sector vide in Table-

6.13, to generate transgenic in commercially important crops such as chilli, black pepper, and 

tomato, with resistance against lepidopteron & coleopteran.

The first transgenic, Bt Cotton36 was approved in April 2002 for the period of three years by 

the Genetically Engineering Approval Committee (GEAC), based upon the recommendations 

of the Monitoring Evaluation committee (MEC), ICAR and Biosafety. After that, Rasi Seeds 

hybrid (Bt. cotton) was also approved by the committee.

                                                
36 Three transgenic namely MECH 12 Bt, MECH 162 Bt sand MECH 184 Bt cotton containing insect resistance 
     gene (cry I Ab gene) from a soil bacteria (Bacillus thuringieness).
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Table 6.12: The institutes/organizations engaged in transgenic research
Institute Crop Transgenic Aim Inserted Current status

DRR, Hyderabad Rice Chitinase gent Resistance to sheath 
blight disease 

Ready for 
greenhouse trials

Bose institute, Calcutta Rice Bt. toxin gene Resistance to 
Yellow Stem Borer 

Greenhouse trials 
in progress

Delhi University, South 
Campus, Delhi 

Mustard/ 
rapeseed 

Barnase and 
Barstar 

Pollination control 
for hybrid 
development 

Ready for field 
trials.

Jawaharlal Nehru 
University. New Delhi 

Potato Ama- 1 gene from 
Amaranthus 

To improve 
nutritional quality 

Transgenic lines 
under evaluation 
under containment 
conditions

Central Institute of 
Cotton Research, 
Nagpur

Cotton Bt. toxin gene Resistance to 
lepidopteran insect 
pest

Greenhouse trials 
in progress

M/s Proagro PGS India 
Ltd. New Delhi 

Mustard/ 
Rapeseed 

Barnase and 
Barstar

Pollination control 
for hybrid 
development 

Contained field 
trials in more than 
15 locations over; 
open - field 
research trials in 
progress

M/s Proagro PGS India 
Ltd. New Delhi 

Tomato Bt. toxin gene Resistance to 
lepidopteron insect 
pests 

One season 
contained field trial 
over; further trials 
in progress

M/s Proagro PGS India 
Ltd. New Delhi

Brinjal Bt. toxin gene Resistance to 
lepidopteron insect 
pests 

Glasshouse 
experiments in 
progress

M/s Proagro PGS India 
Ltd. New Delhi

Cauliflower Barnase and 
Barstar

Pollination control 
for hybrid 
development 

Glasshouse 
experiments in 
progress

M/s Proagro PGS India 
Ltd. New Delhi. 

Cauliflower Bt. toxin gene Resistance to insect 
pests 

Glasshouse 
experiments in 
progress

M/s Proagro PGS India 
Ltd. New Delhi 

Cabbage Bt. toxin gene Resistance to insect 
pests 

Glasshouse 
experiments in 
progress

M/s Mahyco, Mumbai Cotton Bt. toxin gene
Resistance to 

lepidopteron insect 
pests

Field trials In over 
40 locations 
completed

Central Tobacco 
Research Institute 

Tobacco Bt. toxin genes Resistance to 
Tobacco Caterpillar 
(Spodoptera litura) 

One season of 
contained field trial 
completed; further 
evaluation under 
progress

Central Potato Research 
Institute, Shimla 

Potato Bt. toxin gene Resistance to Potato
Tuber Moth 
(Phthorimaea 
opurculella) 

Ready to undertake 
glasshouse trials



247

Indian Agricultural 
Research Institute 
(IARI, New Delhi) 

Brinjal Bt. toxin gene Resistance to Shoot 
and Fruit Borer 
(Leucinodes 
arbonalis) 

Two seasons of 
field trials over; 
further evaluation 
in progress

IARI, New Delhi Rice Bt. toxin gene Resistance to yellow 
Stem Borer 
(Scirpophaga 
incertulas) 

Ready for 
greenhouse trials

IARI, New Delhi Tomato Bt toxin gene Resistance to Fruit 
Borer (Helicoverpa 
armigera) 

One season field 
trial over; further 
evaluation In 
progress

IARI. New Delhi Cabbage Bt. toxin gene Resistance to 
Diamond Back 
Motli (Plutella 
xylostella) 

Ready for green 
house trial

IARI, New Delhi Tomato ACC synthase 
gene

Delayed fruit 
ripening, 

Ready for 
greenhouse trials

IARI, New Delhi  Brassica 
Junea 

Annexin gene
Arabitdopsis 

Tolerance to 
moisture stress 

Field trial in 
progress

IARI, New Delhi Potato Osmotin Tolerance to 
moisture stress 

Ready for 
greenhouse trials

Directorate of Rice 
Research (DRR),
Hyderabad

Rice Bt. toxin gene Resistance to 
yellow Stem Borer

Ready for 
greenhouse trials

Source: Data mainly based on information presented by Sharma, Manju; Canak, K.S.and Ramanaiah, 
2003. Agricultural Biotechnology Research in India: Status and Policies, current Science, Vol., 84,No., 3 
Feb
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Table 6.13: Alliances of major companies with different institutions and industries in 
Agriculture seed research

Major Indian Companies Collaborating institutions/ industries Nature of 
collaboration

National Diary Development 
Board Around (NDDB) 

Delhi Univ. Delhi Transgenic plant 
development, 
including 
mustard

Cadila Pharma, Ahmedabad IARI; DU, Delhi; IISc, Bangalore; IMT, 
Chandigarh;  The energy Research 
Institute; International Centre for Genetic, 
Engineering and Biotechnology, Trieste 
Italy. 

Biotech process 
development, 
Technology 
transfer and 
diagnostic Kit’s 
development for 
viral disease.

Nath Seeds, Aurangabad Biocentury Transgenic Company, China Genetically 
modified cotton 
seeds and 
Technology 
Transfer

Maharashtra Hybrid Seeds 
(Mahyco) Mumbai 

Monsanto, US Equity 
participation and 
technology 
transfer for 
genetically
modified seeds.

Ankur Seeds, Aurangabad Mahyco-Monsanto India Technology 
Licensing for 
genetically 
modified seeds

Rasi Seeds, Tamil Nadu Mahyco-Monsanto, India Technology 
Licensing for 
genetically 
modified seeds.

M/s Pro-Agro PGS India Ltd. Aventis All crops

HLL Uniliver All crops

Sources: Data mainly based on information presented by Sharma. Manju; Canak, K.S.and Ramanaiah, 
2003. Agricultural Biotechnology Research in India: Status and Policies, current Science, Vol., 84,No., 3 
Feb
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Currently, India comes under top ten Bt. cotton growing countries having area of 0.4 million 

hectare (ISAAA 2004). A survey conducted by ISAAA37 expected that India would be a 

global market with use of GM cotton38 in coming decade. These developmental efforts in 

transgenic can reduce some financial losses in input management. But the developments are 

mainly concerned on commercial crops and crops, which are grown in irrigated area. Whereas 

the need is to be enhance the quality improvement in crops. However, so far due weightage is 

not provided to enhancement of nutritive qualities of the crops.

So the promise of transgenic research technology has largely a grey area. It can be concluded 

that both the public and private research organizations emphasized mainly on either on 

production of pest/insect resistance or abiotic stress, vide in table 6.12 and 6.13. The Low 

emphasis on improvement in yield and other nutritional improvement like enhanced protein 

and mineral was accorded proper attention. However, Institutes like University of Hyderabad, 

Jawaharlal Nehru University and Indian agriculture research institute are involving in 

development of protein reach potato and delay fruit ripening in tomato respectively this is also 

important to industry as well as farmers vide in tables 6.12. 

However, some report from different states Andhra Pradesh, Gujarat etc on the harvest 2002 

provided mixed pictures of success, and failure39 respectively. Some of Non-Governmental 

Organizations (NGOs), farmers’ organization accepted and refused to grow these crops40. The 

basis of refusal of these crops is attributed to the risk associated with the Bt. gene and the 

resistance developed by gene may be turn to develop tolerance against the insect. In case of 

edible food crops the transgenic technology raised the question of health and environment 

safety (for instance Genetically modified corn crop containing Bt-10 gene released in 

environment can pose threat on human or environment safety. Although Indian Biotechnology 

                                                
37 International service for the Aquisition of Agri-Biotechnology application
38 Cotton (Bt) area has increased 400% in India, (out of 81 million hectare are approved under Bt cotton), 
http//:ww.cgiar.org.
39  Because it does not dcliver a promise high expectation and low cleverness and fanner believes that
crop is not completely free from insect and difficult to justify the cost benefit analysis details in, Status of
Bt. Cotton & Future of Biotechnology in India.  Moyee, C.D, 2004.
40

Thus, the issue raised on the risk of insect resistance are relevant particularly, produce (cry I Ac) gene that 
produce toxin in Bt cotton. Non-Bt varieties of some of other crops may thwart resistance by acting as refuge for 
cotton boll warm, See more detail, Stone, G.P Human Organization 63, pp 127-140.
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Policy, 2004 restrict to transgenic research should not be undertaken in crops/commodities 

where international trade may be affected e.g., Basmati rice, Soybean or Darjeeling Tea.

The bottom line of development policy is the economic well being of the poor families, and 

the food security of nation, as most of populations do not get adequate food diet.41 So, our 

coordination of transgenic research should be based on a holistic basis. It should include not 

only economic aspect but also other health related aspects.

The fact is that our research system should be sensitive to the bio-diversity, conservations and 

socio-economic context of our composite agrarian system and resources should not be taken 

in crops/commodities and our national bio-diversity may not be affected. So in their pursuit of 

profits, transnational corporations are eager to push untested technologies and models 

regardless of the human, environmental and social damages they may cause. India is rapidly 

moving toward a cash crop economy, at the expense of self-sufficiency. Large multinational 

like Monsanto are also pushing the Gene Revolution (biotechnology), as the successor to the 

green revolution, inspite of largely unanswered questions about the impacts of such 

technology. There are grand yet, unproved claims that biotechnology is the answer or feeding 

the hungry in the world. Not only the unanswered questions are problematic, biotechnology in 

agriculture itself is designed so that corporations gain full control over the agricultural system 

from the local farmers.

Proper health and bio-safety assessment of transgenic before transfer in farmer’s field must be 

ensured. This is mandatory under the guideline for institutes / companies engaged in 

transgenic research.

6.7.4 R&D priority for transgenic in the Seed Sector

As earlier mentioned,   larger number of big and medium size seed companies are intensively 

pursuing full-fledged in-house agro-biotech research. This becomes more and more a 

commercial reality. Its impact on consumers as well as farmers is well recognized. There is a 

                                                
41 About 24 percent all new born have impaired growth due to poor nutrition during birth out of total 33 percent 
of all under age of five on stunted due to iron deficiencies and other nutrient disorder disease
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need to prioritize and restructure our research programme relating to transgenic research in 

crops, in order to maximize benefits from limited resources in areas of relevance to food, 

livelihood & ecological security, as emphasized in National Biotechnology Policy 200042.

It will be better to prioritize in R&D activities on demand basis. The R&D work should 

include programmes on development of high yielding varieties, stress tolerant and high 

yielding variety improvement on nutritional standard of food crops through modern genetic 

engineering techniques.

Due to high cost of technology required for substantial investment and time to get a product 

commercialized it will become difficult for even large companies to pursue biotechnology 

research alone because of large investment needed and inevitability of using already protected 

gene and protocols in developing transgenic. These limitations necessitate collaborations 

research joint ventures at national/international level. The government of India supports Top 

down research project43 in which the central agencies decide the research programme from 

top to affiliated institutes those, who are working on the same project but difference is 

objectives and regions. Here, it is need that no replication follows in other research centers.

Public research institutions and universities are encouraged to forge partnership with one or 

more companies in the private sector. The scopes of such collaborative research between 

advanced public institutions and prospective private companies are unlimited This kind of 

collaborative research creates intellectual property for the institutions involved and provides 

leverage to get access to technologies from other technology holders. Such types of 

partnership bring together public institutions and the private seed industry. In interest of all 

stakeholders, the evolutions of a viable system for joint ventures should be given priority.

                                                
42 National Biotechnological Policy 2004. Task force an Applications of Biotechnological in Agriculture by Dr 
M.S Swaminathan, 2004
43 Example from National project iransgcnic directed by the DBT/ICAR for implementation involving several 
agriculture universities and research station in developing virus resistance rice so the strategy should be b«scd on 
the other institute must involving in improvement in other related problem, The project lias also paved the way 
for olhcr Improvement of rice. Through we cannot only save the money but also lime need for improvement of 
other useful traits. The linkage between them makes it speedy.
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As biotechnology is becoming more and more commercial reality its impact on consumer as 

well as producer is well recognized. The GMOs is relatively new to the Indian farmers 

(awareness about the subject matter of technology). Therefore, it is important for government 

to generate / educate the farmers and consumers awareness regarding the potential benefit and 

possible limitation of transgenic technology in general to avoid prejudices and presumption. It 

is essential to stimulate healthy debate on possible risks, rather than making sweeping 

generalization about safety or non-safety of GMOs without verification.

6.8 Regulation and Risk with transgenic

Technological advancement in transgenic also have several challenges44, where these 

technologies require to be careful about the likely impacts of GMOs. Concern over 

development of the ‘Terminator Technology’45 which has been patented by US has also 

granted approval to the MNCs ‘Delta and Pine Company’ to commercialize the Terminator 

Technology. This affects the farmer’s ability to save and use the same crop seeds in future and 

also has some impact on natural biodiversity46.

Therefore, the country has to be very vigilant in the context of the applications and 

regulations. The promotion of transgenic crop is suggested to have the following major risks:

a.Escape of engineered gene-by-gene flow or gene dispersal.

b. Non-target effect or ecological effects

c. Invasiveness or weediness of transgenic

d. Creation of super weeds and super virus

e. Toxicity and allergencity to human being and animals,

f.  Expansion of undesirable phenotypes traits

g. Erosion of biological diversity.

The scientists refuted some of them on based on science-based explanations. Miller 1994 and 

95 argued that transgenic organism pose no greater risk. Organisms generated by the 

                                                
44 James C. Delouche, 1999
45 The basic premise is a desire lo inhibit germination of seeds in the second generation so that seeds can be sold
to fanner which will germinate to produce, but the seeds obtained by farmer from that crop will not be viable as 
embryo become dead.
46 Jefferson el al., 1999



253

recombination DNA technique are likely to be at least, as safe as those generated by 

traditional methods, because despite the greater range of gene that can be transferred, genetic 

changes introduced by molecular biotechnology are generally better than conventional 

methods47 Based on considerable amount of field-testing data on transgenic plant 

demonstrated that no risk are involved in releasing transgenic48. But worldwide pressures 

from different NGOs raise the questions on the regulatory mechanisms.

India has three tiers regulatory systems49 for field-testing of transgenic plant. It also needs to 

restructures the existing systems. Still the regulator)' mechanisms are active only on 

preventive and permissive level whereas, the promotional levels need to be straightforward.

An effective control and monitoring system can genuinely promote institutions, which are 

involved in incorporation of such gene in varieties being propagated for mass cultivation. 

Effective steps will have to be taken to prevent the entry of genetic material unfit for human. 

Illegal activities like fake spurious seed of transgenic, replication of technology through 

reverse engineering, has to be checked.

It is imperative that the government machinery with greater assertiveness checks such 

unlawful activities perpetrated by vested interest so as to ensure adequate testing and 

evaluation of genetically modified crops being established. There is need to address the 

problems, objectives and priorities on case by case for ensuring rapid growth the of seed 

sector.

It must be pointed out that compared to these sources devoted by large multinational agro 

biotech firm, India's effort is very minimal in many cases the scale of research activities are 

                                                
47 Miller and Crowly. 1994.
48 Prins and Zadok, 1994.
49  IBSC set up a! each institution for monitoring institute level in GMOs
-Review committee on genetically manipulation (RCGM) set up al DBT to monitor on going research activities 
in GMOs. A monitoring and Evolution committee MEC, comprising agricultural scientist, was constituted in 
July 1998 by RCGM to monitor and supervise field trials permitted by the GOVT. Genetic Engineering approval 
committee (GEAC) in the ministry of environment and forest has been set up to author rise large scale trials and 
Environment release of Genetically modified organisms. (Revised guidelines for research are in transgenic plants 
find guidelines for toxicity and allcrgccily evaluation of transgenic seeds .plants and plant parts, department of 
biotechnology, New Delhi 1999. Ghosh. P.K.and Ramanaiah. 2000.
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sub optimal, considering the general gap of resources in India. It is also important that our 

research should be focused on a limited number of problems. Priority must be based on our 

farmers’ socio-economic development point.

Finally it must be pointed out that biotechnology research in India has been focused only 

mainly on the problem of crops that are grown in irrigated areas. The research activities 

neglected qualitative traits (like enhancement of minerals, protein nutrients) and pulses oil 

seed and small millet have received very little attention, These crops affect the large segment 

of our farmers it is important that biotechnology contribute to the reduction of regional 

imbalances and benefit a large number of farmers.

The high costs of technology, IPRs and risk association with technology raises several issues 

like monopolization of the seed market, environment safety etc., there are major concerns to 

scientists, policy makers and farmer organizations. The Government needs an effective policy 

guideline that makes balance among parties concerned.

6.9 Technological dimension of Bt. Technology based on Primary Survey

6.9.1 Entry Barriers: Pre-Bt

It is commonly agreed that conventional plant breeding does not require much capital 

investment. Breeders, a collection of germplasm, and land for an experiment station are the 

principal inputs. The private sector has often hired breeders from public sector research 

institutions and agricultural universities. Germplasm was not mentioned as a constraint by any 

of the seed companies that had been interviewed. The size of experiment stations varies 

between 25 hectares for a modest breeding program to over 100 hectares for an experiment 

station spread over multiple sites. Marker assisted breeding is beginning to be important but 

as the cost of this technology is not prohibitive, it is unlikely to be a dominant source of 

technological advantage for larger companies.

Seed production is organized through contract growers and this needs to begin one year 

before sales commence. Growers receive an advance (about a sixth of the price of seed) and 
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they are fully paid by April-May. Risk is an issue because seed production is based on one-

year ahead forecasts of demand (for the firm’s proprietary hybrid). Cautious companies

could therefore miss opportunities to become market leaders. The proprietary seed market has 

seen entry by a number of companies in the last decade.

6.9.2 Entry Barriers: Post-Bt.

In India, the first approvals to Bt. cotton were given to three hybrids released by Mahyco 

Monsanto Biotech (MMB), the joint venture between Mahyco and Monsanto. These hybrids 

contained the Bt. gene cry 1 Ac owned by the U.S. firm Monsanto. Subsequently, MMB has 

sub-licensed the gene to 20 other companies in India (as of April, 2005) to incorporate it into 

their cotton hybrids.

To the sub-licensee of the cry 1 Ac gene, MMB provides the gene incorporated in an American 

variety called Coker 312. Through routine backcrossing with the parental lines of its hybrids, 

the sub-licensee firm incorporates the gene into its germplasm. Hybrid seed is then produced 

in the usual manner. The principal investments (besides the license fee) by the sub-licensee 

consist of equipment that isolates DNA (through grinding and centrifugal force), tests for the 

presence of the Bt. protein (Elisa test), tests for tracking plant transformation (homozygosity 

tests using PCR) and greenhouse for contained field trials. According to several respondents, 

such equipment together with related essentials (such as refrigeration) and infrastructure 

(temperature controlled buildings with back up power) cost about Rs.5 million. Many seed 

firms go beyond these essentials and also invest in plant pathology labs, machines for DNA 

sequencing and characterization and multiple Elisa machines to be used for testing Bt.

presence in seeds produced by their growers. For this reason, many seed companies reported

budgeting around Rs.10 million for the biotech lab. MMB charges a licensing fee of Rs.5 

million.

While Rs.15 million was a quantum jump in R&D expenses for most seed companies, the 

economics of such investment can be considered for a small company selling 100,000 packets 

annually. For a packet of seed (450 grams), MMB had fixed a trait value of Rs.1200 of which 

Rs.700 was paid to MMB (this is in addition to the lump sum licensing fee of Rs.5 million) and 
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Rs.200 to the seed dealer. If the company expects to sell the seed at Rs.1600 (the lowest price 

for seed among the official Bt. providers), its share of the selling price would be Rs.700 and 

its expected revenues would be Rs70 million. As non-Bt. hybrids sell for around Rs.400 per 

packet, the incremental revenues due to Bt. is of the order of Rs.30 million annually. Thus, 

even for a small company, the additional R&D cost due to Bt. related investments could be 

recouped quite rapidly provided the assumptions about expected sales and price hold.

The Bt. related investments are therefore unlikely to be a barrier to entry into the Bt. market by 

the companies in the branded segment. This is also borne out by the large number of seed 

companies that have licensed the Bt. gene from MMB.

6.9.3 Competition in the Post-Bt Scenario

Despite the conclusion in the previous section that Bt. related investments do not constitute an 

entry barrier, the impact of Bt. on market structure is likely to be complex. According to 

industry estimates, there has been a marked shift in farmer preferences towards Bt. seed. Of 

the total hybrid seed market of 13 million packets, industry sources estimated that Bt. seeds 

could account for as much as 8-9 million packets in 2005 (up from 3 million packets in 2004 

season). Illegal Bt. seed was thought to account for 5-6 million packets while the remainder 

was legal Bt. seed.

Although about 20 companies have licensed the cry 1 Ac gene from MMB, not all of the 20 

companies will have their Bt. products in the market at the same time. For instance, in the 

2005 season, besides MMB, hybrids from Ankur, Rasi and Nuziveedu were available to 

growers. Hybrids from other companies were still in large-scale trials awaiting the biosafety 

regulator’s approval (the Genetic Engineering Approval Committee or GEAC) or at even more 

preliminary stages of testing. Some of the licensees had concluded their agreement with 

MMB in 2005; thus they were just beginning to do backcrossing. On the other hand, Rasi’s 

agreement with MMB dates from 1998. They did large-scale trials in 2002 and 2003 and 

obtained GEAC’s permission to commercialize in 2004. Hence, the fact that not all firms had

started their Bt. programs at the same time means that companies that got a headstart might 

receive the opportunities to enjoy monopoly power temporarily. GEAC’s insistence on 
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agronomic testing (through large scale trials) favoured the companies that have already 

received commercialization approvals.

The case for agronomic testing relies on the need to protect poor and vulnerable growers from 

inferior products. Yet, growers had not shown a marked preference for hybrids that had

undergone agronomic testing. Under India’s seed laws, agronomic testing (by which varieties 

and hybrids are “notified”) is mandatory for public varieties and public hybrids but is 

voluntary for proprietary non-Bt hybrids. Most companies have not bothered with the 

notification process and have relied on their own quality systems, demonstration plots and 

field days to build brands and push sales. In some cases, for the sake of public relations with 

the government and the public sector agricultural research establishment, companies submit 

their flagship hybrid to the notification trials but almost never waited for the outcome to 

market their product. [A fairly typical example was that of Vikram 9 and Vikram 5 from 

Vikram Seeds. They were released in 1993 and 1995 and were very successful hybrids in 

Gujarat till 2003. Both hybrids were also tested in notification trials and were notified in 2000 

and 2002 respectively]. In the perception of seed companies, notification adds little or no 

commercial value. The dominance of non-notified proprietary hybrids in the cotton seed 

market demonstrates this amply.

The hybrids from MMB, the first company to apply for commercialization, spent 4 years in 

large-scale trials including two years of testing with ICAR trials. By allowing concurrent 

ICAR and large-scale trials (organized by the applicant), GEAC quickened the process to 2 

years for Rasi, which was then reduced to 1 year for the approvals in 2005 including that of 

Nuziveedu Seeds. However, since then, the GEAC revised its protocol to specify that non-

notified Bt. hybrids would have to spend upto 2 years in ICAR trials, thereby increasing the 

time before which new Bt. hybrids can come to the market.

While the entry of more Bt. hybrids brands would offer growers more choices and lessen 

concentration, the impacts on price would be muted. As we saw earlier, by the revenue 

sharing agreement with MMB, the trait value was fixed and a sub-licensee company receives 

Rs.700 and an increment of Rs.300 over the price of non-Bt. seed (if the Bt. seed sold at the 
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current market price of Rs.1600). Rs.300 is therefore the additional surplus (gross of costs 

due to Bt.) received by the seed company. Competition could therefore affect this quantity 

and it represents the maximum amount by which price could fall.

6.9.4 Competition between different Bt. genes

As of 2003, MMB’s cry 1 Ac gene was the only Bt. gene that had been approved by the 

biosafety regulators in India. Large scale field trials had been permitted in the 2005 crop 

season for hybrids incorporating four other gene constructs – MMB’s Bollgard II which 

stacks cry 1 Ac and cry 2 Ab genes, a modified cry 1 Ac gene developed by IIT, Kharagpur in 

collaboration with JK Seeds, a fusion’ cry 1 Ac/cry 1Ab gene sourced by Nath seeds from 

the Chinese Academy of Agricultural Sciences and Vip genes (also isolated from Bt. bacteria) 

from Syngenta. These genes have undergone biosafety tests and the hybrids incorporating 

them have to go through the agronomic testing discussed earlier.

The competition from alternative genes could lead to a more serious impact on the seed price 

than the competition between hybrids with the MMB gene. This is because the alternative gene 

providers could target a trait value lower than that fixed by MMB. Whether this will happen 

and to what extent will depend on two factors: (a) The performance of these alternatives as 

compared to MMB’s genes especially Bollgard II which promises protection not only against 

lepidopetran pests but also spodoptera - a rapidly emerging pest. (b) MMB’s first mover 

advantage in sub-licensing the Monsanto genes to companies that had some of the best 

performing hybrids in the country. Even if the alternative gene constructs prove successful, 

they would not be able to combine with quality germplasm. Thus, the market for the new 

genes may well be limited by the contractual restrictions of the major seed firms with MMB. 

[Several companies indicated that the agreement with MMB disallowed the license of genes 

(with insect-resistant traits) from other companies. However, they cited confidentiality reasons 

in declining us access to this clause.]
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6.9.5 Illegal Bt.

Illegal Bt. originated in Gujarat and is still dominant there. But it has also spilled over to 

Maharashtra, Punjab and Andhra Pradesh. Industry sources acknowledge that in these states, 

while illegal Bt. is not dominant, it is not uncommon either. Navbharat 151 is a generic name 

for illegal Bt. In interviews, industry observers stated that the male parent (with the Bt. gene) 

used in Navbharat 151 has been crossed with a variety of female lines to generate many 

different versions of illegal Bt., often well adapted to local environments.

In the 2005 season, illegal Bt. was priced anywhere between Rs.800 to Rs.1200 per packet. 

With its seemingly effective performance and its lower price, illegal Bt. was a threat to legal 

seed, whether Bt. or otherwise. The threat was particularly acute for non-Bt. hybrids. With 

legal Bt., the non-Bt market has some protection in terms of a large difference in seed price. 

With illegal Bt., the protection is much less. In Gujarat, for instance, the market leader 

Vikram Seeds lost its non-Bt. market rapidly because of illegal Bt.

The following facilitates illegal Bt.’s spread:

a) It can be priced lower than legal Bt. because the seed value does not have to be shared 

with the gene supplier. Even if competition between legal Bt. hybrids improves their 

performance or lowers their price, illegal Bt. could compete by further lowering its 

price. 

b) The illegal Bt. coming out of Gujarat was regarded as being of good quality. Within

Andhra Pradesh and Maharashtra, illegal Bt. was served by a large network of seed 

producers and distributors. Anecdotal accounts of grower experience speak of farmers 

receiving quality assurance from this network. 

c) Illegal Bt. generates large gains for seed dealers and seed producers and therefore can 

be shared with local authorities that have the power to enforce seed laws.

As against these factors, the spread of illegal Bt. can be limited by the following 

factors:

i. Transactions have to be based on trust and carried out in cash. Seed dealers and 
producers cannot use normal banking facilities and nor can they use regular 
commercial channels for dealing with first time buyers (i.e., seed dealers from 
outside their area of operations). Illegal trade becomes difficult to carry out 
without kinship networks, which are geographically restricted.
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ii. Illegal Bt. is marketed without a company name and a bill of purchase. In Andhra 
Pradesh and Maharashtra, some illegal seeds are known by brand name such as 
‘Zero Bt’. But it would be difficult to build such brand (without risking 
counterfeiting) over geographically dispersed areas. Illegal Bt producers do not 
possess the formal means to communicate quality especially to growers not 
within their traditional areas of operation.  Growers are confronted with the issue 
of spurious Bt. One estimate is that 30% of all seeds marketed as illegal Bt in 
Maharashtra is spurious (Market source).  

iii. With better gene constructs such as Bollgard II, legal Bt. will perform better than 
illegal Bt.

[Easy availability of Bt. cotton seed of many brands from increasing number of seed 

companies and reduction of prices, has removed illegal Bt. cotton problem out of market 

since cropping season 2007-2008 onwards…See Chapter 4: Districtwise Case Studies.]

6.10 Inferences

Growth in public spending on agricultural R&D in India has increased. At the same time, 

private participation in agricultural research has grown in some developed countries. 

Moreover, the distinction between public and private research is increasingly blurred, as 

public agencies are being pushed to pursue new sources of funding and develop new 

organizational structures to manage and allocate public research funds. Yet there is a dearth of 

information and policy analysis to inform and guide the institutional and policy changes that 

are underway or contemplated. Research is particularly lacking on public policies that can 

improve the funding, performance, and impact of public and private agricultural Science &

Technology institutions worldwide, including their productivity, and their environmental and 

poverty consequences. Keeping track of these changes to compare them within and among 

countries and types of agencies and at different points in time is critical to keep policymakers 

abreast of agricultural science policy issues. 

The ICAR and the Agricultural universities system have been the keystones of Indian national 

agricultural research system, and they will continue to play an important role in developing 

biotechnologies. Yet the emergence of biotechnology has brought a variety of new actors - in 

particular, Transnational companies (Monsanto’s Bt. cotton) and private companies - into 
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agriculturally related research. An alliance is emerging between public sector basic science 

and private sector technology development (IIT- Kharagpore & JK Seeds), which should be 

exploited and enhanced in the area of biotechnology.

The current agricultural research system depends on basic research, applied research, 

technology development, and technology transfer. Basic and applied researches overlap in 

biotechnology to perhaps a greater extent than in traditional areas of agricultural science. In 

realigning the system to promote biotechnology, communication is essential among basic 

researchers, applied researchers, and farmers and private companies, the end users of 

technology. For the agricultural research system to be most effective, links among the 

disciplines of science that support agriculture as well as links between basic and applied 

research and technology development and transfer must be strengthened.
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Chapter VII: Scientific Environment 

Vs 

Views of Scientists and Industry Managers

7.1 Methodology

This chapter is synthesized from primary and secondary sources of information. Content 

analysis1 of the interviews of the respondents was done which have been represented in 

tabular form in this chapter.

7.1.1 Primary Sources

The research tool adopted is in-depth interview. Information was elicited from Scientists and 

practitioners from industry through in-depth interview based on open ended questionnaire.

These interviews were conducted at the office of the individual concern with prior 

appointment and during meeting at the various seminars, symposium and workshops.

PhD Theses were used to go in-depth analysis of the Science. PhD Theses are the live 

research sources and their credentials are unquestioned in the realm of academics.

7.1.2 Secondary Sources

Information is used from the database sent by Syngenta, Monsanto, ISAAA, and IFPRI. Apart 

from these databases, information gathered from Science based Journal of repute; published 

books are also used at certain places to highlight the already accepted fact in the realm of 

scientific world and scientist community.

7.1.3 Institutions from where the respondents have been selected

Seed Industry: Companies Selected

All respondents are from top-level Management.

Multi National Companies: Monsanto and Syngenta.

                                                
1 Content analysis is a method of systematically studying any information, or communication to measure 
  variables. Holsti (1968) defines it as “Content analysis is any technique for making inferences by systematically  
  and objectively identifying specified characteristics of messages”.
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Indian Companies: Maharashtra Hybrid Seeds Company Limited (MAHYCO), Mumbai;

Ankur, Krishidhan Seeds Ltd, Jalna; Nath Seeds Ltd., Aurangabad; Rasi Seeds (P) Ltd., 

Salem; Indo-American Hybrid Seeds, Banglore; J.K. Seeds, Hyderabad; Ajith Seeds;

Nuziveedu Seeds Limited, Secunderabad; Tulasi Seeds, Guntur; Rallies Seeds, Patancheru;

Aditya Birla Seeds Divisions, Vibha Seeds, Hyderabad.

International Organisations: International Crops Research Institute for the Semi-Arid 

Tropics (ICRISAT), Hyderabad, India; International Rice Research Institute (IRRI), Manila, 

Philippines; International Service for the Acquisition of Agri-Biotech Applications (ISAAA), 

Manila, Phillipines; International Food Policy Research Institute (IFPRI), New York.

NGOs: MS Swaminathan Research Foundation (MSSRF), Chennai; Centre for Sustainable 

Agriculture (CSA), Secunderabad; Deccan Development Society, (DDS) Zaheerabad;

Navdanya, New Delhi; GeneCampaigne, New Delhi; Kudumbam, Trichi; Modern Architects 

for Rural India (MARI), Warangal.

Central University: University of Hyderabad, Banaras Hindu University, Jawaharlal Nehru 

University and Delhi University.

Agricultural University: Acharya N.G. Ranga Agricultural University, Birsa Agricultural 

University, Pusa Agricultural University and Allahabad Agricultural University.

Research Institutions: Indian Agricultural Research Institute (IARI), New Delhi; Central 

Institute for Cotton Research (CICR), Nagpur; Central Institute of Research on Cotton 

Technology (CIRCOT), Mumbai; Centre for Cellular and Molecular Biology (CCMB)

National Environmental Research Institute (NERI), Nagpur; National Bureau of Soil Survey

& Land Use Planning (NBSS&LUP), Nagpur; National Botanical Research Institute (NBRI), 

Lucknow; National Academy of Agriculture Research Management (NAARM), Hyderabad;

Central Research Institute for Dryland Agriculture (CRIDA), Hyderabad;  Lam Farm, Guntur;

Central Tobacco Research Institute (CTRI) Guntur-sub station and DRR-Hyderabad.



265

7.1.4 Sample Size

 2003 Survey: Total numbers of respondents were 13.

 2005-2006 Survey (Pilot Testing Stage): Total numbers of respondents were 27.

 2006-2008 Survey (Final Sample based on in-depth interview): Total numbers of 

respondents were 67.

7.2 Chronological Finding of Primary Survey

Rapid changes in knowledge and capabilities in biotechnology have presented the human race 

with a major dilemma, which only a few had anticipated even as recently as three or four 

decades ago. If we limit the discussion to the applications of biotechnology to agriculture, it 

becomes obvious that recent research and advances in knowledge hold enormous promise for 

improvements in yields, reduction of damage by pests and enhancement of qualities such as 

drought tolerance that can revolutionize agriculture. At the same time, genetic engineering 

strikes at the very core of the life at all species. This holds dangers difficult to even 

comprehend much less measure. India is a nation of over a billion people with ever-increasing 

population. It must, therefore adopt science and technology in agriculture to harness their 

latest breakthroughs and yet safeguard all species from the dangers of genetic changes that 

could jeopardize their very existence.

In recent years considerable debate has taken place on the lure and limits of biotechnology in 

agriculture. Understandably, there are differences across the world. The United State of 

America with a lead in GMC has seen the penetration of products created by genetic 

modifications on a significant scale in its markets. On the other hand, Europe has had an 

extremely cautious approach to the use of GMCs, and there is considerable resistance not only 

to the use of GM products but also to research, development and testing related to these 

materials. Developing country like India which has more or less exploited all its arable land 

area, have to spell out their own policies based on realities it face today and those likely to be 

faced in the future. Increasing agricultural yields is imperative, but so is preserving all species 

and protecting all forms of life.2

                                                
2 Comprehend from various ISAAA, IFPRI & Media Reports. Insights from Journals like nature, current science 
and science books have been used to comprehend the paragraph.
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India releases its first GM Crop in 2002 after five contentious years of testing and debate. In 

2002 Bt. cotton was available in only three legal commercial seeds, produced through 

collaboration of Mahyco (the company providing hybrid cotton seed) and its partner and 

partial owner Monsanto (the St. Louis based biotechnological transnational company 

providing the gene construct). The seeds were “Bt.” versions of established hybrids MECH-

12, MECH-162 and MECH-184 with launching price Rs.1050 per packet for one acre in 

2002-2003 cropping season. Bt. cotton has been cultivated in several states of India for the 

last seven years. The impact of it in terms of cost and benefit has been mixed for the farmers. 

But on the sales performance the picture is clear. Monsanto reported sales of 72,000 packets 

in 2002; 2,30,000 packets in 2003; in 2004, when four Bt. hybrids were available, sales 

jumped to 1.3 million packets.

7.2.1 Excerpts from Responses of Scientists during 2003

The broad issues raised by the set of scientists working in agriculture related area are

categorized in three broad sets, namely: Scientists working in Private Seed Companies, 

Scientists working in Indian Research Stations and Indian Universities and Scientists working 

in Indian NGO. The findings of interviews are represented as statement and variable told by 

scientists as it is.

Interpreted from Scientists working in Private Seed Companies

a. The new biotechnology provides powerful tools to augment conventional plant 

breeding. Genetic engineering has allowed the expression of alien genes into all kinds 

of plants.

Interpreted from Scientists working in Indian Research Stations and Indian Universities

a. Commendable efforts are being made at JNU (Jawaharlal Nehru University), New 

Delhi, to engineer protein quality by mobilizing heterologous genes such as 2S storage 

protein from Amaranthus3 into potato and rice. It has also been demonstrated that this 

                                                
3 Amaranthus  is a minor millet, widely consumed both as leafy vegetable and puffed grain; therefore, this 
protein has been a component of the human diet for a long time. Mobilisation of this storage protein gene from 



267

storage protein from Amaranthus has higher level of the essential amino acids than 

those recommended by the World Health Organisation (WHO). 

Interpreted from Scientists working in Indian NGO

a. The horizontal transfer of genes into wild types, such as those for antibiotic resistance 

(kenamysin, hygromycin), raises important questions. New strains of viruses and 

bacteria may evolve because of recombination or transcapsidation. There are concerns 

related to the loss of biodiversity and potential contamination of gene banks owing to 

horizontal transfer of genes. Also new compounds synthesized may disrupt the balance 

of nature.

b. The presence of antibiotic-resistance genes in the food made by transgenic plant may 

result in cumulative effect in which a problematic resistance to antibiotic can develop.

c. Scientists had transformed soybean with the 2S gene from Brazilian nuts. Allergic 

reactions were triggered off when some people consumed the transgenic soybean.

d. Several questions on agricultural problems can be answered using existing knowledge 

and experience as human beings have selected and improved crop plants by 

breeding/mobilizing their genetic material since times immemorial.

Broad Responses of Scientists from various institutions during 2003 are clubbed together and 

shown in Table 7.1.

Table 7.1: Broad Responses of segmented Scientists during 2003*
Broad Area of Concerns

Respondents & Organizations
Scientists working in
Private Seed Companies

1. Biotechnology is powerful tool
2. Biotechnology takes a long time to
    come to fruitation.

Scientists working in 
Indian Research Stations
and Indian Universities

1. New Technology
2. No detail information, 
3. They are not the creator of this 
    technology.  
4. Anti-biotic Marker.

Scientists working in Indian NGOs 1.‘Frenkenstein food’,
2.Terminator Technology,
3.Antibiotic Marker

Source: Sample Survey * Finding: Compiled from interviews

                                                                                                                                                        
Amaranthus into other target crops through genetic engineering is expected to improve the quality of protein 
without any detrimental effect on human health or the environment.
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7.2.2 Excerpts from Responses of Scientists during 2004-2005

Interpreted from Scientists working in Private Seed Companies

a. Sustaining the production potential is possible by engineering plants against biotic and 

abiotic stresses. Sterility systems derived from alien cytoplasm by genetically 

engineering male sterility in crops in a non-specific manner have enhanced the 

exploitation of hybrid vigour. Apomixis, as an extension of hybrid technology, has 

offered new promise in the realization of hybrid advantage on a sustainable basis. 

Molecular markers are being linked to apomixis, which will facilitate marker-aided 

selection. A reduction in production costs by replacing costly inputs such as chemical 

fertilizers and pesticides is possible. Genetic modifications for better processing and 

storage, mechanical agriculture, and appropriate size, shape, colour, flavour, texture, 

taste, etc. of useful parts have opened up possibilities for a holistic approach to crop 

improvement and production.

b. Genetic engineering techniques have been effectively utilized to modify the starch 

content in a number of crops. In the potato, over expression of the enzyme AGPase 

(ADP-glucose pyrophorylase) resulted in an increased amount of starch (Monsanto, 

USA). These transgenic potatoes are found suitable for making figer chips. Finger 

chips from transgenic potatoes fry uniformly and also consume less oil, thereby 

reducing the oil intake in the human diet. Similarly, ‘vitamin A’ contents in the diet 

play a major role in preventing disorders such as night blindness prevalent among large 

sections of the population in many countries including India. Monsanto, USA, has 

reported the introduction of the beta-carotene gene through genetic transformations in 

rapeseed and mustard, enhancing the vitamin A content.

c. Protest groups and some of the NGOs may claim to speak for consumers, but in reality 

are only promoting themselves by theatrical ploys, rather than reflecting the 

consumer’s interests.

Interpreted from Scientists working in Indian Research Stations and Indian Universities

a. Policy makers, administrators, legislators, the judiciary, industry, farmers, and the 

media will each have to play an active role in safeguarding the society’s interests by 

participative decision-making.
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b. In India, efforts are being made at institutes such as the Indian Agricultural Research 

Institute (IARI) to alter the quality of proteins in crops such as chickpea, Lathyrus, and 

mustard. The success achieved in deriving Lathyrus lines with very low neurotoxin 

levels emphasizes the power of biotechnology to improve crop quality.

Interpreted from Scientists working in Indian NGO

a. Private companies engaged in seed/agricultural biotechnology have a major role to play 

by keeping up their research efforts as also by disseminating information. 

b. Private companies do need to soften their stand on the issue of royalty. 

Broad Responses of Scientists from various institutions during 2004-2005 are clubbed 

together and shown in Table 7.2.

Table 7.2: Broad Responses of segmented Scientists during 2004-2005*
Respondents & Organizations Broad Area of Concerns

Scientists working in
 Private Seed Companies

1. Biotechnology is powerful tool
    for crop improvement.

Scientists working in
Indian Research Stations 
and Indian Universities

1. Biotechnology is powerful tool
to improve crop quality.

2. Regulatory Effect
3. Environmental effect
4. Biosafety and economic 

implications.
Scientists working in Indian NGO 1. Monocropping

2. Anti Biotic Marker
3. Food Safety
4. Pricing of the product
5. Public Health
6. Environmental effects
7. public health
8. Biodiversity
9. Monopoly of market
10. Farmers choice

Source: Sample Survey * Finding: Compiled from 
   interviews
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7.2.3 Excerpts from Responses of Scientists during 2006- 2008

Interpreted from Scientists working in Private Seed Companies

a. No technology, including biotechnology, can survive without profit sharing. Seed 

sector of India cannot alone become the market; they have to have partners. 

b. Biotechnology companies are investing billions of dollars in consolidations to ensure 

access to the rapidly growing markets of GMCs, while investing more money in R&D. 

There is a definite trend towards genetically modified plants. The dependence on 

insecticides and pesticides will decrease so that higher yields can be realized. The 

public debate over the future of agricultural biotechnology is more mature as the public 

becomes better informed and sees more clearly the benefits and risks associated with it.

c. Intellectual Property Right is bringing new dimension to the market. Royalty payment 

is truth of today’s market dynamics which is re-modifying market of technology. A 

single gene-construct can re-orient the market. Bt. technology is able to reshape the 

Indian cotton crop seed market. It can be emulated to other product.

d. New biotechnologies have begun to play a critical role in providing stability to 

production, either in a favourable or unfavourable agro-ecology.  

e. Transgenic plants can improve the nutritional quality of cereals and legumes by 

increasing the lysine (an essential amino acid) content of storage protein.

f. The role of media must be balanced based on scientific data rather than on 

sensationalism. They should emphasize publishing technically correct information 

rather than selling more copies. The mainstream population must be involved and 

communicated to without hype or false hope.

Interpreted from Scientists working in Indian Research Stations and Indian Universities

a. Biotechnology will be a very effective tool for increasing crop productivity and may 

replace, supplement and complement many existing agricultural practices.

b. It is often difficult to translate laboratory research to a commercial scale or to make it 

reach it the farmer by oneself.

c. On the issue of pest and insect management: “Some farmers believe that spraying more 

chemical pesticides gives more yields. However, chemical pesticides are a great threat 



271

to the environmental and human health. A solution to this problem is certain as many 

scientists are working in this direction, particularly on Bt. gene. Scientists are currently 

using this gene to control the damage caused by various pests. However, there is a 

problem as this gene has been patented; one can do some basic research and can 

publish scientific data, but ultimately the patent holder will not allow the 

commercialization of transgenic crops.”

d. IRRI is aiming to produce varieties of rice that will consume one-tenth of the water 

consumed by normal varieties.

e. The power of transgenic technology has raised several issues about biosafety, the role 

of the private versus public sector and the need for their coming together especially in 

the country like India.

f. Infrastructure and Funding is the main constraint for R&D potential, we can not match 

multi-national companies in term of R&D expenditure and media management.

g. GMC’s approval and adaptation should be based on India’s need rather than multi-

national companies’ dictate. 

Interpreted from Scientists working in Indian NGO

a. Social, economic, ethical and moral issues arising as a result of the introduction of 

transgenic plants need to be addressed. 

b. To implement effective biosafety standards in India may prove difficult though the 

Vardharajan Committee has put forth an effective biosafety protocol.

c. How much farmers should be told about the new transgenic crop? How will farmers 

with small land holdings be able to grow transgenic crops? 

d. Under the TRIPS agreement, micro-organisms need to be patented. Plants are patented 

under the sui generis system.

e. Private seed companies are monopolizing the seed market.

f. GMC will reduce the biodiversity of Indian farm sector where farm saved landrace 

seed have prominence in cropping pattern. These indigenous farm saved seeds are the 

product of many years of trial and testing in farms of Indian farmers. Seeds are part of 

our culture.



272

g. The way pest have developed resistance against modern pesticide, in similar manner 

they can develop resistance against GMC; then controlling them will be more difficult.

As outlined earlier the responses of scientists from various institutions was obtained during 

2006-2008 which are presented in the Table 7.3:

Table 7.3: Broad Responses of segmented Scientists during 2006-2008*
Respondents &Organizations Broad Area of Concerns

Scientists working in MNCs 1.Biotechnology is powerful tool for 
    crop improvement

Scientists working in MNCs- Private Indian 
Seed Companies Collaboration

1.Biotechnology is powerful tool for
   crop improvement
2. Any human activity has inherent 
    risks

Scientists working in Private Seed 
Companies of India

1. Biotechnology is powerful tool for
    crop improvement.
2. Require heavy investment to build
    basic infrastructure.

Scientists working in International Research 
Institutions

1.Ethics
2.Product labeling
3. Issue of refuge crop

Scientists working in Indian Research 
Institutions

1. Ethics
2. IPR
3. Biotechnology is powerful tool for
    crop improvement.
4. Biodiversity

Scientists working in Indian Agricultural 
Universities and Indian Universities

1. The technology has enormous
     potential.
2. IPR
3. Biodiversity

Scientists working in 
Indian NGO

1. Monocropping
2. Environmental effects
3. public health
4. Biodiversity
5. Monopoly of market
6. Farmers choice
7. Biosafety

Source: Sample Survey * Finding: Compiled from interviews

7.3 Agriculture

Agriculture, or farming, is the oldest form of biotechnology. All the farmed plants that we eat 

today, including wheat, corn, potatoes, tomatoes, rice, and many more, were developed 

thousands of years ago by farmers who practiced selective breeding of wild plants. Modern 

science has adjusted this heritage of crop plants, but has not added anything really new to it.
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More food is being grown than ever before.  It has also depended on the creation of new 

varieties of plants, especially hybrid varieties (produced from two different plants). These are 

plants that can be grown in vast monocultures (fields containing only one kind of plant), and 

they depend on fertilizers made from fossil fuel and on pesticides, including both herbicides 

(chemicals that kill unwanted plants) and insecticides (chemicals that kill insects).

Agriculture has been further changed by biotechnology, especially genetic engineering. 

Starting in the 1990s, genetically modified crops have been grown in large amounts, 

especially soyabeans and corn. Genetic engineering has been controversial. Some countries, 

such as Japan, some African countries, and most of Europe, restrict the growing or 

importation of genetically modified food. Although most government and corporate scientists 

agree that genetic engineering is safe, critics are worried that it might hurt human health or the 

environment. For example, artificial genes from genetically engineered crops might get into 

wild relatives of those plants and alter the balance of nature.

7.3.1 Genetically Modified Foods

When an organism’s genes (its genetic materials) are changed in a laboratory, the organism is 

called genetically modified or transgenic. Genetically modified foods are products that 

contain transgenic animals or plants as ingredients. Genetically modifying food sources can 

make them bigger, stronger, and more nutritious. Changing genes in plants can protect them 

against disease. It can also help them survive when exposed to herbicides (chemicals used to 

kill weeds and plants) and insects. 

There are many uses for genetically modified foods. For example, in parts of Africa, people 

eat large amounts of rice. Regular rice is not very nutritious, so scientists have genetically 

modified rice plants. These modified plants produce proteins that give their rice extra iron and 

vitamins. ‘Golden Rice’ is one of the best examples of GMCs.
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7.3.1.1 Scientific Foundations

Genes are the basic units of heredity. They are contained within a double-stranded structure 

called deoxyribonucleic acid (DNA). The sequence of genes contains the instructions that tell 

cells how to create particular proteins. Proteins are primary components of living cells. How 

these proteins are produced determines what traits an animal or plant will have. In nature, 

genes are passed from one generation to another. The genes of the parent determine which 

genes the offspring will have. Today, scientists can add or change genes in a lab to create 

animals and plants with certain traits.

Genetic engineering of crops is done by adding genes to the deoxyribonucleic acid (DNA) in 

plant cells. DNA is a long, chainlike molecule of genetic information. All living things use 

DNA to pass on traits to their offspring. Cells use DNA as a recipe-book for making the 

complex molecules called proteins that they need throughout life. By changing plant DNA, 

scientists can change the proteins that the plants make in their cells. This can change the 

nutritional value of the plants, their resistance to certain chemicals, their production of certain 

chemicals, and other qualities.4

Starting in the 1970s, an agricultural movement came into being that is intended to preserve 

soil, uses only natural fertilizers (such as decaying plant material and animal excrement), uses 

no chemical pesticides, and uses no genetically engineered plants or animals. The amount of 

organic food sold increased by about 20 percent per year from 1999 to 2006, a large increase.

Most recently, biotechnology has changed agriculture by introducing antibiotics and 

genetically engineered organisms.

7.3.1.2 Development5

The idea of creating plants with specific traits is ancient, but it started as a science with the 

studies of an Austrian monk named Gregor Mendel (1822–1884) in the 1860s. Mendel 

discovered how plants passed their traits from one generation to another. Botanists (scientists 

who study plants) used his discovery to help them breed plants to have desired traits, such as 

                                                
4 Chrispeels, Maarten. Plants, Genes, and Crop Biotechnology. Boston: Jones and Bartlett, 2003.
5 Ruse, Michael and David Castle, editors. Genetically Modified Foods: Debating Biotechnology. Amherst, NY: 
Prometheus Books, 2002.
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sweeter fruit or extra seeds. This selective breeding took time. Scientists had to try different 

combinations to see which ones worked.  

Scientists from three different research groups in Belgium and the United States were the first 

to make genetically modified plants. In the early 1980s they used bacteria to put a gene from 

one plant species into another plant species. One of the groups inserted a bean gene into a 

sunflower plant. To genetically modify an animal or plant, scientists first have to find the gene 

that controls the trait they want to change. Then, they separate that gene and make many 

copies of it in a lab. Finally, they put the copied genes into animals or plants. There are a 

couple ways to insert new genes in plants. The first uses a type of bacteria called 

Agrobacterium to transfer the gene. The Agrobacterium contains a circular piece of DNA 

called a plasmid. When the bacterium infects the plant, it copies its genes through the plasmid 

into the plant’s genes. Another way to insert the gene is with a gene gun. The gun shoots tiny 

gold balls coated with the changed DNA into the plant’s cells. Those genes then become part 

of the plant’s DNA.

7.3.1.3 Current Issues

People who support genetically modified foods argue that they can help people who live in 

areas with poor growing conditions. They believe these foods can help end world hunger. 

Those on the other side of the debate worry about the safety of genetically modified foods. 

They fear that mixing genes from different species could create strange new animal and plant 

breeds.

Environmental groups worry that genetically altering foods could be dangerous to human 

health. They are not sure what effects genetically modified plants and animals might have on 

the people who eat them. Critics call these foods “Frankenfoods” because they have been 

pieced together using genes from different species.

One specific concern is that a gene might mistakenly be taken from a plant to which many 

people are allergic. For example, if a gene taken from a peanut were inserted into soybeans, it 

could cause the soybeans to produce peanut proteins. Those proteins could trigger a reaction 
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in anyone who was allergic to peanuts. Another worry is that genetically modified plants 

might breed with the plants growing around them. Then the wild plants could pick up the 

traits from the modified plants. This cross-breeding could create problems such as weeds that 

herbicides cannot kill.

Another concern is the possibility that the Bt. toxin gene could be transferred from genetically 

engineered plants to other species. If the recipient plant was an unwanted variety, the result 

could be a very environmentally hardy “super-weed,” some critics argue. Again, however, 

careful monitoring of engineered plants over decades has not revealed this gene transfer to be 

a problem. But, the possibility cannot be ruled out, and so approval of genetically engineered 

Bt-plants is done only after careful thought.

7.3.2 Scientific Background

A multitude of classical scientists laid the foundation for the advent of biotechnology. Louis 

Pasteur, Robert Koch and Gregory Mendel all contributed to the fundamentals of 

microbiology and genetic inheritance, respectively. These were key to enabling Francis Crick 

and James Watson to deduce the structure of deoxyribonucleic acid (DNA). Biotechnology is 

closely related to Agriculture and proven its capability by changing the genetic make up of 

plants. Biotechnology, “the ‘scientific’ manipulation of plants, animals and/or organisms and 

their products foe use by man” includes breeding and genetic engineering.

Plant breeders can rectify problems only when there is variability available for the desired 

characters within the compatible species complex. Transfer of useful trait from distantly 

related species which do not sexually cross with the crop plant is not possible through 

conventional recombination breeding procedure, considering that many problems still remain 

unsolved and that the currently available technologies are inadequate to solve them, there is

need for alternate technologies. Recombinant DNA technology that enables movement of 

genes of interest across sexual incompatibility barriers is one approach plant scientist are 

relaying upon worldwide today to find genetic solution to specific problems.
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Technology like transgenic seed and terminator technology is often debated with several facts,

figures and assumption. Some have opposite argument some have positive thoughts. Schell 

(1993) and Young (1994) said   that genetic engineering is based on the transfer of ‘defined 

genes’ and considerable amount of data available from field tests with transgenic plants 

demonstrate that no risk are involved in releasing transgenic. However, critics of transgenic 

technology refuted these propositions.6

Regal7 (1994) asserted that the mechanism and potential of conventional selective engineering 

and genetic engineering can be profoundly different. Although this does not mean that every 

transgenic is ecologically dangerous, some transgenic may be considered riskier than what 

could be produced with selective breeding, especially when an ecologically competitive host 

is supplemented with noble feature that may increase its competitiveness.

In a report on transgenic plants and world agriculture prepared under the auspices of the royal 

society of London, science academies of US, Brazil, Mexico, China, INSA, TWAS, it is said: 

“we conclude that steps must be taken to meet the urgent need for sustainable practice in 

world agriculture if the demands of an expanding world population are to be met without 

destroying the environment or natural resources base. In particular, GM technology coupled 

with important development in other areas should be used to increase the production of main 

food staples, improve the efficiency of production, reduce the environmental impact of 

agriculture, and provide access to food for small farmers”.8

7.3.3 Recombinant DNA Technology

The best known set of biotechnology techniques revolves around manipulation of DNA at the 

molecular level, commonly referred to as genetic engineering or recombinant DNA 

technology. Recombinant DNA technology is based upon the discovery of special proteins 

called restriction enzymes that recognize certain sequences in DNA and cut the DNA strand at 

that point. Researchers have also discovered another type of enzyme, called ligase that can 

                                                
6 Schell (l993); Young (1994)
7 Regal (1994)
8 Sharma, Manju (October 17, 2003). First Foundation Day Lecture on Regulatory Measure for Utilizing 
  Biotechnological Developments in Different Countries.
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reconnect severed DNA strands. These molecular tools allow splicing or recombination of 

DNA from different sources. The proteins expressed from such recombinant DNA can 

transfer desirable characteristics from one type of cell to another type of cell. However, before 

recombinant DNA can be expressed as a protein, it must be introduced into a cellular milieu. 

This is generally done by way of a vector, a DNA molecule that can move between cells and 

is functional in different cells. One common type of vector is a plasmid, a circular piece of 

DNA that is often exchanged by bacteria. Using recombinant DNA technology, a gene from a 

plant may be cut out of plant DNA, spliced into the plasmid, and introduced into a bacterium 

along with the plasmid DNA. Once in the bacterium, the plant gene on the plasmid will 

interact with the bacterial cell machinery to produce a plant protein.

Another common type of vector is a virus. Viruses commandeer the cellular machinery of a 

host by introducing their own DNA into the cell to direct the production of new viruses. 

Recombinant DNA techniques can splice foreign genes into viral DNA. The virus is then 

allowed to infect a cell of interest; the foreign gene will be introduced into the cell with the 

viral DNA. Usually, the viral DNA is inactivated to prevent it from taking over the cellular 

machinery, but the foreign gene is allowed to remain active so that the cell will produce the 

corresponding foreign protein. By using an appropriate virus as a vector, genes of interest 

may be placed into the cells of bacteria, or into animal cells in cell culture.

These methods are especially useful for transferring genes from complicated plants or animals 

into single-celled microorganisms. Genes that produce rare proteins from a plant, human or 

animal can be placed into a bacterium or yeast. This is advantageous because microorganisms 

grow at a tremendous rate; some have a generation time of 30 minutes or less. This means that 

as a recombinant microorganism reproduces, the inserted gene is also reproduced every 30 

minutes. These multiple copies of the gene, contained in the many offspring of the original 

recombinant organism, will all be actively directing the synthesis of the desired protein. The 

offspring of the original recombinant organism act as millions of tiny cellular factories, 

producing large quantities of the protein. Consequently, proteins that occur in minute 

quantities in nature can be produced in large quantities through use of recombinant DNA 

techniques.
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The application of recombinant DNA technology is always dependent upon9:

i. an understanding of the target biochemical pathway or process to be altered.

ii. the ability to isolate the genes responsible for the biochemical step, or steps, to be 

manipulated, and

iii. the ability to transfer and express the genes of interest in the plant species to be 

genetically altered.

Therefore from the existing scientific literature it is inferred that the development of genetic 

engineering or biotechnology has given plant breeders an additional tool to expand genetic 

variability through the introduction of genetic material from related and even unrelated 

species. In normal hybridization programs, the chromosome complements of the two parents 

may be so different that fertilization is impossible, incomplete or leads to infertile offspring, 

or the trait desired may not be present in the variety being improved or its compatible 

relatives, thus limiting the ability of the breeder to achieve the desired improvements. 

Biotechnology has given plant breeders a tool to overcome this problem. 

Successful plant improvement programs require:

i. clearly defined objectives

ii. adequate genetic variability

iii. appropriate instrumentation and evaluation methods

iv. time.

7.3.4 Scientific Evaluation of Genetically Modified Crops based on Published Literature

Genetic engineering technology has been exploited to develop disease resistant varieties. 

Plant disease resistance genes and defense genes have been cloned. Transgenic plants 

expressing these genes have been developed, and they show resistance against fungal, 

bacterial, and viral diseases. Genes from fungi, bacteria, viruses, insects, and human beings 

have been transferred to plants, and transgenic plants expressing these genes show resistance 

against various diseases. The use of genetic engineering technology in the development of 

disease-resistant plants is well discussed in its chapter on ‘Breeding for Disease Resistance –

                                                
9 Trevor W. Stevenson (1991). Pg 124
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Genetic Engineering’10 which is based on 152 scientific research paper published in some of 

the best scientific reviewed journals.

Genetic engineering can also help in improving otherwise deficient essential amino acids in 

plant proteins. Cereals as protein sources are generally deficient in lysine and tryptophane, 

whereas legume seed protein to be deficient in methionine and cysteine11. The aim is to alter 

the existing gene products to improve their nutritional and functional properties. With the use 

of ribozyme and antisense Ribonucleic acid (RNA) technology, it is possible to 

suppress/eliminate the synthesis of undesirable constituents in the seed storage proteins 

making them fit for human consumption. The methods used for improving the quality of 

proteins include:

a. Utilization of gene encoding major storage proteins

b. Expression of selected storage protein gene

c. Utilization of protein quality genes from unrelated species

d. Deletion of undesirable gene sequences to improve protein quality.

On the issue of Horizontal Gene Transfer12 in the field, the scientific argument put forth by 

Hamilton et. al.13 (2002): ‘The factors affecting possible “horizontal” gene transfer between 

genetically modified plants expressing antibiotic resistance marker genes and microorganisms 

in the environment have been extensively studied. To date, there is no experimental evidence 

that any antibiotic resistance marker gene from a plant has transformed a bacterium either 

under laboratory conditions or in the field. Most bacteria in natural environment are not 

competent to accept DNA. Even under laboratory condition, studies specifically designed to 

detect the transfer of functional marker genes from plants into bacteria have failed to 

demonstrate such an occurrence.’ Citing various other scientific studies they further asserted 

that Bt. cotton is environmentally safe.

                                                
10 Vidhyasekaran, P. (2004). Concise Encyclopedia of Plant Pathology
11 Shotwell and Larkins (1991). Improvement of the Protein Quality of Seeds by Genetic engineering. pg. 32-61
   David, Clark (2005). Molecular Biology. Elsevier Academic Press, New York, pg. 599-633.
12 for detail please see: Syvanen, Michael (editor) and Kado, Clarence I.(editor) (2002). Horizontal Gene 
   Transfer. Academic Press, San Diego
13 Hamilton, Kathryn A.; Goodman, Richard E. and Fuchs, Roy L. (from Monsanto Company) (2002). pg.455
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7.3.5 Bt. Insect-Resistant Crops14

Bacillus thuringiensis (Bt.) is a type of bacterium (a single-celled living thing) that has been 

used to control plant insect pests since the 1970s. It produces a chemical that paralyzes an 

insect’s intestines, and the insect usually starves to death in several days. Thus, the chemical 

functions as a toxin (poison) to the insect. Bt. is usually sprayed on the plant’s leaves or 

needles and is ingested by the insect when it eats the plant.

Cells use DNA (genetic information) to control their functions. Genes are pieces of DNA that 

tell cells how to do a particular job. The gene that tells a cell how to make the Bt. toxin can 

also be removed from B. thuringiensis and inserted into the genetic material of a target plant. 

The toxin can then be directly produced by this transgenic plant that now contains the Bt.

gene. Plants that produce the Bt chemical (or that have been sprayed with the Bt bacteria) 

become resistant to the destructive feeding of insects.

7.3.5.1 Scientific Foundations

Bt. is naturally present in the soil. The ability of the bacterium to kill insects has been known 

since 1911, although the active compound was not discovered for decades. By 1961, Bt. was 

approved as a biopesticide (biological insect-killer) in the United States.

The application of Bt. to plants as a spray has several drawbacks. Because the bacterium must 

be eaten by the insect for the toxin to exert its deadly effect, environmental factors that reduce 

the concentration of the bacteria on the plant are a problem. For example, sunlight can lessen 

the strength of the bacteria and its genetic material, and rain can wash the Bt. off of the plant.

These problems have been overcome using genetic engineering—the process whereby 

selected deoxyribonucleic acid (DNA) of one organism is removed from that organism and 

inserted into the genetic material of another organism, in this case the species of plant that 

                                                
14 a.) Fox, Jeffrey L. ‘‘Resistance to Bt Toxin Surprisingly Absent from Pests.’’ Nature Biotechnology 21 
         (2003): 958–959.
b.) Fumento, Michael. BioEvolution: How Biotechnology Is Changing Our World.New York: Encounter Books, 
      2004.
c.) Metz, Matthew. Bacillus thuringiensis: A Cornerstone of Modern Agriculture. Binghamton, NY: Haworth
     Press, 2004.
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would have been applied with Bt. spray. As the plant manufactures more DNA as part of the 

cell division process, the inserted Bt. gene is copied and the insect-killing chemical is 

produced. Thus, the plants themselves produce the Bt. toxin.

When the plant’s leaves are eaten by an insect pest, the toxin is ingested. In the insect’s gut, 

the three-dimensional structure of the Bt. protein is altered. The newly shaped toxin is now 

biologically active, and it destroys the intestinal tract of the insect. This chemical only has this 

effect on insects. Eating the toxin does not harm humans or animals.

7.3.5.2 Development

The process of genetic engineering - removing a piece of DNA from one organism and 

inserting it into a new organism - was discovered in the 1970s. To adapt this process for the 

creation of Bt. transgenic (genetically engineered) plants, scientists first identified the gene in 

Bt that codes for the toxic chemical. Once the gene is known, the techniques of genetic 

engineering can be used. The gene is removed from the Bt. genome using specialized 

chemicals. It is then combined with another gene that codes for a chemical that degrades a 

particular antibiotic. This gene combination is then inserted into plant cells, where it is taken 

into the plant’s DNA. As the plant grows, its new cells express the chemical as directed by the 

transplanted gene combination. When grown in the presence of the antibiotic, the plant cells 

that are resistant because they produce the Bt/antibiotic resistance protein can be identified. 

(Not all the plants take in the transplanted DNA effectively.) These cells are selected and 

grown into the Bt-expressing (producing) plants.

As of 2006, this technology has been used to create Bt-transgenic corn (which is resistant to 

the corn borer), potatoes (resistant to the potato beetle), and cotton (resistant to the tobacco 

budworm and varieties of bollworm).

7.3.5.3 Current Issues

One concern associated with Bt. insect-resistant crops is the development of Bt resistance by 

the target insect species. Resistance is a natural process that aids an organism in surviving the 

challenge imposed by a lethal compound. Resistance happens when the organism’s DNA 
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evolves in a way that makes it better able to survive whatever caused earlier generations to 

die. In the case of Bt., resistance is a valid concern, since insects have developed resistance to 

conventional insecticides in the past. Moreover, the ability of insects to develop Bt resistance 

has been demonstrated in laboratory studies.

However, as of 2003, such resistance had not developed in nature to any significant extent. In 

2005, researchers demonstrated that plants engineered to express two slightly different 

versions of the Bt. toxin are even more resistant to insects than plants expressing a single type 

of Bt. toxin.

7.3.6 Corn, Genetically Engineered

Corn, also called maize, is a cereal grain. A cereal grain is any type of grass whose seeds are 

used for food. Genetically engineered corn, also called transgenic corn, is corn whose DNA 

(deoxyribonucleic acid, its genetic information) has been changed in the laboratory.

Corn is the largest crop grown in the United States, which also is the world’s largest grower 

of corn. China is second, growing less than half the U.S. crop.

There are several kinds of genetically engineered corn. Two kinds of traits or abilities have 

been genetically engineered into corn, herbicide resistance and insect resistance. A herbicide 

is a chemical that kills plants, especially weeds. Farmers spray herbicides on many crops so 

that the crops do not have to compete with the weeds for water and soil nutrients. The most 

popular herbicide in the world is a chemical called glyphosate, which was invented by the 

Monsanto company in the early 1970s. Monsanto sells glyphosate under the trademark name 

Roundup. Several crop plants, including corn, have been genetically engineered to be immune 

to Roundup. Fields of these crops—which Monsanto calls Roundup Ready crops—can be 

sprayed with large amounts of glyphosate, and only the weeds will die.

Some plants, including some types of corn, have been genetically engineered to make a 

chemical in their leaves or other parts that is bad for some insects. The most common insect-

resistant genetically engineered plants are the ones called Bt. varieties. There is Bt corn, Bt 
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cotton, Bt. soybeans, and so forth. ‘‘Bt.’’ stands for Bacillus thuringiensis, the scientific name 

of a bacterium (a very small, usually single-celled, organism). To make Bt corn, scientists 

took DNA from Bacillus thuringiensis and added it to the DNA of a corn plant. This Bt. DNA

tells the cells of the corn how to make a protein that is poisonous to some insects that eat corn 

plants. Since these insects cannot thrive on corn that makes the Bt protein, less of the 

pesticide usually used against them needs to be sprayed on a Bt corn crop. However, other 

pesticides must still be used on Bt. corn or other Bt. crops to kill other kinds of insects that are 

not harmed by Bt.

7.4 The Importance of Agricultural Science and Technology Indicators

Successful innovation in agriculture depends on the provision of new and improved 

technologies that are well targeted; which in turn depend on well-fund agricultural research 

systems with appropriate research capacity and infrastructure. Current global developments in 

food prices and climate change further emphasize this point. Given competing demands, 

investments in agricultural science and technology (S&T) in many developing countries have 

stagnated over time despite numerous studies repeatedly linking improvements in agricultural 

productivity with increased investments in agricultural S&T. Furthermore, agricultural S&T 

systems in many countries have become increasingly complex, requiring the implementation 

of new organizational structures, increased participation by the higher education and private 

sectors, and diversification of funding sources. Quantitative information provides the 

foundation of our understanding of the important contribution of agricultural S&T in 

promoting agricultural growth. Indicators based on such information assist in measuring, 

monitoring, and benchmarking the performance, inputs, and outcomes of agricultural S&T 

systems (Spielman and Birner 2008)15. These indicators assist S&T stakeholders formulate 

policy, setting priorities, and undertake strategic planning, monitoring, and evaluation. They 

also provide information to governments, policy research institutes, universities, and private-

                                                
15 Beintema, N. M., and G. J. Stads (2008). Diversity in agricultural research resources in the Asia-Pacific 
region. Washington, D.C. and Bangkok: International Food Policy Research Institute and Asia-Pacific 
Association of Agricultural Research Institutions.
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sector organizations involved in public debate on the state of agricultural S&T at national, 

regional, and international levels (Tijssen and Hollanders 2006)16.

7.5 Inference: Linkage between Science, Policy and Business and their practitioners’ 

view17

If we agree that the issues involving agriculture-research are becoming increasingly complex, 

then it makes sense that more information, particularly accurate, thorough and objective 

information, will result in better decision-making. A question frequently asked in the 

scientific community is how scientific knowledge can more effectively be used to inform 

public policy and private sector decisions based on agri-business. It is clear that many of the 

research tools developed in academia are not fully utilized by policy-makers and agri-business 

managers alike. There are at least three reasons for this:

i. the scientists who have developed them do not fully appreciate the institutional, 

economic and cultural constraints within which policy-makers operate; 

ii. policy-makers and agri-business managers frequently are not aware that relevant 

scientific research is available to them; and, 

iii. there is a disconnect between the timeframes within which scientists/researchers, agri-

business managers and policy-makers operate.

There has been many concerted effort by universities to foster stronger relationships between 

the academic and public policy arenas. In conferences and seminar of universities issues 

related to ‘public- private partnership’ had been emphasized many times.

Understanding the institutional, economic and cultural circumstances within which policy-

makers develop and implement solutions:

The professional environments of scientists, agri-business managers and policy-makers are 

very different. Most scientific research takes place within an academic environment where 

success is measured by the novelty of the research, its validity and acceptance by fellow 

                                                
16 Tijssen, R., and H. Hollanders (2006). Using science and technology indicators to support knowledge-based 
economies. Policy Brief No. 11. Maastricht, the Netherlands: United Nations University.
17 The inference is outcome of compilation from the in-depth interviews of scientists working at different 
institutions like Universities, Private Seed companies, Research Institutes, and NGOs for sharing their 
experiences along with the interaction with other stakeholders.
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academics. In contrast, political success is measured by election or appointment to office 

which requires policy-makers to answer to a variety of interest groups including stakeholders, 

constituents, the media, elected officials and the general public. But for agri-business manager 

they have to satisfy their consumers and ‘dividend based Quarter to Quarter result for 

shareholder’ is necessary to survive in market. Consequently, scientists, policy-makers and 

agri-business managers are guided by different types of information. Table 7.4 illustrates 

some of the key differences.

Table 7.4: Key Differences in Guidance between Agri-business Managers, Policy 
Makers and Scientists.

Scientists Policy-Makers Agri-Business Managers
1. Objective facts 1. Subjective Values 1. Business
2. Proof 2. Beliefs 2. Opportunity
3. Rational 3. Emotional 3. Profit
4. Measurements 4. Perceptions 4. Reality
5. Incremental Progress 5. Deadlines and Crises 5. Consumer satisfaction
Source: Sample Survey                            *Finding: Comprehended from interviews

While scientists must judge the quality of their research by its technical strengths, policy-

makers must also consider the social acceptability and financial feasibility of a proposed 

solution to a problem. As a result, scientists can be frustrated when what appears to be the 

“correct” answer based on scientific values is overlooked for a more politically acceptable 

solution.

Furthermore, scientific development of useful products and services for agri-business 

managers requires an understanding of the context in which the products and services will be 

used. A scientist, whose view is strongly influenced by the boundaries of his own experience, 

will fail to appreciate the practical needs of an agri-business manager doing business in the 

“real” world. This disconnects results in a research product that is not useful, and therefore 

not used, by the agri-business manager.

Most policy-makers, famous scientists included, operate within a “decision space.” This is the 

range of realistic options available to a policy-maker or manager to resolve a particular 
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problem.  A time has come that effective policies must be scientifically valid, economically 

viable, and socially acceptable. Among their considerations is whether they have the legal 

authority to initiate a particular action and whether there is sufficient funding to finance the 

solution to the problem. In addition, scientist in the India must develop consensus among all 

the interested parties before taking any action or risk their actions being challenged in court. 

Most policy-makers and agricultural scientist operate within a highly complex environment 

constrained by numerous external factors. A successful scientific solution will need to take 

into consideration each of these external factors.

In order for information to be accepted by a policy-maker and his constituents, it must be 

credible. Fortunately, good scientific information requires thorough research and 

documentation which is consistent with the need for credibility. They will want to know who 

developed the information, why was it developed, did the funder of the research have a 

particular outcome in mind, and does any contrary research information exist?

It is also important for scientists to think about how accurate and credible the information 

being produced is compared to how accurate the policy-maker needs it to be in order to be 

useful. In the context of the type of information produced, how much risk and uncertainty is 

acceptable to practitioners? Do policy-makers in this area agree on the levels of risk that are 

acceptable?

And finally, the information must be better than the information available from other sources. 

It is important for academic researchers to be aware that they are in competition for a 

decision-maker’s attention. Advocates on either side of an issue will be vying for their 

attention and ultimately, support. Thus, the information must directly and concisely address 

the decision-maker’s questions. It must also be available to the decision-maker when he or she 

wants it; this may require a researcher to be flexible with his/her time and availability.

Communication and collaboration are the keys to successful relationships

There are multiple facets to communication, some of which require common sense while 

others require concerted efforts to overcome barriers caused by different training and context. 
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Often the biggest barrier to interaction between scientists and policy-makers is the lack of 

awareness of one another’s existence. For example, despite the fact that significant research 

programs devoted to University based biotechnology driven research; Researchers are rarely 

call upon by policy makers for advice. Legislation is introduced, committee hearings are 

scheduled and votes are taken, all with little or no input from the local scientific community. 

Why does this happen? Time and again only some name surface in media as panacea for all 

agrigarian problems.

Many user groups, including legislators and government agency heads, either have no contact 

with universities or may not encourage researchers and academics to participate in or observe 

the decision-making process. In the international context there is numerous protocol and 

political considerations that affect the willingness to cooperate. However, universities can be 

excellent locations for developing new ideas and applications like:

a. Expanding the types of research conducted by scientists to address the needs of local 

and state governments should be considered. Including policy-makers and other 

practitioners early in the design phase of research assures that the research is relevant 

to their particular concerns.

b. Partnerships between government agencies, agri-business companies, academia, and 

other stakeholders can be extremely fruitful. Through collaborative efforts by these 

groups, new relationships are established which can then become the standard approach 

to future problem solving.

c. The Internet is playing an increasingly important role in the dissemination of 

information. Designing scientific websites in consultation with potential users of the

information can improve its utilization. Focusing on the kinds of information a policy-

maker is interested in and describing how the data were developed, how it was 

intended to be used, and the current state of the science also improves its chances of 

utilization.

Unfortunately, policy-makers, agri-business managers are not just looking for technical 

information; they are often looking for advice, which is inconsistent with the role of scientists. 

A scientist’s desire to be precise about what they know and more importantly, what they do 
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not know, conflicts with the need for a policy-maker/ agri-business manager or scientists to 

make a decision.

Policy-makers are interested in developing the best solution under the circumstances. They 

need to reach conclusions even when inadequate information is available, or there is 

conflicting information. This may mean that the loudest voice or the person with the greatest 

access may influence the outcome even though it is not the technically correct choice.

It is incumbent upon the scientist to find ways to meet the needs of the policy-maker and agri-

business manager, not the other way around. Longer-term forums provide opportunities for 

scientists and practitioners to interact can provide opportunities for the facts to be heard and 

fairly considered. Inspite of the urgent need of multidisciplinary approach; still 

departmentalization & compartmentalization is unbrokenable fact. Need of the hour is team-

based research rather individual or discipline centered research.

Appreciating the time constraints on policy-makers will improve the utility of scientific 

research

The utility of information for policy-makers and agri-business managers is directly related to 

the relevancy of the information and its timeliness. A frequently cited problem concerning the 

use of scientific research is that the information is not available when needed. Failure to 

provide information when it is needed may result in the information losing virtually all of its 

value to the decision-maker.

Policy-makers often operate in a world of crisis management. The crisis of the day, that is, the 

problem that demands an immediate response, gets their attention. When this occurs, a policy-

maker will reach out to persons that are both knowledgeable about the crisis and are 

immediately available. Rarely does a scientist meet both criteria. He or she has other demands 

on their time and cannot afford to be “waiting in the wings” for the next crisis that demands 

their skill set.
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It may be more practical for a scientist to establish an on-going relationship with the 

committee staff or assistants of a decision-maker. There are a couple of reasons for this. First, 

the staff person will likely be made aware of the policy-maker’s need for information to 

address a particular issue relevant to the scientist’s expertise. Second, the staff person is more 

likely to have the time to meet with the scientist when the issue isn’t acute but may become an 

issue in the future.

7.6 Conclusions

There are many opportunities to improve the utility of agriculture based scientific research 

through developing new kinds of relationships with decision-makers. The key is developing 

an appreciation of the constraints and opportunities associated with working in the context of 

the “real” world, and establishing three-way flows of information with true engagement of 

decision-makers at one end of the flow, the researchers at the other end and the need of agri-

business in Indian environment. Expanded use of intermediaries and translators can enhance 

the flow of information where scientists and/or agencies do not engage directly with decision-

makers. Additional suggestions for increased integration of science and decision making 

include:

a. developing and documenting as check-list of the local needs of the stakeholders

b. facilitating long-term relationships and trust between agri-business managers, scientists 

and decision-makers.

c. having people representing different backgrounds and perspectives in the same room 

when developing short and long-term research agendas

These efforts are important and necessary, and require both financial and institutional support. 

Evaluation of ways to improve the utility and communication of scientific research is itself a

legitimate research objective that will significantly enhance the societal benefits of 

investments in science. An expanded focus on applied and adaptive scientific research is 

likely to result in increased interaction with policy-makers and agri-business-managers.

There was general agreement that educational efforts must receive at least as much attention 

as the technical strategies if there is to be widespread acceptance of the new development as 
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part of everyone’s daily diet. The same scientific rigor that enables GMOs to be created can 

and should be applied to testing their long-term effects on the environment and making the 

results quickly and widely known. Respondents also agreed that there were legitimate and 

valid arguments on both sides of the issues and additional communication was essential to 

find common ground that would allow technology to be developed and adopted where such 

actions were in the best interest of society. This way India may get into ‘Gene-Revolution’ 

from ‘Green Revolution’ showing the newer path to be emulated by others.

7.7 Discussions and Future Dimensions

India, as a member of the “WTO”, has to take the responsibility and make decisions. And 

pertinent question exists, who shall be responsible for the decisions: Scientists, politicians, 

researchers, philosophers, civil society, state institutions, private companies - or all of them 

together. The decision should be based on scientific knowledge and moral issues. Human 

activities are subject to ethical and moral laws. Science gives answers to universal questions 

but is ethically and morally neutral. However, new science brings new technology and this 

technology can be used in a good or bad manner, creating new ethical problems. The ethical 

imperatives of responsible citizens are to be informed about the possibilities opened by 

science and technology and to participate in decision making in an informed way. The 

problems emerge from the knowledge gained by science, but this knowledge can be utilised 

by people who may apply the respective technologies carelessly or in wrong ways. The moral 

obligation of scientists is to inform the general public of the possible ways that scientific 

knowledge can be used and misused. The general public or its representatives have the moral 

obligation to understand more about science and technology, and based on this information, 

make decisions to avoid potential misuses.

The major responsibility of the plant genetic engineers is to assure the safety of the released 

products to the consumer and to the environment. In order to deal with these issues, it is 

necessary to assess systematically the types of the engineered plants according to the final 

product which should be achieved and formulate critical assessment programs for the 

individual groups. The classification of the engineered plants should be based on three major 

considerations:
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a. Who are the consumers and what is the purpose of the product? For example, are the 

engineered products edible or do they provide raw materials for industry?

b. Do the plants contain detrimental selectable markers for the environment or for health?

c. What is the capacity of the engineered plants to cross pollinate with wild relatives and 

become detrimental to the environment?

The parameters which should be carefully monitored for edible modified plants should deal 

with health-safety of the consumers (i.e. antibiotic resistances if antibiotic resistance markers 

have been used as selective markers), allergies which can be induced by the modified plant.

The selectable markers which cause herbicide resistance should be used only in cases in 

which it is known that there is an extremely low probability of gene flow to wild-weed 

relatives. The new strategies for production of modified plants intend to minimise the use of 

herbicide resistance’s as selectable markers.

The risk assessment of the environmental danger resulting from engineered plants is a major 

concern of people around the world. This issue is being studied and science literature and 

research do validate that the environmental impact of genetically modified crops brought new 

information on this topic.

Another issue which should be critically studied is the idea of invasive plant species into 

territories of non-invasive species. Plants are capable of increase (by propagation and 

expansion into “new” areas), when rare, and then, they may become invasive (under certain 

sets of biotic and abiotic conditions). The concept that a plant that is engineered will become 

invasive was analysed in recent studies and results from rape, maize, potato and beet, show 

that the likelihood that well regulated genetically engineered plants will unintentionally create 

problems in respect of invasion is extremely remote.18

                                                
18 Based on in-depth interviews of scientists, ISAAA Reports and Doctoral Theses from in science.
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Chapter VIII: Findings and Conclusions

8.1 Findings

Historically the Indian agriculture has been characterized by a mix of both formal and 

informal seed supply management systems. The formal seed supply component consists of 

both the public and private sector companies, which have relatively divergent objectives and 

financial arrangements. Within the informal sector, one can differentiate between seed saved-

on farm and that which is obtained from trading and exchange subsystems within the 

organized or unorganised, which is considered a distinct market. 

The subject of biotechnology- especially the advent of genetic engineering – has contributed a 

substantial part of our knowledge about ‘new science’ and its involvement in new product 

development, i.e., Genetically Modified Crop (GMC). Ranging from research and 

development (R&D), new product market through the patent and policy implications, to the 

management of technological change; the impact of technology is of central concern to the 

stakeholders and those who seek to analyse the impact of technology. The thesis is an 

outcome of  such an integrative approach towards the subject of ‘potential for new 

technology’ using a conceptual framework (research and development, new product 

development and its marketing dimensions, policy implications through patent regime?) to 

allow a thorough analysis of biotechnological and complementary issues surrounding the

strategy and structure of  the Indian Seed Industry. 

The Seed Industry structure has two components, first Industry level structure and second 

organisational structure i.e. company or firm level structure. A group of many companies 

form an Industry. Any change in the industry’s structure does affect a company’s structure 

explicitly or implicitly, which means any change at macrocosm will affect microcosm. The 

same holds true for the reverse case as any change at the company level structure will affect 

the industry level structure. Similarly, technology plays a crucial role as a change agent based 

on the technological fit (genetic engineering concept) is being used. While ‘change’ is a very 

relative term, the measurement of the structural change and formulating strategy to accept the 

change, implement the change in the technological term is contextual. The ‘technology fit 

construct i.e. the alteration of genetic material of crop for desired trait or change’ and its 
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outcome in terms of new product development as GMC has redefined the Indian Seed 

Industry. The role of Monsanto’s (Transnational Company) R&D activities/findings and the 

subsequent licensing to Indian Private Seed companies have led to a market churn leading to 

structural change of industry as strategic decision of sublicensing. For genetic engineering 

(Bt. gene) technology supply chain, findings of the thesis lead to inference that it is a 

monopoly market of Transnational company namely Monsanto. Where as, in product 

portfolio, i.e. Bt. cotton, the Indian seed market is an oligopoly market. GMC (Bt. cotton –

new product) vendor is very evident, because only those companies are able to sell this new 

product that had paid the license fee to Monsanto. Hence, it is evident that GMC portfolio 

gives a competitive advantage to the companies having sub-licensing agreement with Mahyco 

Monsanto Biotech (MMB) over other seed companies.

Rapid changes are taking place in the structure of the Indian Seed Industry and the global seed 

market. The fundamental role of Indian Government is changing from that of an input 

provider to a market and policy regulator. Market liberalization and globalization are two 

powerful forces transforming the agriculture sector and in particular the seed industry in 

India. The presence of the transnational companies can be felt in Indian seed market in terms 

of their merger and acquisition, joint venture, licensee companies which are selling their 

product with their approval or transferring technology to a select few. Bt. cotton is the best 

example to substantiate this phenomenon.

The Policy initiatives play a very important role and have a direct implication on the 

Technological Environment in the form of legal construct like; IPR, Environmental Laws & 

Rules, change in process patent law to product patent law, commitment to international 

treaties, etc. The effects of scientific technological findings are immense and unstoppable but 

great care should be taken to avoid misuse in order to employ the efficient tools of science 

only for the benefit of our society and the country. The Plant Variety Protection (PVP) and 

Farmers’ Right Act, effect on agriculture is:

i. Investment pattern in plant breeding by private seed companies and public 

institutions, 

ii. International transfer of plant materials, 
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iii. The access to public germplasm, 

iv. The diffusion of seed among farmers and, 

v. Preservation of biodiversity.

Therefore the policy research challenge is to identify and target high-priority biological 

research and development for arising at managerial solutions to solve critical problems facing 

the small and marginal farmers.

Experts opine about biotechnology in term of gene expression and the abundance of gene-

transcripts which in turn used in new product development, but in reality, they are 

extrapolating this information from a variety of measurements that different technologies may 

provide. Indeed, there are many reasons that applying different technologies to gene-transcript 

abundance may give different results. This may result from an incomplete understanding of 

the gene in question or from shortcomings in the applications of the technologies. Hence,

there are nine basic considerations for making a technology choice for gene expression that 

will impact the overall outcome viz. architecture, specificity, sensitivity, sample requirement, 

coverage, throughput, cost, reproducibility, and data management. These considerations will 

have to be taken into consideration in the context of available transgenic (genetic engineering) 

technologies which have direct implications on new product development.

The use of Biotechnology for seed improvement is in the evolutionary phase in the Indian

seed industry. Genetically Modified Crop as a product portfolio is a gift of biotechnology and 

the ramification of this technology to different crops is possible. It may be reiterated at this 

juncture that Biotechnology in the form of GMC is not a panacea to all the problems of 

Agriculture. Biotechnology is rather a “knowledge resource” that needs to be managed and 

appropriately leveraged for increased productivity. Biotechnology related initiatives improve

Research and Development (R&D) of any company which tries to use it for its competitive 

advantage. Further, this initiative leads to the enhancement of organizational efficiency in 

R&D capacity development, thus leading to a niche market for its GMC brand (new seed 

product brand). This also paves the way to enter in specialized seed portfolio segment 

produced with the help of biotechnology. 
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Various researchers have brought out the strategic need for innovation in terms of path 

breaking radical innovation culminating itself into New Product Development. Observing the 

current and future demands of market economy, innovation gives a competitive edge to a 

company over rivals. This competitive edge is in the area of product positioning in the market. 

The competitive advantage juxtaposes itself as ‘profit’ with respect to market competition. 

Though existing products continue in the market, new products and their features lure 

customers to exploit advantage by fitting according to the customer’s need and want. 

Logically, innovation based new product’s basic purpose is to maximize ‘profit’ for 

companies. This profit motivation drives companies to invest more in R&D based innovation 

leading to new technology generation which in turn helps in improvising products. The 

Biotechnology based GMCs are the classic example of it. In future, with the tools of 

biotechnology it is possible to manipulate the final output i.e. yields of any crop in qualitative 

and quantitative ways by altering the seed at genetic level. In future, the competitive strategy 

will be the number of patents through which genetic nature of product can be manipulated 

according to the wants of the customers.

The research ascertains that at the beginning when a new product is launched, small and 

marginalized farmers face the unfavourable terms of trade; pay more for genetically modified 

seed (new product) than receive from the sale of their output. An improved domestic 

regulatory framework would intensify competition amongst suppliers of inputs seed and 

fertilizer. Merely a regulatory structure is not going to improve the state of affairs of small 

and marginal farmers. At the implementation level, regulatory structure should be proactive in

curbing down spurious seed supply; maintaining the price of seeds (because in cropping 

season at peak time artificial scarcity of seed has been reported by respondents from Nanded, 

Parbani, Adilabad and Nizamabad districts) at different level of supply chain. It is the small 

and marginal farmers (consumers) who suffer more because of artificial scarcity of seed 

created by the retailers and dealers. It was observed that the Bt. cotton seed of Rasi Seeds (one 

of the company which sells Bt. cotton seed) was available in Bodhan, Mahesa, Dharmabad 

and Parbani markets if farmers were willing to pay more than maximum retail price (MRP). 

At the same time zero-Bt. (brand name given by retailers to spurious Bt. seeds: which 

comprise of seeds of established brands like; Brahma, Rasi, Banni: collected at the time of 
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ginning. Zero Bt. is the local name of given by retailers to these spurious, uncertified and 

unbranded Bt. cotton seeds which was reported during the field survey for this research) was 

available at every retailers shop and it was priced half the price of branded Bt. cotton seed.  

Since the sowing time lasts only around 10-15 days, farmers have to compromise; at this stage 

small and marginal farmers are more affected.

As part of the advertising strategy, Private Seed companies promote seeds by donating seeds 

to select farmers for field demonstration plots; when the seed is typically new and the farmer 

always be a big farmer, but connoting opinion leaders who tend to be emulated. 

In the cropping year 2007-2008 and 2008-2009, because of many new entrants to the Bt. 

cotton Seed Market with their own Bt. cotton seed brands and Government enforced MRTP 

Act brought down the peak price of per unit seed packet (of 450 gm/packet) from Rs.2200 to 

Rs.750. Presence of many companies ensured that the availability of Bt. cotton seed in the 

market; but still leading to ‘Oligopoly Market’. Reduction in price and availability of Bt. 

cotton seed reduced the black marketing and spurious seed. 

The Indian Seed Industry needs a parallel flow/channel/development of knowledge base 

structure, based on an in-depth understanding of the linkages between research and policy 

changes and thus can respond quickly to the changing market dynamics and marketing 

strategies. Taking into consideration the unexplored potential of Genetically Modifies Crops, 

the Indian Seed Industry has tremendous opportunities for the development of improved 

Genetically Modified Crops. The marketing potential is not only available within the country 

but also at global level since 23 countries were growing different GMCs by the year 2007.

In addition to the issues mentioned above, the commercial benefits of GMCs should not be 

neglected. The process of producing a transgenic plant with the desired features and 

developing it into a final product goes through all the required biosafety tests - is a very long 

and expensive endeavour. Therefore one should very carefully evaluate the market of the 

expected “product” i.e. market potential. In addition, as patents, breeders rights, etc. are now 

covering genes, methods of genetic transformation, different varities and other “tools” of 
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genetic transformation, it is imperative to analyse all these issues before starting the long 

voyage of producing transgenic plants for applied purposes. Some of the key findings of the 

study are:

i. Bt. cotton has reduced the demand of pesticides.

ii. Bt. cotton seed brands have wiped out the demand for hybrid cotton seed brands from 

the market.

iii. The Indian Seed Industry is using existing marketing channels to sell biotechnology 

based new products i.e. Bt. cotton seed (an example of Genetically Modified Crop).

iv. There is an increase in the R&D expenditure of private seed companies. They are now 

producing and improving their product lines and product portfolio giving more choices 

to the consumer (farmer).

v. There is demand pull from customer side by showing preference to only Bt. cotton 

seed brands over hybrid cotton seed brands and landrace cotton seed brands. Which is 

evident by two logic; first customers are ready to pay the price for the new product 

which is inferred from willingness to pay above maximum retail price, second by 

purchase decision of customer by buying decision by customer in terms of sale of 

spurious Bt. cotton seed brands.  

vi. Word of mouth is the most important factor in this market for buying decision process.

vii. It is being observed that prices of Bt. cotton seed have fallen down as the number of 

seed companies selling these seed had increased over the years. This also indicates to 

the oligopoly market.

viii. All ‘Bt. cotton’ seed, brands launched in market were brand extension of the

companies’ best selling hybrid brands.

ix. According to the Tenth Plan: ‘agricultural development is central to economic 

development of the country’ and Seed Policy (Seed is the most important determinant 

of agricultural production potential on which the efficiency of other agriculture inputs 

is dependent), the entire agricultural economy can see a transformation if special 

efforts are undertaken to provide ‘GOOD SEED’ to the farmers.

x. The role of the State is also important in reducing the price the Bt. cotton seed 

[intervention of Govt. of AP through MRTP Act.]
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xi. The farmers are ready to pay for the quality seed. This finding goes contradictory to 

the previous research and findings which state that farmers want to save money on 

seed or they are not inclined to pay the price for improved seed. 

xii. In view of India becoming a member of WTO, it is a compulsion to revise the existing 

Intellectual Property Laws. The new developments in technological areas like 

Biotechnology expose the inadequacies in the patent system. 

xiii. The four of the most important factors that are currently driving the consolidation of 

the Indian Seed Industry  are: 

a.  The development of new genetic traits of GM crops those are able to (i) 

increase the efficiency of farm production; and (ii) offer new product 

specifications for industrial or end users. 

b. Synergies, whereby research capabilities and technology are shared across 

multiple product lines. 

c. Closely linked to the above point, Economies of scale in research and 

development which is in the area of agri-genomics, marketing and a whole host 

of other functions. Such economies of scale are of strategic importance, 

considering the need to invest vast sum of money in regard to biotechnology to 

develop new GM traits. 

d. Since, intellectual property rights create barriers to entry, transformation events 

introduced in plants via biotechnology are protected by patents.

xiv. The yield/productivity is ‘the only’ foremost criteria for consumer buying decision.  

xv. First movers are the large farmers; they influence the market directly as small and 

marginal farmers just imitate them later.

xvi. Bt. cotton is the classic case of success story as innovated product.

xvii. Transnational companies in India are to selling their technology through sub-licencing.

8.2 Conclusions

i. The performance of Bt. cotton seed by controlling pest problem (boll worm problem)

and reduction in pesticide spray and increase in yield shows the prowess of 
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biotechnology. The demand for Bt. cotton seed brands have take away the market 

from the best performing hybrid seed brands of cotton crop. Bt. cotton case inferred 

that ‘Gene Revolution’ technology will bring down the demand of ‘Green Revolution’ 

technologies. Biotechnological innovation based ‘Gene Revolution’ is in the process 

of creative destruction of ‘Green Revolution’ Technologies. 

ii. It was observed that there have been moves, albeit fairly hesitant, away from 

government-run seed marketing organizations towards increased participation by the 

private sector. Bt. cotton seed in India is sold by only private companies. None of the 

Government organizations like National Seed Corporation or State Seed Corporations

have technology to produce Bt. cotton seed. In addition not even government funded 

research institutes are able to come out with same technology or any substitute to it. 

iii. Earlier the State was playing a major role  in ‘new product development’ in seed 

industry but now it is transnational companies; whose competitive advantage in R&D 

for the commercialization of knowledge is playing a crucial role. The contextual 

scenario had raised a new market dynamics comprising of a sequence of DNA, a 

genome database, a gene patent, a genetic test, a market, a new product, a new 

innovation, R&D, technology, a crop and the Potential for business. These linkages 

need to be understood as a single phenomenon.  

iv. An appropriate role of state, market, civil society and natural resource management 

policy and management is the need of the hour.

v. The farmers purchase seeds based on the previous year’s performance. As consumers, 

they experiment with the different brands from different companies. Major players in 

current year may go in oblivion in the third year if even a small kind of abnormality is 

found in the final produce in terms productivity or quality along with natural 

adaptability of the product in local geophysical environment.

vi. The consequences for farmers:

a. The marketing strategy developed by seed companies having possession of new 

technology had been focused on farmers, the first customers; interested in agronomic 
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traits of GM crops. They have shaped farmers’ profitability expectations. In the case 

of ‘Bt.cotton seed’, the marketing strategy was based on the concept of ‘technological 

package’. Only Monsanto; a transnational company is selling the GM technology and 

Indian seed companies are licensed to use the technology to develop their own ‘Bt. 

Cotton seed brand’ with the help of gene transfer technique. This allows for ‘combined 

marketing’, including adjusting prices of seeds and using the existing distribution 

channels and existing market. 

b. When selling this technology, Monsanto charges a ‘technological fee’. It results from 

the private origin of the new technology and has to be considered together with 

property and patenting right. Generally, the technological fee is first paid by seed 

companies, and is later transferred to farmers. The technological fee imply increased 

seed cost - as such cost is to be paid each year - and a loss of autonomy for farmers 

because till now all the gene transfer has been done on the existing hybrid brands

rather than variety seeds which can be used for next season as farmers of India are 

doing it with other crops and what is known as farm saved seed. Till the year 2009 no 

‘varietal Bt. Cotton seed’ has been developed by ICAR led research institutions.

vii. It was observed throughout the consumer survey that the marketplace had a problem, 

i.e. ‘the saga of boll worm and money spent on pesticides has a purpose to control the 

chronic return on investment’. Bt. cotton is being sold as ‘the technical solution to the 

identified market problem’ that exists and can be solved with technology.

viii. Supply Chain: From the laboratory to the end user, Genetically Modified Crops make 

a long journey involving (a) the selection of traits, (b) isolation of gene(s)involved, (c) 

engineering of gene for suitable expression in plants, (d)production of transgenic 

plants, (e) molecular, biochemical, and physiological analyses, (f) seed set and 

inheritance, (g) laboratory testing of traits, (h) greenhouse testing of traits, (i) analysis 

of toxicity and environmental impact, (j) limited field trial, (k) breeding and field tests,

(l) multiplication and distribution system via a national seed system/industry, (m)

production by farmer, (n) marketing and (o) the consumer.
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ix. Applications and Commercialization: The goal of technology transfer related to 

biotechnology based innovation has policy component in the form of the Intellectual 

property Right (IPR). Government funded research has benefited the public, and such 

benefit includes the development and transfer of technologies from public laboratories 

to private companies. This phenomenon had made Green Revolution a success story.

Translating basic research discoveries into commercial applications and social benefits 

requires a set of interactions involving many types of people and institutions. 

Patenting, licensing, and regulatory issues are all areas that affect the rate and cost of 

technology transfer. In agricultural biotechnology, technology transfer has been 

hindered by central government in delay of implementing a mechanism to regulate 

environmental testing of the biotechnology products. Patent policy has been modified 

at the central level to overcome obstacles that had kept government-and university-

sponsored research from being commercially exploited. But in the case of GMC, the 

entire dimension of collaboration or sub-licensing is, in between the transnational 

companies to the private seed companies of India.

x. Solution to the Customers Problem: Bt. cotton seed as competitive advantage has

mobilized the operation to excel at determining business and product opportunities by 

engaging the customer, and provided an embedded solution for pest problem 

(bollworm problem). Bt. gene introduced in the product (cotton plant) which solves 

customer’s problem by producing toxin to kill the pests which thrive on plant for food 

need, embodied by technology to the plant. The new product is the outcome of 

Transnational Company’s R&D led innovation. The Indian seed industry therefore 

needs to bring a formidable mix of internal and external to the entire structural format

to bear on these opportunities. The better inclusive structures in terms of centralized

R&D, the better the chances for growth with profit by solving customers (farmers) 

problems. This holds good for both public and private sector because the Bt. cotton 

has improved the yield and reduced the consumption of pesticide.

xi.  Biotechnology is an interconnected: Biotechnology is an interconnected race 

between companies to secure additional business. What one supplier loses in business, 

another secures. Therefore many companies are moving rapidly to arrive at the 

opportunity before their competitor and competing in the same market. Initially, there 
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was no competition in an uncontested area of GMC. Later it was observed that 

fourteen companies entered in Bt. cotton market with their own seed Bt. cotton seed 

brands.  

xii. Coping with technological barrier to entry and using Research and Development 

as a Competitive Advantage in Market: Those seed companies who invested in 

acquiring expertise in biotechnology and equipments that gives them market specific 

advantage, entered in specialized transgenic seed portfolio. For them, investment in 

the R&D will not only raise the barrier, but will also lower costs and improve 

repeatability and quality. These have a disproportionate effect in terms of competitive 

advantage and position. Investing in Research and Development financed from profits 

raises the barrier to entry and give a competitive edge in the market place.

xiii. Raising the Expectations of the Customer and their expectation from the 

marketplace, thereby enhancing the companies Position: Any Company’s 

initiatives should raise the customer’s expectations in products and services. Setting 

the standard for performance in the marketplace makes the competitive advantage to 

the initiator of the idea. The continual resetting of the customer’s expectation level 

will also raise the barrier to entry from features and services perspective, another 

difficult target to reach for others. This can also catch others off guard because they 

would not be able to understand the schedules that the partnership establishes for 

implementation.  Beginning with one company (Mahyco Monsanto Biotech: MMB) in 

2002, it has increase to 14 companies in 2007 and from 3-approved types of Bt. cotton 

seed brands to 62-approved types of Bt-cotton seed brands in the year 2007. Indian 

seed companies paid the sub-license fee for the use of technology.

xiv. Small and marginal farmers are the worst affected. They are completely unprotected in 

the hand of market forces. They even do not have strength to avail whatever facility 

and security provided by the state. Role of State as ‘implementer’ of the rules, 

regulation and policy is more crucial now then ever. [Based on consumer survey, i.e. 

farmers’ survey].

xv. The role of so called ‘progressive farmer’ is important but at the same time it is 

questionable. They are actually the big and rich farmers. They have a major say in the 

local village economy. Their strength is their large land holding and their allied roles 
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at the same time. Their role as moneylender, middlemen, local agriculture input seller 

and buyer of the final produce metamorphosis in different time in the agricultural 

season.

xvi. Success story of Bt. Cotton will pave the way for other Genetically Modified crops 

like, golden rice and other genetically engineered products.

xvii. As an agricultural input seed is the only product which never get discount and money 

is paid at the time of purchase that too in cash. Further it was observed that dominant 

brands of market advance booking are done by consumer.

xviii. Slowly, concentration of the seed business will be dominated by big companies.

xix. Proprietary issues may lead to the  introduction of terminator technology in the market 

to protect the market.

xx. Harnessing the comparative advantages of the public and the private sector is a 

prerequisite for the efficient provision of highly beneficial biotechnology innovations 

for the Indian Seed Industry.

xxi. Agricultural research can meet the increasing demands of farm production by using 

Biotechnology. To achieve this, there will have to be a paradigm shift from the 

technological methodologies held in the 1970s and 1980s. A radical change and 

transformation in the thought processes that plan the needs of the new century. 

Conservative and obsolete policies drawn from an older era will have to give way to 

realistic measures reflecting the urgency of the demand for technological 

breakthroughs. The success of the Green Revolution of the earlier decades will now 

have to be repeated through a Biotechnological revolution. 
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8.1.1 Hypotheses

The detailed quantitative and qualitative analyses performed on the responses of the different 

stakeholders like consumers, managers, scientists, NGOs, dealers, retailers etc. of the Indian 

Seed Industry based on primary and secondary data concludes following:

Hr1: GM crops provide higher yield, improve pest control, provide drought resistance,

 reduce dependence on chemical fertilizer, short growing season. Therefore it is

 better for overall economy; society. 

Based on finding from chapter 4 and chapter 7 this hypothesis is accepted.  

Hr2: Indian market has the potential for GM product.

Based on finding from chapter 4 and chapter 7 this hypothesis is accepted.

Hr3: Farmers get more choice.

Based on finding from chapter 4 and chapter7 this hypothesis is rejected.  In fact GMC has 

synchronized the option.

Hr4: Genetically Modified Crop has a positive impact on socio-economic status of farmer.

Based on finding from chapter 4 this hypothesis is accepted.  

Hr5: Structure of Industry changes in response to market.

Based on finding from chapter 5 and chapter 6 this hypothesis is accepted.
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Chapter IX: Recommendations

9.1 Suggestions and Recommendations:

i. The Indian Seed Industry needs to take careful steps before going ahead considering 

the Biotechnological solutions; as Green revolution was the outcome of public 

research initiative and Gene revolution is a product of private research initiative. 

Harnessing the comparative advantages of the public and the private sector is a 

prerequisite for the efficient provision of highly beneficial biotechnological 

innovations for the Indian Seed Industry.

ii. The issue of Biotechnology related risk-assessment should be handled by appropriate 

working groups as discussed and dealt with the ethical, legal, environmental and long-

term implication of genetically engineered crops. Representatives of all parties and 

experts in the field should be members of national scientific committees. Plant genetic 

engineers, ecologists, physicians, environmentalist, legal experts, representatives of 

the public and administration should participate in the committees in country like 

India in order to deal critically with each problem, and should issue specific directives 

for future cases. 

iii. Research on Genetically Modified Crops must be focused and prioritized with 

problems considered in the Indian context. For example, in the case of pulses, 

conventional breeding has not succeeded in creating many new varieties. As regards 

the prioritization of research, budgets should not be spent on researching everything 

but selected crops should be studied by public institutions and research centers. The 

concept of genetic engineering research has to be strictly assessed in the paradigm of 

policy in the Indian context and scientific infrastructure with results, excellence and 

accountability.  

iv. Strategies for National Competitiveness: It is important to develop a national strategy 

for biotechnology in agriculture because biotechnology offers opportunities for 

increased sustainability, profitability, and international competitiveness in agriculture.

Biotechnology research spans a continuum from basic science through practical 

application; its practitioners must be conversant with the general biology of an 

organism, with the biochemical and genetic details of its life cycle, and with the needs 
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of modern agriculture. The national strategy for biotechnology in agriculture must 

focus on solving important scientific and agricultural problems and institutional 

structures available to support research, training researchers in new scientific areas, 

and efficiently transferring technology. Along with it, there is an urgent need of a 

single window monitoring body which can act like a ‘watchdog’ on agriculture related 

issue.

v. To strengthen the Indian Seed Industry, multi-directional communication is required 

among stakeholders like farmers, seed companies, policymakers, Universities, 

research stations, researchers and civil society, etc.; which will in turn anticipate the 

opportunity and risk related to Genetically Modified Crops.

vi. The understanding of linkages between biotechnological research and policy change

assumes a lot of importance so, to respond quickly to changing market dynamics and 

opportunities in new techno-based market. For Indian Seed Industry, it is time for 

restatement of long - term strategy, both to guide activities in the coming years and to 

stimulate dialogue among stakeholders. These developments include a changed 

political and economic context since implementation of the recent patent policy has 

brought new dynamics within the Indian Seed Industry because of technological

innovation, affordability and accessibility of techno-based product by farmers as well 

as seed companies (end consumer and intermediary consumer).

vii. University - Industry - Government relations need to be strengthened so that the 

Biotechnology based innovations which are the outcome of basic research and since it 

needs altogether different skills than other technological break through. Most of the 

works are confining to laboratory conditions. Universities have this kind of set-up but 

them short for funds and mostly dependent on governmental funding or research 

grants. Industry lacks such a kind of expertise but have money to share some financial 

burden of research. Government can play a mediator between Industry and University. 

This will reduce the cost of Research and Development substantially and the 

technology developed therefore can be low cost and affordable.

The other method can be making a consortium by bringing many companies together. 

This consortium can fund and direct the Universities towards some of the research 
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questions and needs which can bring the solutions for the common problem. This 

strategy also reduces the cost of research. Here too, role of government is important as

a mediator and observer.  

viii. The interaction among agricultural universities, seed industry, and government may be 

the future key to innovation and growth in a biotechnological knowledge-based 

product like GMC, in the Indian seed market. Government needs to formulate and 

implement a strategic vision towards harnessing the potential benefit of new 

technology; proactive legal initiatives over academic resource such as university 

intellectual property emanating from research leading to institutional capacity to 

transfer technology through patenting, licensing, and incubation will help the industry 

in long run.

ix. Stringent policies addressing parallel black marketing of uncertified seed, curbing 

down spurious seed and adherence of Maximum Retail Price need to be devised. 

Along with this a very efficient and effective law enforcing network need to be 

created.

x. Policies and interventions need to be drawn for price regulation and establishment 

monitoring structure need to be strengthened.

xi. The private players in Indian seed industry are small and mostly are tiny companies 

started by new generation of entrepreneurs during post 1980’s. They mostly buy 

foundation seed from Agriculture research station and develop their own certified

seed; adhering to law of the land they sell certified seed in market. Some of these 

companies could able to produce better quality of seed through their own R&D facility

in due course of time. After that they become leader in certain crops hybrid seed in 

Geographical niche market. After the advent of Biotechnology and the kind of 

financial support needed for the development of GMC, which is beyond the financial 

strength of these companies, this will lead to perpetual dependence on MNC’

technology transfer. Therefore, in such condition a consortia of Indian seed companies 

can be formed by a group of these Indian private companies to reduce the R&D 

expenditure and success in product development can be shared by the members of the 

consortia. A time may come that this type of consortia will be able to sell their own 

technology.



314

xii. Government has to take a firm and bold initiatives to break silo effect and 

departmentalized mindset of scientists and take necessary steps so that they work as 

team, to solve Indian agriculture related problems.

xiii. India has a huge agriculture research infrastructure in the form of ICAR run research 

institutions and agricultural universities. Leveraging on it and firm action on scientist 

politicizing the system for their name and fame should be restricted. Repetitive 

research should be discouraged. Young scientists should be given a degree of freedom 

so that they can freely use their mind for knowledge generation rather than mundane 

administrative work. Even after more than ten years of Bt. cotton story, none of the 

central government research institutions could able to come up with its own Bt. 

technology or any kind of substitute. This questions the capability of such a money 

guzzler public sector research infrastructure.  Meanwhile China could able to produce 

it own Bt. technology and marketing it to other countries including India. Today China 

holds first position in cotton production in the world.

xiv. It seems time has come when, rather than creating knowledge, government research 

institutions should focus on applied and commercial aspect of innovation and 

technology. 

xv. When the goal of public and private sector seed companies are same i.e. to provide 

good quality certified seed; Government can take initiative to create a structure which 

is inclusive of both and tuned to the goal.

xvi. The cause of low farm productivity is the use of landrace seed varieties. Seed 

replacement in phased manner ensure better yield. Even though better qualities of seed 

developed in Agriculture research stations are available; farmers are not aware of 

them. Agriculture extension officers can play a vital role by designing a 

communication channel which touches every village and educate farmers by 

informing the benefits of seed replacement by better quality of seeds, produced 

through R&D efforts of Agricultural Universities and Government Research 

Institutions.

xvii. The role of Agriculture officers is going to be crucial with respect to GMC seed. First 

they will be acting as law enforcer and second, as touch point for source of 

information.
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xviii. Government of India initiatives are required to develop GMC in the form of variety 

seed so that farmers can reuse the farm saved seed for next growing season. 

xix. Private companies and research institutions should make negotiable arrangements to 

share the GM technology.

xx. The relationship between research institutes and Indian seed industry needs to be 

strengthened, to fully realize the commercial benefits through a clear economic 

analysis of the benefits of transgenic crops. 

xxi. The role of media must be balanced based on scientific data rather than on 

sensationalism. They should emphasize publishing technically correct information 

rather than selling more copies. The mainstream population must be involved and 

communicated to without hype or false hope.

xxii. The modus operandi adopted by the Government of India for sustaining the Green 

Revolution is not applicable to biotechnology. When the seeds of the Green 

Revolution were first tested and their efficacy established the government was 

confronted with the problem of finding ways to produce and distribute them among 

farmers. The Government set up state seed corporations, and enacted seed laws in 

1966. Directions for promoting state seed corporations by the Ministry of Agriculture 

and National Seeds Corporation were such that the seed production capacity in India 

was enhanced, and the Green Revolution became sustainable. Whereas in the case of 

biotechnology, the government has taken a number of bold steps. It has set up the 

Department of Biotechnology (DBT) where scientists are encouraged to carry out 

research in biotechnology. Institutes such as the Council for Scientific and Industrial 

Research (CSIR) and universities have responded in an impressive manner to the 

research initiatives of the DBT. Research in biotechnology is expensive and though

many institutes are involved in carrying out research, considerable investment is still 

required. Therefore, the private sector can play an important role in accelerating 

research in biotechnology. It can emerge as a producer of seeds. Also because research 

by itself cannot reach the market unless suitable systems are evolved, the country’s 

private sector can play a meaningful role in taking the products of biotechnology to 

the people.



316

xxiii. There is also a need to foster research into the social, ethical, economic, and 

environmental impacts of emerging technologies in agriculture as this will not only 

help predict any negative ramifications of such interventions but also evolve strategies 

to deal with them.

9.2 Scope for Future Research

This study laid a foundation for multi-directional research for future enquiry. The 

methodology can be used for studying other GMCs and proliferation of biotechnology to 

other industry like pharma-sector. Some of the areas which could be:

i. Product cost analyses for Genetically Modified seeds.

ii. The study can be extended to other crop.

iii. The relationship between consumer and scientific forms of knowledge and 

understanding.

iv. The study, consumer understanding as central theme from policy perspective.

v. From the link to science and technology to the direct relationship between industry 

and stakeholders, wherever biotechnological ramification is visible.

vi. Debate on convention on Biological Diversity and argument like ‘who own traditional 

knowledge is the unanswered area for scientist. At the same time what type of changes 

will occur not only in Indian Seed Industry but also other industries where 

biotechnology is going to play a leading role? Biotechnology related industries need to 

be assessed based on ‘how sanitary and Phytosanitary Standards (SPS) and Technical 

Barriers (TBT) will be measured. How these two factors is going to churn Indian Seed 

Industry. Standards on these two factors are basically set by the scientific community 

because they are being considered as expert on science related knowledge. 

vii. Future research in biotechnology related managerial issues have to take consideration 

of the recent happenings like mad-cow disease, bird-flu and swine-flu because in term 

of knowledge capital we are trying to capitalize on the basic unit of life i.e. DNA.

viii. Biotechnology is new technology and its diffusion will bring new dimension to the 

market which re-orients the concept of knowledge management, technology 

management, innovation and business research methodology. These areas of 

knowledge need further research from business management perspectives.
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Glossary

Acre:  the imperial unit of area, equal to 4840 square yards, and approximately 0.4 hectare.

Antibiotic: A compound produced by a microorganism that kills other microorganisms or 

retards their growth. Genes for antibiotic resistance are used as markers to indicate that 

successful gene transfer has occurred.

Anther: the part of a stamen that produces the pollen grains, which contain the male gametes.

Bacillus thuringiensis: A bacteria that produces a toxic poison to certain types of insects.

DNA: A double-helix shaped molecule inside cells that carries the genetic information.

Gene: a discrete unit of inheritance represented by a length of DNA located in a chromosome.

The gene is a code for the production of a specific kind of protein or RNA molecule, and 

therefore for a specific inherited characteristic.

Genetically modified food: A food product that contains a genetically modified plant or 

animal as an ingredient.

Hectare: the metric unit of area, equal to 10 000 square metres, or 2.471 acres.

Herbicide: A chemical substance used to kill weeds or undesirable plants.

Hybrid: the progeny of two distinct parents, which may be different species belonging to the 

same genus or two varieties of the same species. In rare cases, hybrids are formed across a 

generic barrier.

Insecticide: A chemical that kills insects. Used in agriculture to kill insects that eat crops.

Mutagenesis:  the natural low incidence of mutations can be magnified by exposing seeds or 

other plant parts to ultraviolet or gamma radiation, or to chemicals such as bisulfite and 

ethylmethanesulfonate.

Mutation: a change in a gene. The substitution of a single base in DNA can lead to a simple 

or ‘point’ mutation, changing the identity of a single amino acid in a particular position in a 

polypeptide. Deletion or insertion of one or more bases causes a ‘reading frame’ shift during 

translation, resulting in substantial changes to the amino acid sequence in a polypeptide. Even 

a point mutation can lead to the production of an inactive enzyme if it occurs in a critical 

position that contributes to the catalytic site. A good example is the abrupt conversion of 

coloured petals to white in many flowering plants, which indicates the loss of an active 

enzyme somewhere in the pathway leading to anthocyanin pigment production.
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Organic farming: Farming that uses no artificial chemicals or genetically engineered plants 

or animals.

Pesticide: A chemical meant to kill plants or insects that hurt crops.

plant breeding: the crossing of distinct parents followed by selection from the progeny 

constitutes breeding; selection alone does not constitute a breeding program. To recognise that 

crossing has taken place via natural agencies (wind or insect pollination) is valuable, but 

varieties so obtained are merely discoveries. A plant breeder worthy of the title will replicate 

a suspected parentage by experimental crossing and selection.

Resistance: An immunity developed within a species (especially bacteria) via evolution to an 

antiobiotic or other drug.

Seed: a fully developed ovule, containing a plant embryo, with or without distinct endosperm, 

and surrounded by a seedcoat or seedcoats. Sometimes fruit coats enclose the seed, as in the 

grains of cereals.

Species: a ‘kind’ of living organism. The individual members of a species are interfertile (at 

least in theory, because this is prevented by self-fertilization in some plants, such as peas). A 

plant species may or may not have an impediment to breeding freely with its closest relatives 

in the same genus.

Sterility: the inability to produce functional gametes, either egg cells, or sperm cells in pollen 

grains. Male sterility can be cytoplasmic or nuclear in origin; cytoplasmic male sterility 

involves a factor coded in the mitochondrial genome.

transgenic plant: a plant that has been transformed by incorporation of a construct that 

includes a gene or genes from another species of plant, or any other kind of living organism, 

or a virus.

Toxin: A poison that is produced by a living organism.

Transgenic: A genetically engineered animal or plant that contains genes from another 

species.

Transgenic plant: A plant that has successfully incorporated a transferred gene or 

constructed piece of DNA into its nuclear or plastid genomes.

Variety: a distinct type within a species, equivalent to cultivar for cultivated plants.
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APPENDIXES

APPENDIX -- I

I. a.  History of Public Sector Breeding in Cotton

• 1968 MCU-5 (G. Hirsutum) with a spinning value of good 60's counts yarn
• 1969 Sujatha, the first commercial extra long G. barbadense cotton for Tamil

Nadu.
• 1970 First commercial hybrid cotton H-4 (intra hirsutum)
• 1972 First interspecific hybrid cotton Varalakshmi (Hirsutum x Barbadense)
• 1974 Suvin (GBarbadense), superior to Sujatha for spinning 100-120's counts
• 1976 JKHy-1 Long staple hybrid cotton for Madhya Pradesh (intra hirsutum)
• 1978 Godavari: Long staple hybrid cotton for Maharashtra (intra hirsutum)
• 1980 H6: Long staple hybrid cotton for Gujarat (intra hirsutum)
• 1981: PKV Hy-2 Medium staple hybrid cotton for Vidharbha (intra hirsutum)
• 1981 DCH-32 an extra long staple hybrid cotton for South Zone* - hirsutum x

barbadense
• 1982 Superior medium staple Variety LRA 5166 from Coimbatore research

station (hirsutum) for southern cotton zone and Vidharbha region of Maharashtra
• 1983 NHH44 - High yielding medium-staple hybrid for Marathwada (intra-

hirsutum)
• 1985 G.Cot DH7: Short staple desi cotton hybrid for Gujarat (arboreum x

herbaceum)
• 1987:  Savita: Extra long staple hybrid cotton for Tamil Nadu and Andhra

Pradesh (intra hirsutum)
• 1988 G. Cot DH.9 Long staple desi cotton hybrid for Gujarat (arboreum x

herbaceum)
• 1989: H8 Long staple hybrid cotton for Gujarat (intra-hirsutum)
• 1994 Hybrid cottons suitable for cotton-wheat cropping sequence released such

as Tateh' for Punjab, 'Dhanalakshmi' for Haryana and "Maruvikas" for
Rajasthan - all medium staple intra - hirsutum.

• 1995 DHB-105, a suitable replacement for DCH-32 - hirsutum x barbadense
• 1995 H10, Long staple intra-hirsutum hybrid cotton for Gujarat
• 1997 Om Shankar, medium staple early maturing hybrid cotton adaptable for the

entire North- Zone** tract (intra hirsutum)

* South Zone: Tamil Nadu, Andhra Pradesh, Karnataka 

**North Zone: Punjab, Haryana, Rajasthan
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I. b. Chronology of Private Sector Hybrids

 1979: MECH 11 from Mahyco- medium to long staple intra-hirsutum hybrid 
for Maharashtra and Andhra Pradesh.

 1982: Mech 1 from Mahyco - intra-hirsutum long staple hybrid for Central* and 
South Zone.

 1992: RCH.2 from Raasi Seeds - long staple intra - hirsutum hybrid for Tamil 
Nadu, Andhra Pradesh and Maharashtra

 1993: Ankur 651 from Ankur Seeds - long staple intra- hirsutum hybrid for 
Maharashtra.

 1995: Vikram 5 from Vikram Seeds - long staple intra-hirsutum hybrid for Gujarat
 1996: Ajeet 11 for Maharashtra and Ajeet 33 for Central Zone from Ajeet Seeds: 

both medium to long staple intra-hirsutum hybrids.
 1997: Paras Brahma from Hindustan Lever (taken over by Emergent Genetics) –

long staple intra-hirsutum hybrid for Andhra Pradesh and Maharahstra.
 1998: Maruti 9632 from Maruti Seeds - medium to long staple intra-hirsutum 

hybrid for central zone states.
 1998: Bunny from Nuziveedu Seeds - long staple, medium duration intra-

hirsutum hybrid with large boll size for central and south zone states
 1999: Sri Tulasi (TCHH-4) from Tulasi Seeds, long staple intra-hirsutum 

hybrid for Andhra Pradesh, Maharashtra
 2000: Dhanno from ProAgro, long staple intra- hirsutum hybrid.
 2001: Navbharat 151 from Navbharat Seeds, for Gujarat.
 2002: Bt hybrids, MECH 12, MECH162 and MECH 184 from Mahyco approved 

for all regions except North Zone.
 2002: Durga from JK Seeds, extra long intra-hirsutum hybrid for Andhra Pradesh
 2002: Kaveri 119, Kaveri 135, Kaveri 705 - long and extra long intra-hirsutum 

hybrids for Andhra Pradesh
 2002:  Sigma from Vibha Seeds - extra long intra-hirsutum hybrid for Maharashtra
 2004: Bt hybrid RCH2 from Rasi Seeds approved for central and southern region

*Central Zone: Gujarat, Maharashtra, Chattisgarh and Madhya Pradesh
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Timeline Summary for Regulatory Process Leading to Commercial Release of Bt.

Cotton in India

Year Studies Undertaken GOI 
Oversight 

Committees1995-1996 Application and permit for importation of Bt 
cottonseed containing the Cry1Ac gene.

DBT

1996-2000 Greenhouse breeding for integration of Cry1Ac gene 
into Indian germplasm, seed purification, and stock 

increase Limited field studies for potential of 
pollen escape, aggressiveness, and persistence

DBT

RCMG

1998-2001 Biochemical and toxicological studies RCMG 
(DBT) MEC

1998-2000 Multi-location field trials: agronomic and 
entomology performance of first generation Bt 
cotton hybrids, conducted by Mahyco and State 

agricultural universities.

RCMG 
(DBT) MEC

2000-2001 Soil rhizosphere evaluations and protein 
expression analyses from multi-location field 

trials

RCGM 
(DBT) 
GEAC

2001 Advanced stage multi-location field performance 
trials of first generation Bt cotton hybrids, 

conducted by ICAR

GEAC, 
ICAR DBT, 

MEC
2002 Submission of final bio-safety, environmental safety, 

gene efficacy and performance documentation to 
GEAC.  Commercial release of first-generation Bt 

cotton hybrids by GEAC

GEAC

2002 Continued field performance trials of second 
generation Bt cotton hybrids for regulatory 

approval

RCGM 
(DBT) 
GEAC, 

ICAR MECDBT - Department of Biotechnology GEAC - Genetic Engineering Approval 
Committee RCGM - Review Committee for Genetic Modification (Constituted by 
DBT) ICAR - Indian Council of Agricultural Research MEC - Monitoring & 
Evaluation Committees (Constituted by GEAC and RCGM)

Source: Maharashtra Hybrid Seed Company Ltd. (MAHYCO)
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Appendix: Legal and Policy Environment

International:

i. Budapest Treaty (1977) Budapest Treaty of 28 April 1977 on the International

Recognition of the Deposit of Micro-organisms for the Purpose of Patent Procedure.

ii. European Council (1994) European Council Regulation No. 2100/94 on Community 

Plant Variety Rights, Brussels.

iii. Food and Agriculture Organization of the United Countries (1983) International

Undertaking on Plant Genetic Resources. Resolution 8/83 of the Twenty second

Session of the FAO Conference, 5–23 November 1983.

iv. Paris Convention, Paris Convention for the Protection of Industrial Property, of 

March 20, 188.3, as revised at Bnissels on December 14, 1900, at Washington on 

June 2, 191 1, at The Hague on November 6, 1925, at London on June 2, 1934, at

Lisbon on October 31, 1958, and at Stockholm on July 14, 1967, and amended on 

October 2, 1979.

v. Phytosanitary Code; Agreement on the Application of Sanitary and Phytosanitary 

Measures, GATT Doc. MTN/FA 11-A1A-6 (Dec. 15, 1993).

vi. The United Nation’s Convention on Biological Diversity, known informally as the 

Biodiversity Convention, is an international treaty that was adopted in Rio de Janeiro 

in June 1992. The Convention was opened for signature at the Earth Summit in Rio 

de Janeiro on 5 June 1992 and entered into force on 29 December 1993.

vii. The Cartagena Protocol on Biosafety of the Convention, also known as the Biosafety 

Protocol, was adopted in January 2000. The Biosafety Protocol seeks to protect 

biological diversity from the potential risks posed by living modified organisms 

resulting from modern biotechnology. The Biosafety Protocol makes clear that 

products from new technologies must be based on the precautionary principle and 

allow developing nations to balance public health against economic benefits. It will 

for example let countries ban imports of a genetically modified organism if they feel 

there is not enough scientific evidence the product is safe and requires exporters to 

label shipments containing genetically altered commodities such as corn or cotton. 

The required number of 50 instruments of ratification/accession/approval/acceptance 
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by countries was reached in May 2003. In accordance with the provisions of its 

Article 37, the Protocol entered into force on 11 September 2003.

viii. The Global Strategy for Plant Conservation (GSPC) is a program of the UN's 

Convention on Biological Diversity. The GSPC seeks to slow the pace of plant 

extinction around the world by 2010. The GSPC began as a grass-roots movement in 

1999 with discussions at the 16th International Botanical Congress in St. Louis. A 

group of specialists subsequently met in Gran Canaria and issued the Gran Canaria 

Declaration Calling for a Global Plant Conservation Strategy. Following extensive 

consultations, the fleshed-out GPSC was adopted by the Parties to the Convention on 

Biological Diversity in April 2002.

ix. TRIPS (Agreement on Trade-Related Aspects of Intellectual Property Rights, 

Including Trade in Counterfeit Goods), signed 15 December 1993, GATT Doc 

MTN/FA 11-A1C.

x. United Countries Convention on Biological Diversity, negotiated at the United 

Countries Conference on Environment and Development in Rio de Janeiro in 1992, 

and entered into force on December 29. 1993.

xi.   UPOV (International Union for the Protection of New Varieties of Plant) (1991), 

International Convention for the Protection of New Varieties of Plants of 2 

December, 1961, as revised at Geneva on 10 November, 1972, on 23 October, 1978, 

and on 19 March, 1991.

xii. UPOV (1991) Diplomatic Conference Document DC/91/138. Revised 19 March 

1991, UPOV publication no. 221 (CE), World Intellectual Property Organization, 

Geneva.

xiii. UPOV (International Union for the Protection of New Varieties of Plant) (1978) 

International Convention for the Protection of New Varieties of Plants of 2 

December, 1961, as revised at Geneva on 10 November, 1972 and on 23 October, 

1978.

xiv. UPOV (1961) International Convention for the Protection of New Plant Varieties. 

World Intellectual Property Organization, Geneva.
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xv. WIPO/UPOV (1990) Report of the Committee of Experts on the Interface between 

Patent Protection and Plant Breeders’ Rights. Document WIPO/UPOV/CE/1/4. World 

Intellectual Property Organization, Geneva. 

xvi. WIPO (1988) Revised Suggested Solutions Concerning Industrial Property Protection 

of Biotechnological Inventions. Documents BioT/CE/IV/3 and BioT/CE/IV/4. World 

Intellectual Property Organization, Geneva.

xvii. World Trade Organisation; Understanding on Rules and Procedures Governing the 

Settlement of Disputes, signed 15 December 1993, GATT Doc MTN/FA 11-A2

xviii. World Trade Organisation’s Phytosanitary Code, 1993.

Indian Laws:

i. The Patents Act, 1970. Act title: ACT NO. 39 OF 1970. Enactment date:    

19th September, 1970.

ii. The Patents (Amendment) Act, 2002. Act title: ACT NO. 38 OF 2002 

Enactment date: 25th June, 2002.

iii. The Patents (Amendment) Act, 2005.  Act title: NO. 15 OF 2005.Enactment 

date: 4th April, 2005.

iv. The Geographical Indications of Goods (Registration and Protection) Act, 

1999.  Act title: ACT NO. 48 OF 1999. Enactment date: 30th December, 

1999.

v. The Trade Marks Act, 1999. Act title: ACT NO. 47 OF 1999. Enactment date:    

30th December, 1999.

vi. The seeds Act, 1966. Act title:  ACT NO. 54 OF 1966 Enactment date: 29th 

December, 1966.

vii. The Seeds Rules, 1968

viii. The Insecticides Act, 1968. Act title: ACT NO. 46 OF 1968. Enactment date:    

2nd September, 1968.

ix. The Seeds (Control) Order, 1983.

x. National Seeds Policy, 2002
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Field Trial of GM Crops only after GEAC Approval, Rules Apex Court.The 
Financial Express - May 2, 2006: The Supreme Court has ruled that any field trial of 
genetically modified (GM) crops should be conducted only with the approval of the 
Genetic Engineering Approval Committee (GEAC).The Bench consisting of Chief 
Justice YK Sabarwal and Justice CK Thakkar on Monday passed this interim verdict on a 
petition filed by Aruna Rodigues and others calling for a moratorium on fi eld trials of 
GM crops and import of GM products.Speaking to FE, the advocate for the petitioner, 
Prashant Bhushan said : “The Supreme Court realised the gravity of the issue and said 
that the GEAC alone should give approval for any field trials of GM crops in the 
country.” Usually the GEAC, being the apex regulator under the environment ministry, 
gives approval to multi-locational, large scale field trials of GM crops. But the Review 
Committee on Genetic Manipulation (RCGM), a body under the promoter agency, 
Department of Biotechnology (DBT) approves multilocational contained field trials of 
GM crops. The monitoring and evaluation (MEC) is also constituted under DBT. The 
GEAC gives its approval for large-scale fi eld trials on basis of the reports of RCGM and 
MEC. Even when the GEAC gives its fi nal approval for commercial cultivation of GM 
crops after large scale field trials, the data presented by RCGM and MEC are considered.

Regulator tells Monsanto to cut GM Seeds Prices   
http://agbios.com/sabp_main.php?action=ShowNewsItem&id=7517AFP - May 12, 
2006: 
US biotech giant Monsanto has been told on Friday to cut the cost of its genetically-
modified seeds to farmers after monopoly investigators ruled it was manipulating prices, 
according to a report. The Monopolies and Restrictive Trade Practices Commission said 
the Indian joint venture, Mahyco Monsanto, imposed “unjustified” costs on farmers and 
demanded prices come down in a month, the media said. Activists and farmers’ groups 
claim failed crops, falling prices and surging production costs have contributed to an 
Indian farming crisis that saw 4,100 farmers commit suicide in the western state of 
Maharashtra alone in 2004. “We find that prima facie it has been established that the 
respondent is indulged in trade practices, which... have the effect of preventing, distorting 
and restricting competition,” said Justice B K Rathi, of the commission in the ruling on 
Thursday. Mahyco Monsanto immediately announced it would appeal against the 
decision in the Supreme Court, the country’s highest court, saying the ruling was 
“beyond the commission’s jurisdiction and inconsistent with the laws of India.” The 
company cut its royalty fee by 30 per cent to 900 rupees ($20) per 450 grams bag of GM 
cotton seeds in March amid growing controversy over its tight grip on the Indian cotton 
GM seed market. It said the cut was in order “to best meet current market conditions.”
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Research Instrument A: Questionnaire to the Farmers

_____________________________________________________________

This is part of the Doctoral  study being conducted at School of Management Studies, 

University of Hyderabad to understand the  Buyer’s Behavior [Farmers], Product 

performance and factors which influence their  decision making process at customer level 

influencing industry as a whole. Kindly answer the question in the space provided to the 

corresponding question. The personal details will be confidential and all the information 

provided shall be used for Academic purpose only. Your suggestions are very valuable 

for understanding Indian seed industry through the buyer’s behavior, product 

performance and purchasing decision making mechanism of farmers. Your cooperation 

would be most appreciated.

Sarvesh Kumar

Research Scholar

_____________________________________________________________

Interviewer: ……………..                      Date/ Time: ………

Village: ……………        Mandal/Taluk: ……………                          

Dist: ………………………..        State: ………………….  

Signature/Thumb impression of Farmer:

A. GENERAL PROFILE:

1 Personal Information

1.1 Farmer's Name:……………………………[Age:…Yrs, Sex:…..Education…….]

1.2 Address:

1.3 Name of the household(Head): …………………………………

1.4 Type of Family: Nuclear/ Extended/ Joint/ Other

1.5 Religion/ Caste/ Sub-caste: …….

1.6 Indicate your occupation (mark   √     )   

a) owner cultivator  [  ] b) tenant cultivator [  ]

c) agricultural laborer [  ] d)other [  ]     specify……………

1.7 Main source of income:

1.8 Secondary source of income:………………….
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B. Resource Availability & Cropping pattern:

1 Land holding  information (in acres)

Fallow Land

Class
Owned
(Total)

Owned
Cultivated) Leased

Shared 
(cropped in) Current Permanent

Total land 
Dry land
Irrigated land

2. Type of crop/ cultivating area in acres (cropping season wise):

a.) kharif …………………………..

b.) rabi……………………………..

c.) summer …………………………..

3. Own Tractor/Bullocks/depended on other source………

4 Source of Irrigation to your field : Canal/Well/Tube well/Tank/…………

5. Cropping pattern:

5.1 Your cropping pattern for the year ……………..

S.No.
Main 
Crop  Brand of Seed

Name of Seed Co. 
for the brand

Price of Seed 
(Rs.) /Ac

Yield 
(Qt/Ac)

Market price of the 
yield (Rs/Qt)

5.2 Do you grow cotton- Yes/ No            

     [If 'yes' answer section D]
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C. General Questions about Seed:

1. What do you expect from seed that you sow in your farm?

    (General question towards perception mapping that what does farmer thinks about the characteristics of 

good seed)

2. Do you purchase seed or use a portion of harvest for next season…………………

    If purchase; from where do you purchase……………………

a. Govt. institution

b. Retailer of private seed company

3. Do you buy seed on credit or cash? …………..     if, on credit; from whom you get 

credit: retailer who sell seed or of agri. input/ money lender/ other source ………… 

what use to be the condition……………or % of interest …………..

3.1 Retailer gives you the desired brand or he gives the seed he want to sell 

………………………………………………………………………

3.2 Whether retailer offer seed in package (while selling it as credit):….[ √ ]

a. Seed (any brand)

b. Seed (for particular brand only)

c. Seed + pesticide

d. Seed +fertilizer

e. Seed + loan(for other input)

f. Seed+ pesticide + fertilizer

g. Seed + crop insurance

h. Guarantee about yield 

i. Other [Details]……………

3.3 Any other condition retailer put for selling seed as credit…………….

3.4. What should be govt. role to provide you seed of your choice and what modus 

operandi govt. can select to reach you……………………………….

4. If your purchased seed fail to germinate what step do you take…………….

5 If purchased seed don't give yield as proclaimed by seed company; what step do you 

take……………………………….
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Section D:

1. Experience in Cotton Cultivation…………..

2. Area under cotton cultivation………

3.  From where do you purchase/get/ procure cotton seed:

a. Part of Produce stored since last  cropping season

b. Seed given by friend/ relative

c. Retailer of private seed company

d. Govt. institution

4. Type of cotton seed used and brand of cotton seed:

a. Land Race 

b. Hybrid Seed  

c. Bt. Cotton*

5. Type and Choice of cotton seed /brand vs. Yield (Qt/Ac) per annum:

Choice of cotton seed/Brand vs. 
yield/annum 2004-2005 2005-2006 2006-2007 2007-2008

5.1 If farmer is using the same brand over past few year then Reason for it:

5.1 If  the farmer has changed the brand and company of seed then what is the reason 

      for  it:

6. Cost of cultivation:

S.No  Description 
 Land 
Race  Hybrid  Bt. Cotton  Refugia 

1  Soil Type 
2  Date/Month of Sowing 
3  Seed Cost 
4  Ploughing cost 
5  Fertilizer cost 
6  Pesticide cost 
7  Final Date/Month of Harvest 
8  Source of Irrigation 
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7. Performance of Bt.cotton:

7.1 Was there any reduction of pest problem: Yes/No/can't say

7.1a Did Bt cotton reduced the number of spray of pesticide: Yes/No/Can't say

7.1b Did you reduce the quantity of pesticide in field: Yes/No/Can't say

7.1c Did Bt cotton Saved money on pesticide: Yes/No [if Yes; More/ Moderate/                  

                                                                                          Less/ Very less] Ans. 7.1d

7.1d. How much money you saved on Bt. Cotton………………………..

7.2 Was their yield benefit by using Bt. Cotton ……………………………

7.3 other issue according to farmer………………………………………..

8 Would you like to grow Bt-cotton again [Reason]………………………………

9. Other Questions Related to Bt. Cotton:

9.1 Did you follow Refugia………..

9.2 From whom you came to know about Bt cotton……….

9.3 How you sell Bt and Non Bt cotton……..

9.4 What do you do with left over cotton seed…………

9.5 What do you do with plant after harvesting……….

9.6 Do you go through the literature which comes with seed packet: Yes/No/Sometimes? 

Please share the reason for this answer…………….

9.6.a What do you understand from seed packet and its literature………..

9.6.b What is labeling? ………..

E. Awareness towards Govt. Policy/Law:

1. Are you aware of:

a) Genetically Modified Crop 

b) Farmer's Right Act/Seed Act

c) The Biological Diversity Act-2002/The Biological Diversity Rule

d) Biosafety issues /Patent Laws

e) Consumer protection Act

f) Crop insurance

If Yes, what do you know…….. (Detail)

F. Other information [which farmer wants to give]:

G. Interviewer's comment:
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Research Instrument B: Questionnaire for the Scientists

SECTION-I

Dear Sir/Madam,
This survey questionnaire is a part of the doctoral research being pursued by Sarvesh Kumar
at School of Management Studies, University of Hyderabad, India. This research tries to 
understand the phenomenon by bringing together scientists from academia, government, 
industry, and the public sector. It seeks a balanced approach to understand problems of 
common concern for the well-being of the general public and Seed Industry with respect to 
scientific issues relating to nutrition, food safety, toxicology, risk assessment, health, and the 
environment caused by Genetically Modified Crop. Since Scientists are 'Creator, Controller 
and Master' of this technology, so it is important to know the views of scientific community 
working in industry, government, and foundations. Therefore my humble request to you to 
kindly fill in your responses on the questionnaire at your convenience.

The personal details will be confidential and all the information provided shall be used 
for purely Academic purpose. Your cooperation will be most appreciated.

Sarvesh Kumar (Research Scholar)
Registration Number: 03MBPH03
School of Management Studies 
University of Hyderabad
Hyderabad, India
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A. Profile of the Scientist

1. Name of the scientist:

2. Name and address of the Organization:

3. Area of Research:

4. Past experience in Research: ……………years

5. Please share your research experience:
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B. About innovation of Genetically Modified Crop (GMC) and its Technology:

1. Sir/Madam, how much time (tentative) does it take to come out with GMC………..

1.1. After success in laboratory condition; how much time is spent (tentative) on field 

trial for a GMC 

……………………………………………………………………….

1.2. After field trial; how much time is spent on commercialization of the 

GMC……………………

2. Does your research involve working with Genetically Modified Crop: …………….

3. Please share the information on the nature of technology and tools used to develop 
GMC: ………………………………….

4. How this technology is expressed with relevance to the plant: ……………..

5. In what way do you think that this technology can help in crop improvement: 
………….

6. Are you aware of antibiotic markers? Yes/No; if yes, what is their role in development 
of GMC: …….

7. Do you know how transgenic plant is being developed? Yes/No; if yes, please narrate 
your association………………………………

8. Do you know how GMC can be used to make New Seed? ? Yes/No; if yes, please 
narrate your experience ……………………………

9. Does your research cover transgenic plant like Bt. Cotton etc. Could you please share 
your research experience and its technical modus operandi……

10. Why Refugia in Bt. Cotton field is suggested to farmer…..



370

10.1 Is it must to follow refugia……..

10.2 What will happen if Refugia is not being adhered with  ……..

11. Based on your experience and exposure what is your futuristic prediction for next five 
year for GMCs: ………………..

C. Opportunities and constrain of the Technology:

1. Please suggest some potential areas where genetic engineering can help in 
improvement of Crops: 
…………………………………………………………………………………………
……….

2. If it is possible to get desired genetical change by use of Biotechnology; then

2.1 How much time do you think  it take to develop GMCs: ………….

2.2 What are the efforts associated to develop such desired seed/ plant?

2.3 What are the bottlenecks and risk do you find with this technology?

3. Antibiotic Resistance Markers in Genetically Modified (GM) Crops:
re you aware of Antibiotic Resistance Markers (ARM)? Yes/No;   if 'yes' why are 
they used?

a. Are you aware of any alternatives to ARM: Yes/No;   if 'yes' what are they: 
………………   

b. How do you assess risk with respect to antibiotic resistance genes in GM 
crops……
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c. If there is availability of alternatives to ARM; which way it will affect the 
current cost of technology: 
………………………………………………………....

4. What potential opportunities and dangers (biosafety and environmental issue) do you 
anticipate for  this technology: 
…………………………………………………………..

D. Opinion Survey [Controversies/Apprehensions] - Please share your views:

1. Please express your views that Scientist own opinion in terms of advantages and 
disadvantages of this genetic engineering: ……………………………..

2. Scientific Aspects of the GMC Controversy: 
2.1 What are the Popular Viewpoints?

2.2 Have you come across of any of these popular viewpoint: ………………….

2.3 Does your research involve any of above mentioned viewpoint? What is your 
scientific        observation towards these viewpoint: ……………..

3. Are you aware of Terminator technology? Yes/ No/\can't say/Don't 
know/other…………specify

3.1 How it works?

3.2 Does your research involve this area:

3.3 What are its potential benefit and dangers of this technology?
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4. GMC CONTAMINATION:
4.1 Please share your concern towards biological gene contamination?

4.2 Does your research cover this area? Yes/No; if yes please share your experience: 
…………..

4.3 Is there chance of causing biological gene contamination by GMCs?

4.4 Why refusia is being suggested to farmers to sow around their field in the case of 
Bt.cotton:……..

4.5 In which way life forms can be affect by biological gene contamination: ………

5. According to you what are the constraints associated from development to the final 
field success of GMCs? [ Please explain]

6. Share your opinion on Biotechnology. [With respect to Consequences/ 
concerns/Apprehension]

E. Suggestions and Recommendation from Scientist (individual viewpoint):

1. Please suggest certain measure/ steps that how Labeling, Standards and Certification of 
GMC can be done 
    effectively: 

2. Please suggest certain steps for the safety assessment of GM crops……..

3. According to you what can be amicable solution towards Biosafety concern:
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4. Suggest some policy choice for governing the GM Crop Revolution for country like 
India…………

5. Suggest some Design of Regulatory Systems for GMC Development and Use; in your view

6. Do you support GM crop: Y/N. Reasons……………

7. Please give some suggestion towards capacity building of  Seed Industry for GMCs: 
……….

F. Other information:
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Research Instrument B: Questionnaire to the Scientists
SECTION-II (Interview/Discussion format)

Dear Sir/Madam,

My interaction cum discussion with you is a part of the doctoral research survey. I (Sarvesh 

Kumar) am pursuing my Doctoral Research at School of Management Studies, University of 

Hyderabad, India. My research tries to understand the phenomenon by bringing together 

scientists from academia, government, industry, and the public sector. It seeks a balanced 

approach to understand problems of common concern for the well-being of the general public 

and Seed Industry with respect to scientific issues relating to nutrition, food safety, 

toxicology, risk assessment, health, and the environment caused by Genetically Modified 

Crop. Since Scientists are 'Creator, Controller and Master' of this technology, so it is 

important to know the views of scientific community working in industry, government, and 

foundations. Because of large number of stakeholder, the nature of research is exploratory. 

Your personal opinions and views based on your research opinion is very important to 

understand the phenomenon. Please feel free to share your views and data which you think is 

relevant towards this issue and not covered in discussion.  I humbly request you for co-

operation. I will be life long oblige to you for your precious time spent on the discussion.

[The personal details will be confidential and all the information provided shall be used for 

purely Academic purpose.]

With Regards,

Yours sincerely,
Sarvesh Kumar (Research Scholar)
Registration Number: 03MBPH03
School of Management Studies
University of Hyderabad
Hyderabad, India
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 Broad Issues (Issue for Open Discussion/Views/Opinion):

1) Genetically Modified Crop (GMC)

2) New Seeds (GM potential)

3) Transgenic plant like Bt. Cotton. 

4) Refugia/ Biosafety issues.

5) Opportunities and constrain of the Biotechnology in terms of its use in Agriculture.

6) Use of genetic engineering in improvement of Crops.

7) Antibiotic Resistance Markers (ARM)

8) Biosafety and environmental issue.

9) Gene contamination

10) Suggestions and Recommendation.

11) Opinion/ View
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Research Instrument C: Questionnaire for Industry (Seed companies: Frame for Broad 

Discussion/Interview with Managers)

SECTION:I

___________________________________________________________________________
This is part of the Doctoral study being conducted at School of Management Studies, 
University of Hyderabad to analyse the industry structure and strategy of Indian seed 
Industry, their product portfolio and transformation brought by New Technology-
Biotechnology on them. Information provided shall be confidential and used for Academic 
purpose only. Your suggestions are very valuable to understanding the changes occurring 
during this volatile environment brought by this new technology. The aim of this research is 
to bring out some understanding for Seed Industry as a whole Your co-operation would be 
most appreciated.

Sarvesh Kumar
Registration No.: 03MBPH03 

Research Scholar

A. BACKGROUND

a. Trends in Industry and the Marketplace

b. Driving Forces for biotechnology based Genetically Modified Product/ Technology 

associated with it.

c. Product Opportunity/ Bt. cotton

d. Research and Development.

e. The Niche/Advantage/Uniqueness Of Position for  ‘New Seed’

f. Brand Label, Joint Ventures, Acquisitions

B. MARKET DATA

a.  Product Mix offered to market.

b. Product-Services Mix

c. Customer Base
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C. ROUTE TO MARKET

D. MARKETING REQUIREMENTS SPECIFICATION

a. Market Opportunity

b.  Tie to Strategic Plan

c. Scope of Product Line

d. ‘Gene’ Parts and Product Configuration

e. Timing to Introduction

E.CUSTOMER FIELD VISITS

F. COMPETITION

a. Pricing Analysis

b. Route to Market

c. Technology

d. Strategy Against Each Competitor

G. FIELD FEEDBACK

a. Problems

b. Complaints

c. Suggestions

d. Next Generation or Product Iteration

 H. PROMOTION: Promotional Literature

I. PRODUCT EVOLUTION FLOWCHART: Life Cycle Management (GMC)/Biosafety



378

Section II: Industry Questionnaire (Interview Frame for Other Stake Holders: 

NGOs/Agriculture Officers/others)

A. General Information:

B. Questions related to development/ use of Biotechnology in Seed Industry:

1. Biotechnology: How it can help Agricultural Improvement in India?

2. GMOs.

3 How GMOS can be used to make New Seed?

4. Bt. Cotton.

5. Terminator genes

6. Product Related Questions:

a. Use of Biotechnology.

b. How much time it takes to dev. Such plant? 

c. The efforts associated to develop seed/ plant (GMC).

d. Biosafety/ Refugia

e. The constraints associated from development to the final field success.

f. Other.....................................................................................................

8. Final opinion on Biotechnology based GMC. [Consequences/ concerns/ Apprehension]

C. Opinion/ Views/Suggestions.
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