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Technical change in agriculture increases production at the same level of input use and postpones the operation of the law of diminishing returns. It increases production at reduced unit costs/prices in real terms. The introduction of seed-fertiliser technology in early 1960s increased total factor productivity in Indian agriculture significantly. This, along with infrastructure development and interventions in price setting and marketing, has played an important role in achieving self-sufficiency in food grain production. However, there is empirical evidence to believe that growth of total factor productivity has come down since late eighties
. In fact, by the end of eighties, the area under modern varieties has already reached the ceiling levels particularly in the frontline states (Kumar and Mruthyunjaya, 1992; Kumar et al, 2008) and major crops and yield levels reached a plateau. At the all-India level, the yields of almost all crops either stagnated or declined after mid nineties except maize and finger millet (Table.1). The availability of tools of modern biotechnology especially transgenics assume importance in this situation. 
These tools provide an opportunity to infuse a new round technology into Indian agriculture. However, the use of these technologies is surrounded by many controversies, many of them ill-informed (Stone, 2002). Public reservations and uncertainties about impacts add to the danger that appropriate biotechnologies will remain inaccessible to those who stand to benefit the most (Lipton, 2001). Therefore, there is a need in this situation for a clear understanding of the nature of these technologies, their uses, pattern of product development and commercialization, impact of the commercialized products on yield, profits and on different groups of farmers. This chapter attempts to address these issues in the context of Indian agriculture. 

This chapter is presented as follows. The second section brings out an overview of agricultural biotechnology with concept, role and benefits. The third section explains the pattern of commercialization and the fourth section gives the social impact and issues of concern arising with the availability of biotechnology. The fifth section presents the findings of two longitudinal field surveys conducted by the authors to examine the profitability across different sections of farmers and the last section concludes with policy suggestions to utilize these technologies for achieving the goal of poverty reduction. 

Table 1: Levels of Yield of Major Crops in India Since 1950 (in Kgs per hectare)

	
	1950-54
	1955-59
	1960-64
	1965-69
	1970-74
	1975-79
	1980-84
	1985-89
	1990-94
	1995-99
	2000-05

	Rice
	772
	866
	1016
	980
	1105
	1207
	1352
	1584
	1807
	1898
	1984

	Wheat
	724
	728
	834
	1040
	1294
	1456
	1770
	2066
	2387
	2608
	2669

	Sorghum
	428
	464
	508
	506
	513
	681
	698
	708
	826
	834
	777

	Pearl millet
	556
	594
	598
	606
	554
	466
	523
	476
	636
	712
	850

	Maize
	712
	806
	976
	1012
	1036
	1074
	1255
	1297
	1525
	1723
	1882

	Finger millet
	na
	na
	na
	na
	867*
	1042
	1036
	1084
	1255
	1374
	1495

	Gram
	na
	na
	na
	na
	570*
	658
	657
	679
	755
	791
	785

	S.Cane
	32502
	34974
	44418
	45818
	49758
	51784
	56630
	61388
	66737
	69418
	64405

	G.nut
	724
	760
	752
	676
	763
	838
	853
	896
	948
	1033
	1055

	Sesamum
	na
	na
	na
	na
	176
	197
	232
	259
	302
	318
	351

	Cotton
	94
	98
	118
	114
	138
	153
	164
	198
	241
	234
	258

	Soybean
	na
	na
	na
	na
	761*
	889
	721
	725
	937
	1071
	957

	Sunflower
	na
	na
	na
	na
	671*
	563
	522
	407
	556
	557
	530

	RS&Mustard
	na
	na
	na
	na
	1353*
	1450
	1491
	1626
	1771
	1820
	1646

	Tea
	na
	na
	na
	na
	612*
	495
	626
	772
	874
	886
	1027


Source: DES, Govt. of India; * Relate to only 1974-75.
2. Overview of Agricultural Biotechnology
The term biotechnology covers a wide range of scientific techniques and products that can be used in numerous ways to boost and sustain the productivity of crops, livestock, fisheries and forests. It is the technique of using living organisms or their parts to make or modify products, improve plants or animals or develop micro- organisms for specific use. Modern agricultural biotechnology includes a range of tools that scientists employ to understand and manipulate the genetic make-up of organisms for use in the production or processing of crops, livestock, fisheries and forestry
. The modern biotechnology broadly has two groups of technologies. The cellular approaches include tissue culture, which is used in micro propagation and animal reproduction. The molecular approaches include genomics and bioinformatics, diagnostic procedures, molecular markers technology
 and genetic engineering. Other biotechnologies include use of bio-fertilizers and bio pesticides. Genetic modification (GM) (sometimes called genetic engineering) refers to approaches within the broad domain of biotechnology, which are distinguished from other biotechnology techniques by allowing the transfer of genes between different organisms
. It is important to keep in mind that genetic modification is a sub-set of biotechnology and also that it is a method, which works with the support of non-genetic modification biotechnology methods as well as conventional methods.

The biotech gene revolution in agriculture is said to follow from the successes of the green revolution. Unlike the green revolution model, where a simple science breakthrough (high yielding dwarf varieties) could be transferred in an essentially directed and top down way through a vast state infrastructure, in biotech the innovations are more complex and the routes to application less obvious. In fact, biotechnology is a collection of diverse and reinforcing enabling technologies with a wide range of applications in agriculture, forestry, food processing, waste management, pollution control, chemicals, raw materials, energy, cosmetics, pharmaceuticals and probably other sector that will become apparent in the future. Some more difference in these two technologies are brought out in Table 2. 

There is unanimity of opinion on the potential of biotechnology to assist in the development of agriculture (FAO, 2004; GM Science Review Panel, 2003; Rao, 1994; Rao and Gulati, 1994; Middendorf et al, 1998; Damodaran, 1999; Kalaitzandonakes, 2000;Qaim, 2001;Rangarajan, 2002;Scoones, 2002a&b; UNDP, 2001; World Bank, 2007). It can break the yield barriers not possible to achieve with the conventional breeding methods, close the yield break by developing products to overcome biotic and abiotic stresses, and also sustain the present yield levels by enabling technologies that can withstand climate change and degradation of natural resources including water and soil. Apart from these, these technologies can also play an important role by tailoring technologies to increase the value addition like higher amino acids in soybean, Vitamin A rich rice often called Golden Rice, protein rich potato etc to increase the quality of the produce. A unique feature of this technology is that it can reduce the usage of chemical inputs like pesticides and therefore can be beneficial to the environment. However, it depends on the way its potential is harnessed. 

The green revolution technologies have not made the same level of impact on dry land agriculture as it did in the case of well-endowed regions. However, dry land agriculture continues to play a very important role in the total food and agricultural production. Dry land agriculture in India covers 67 percent of the net cultivated area and currently accounts for more than 60 percent of food grains (90-95 percent of millets), almost 80 percent of oilseeds, 90 percent of green legumes and 70 percent of cotton. Even 50 percent of paddy is grown under rain-fed conditions. Increasing the productivity of dry land agriculture becomes absolutely essential also for the reason that only the improvement in the productivity of dry land agriculture can lead to benefits of growth being shared by many (Rangarajan, 2002). The tools of biotechnology, by their nature, are useful in developing technologies to suit these marginal environments. However, much depends on how these are harnessed.
Table 2: Biotechnologies Vs. Green Revolution Technologies

	Item
	Green revolution technologies
	Biotechnologies



	Drivers
	It is the discoveries in the field of chemistry that paved the way for development of seed-fertiliser technologies
	The developments in the field of biology have driven the biotechnologies

	Domain
	Public sector
	Private sector with proprietary rights

	Nature of technology 
	Slow, not precise. Often the resultant variety inherits some undesirable characteristics 
	Quick and precise. Can target the required characteristic by identifying the gene

	Dependencies
	Called seed-fertiliser technologies, as the seeds are developed to respond to fertilizers. Availability of irrigation is crucial to use of these technologies. Therefore, dependence on chemical inputs increase 
	Seed is central to this technology. So, no dependence on chemical inputs. 

	Access
	Mainly developed to reach well-endowed regions. But later, extended to dry lands also. But not with great success in marginal environments
	They can be used to tailor technologies for marginal environments also. These also can be an answer to the challenges posed by climatic change.

	Coverage
	Encompasses crops only.
	Beside crops, improvements in livestock, fisheries, and forestry are possible.

	Nature of crops
	Started with staple crops like wheat and paddy. Later slowly spread to other crops.
	Started with cash crops like soybean, maize, cotton and canola. It is in principle possible to extend these technologies to other crops also.

	Nature of technology
	Scale neutral. But, not resource neutral. The technology development is continual.
	Can be scale and resource neutral. But the method of harnessing the technology becomes crucial. 

The technology development is continuous because of the rapid pace of discovery and it can be obsolete in a quick time.


3. Pattern of Commercialisation
The commercialized biotech products in agriculture so far tried to address the issue of reducing the yield gap caused by biotic stresses like insect pest damage. The other tasks in crop improvement like breaking the yield barriers (Figure 1) are not targeted so far. The first generation biotechnology products in agriculture have been crops with improved agronomic properties, such as herbicide tolerance and resistance to particular insect pests. Technologically, these are rather elementary, scientific ‘easy pickings’. They require over expression of a single gene coding for one enzyme or toxic protein. They provide various input traits, whereas the second-generation bio-engineered crops incorporate different desirable output traits. Second-generation bio-engineered crops with enhanced quality traits, such as corn with high oil and lysine content, hybrids with increased levels of amino acids, healthier oils in soybean, neutraceuticals- blending regular food product with health enhancing attributes like golden rice etc, are being developed, targeting the food, feed and edible oils markets. These are technically more complex than first generation traits. They are associated with many genes or gene complexes acting in concert. A direct implication is that to advance second- generation agro biotechnologies, systematically, researchers will have to learn how to coordinate expression of several genes over the growing period of a crop. In this direction, plant genomics- the discovery and the study of many genes-simultaneous- is expected to provide solution. 

The emergence of genomics and bio-informatics in the late 1990s radically changed the research paradigm in biotechnology and elevated expectations about the rate of discovery and product development in agro biotechnology. These developments in genomics also alter the research method and scope in plant biotechnology. For the first two decades, the focus of plant biotechnology was on the isolation of commercially useful genes and on the methods of inserting and expressing such genes in commercially relevant species. Genes will be in excess over the next several years. The emerging research paradigm is the study of complex biochemical and physiological problems as an integrated system, rather than on a gene-by-gene basis (Kalaitzandonakes,  2000). 

Figure 1: Three Main Tasks for Improving Crop Yields








Sorce: Plucknett (1993)
The stiff opposition to imports and permissions for cultivation of genetically modified crops in the world for the past few years seem to be easing since 2004. The European Union has allowed import of genetically modified maize and also permitted growing transgenics during the year, ending four years of moratorium after the United States of America approached the Appellate body of the World Trade Organisation. Therefore, the area under transgenics started increasing at a higher rate after that.  On the other hand, the extension of transgenics area to food crops is long overdue. 

                Figure 2: Commercialisation of Trangenics in the World
[image: image1.emf]1.7

11

27.8

39.9

44.2

52.6

58.7

67.7

81

90

102

114.3

125

0

20

40

60

80

100

120

140

1996-

97

1997-

98

1998-

99

1999-

00

2000-

01

2001-

02

2002-

03

2003-

04

2004-

05

2005-

06

2006-

07

2007-

08

2008-

09


                   Source: James, 2008

The transgenic crops were commercialised in 1996 in the world. The area has been increasing steadily at a double-digit growth rate per annum and the area reached 125 million hectares in 2008 in 25 countries (Figure. 2). In 2008, USA (62.5 m.ha), Argentina (21.0 m.ha), Brazil (15.8), India (7.6 m.ha), Canada (7.6 m.ha) and China (3.8 m.ha) account for 95 per cent of the total area under transgenics. When we look from the point of view of traits commercialized, nearly 80 per cent of the commercialized area is under herbicide tolerance (Figure 2). Cotton is the only crop in India that has been commercialized. The area under transgenic cotton in the country increased at a rapid rate to reach 7.6 million hectare in 2008-09 from a negligible 45,000 hectares in 2002-03 (Table 3). 
Figure 3: Traits Covered Under Transgenic Crops in 2008
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                            Source: James (2008)
                    Table 3 : Commercialisation of Transgenic Cotton in India

	Year
	Area under Bt cotton (ha)
	Per cent of total cotton area
	No. of farmers

	2002-03
	44,500
	0.58
	54,000

	2003-04
	1,00,000
	1.31
	-

	2004-05
	5,00,000
	5.57
	3,00,000

	2005-06
	13,00,000
	14.38
	10,00,000

	2006-07
	38,00,000
	41.27
	23,00,000

	2007-08
	62,00,000
	68.88
	38,00,000

	2008-09
	76,00,000
	82.00
	50,00,000


             Source: James (2008)
There are more than 200 biotech cotton hybrids from different private companies at present. The resistance to bollworms is the trait in all these hybrids. Many of these companies source this transgene from an MNC, though few of them developed it natively. Now, Bollgard II has come incorporating more genes into cotton hybrids enabling resistance to all bollworms. Though cotton continues to be the only crop with released transgenics, field trials are on in several crops. Some biotech hybrids in brinjal may come out in near future and herbicide tolerant maize may be released in a few years by private companies. Field trails are going on and in different stages for 13 crops, at the end of 2005- in brinjal, cotton, cabbage, corn, groundnut, pigeon pea, mustard, potato, sorghum, tomato, rice, okra, cabbage and cauliflower.  However, on the whole, most of the research in biotechnology in the country is in the private sector and concentrates heavily on Bt hybrids in cotton.    

4. Social Impact and Issues of Concern
The impact of any agricultural technology on the society can be direct and indirect
. The direct effect is on the adopting farmers through increased productivity and reduced costs thereby improving their welfare. The indirect effect is through reducing the prices of food; creation of employment and rise in wages; and positively impacting employment, wage, and income effects in other sectors of economic activity. The first and most desirable way is by reducing the cost of food by increasing productivity. This can benefit net purchasers of food in rural areas and also urban poor. This will also benefit farmers by increasing the net profit with decreasing unit cost of production. The green revolution depended on this strategy for agricultural development, which is subservient to the overall objective of poverty reduction.  This is in contrast to the reform strategy in agriculture which aims at bringing dynamism to agriculture sector by making relative prices viz., terms of trade favourable to agriculture, wherein the net purchasers of food will suffer. 
The new technologies can result in reduction of poverty if they increase the opportunities for employment, as a section of the farmers viz., small and marginal farmers also earn through wage employment, besides the agricultural labourers. The higher rate of growth in agriculture will also spur non-farm activities in the rural areas leading to higher employment avenues in rural areas and this higher growth rate in agriculture can also relax the wage good constraint on industrial growth. Another direct way is benefiting the small and marginal farmers by making improvement in the crops they grow and increased uses for these crops
.  
Both the direct and indirect effects are important in a country like India in view of the higher poverty rates among the farmers
, higher rural poverty and concentration of poor
 in rural areas, and higher proportion of net purchasers in rural areas
. How far the biotechnologies can lead to either of these effects? Using the technology instrument as part of a strategy for poverty reduction requires careful ex-ante analysis of how the nature of technology, the nature of poverty, and the economic and institutional context in the particular region where technology is released affect the distribution of benefits and losses (de Janvry and Sadoulet, 2002). Therefore, we try here to see the nature of technology in brief to understand the likely impact on technology. The emerging literature on biotechnology shows that poverty reduction effects may not be very high with the way the research is organised now. This is despite the fact there is unanimity on the fact that this technology has the potential for poverty reduction and these tools are much more powerful than the green revolution technologies. We try to see the problems with the biotechnology product development in brief here.  
The biotechnological research is dominated by few life science multinational corporations and in the domain of private sector. Their interest is in maximizing profits on their research by concentrating on technologies in crops, which can offer largest possible and lucrative market.   Therefore, if left to markets, these technologies may benefit high value crops and well-endowed regions. This is amply evident from the present state of research and commercialization of transgenics discussed above. There are no initiatives as far as rice, wheat, oilseeds, pulses and minor millets are concerned. The country’s agriculture is dominated by rainfed agriculture. Even if the potential of irrigation is achieved by completing all the feasible projects, nearly half of the cultivable area would still be under the mercy of rain gods.  The majority of the small and marginal cultivate the so -called orphan crops. Unless efforts are made to develop varieties that can increase the genetic potential of these crops in dry land conditions, the goal of poverty reduction cannot be addressed effectively. 

The multinational companies undertaking research in agricultural biotechnology have been acquiring seed companies around the globe as a part of horizontal and vertical integration leading to concentration
 in seed market.  Faced with the decline of profitability in the agro- chemical sector, these companies started complementary product development like herbicide resistant hybrids. Because of this complementary product development, seed became a package now (Rao, 2004). This development may actually increase chemical use, intensify damage to environment and affect livelihoods of the poor in ecologically fragile areas, 
at a time when the harmful effects of overuse of chemicals in agriculture are recognised. More than that, weeding is a manual operation done mostly by women in agriculture and its replacement by chemicals would only reduce employment opportunities and may increase destitution in villages.  The biological protection of the seed from being reused has been increasing overtime with the seed producer firms trying to do away with open pollinated varieties since the past two decades. This process is likely to gather momentum and lead to increase in seed replacement rates and higher percent of cost on seed in the total cost of cultivation than before. 

These technologies are also said to have solutions to the problem of malnutrition, quite serious in developing countries like India. Some of the applications like Golden Rice and Protein rich potato (Protato) are shown as evidences in this regard to alleviate deficiency of vitamin A and protein, respectively. Food fortification through transgenic route is difficult because the availability of vitamin A, protein etc., also depends on the availability of other elements. Thus, it should be viewed as complement to existing interventions (Dawe et al, 2002). However, as the pace of discovery being very fast in the modern biotechnology, several new applications can be done to address the problem of malnutrition more effectively in times to come. 

The use of low-end biotechnological tools like biofertilisers
, biopesticides
, tissue culture, molecular markers etc., should not be neglected in the excitement created with genetic modification.  The problem of biotic and abiotic stresses in agriculture can be solved by conventional plant breeding techniques, low-end biotechnological tools and then genetic modification. There is a need for a rigorous cost benefit analysis between these alternative techniques for each of the biotic and abiotic problems, before they can be commercialized. The limited investment for agricultural research needs to be allocated between conventional and biotechnological research based on the analysis of short and long run returns. On the whole, the proportion of our agricultural research expenditure on biotechnological research is very small compared to developed countries
.

The commercial applications of biotechnology need to keep in mind the preservation of biological diversity of the country and trading interests of the country.  This country is the primary and secondary sources of biological diversity in respect of number crops like rice. They should be kept transgenic free to preserve the biodiversity, as many countries are doing. The exports for some of the crops like Basmati rice and soybean may be affected with genetic modification. Many European countries import soybean as a non-genetically modified source. In future, genetic modification can also act as a potential sanitary and phyto-sanitary measure (Johnson, 2002). The importers can ask exporters to identify the source of origin from the producer to the consumer, which may be very difficult in the case of developing countries like India. The developing countries from tropics have an advantage in case of certain crops because of the climate and they export these commodities to the temperate developed countries. The genetic modification offers opportunities for them to evolve resistance to cold and freezing in these crops to be able to cultivate in temperate climate and substitutes for imports.  This is likely to affect the exports, growth and employment opportunities in the developing countries.  
 The process for permitting commercialization of these technologies needs to be transparent with the participation of end users in technology development to help in priority setting demand-based technology development
. The crux of this issue is that the tools of biotechnology represent a precise continuation of the plant breeding methods and also dramatic deviation from them. It has to be stressed that they are only tools and the ends have to be properly planned keeping the agro-climatic and socio-economic needs of the host society. They are complementary to the conventional plant breeding (CPB) methods and not substitutes to CPB, integrated pest and nutrient management, livestock breeding, feeding and management systems. In fact, they can be harnessed better where the conventional research efforts are strong. To conclude, the biotechnology should be part of an integrated and comprehensive agricultural research and development programmes that gives priority to the problems of poor.     

The entry of public sector in a big way is likely to alter the scenario in favour of the small farmers. They can release varieties in transgenics also as is being tried in cotton, instead of hybrids to provide scope for the farmers to reuse the seed for some years. This was really done in China in case of cotton and few other crops. 
5. Performance of Bt Cotton

      It would be worthwhile to examine in some detail the performance of Bt cotton as it is the only crop being commercialized so far in the country and also being highly contested. Therefore, an ex-post, farm level study on the impact of Bt cotton introduced in the country is highly relevant.  The data from two surveys conducted by the authors in different agro-climatic zones of Andhra Pradesh on the performance of Bt cotton in two different agricultural years are presented here. After a brief review of literature on Bt cotton performance, the methodology of the field surveys, results from the two surveys, production function analysis for yields, benefits across social and size categories of farmers and impact of the technology on employment are presented in this section
. 
5.0. Literature Survey on Bt Cotton Impacts
The field trials of Bt cotton in India almost a decade back raised curtain for acrimonious debates on the utility of biotechnology in general and Bt cotton in particular. A survey of peer-reviewed articles in reputed journals clearly shows that this biotech cotton could effectively resist boll worm, reduce the spending on plant protection, and increase yield. The employment effect is negative in countries where it is harvested with machines as it reduces human labour utilization for spraying of chemicals. But, the net effect is ambiguous where cotton is harvested manually. The quantum of these impacts varies across countries. Now, a brief review is attempted hereunder. 

Qaim (2003) reported yield increase of 80 per cent using trial plot data. There were also refutations of claims of cost reduction and yield increase by some scholars. Based on field trials conducted in India, Shiva et al (1999) concluded that the yield in all the trial plots were found to be low and a comparison of the local hybrid/variety cultivated and Bt showed that the yield from both the crops was more or less same. The cost of cultivation has also worked out to be same for all the farmers. They further concluded that wherever the bollworm pressure is not high, Bt cotton might not be economically suitable.
The first year of Bt cotton cultivation was a disaster in many of the cotton growing states like Andhra Pradesh, Maharashtra, Madhya Pradesh, Karnataka and Gujarat (Krishnakumar, 2003). In 2002-03, small saving in pesticide sprays (Rs.217/ac), lower profits and susceptibility to pink bollworm were reported in a study conducted in Maharashtra and Andhra Pradesh (Sahai and Rehman, 2003). Similar results with more attack of sucking pests were also reported from a season long study on Bt cotton in Andhra Pradesh (Qayum and Sakkari, 2003). In another field survey in the first year of commercialization in Tamil Nadu, Karnataka, Maharashtra and Andhra Pradesh, it was found that the yields increased by 34 per cent in Bt cotton over conventional cotton and that the farmers of Andhra Pradesh suffered a loss in average incomes (Naik et al, 2005).  

The performance in 2003-2004 seemed to be slightly better compared to the previous year. In a study conducted in two districts of Maharashtra, it was found that the yield increased by 52 per cent in Bt cotton from 15.77 quintals per hectare in non-Bt cotton to 24.00 quintals in Bt cotton and the same study concluded that the profit per hectare was Rs.31883 in Bt cotton as against Rs.17797 in non-Bt cotton implying an increase of 79 per cent, though the cost of pest control increased slightly (Narayanamoorthy and Kalamkar, 2006). A nationwide survey by Nielson and ORG MARG for 2003-04 season concluded that there was a 60 percent reduction in pesticide use and 29 percent increase in yield leading to 78% increase in net profit. The critics of Bt cotton questioned the objectivity of this survey, as Monsanto commissioned the survey. Further, these two studies did not take fixed costs into account while working out changes in costs and returns from Bt cotton cultivation over non-Bt hybrids.  Qayum and Sakkari (2004) made another season-long survey and negated these claims. The attack of bollworms in 2003-2004 was also below normal. Therefore, they maintained that the performance in this year cannot be generalized. However, a study conducted in four of the main cotton growing states viz., Andhra Pradesh, Gujarat, Maharashtra and Tamil Nadu concluded that the adopters of this new technology obtained 31 per cent higher yield and 88 per cent more profit than their counter parts growing conventional hybrids (Gandhi and Namboodiri, 2006). 

It is also alleged that the cotton from the Bt hybrids is of inferior quality and that it cannot stand heavy rainfall conditions etc (Sahai and Rahman, 2003). It is possible that the negative traits like short-stapled cotton, low yield etc., may be of the hybrids used to incorporate the Bt gene than the gene (Cry 1ac) itself. It is because the benefits of Bt technology in a given crop (Bi) is a function of genetic potential of the variety/hybrid (Gp) and the impact of transgene- Bt, which will be given by the cost reduction due to declined pesticide use and increased returns due to yield increase because of realizing the yield potential by reducing pest damage as shown below.  

Bi = f (Gp, Bt)

These technologies generally are expected to have a positive impact on employment, as there is always a huge under-employment and disguised unemployment in the country. The green revolution in the early sixties introduced biological and mechanical technologies in agriculture. Several studies conducted after the green revolution found that the biological technology favoured employment creation and the mechanical technology displaced labour. As already mentioned earlier the Bt cotton cultivation is expected to increase labour use in India, though it is labour saving in countries like U.S.A, where most field operations are mechanized. Therefore, it will be very important to analyse its impact on the use of human labour, with a particular emphasis on its gender implications.   

Cotton is a very important commercial crop in the country with an area of around 9 million hectares. It accounts for 45 percent of agro-chemicals used, though it is cultivated in only 5 percent of gross cropped area. The loss due to insect pests is about 50 percent of cotton output because some insects such as Helicoverpa armigera and whitefly have developed resistance to chemical pesticides (Birthal et al, 2000). There were recorded suicide deaths of farmers in the last few years in Andhra Pradesh and Maharashtra due to failure of cotton crop because of pest menace. The productivity of cotton in the country is very low at five-year average of 204 kgs per hectare in at the end of 2002-03. Therefore, any positive impact of this technology on pest control and yield stabilization would be highly useful in improving the conditions of those involved in cotton cultivation. It can also give an indication of the potential of this technology for the entire agriculture sector, if significant positive impact on both these traits in cotton is proved beyond doubt. 

5.1. Methodology
The present study follows double difference method combining the ‘with and without’ approach with ‘before and after adoption’ method.  The study adopted multi-stage stratified random sampling method by taking one district from each of the four agro-climatic zones, where the Bt cotton hybrids were introduced. The sample selected in each agro-climatic zone was proportional to the area under Bt cotton in the respective zone. The selection of Mandals was done based on the area under Bt cotton. We have chosen more than one Mandal from each district to see that the sample is well spread out and more representative. The number of Mandals selected for the study was nine from the four districts. The villages were selected based on the area under Bt cotton. The number of villages selected for the study was fourteen. 
The farmers were selected after stratification based on farm size and social category. The farmers are stratified as small, medium and large based on size of owned land holding. The farmers owning less than 4.99 acres are considered small; who own land holding between 5 acres and 9.99 are considered medium and those who possessed 10.0 acres and more are considered as large farmers. The sample size is 623. The number of farmers from Warangal, Nalgonda, Guntur and Kurnool are 262, 188, 103 and 70 respectively. Primary survey was undertaken with pre-tested schedules and participatory methods like focus group discussion were used as supplementary. The data collected pertains to 2004-2005 and to be specific Kharif 2004-2005. These same sample growers were surveyed again in 2006-07. As all the 186 non-Bt farmers in 2004-05 switched on to the new technology by the time of resurvey in 2007, 200 more farmers growing conventional hybrids are taken to represent the control group. The monetary values in both the years are deflated using the consumer price indices for agricultural labourers with 1986-87 for the state provided by the Indian Labour Bureau, while comparing these two. 
5.1.1. Survey Results in 2004-05
 
The cost of production per acre is 17 per cent higher in Bt cotton at Rs.16975 compared to Rs.14507 for non-Bt cotton in the state and this difference is statistically significant (Table 4). This includes paid-out costs and imputed costs of depreciation, interest on owned fixed capital, rental value of owned land, family labour etc. The expenditure on insecticides decreased by 18.2 per cent in Bt cotton over non-Bt cotton. This decrease in cost of insecticides by Rs. 594 is more than matched by increased costs on seed, labour costs, fertilizers and irrigation charges. All these changes are statistically significant except that in fertilizers. Out of the Rs.801 increase on labour, human labour accounted for the major portion viz., Rs.676.
Table 4: Costs and Returns per Acre in Bt Cotton and Non-Bt Cotton in 
Andhra Pradesh in Rs. 

	Item
	Bt
	NBt
	Per cent change

 over non-Bt

	Casual labour
	1780
	1476
	21**

	Attached labour
	218
	127
	71**

	Family labour
	1128
	846
	33**

	Total human labour
	3125
	2449
	28**

	Bullock labour
	859
	855
	0

	Machine labour
	708
	587
	21**

	Seed
	1402
	598
	134**

	Chemical fertilisers
	1579
	1603
	-1

	Manure
	515
	406
	27**

	Total fertilisers
	2094
	2008
	4

	Insecticides
	2673
	3267
	-18**

	Irrigation charges
	98
	54
	83**

	Interest on working capital
	412
	379
	9

	Miscellaneous
	94
	84
	12*

	Operational cost
	11466
	10282
	12*

	Rental value of owned land
	3608
	2716
	33**

	Rent paid for leased-in-land
	753
	523
	44**

	Depreciation
	354
	280
	26**

	Interest on fixed capital
	794
	706
	12*

	Fixed cost
	5509
	4225
	30**

	Cost of production
	16975
	14507
	17*

	Cost A1
	10692
	9716
	10*

	Cost A2
	11445
	10239
	12*

	Cost B1
	12239
	10945
	12*

	Cost B2
	15847
	13661
	16*

	Cost C1
	13367
	11791
	13*

	Cost C2
	16975
	14507
	17*

	Physical yield in quintals
	9.49
	7.21
	32**

	Cost A1/quintal
	1127
	1348
	-16*

	Cost A2/quintal
	1206
	1420
	-15*

	Cost B1/quintal
	1290
	1518
	-15*

	Cost B2/quintal
	1670
	1895
	-12*

	Cost C1/quintal
	1409
	1635
	-14*

	Cost C2/quintal
	1789
	2012
	-11*

	Average price per quintal
	1750
	1711
	2

	Farm business measures
	 
	 
	 

	Gross income in Rs.
	16612
	12338
	35**

	Net income
	-363
	-2169
	83**

	Farm business income
	5166
	2099
	146**

	Family labour income
	765
	-1323
	158**

	Farm investment income
	4038
	1253
	222**


* and ** indicate significance at 1 per cent and 5 per cent, respectively.

                           Source: Field Surveys
The reduction in insecticides is only 18 per cent, whereas Qaim and Matuschke (2004) showed from the review of studies that this reduction was to an extent of 77 per cent in Mexico, 65 per cent in China. In the study area, farmers sprayed pesticides with a fear of attack of Heliothes larvae from the adjoining fields as they are still not fully aware of the nature of Bt technology. This may change later and more savings in insecticides may result. Ismael et al (2002) also observed that during the early stages of adoption, Bt growers use more insecticides than needed. Several studies (See for e.g. Qaim and Matuschke, 2004; Huang et al 2002) showed that the Bt technology adopting farmers also increase their input use. This also increases the cost of cultivation compared to non-Bt farmers. The study by Narayanamoorthy and Kalamkar (2006) also found a 34 per cent increase in the cost of cultivation of Bt cotton over non-Bt.

The physical yield obtained in Bt cotton is 9.49 quintals of seed cotton per acre compared to 7.21 quintals per acre for non-Bt cotton and 32 per cent higher than non-Bt and the difference is statistically significant. The coefficient of variation of yield reduced from 0.39 in the non-Bt cotton to 0.34 in Bt cotton showing that the variations across farms in terms of yield have come down in the farms growing Bt hybrids. This clearly shows the superiority of Bt cotton in increasing yields over non-Bt cotton and gives us a clue as to why the non-Bt cotton seed manufacturers are going out of business in the state. This result is particularly important in view of the very small average area per Bt adopter. It is only 2.77 acres in the state and it is basically a small farmer agriculture compared to other countries like U.S.A, Argentina etc. For instance, in a field study in Argentina, the average area per Bt adopter was found to be 118 hectares in 2001 by Qaim and de Janvry (2005). It is well known that the economic theory states that the average costs matter in decision-making and deciding the profitability rather than absolute costs. The immediate fall out of the higher yield in Bt cotton is that all its per quintal costs are lower over non-Bt cotton though the absolute costs are higher. The per quintal Cost A2, Cost B2 and Cost C2 are lower by 15 per cent, 12 per cent and 11 per cent, respectively in Bt cotton over non-Bt cotton. 

The net income viz., gross income over Cost C2 is negative in both Bt and non-Bt cotton. But Bt performed better by being able to cover all the imputed costs along with paid-up costs except a minor portion and improved over non-Bt by 83 per cent. The net income, farm business income, family labour income and farm investment income improved by 83%, 146%, 158 per cent and 222%, respectively over the non-Bt cotton. All these are statistically significant at one per cent level. This clearly shows that Bt cotton outperformed non-Bt cotton in regard to all the measures. The farmer entrepreneur must be covering all these costs if farming is to be termed profitable. If he/she could not cover all costs, then covering the paid-up costs (Cost A1/A2) is crucial to remain in business. The farm business income, which shows us the excess of gross income over variable costs (Cost A2), is Rs.5166 per acre in case of Bt cotton and 146 per cent higher comparatively. 

The Commission for Agricultural Costs and Prices (CACP) reported negative net returns of Rs.656 per acre in 1996-97 in cotton in Andhra Pradesh, when the realized price per quintal of seed cotton was Rs.1707. The cotton farmers from Punjab are also reported to have got negative returns in 1995-96 and 1996-97 (GoI, 2000). According to the Commission, in 2001-2002, the net returns are only Rs.120 per acre, when the realized price is Rs.1848.  In Gujarat, for 2001-02, the net returns are -1531 per acre. In the same year, cotton farmers from Maharashtra and Tamil Nadu also are reported to have got negative returns (GoI, 2005). Therefore, it is not uncommon for the cotton farmers to get negative net returns, if all the paid-out and imputed costs are properly accounted as is done systematically by the CACP. 

There may be two reasons for the negative net income for both Bt and non-Bt farmers. The first one is the fact that the actual rainfall in 2004-2005 in the study area is 33 per cent lower than the normal. This might have reduced the physical yield. The other factor is the drastic decline in prices for raw cotton during the year. It is noteworthy that the farm harvest price of cotton declined drastically in this year by 21 per cent compared to the previous year and is 13 per cent lower than the previous seven-year average of farm harvest prices. All this might have reduced the profitability of cotton farmers including Bt cotton farmers.  

In a study conducted in two districts of Maharashtra, it was found that the profit per hectare was Rs.31883 in Bt cotton as against Rs.17797 in non-Bt cotton implying an increase of 79 per cent, though the cost of pest control increased slightly (Narayanamoorthy and Kalamkar, 2006). A nationwide survey by Nielson and ORG MARG for 2003-04 season concluded that there was a 78 per cent increase in net profit.  In this background, the results of the study seem quite justifiable in the Indian conditions.

5.1.2. Economic Impact after Adoption of Bt in 2006-07
The results from resurvey in 2006-07 presented in Table 5 confirm the results obtained in 2004-05 regarding the significant yield advantage with Bt cotton. The major findings are-

- There was a 42 per cent increase in yield after the adoption of Bt cotton for the non-adopters in 2004-05. 

-   The adoption reduced the use of chemical insecticides considerably viz., to an extent of 56 per cent compared to an 18 per cent reduction in 2004-05. This was made possible because of the rising awareness of the farmers as they continue to cultivate Bt hybrids compared to the initial stages of adoption. The adopters in 2004-05 were found to be applying with anxiety of pest attack. Now, it seems they have understood that there is no need to spray for bollworms up to a certain time period.  This compares very well with several other countries, as brought out by Ismael et al (2002). 
-   The cost of cultivation after adoption remained more or less similar compared to 30 per cent increase in 2004-05. As a result the cost C2 per quintal has declined by 31 per cent after adoption in 2006-07 compared to an 11 per cent reduction in 2004-05.
-    The net income became positive after adoption in 2006-07 and improved by 2.5 times   after covering all direct and indirect costs. 

-     The farmers gained a farm business income of Rs. 9596 per acre after adoption of Bt. 
Table 5:Costs and Returns Before and After Adoption of Bt Cotton 

                                                           (Per Acre in Rupees)

	Item
	Before (Non-Bt Cotton)
	After

(Bt Cotton)
	Per cent change

	Total human labour
	2449
	3249
	18

	Bullock labour 
	855
	906
	-6

	Machine labour 
	587
	886
	34

	Seed
	598
	897
	34

	Total fertilizers
	2009
	2103
	-7

	Insecticides 
	3267
	1599
	-56

	Other costs
	601
	489
	-19

	Total operation cost 
	10282
	10129
	-12

	Total fixed cost
	4225
	5927
	25

	Total cost 
	14507
	16056
	-1

	Physical yield 
	7.21
	10.27
	42

	Cost A1 per quintal
	1348
	922
	-39

	Cost A2 per quintal
	1420
	986
	-38

	Cost B1 per quintal
	1518
	1023
	-40

	Cost B2 per quintal
	1895
	1421
	-33

	Cost C1 per quintal
	1635
	1165
	-37

	Cost C2 per quintal
	2012
	1563
	-31

	Average price per quintal
	1711
	1920
	0

	Gross income 
	12338
	19722
	42

	Net income 
	-2169
	3667
	251

	Farm business income 
	2099
	9596
	307

	Family labour income 
	-1323
	5122
	445

	Farm investment income
	1253
	8141
	478


                              Note: 1. The per cent change is worked out using the monetary values in constant prices
                                                        2. The data from 2004-05 are used for ‘before adoption’ and that from 2006-07 are 

                                                             used for ‘after adoption’
                                     Source: Field Surveys
The pattern of yield distribution for the farmers before and after adoption of Bt cotton is given by the non- parametrically estimated density functions for yield of cotton for the sample farmers in Figure 2 following Qaim (2003). It clearly shows the rightward movement of density function after adoption of the Bt by the same farmers in 2006-07. In fact, more than 70 per cent of farmers got less than 500 kgs. per acre of cotton kapas yield before adoption and this situation changes altogether after adoption. Nearly 80 per cent of them got more than 700 kgs. of cotton kapas yield after adoption of Bt. This brings out the reason why the adoption rates have been increasing so rapidly in the country, despite adverse media coverage and campaigns against the use and profitability in Bt cotton cultivation. 

[image: image3]
                       Source: Field Surveys
As already discussed, any new technology of production is supposed to shift the cost function downward with the reduced costs for unit of output. The costs before and after the introduction of Bt are plotted against the cost C2 in constant prices (Figure 3). It clearly shows that almost all the outputs are produced with lower level of cost with introduction of Bt hybrids in cotton compared to the conventional hybrids. 

[image: image4]
Source: Field Surveys
5.1.3. Results of Production Function
Then, the question to be answered is whether the increase in yield is attributable to Bt technology alone or are there any other factors that may be leading to the increase in yield? The production function analysis is used to bring out the precise impact of Bt cotton technology as it can control for any adjustment in the input mix by the farmers while adopting the new technology. The yield in quintals is taken as the dependant variable and expenditure on fertilizers, expenditure on irrigation, expenditure on plant protection, education in years and age in years are taken as the independent variables. Apart from these, the Bt dummy is also included in the production function, along with a dummy for scanty rainfall zone represented by Kurnool district in the sample and another dummy for the small farmers. The model is specified in multiple linear form and analysed using the method of ordinary least squares. 
The results show that there is significant impact of Bt cotton hybrid on the yield of the farmers (Table 6). The coefficient for Bt dummy turned out to be significant at 1 per cent level in both ‘with and without’ scenario in 2004-05 and 2006-07 as well as ‘before and after’ adoption scenarios. All the other variables contributed positively to the yield except dummy for scanty and erratic rainfall zone viz., Kurnool. The yields in this zone are significantly lower than the average yields and this difference came down from 30 per cent in 2004 to 8 per cent in 2006 mainly due to the better rainfall in that year. The small farmer dummy also turned out to be significant and negative implying that these farmers are getting 5 per cent lower yields than that for the other farmer in 2004. By 2006, the small farmers are also getting similar yields on par with other farmers and there was no significant difference. This endorses the notion that small farmers take some time to improve their awareness and ajust to a knowledge-intensive technology like Bt cotton.
Table 6: Estimated Production Functions in Andhra Pradesh (n = 623)

	Item
	With and without Bt in 2004

(n = 623)
	Before and after Bt

(n=367)
	With and without Bt in 2006

(n= 814)

	
	Coefficient
	S.E
	Coefficient
	S.E
	Coefficient
	S.E

	Constant
	5.514*
	0.433082
	3.441*
	0.634988
	3.968*
	0.382053

	Bt dummy
	2.826*
	0.249625
	3.915*
	0.400266
	4.234*
	0.409716

	Education
	0.08297*
	0.026825
	0.0808**
	0.033836
	0.04337
	0.024797

	FYM (Rs./ac)
	0.00008
	0.000174
	0.00216**
	0.000944
	0.00056*
	0.00019

	Fertilizers (Rs./ac)
	0.00065*
	0.000169
	0.00397*
	0.00082
	0.00081*
	0.000125

	Pesticides (Rs./ac)
	0.00023**
	9.15E-05
	0.00141*
	0.000506
	0.00031*
	7.57E-05

	Irrigation (Rs./ac)
	0.00052**
	0.000259
	0.00408*
	0.001566
	0.00235**
	0.001187

	Kurnool dummy
	-3.850*
	0.369375
	-1.320*
	0.508671
	-0.04295
	0.401402

	Small farmer dummy
	-0.631*
	0.228292
	-0.485
	0.314527
	-0.330
	0.25076

	F
	
	45.390
	
	26.462
	
	49.144

	Adjusted R2
	
	0.363
	
	0.358
	
	0.321


                     * and ** indicates significance at 1 per cent and 5 per cent respectively.
Source: Field surveys
The results of the study clearly validate the hypothesis that there can be considerable yield effects in developing countries like India. Other studies also reported increase in yield in the Indian conditions. The production function analysis of a similar kind by Narayanamoorthy and Kalamkar (2006) showed that there was significant positive impact on Bt cotton yield in their sample studies. 
Following Qaim and Matuschke (2004), the positive yield effects can be explained in a damage control framework as below. If Y is the effective cotton yield, and F (.) is potential yield without insect damage, which depends on variable input, x., D (.) is the damage function determining the fraction of potential output being lost to insect pests. Crop losses depend on exogenous pest pressure, N, and they can be reduced through application of chemical insecticides, z, and/or the use of Bt technology. 

Y = F (x) [1-D (z, Bt; N)]

If pest pressure is high and farmers use a lot of chemical insecticides in conventional cotton, Bt adoption should lead to substantial insecticide reductions. On the other hand, if there is uncontrolled pest attack with the chemical insecticides, Bt cotton could increase the effective yield by controlling the damage function, D. There is uncontrolled damage due to the bollworm attack in the study area, which is in fact true of entire country and this pest pressure is high as cotton is grown in a typically tropical climate in the state.  Bt cotton cultivation in this situation resulted in increase in yield due to better management of the pest problem and thereby enabling to reach the potential of the variety/hybrid in question.
5.1.4. Benefits across Social and Size Categories of Farmers

The biotechnology, as already stated at the beginning, is expected to benefit dry lands and ecologically fragile areas. Then, what are the benefits of Bt cultivation to the farmers in these areas? The gains due to the new technology are ideally to be shared among all sections of the farmers equally. But, this does not happen in the real world due to differences in asset position as well as different positions due to social stratification in our society on caste lines. Therefore, one has to ask ‘whether the new technology benefits the SCs & STs and small farmers on par with the OCs and large farmers?’ At the least, are they getting any benefits from the technology to improve their financial position? We try to find answers to these questions by analyzing the field survey data of the study here (Table 7 and Figure 4, 5 and 6). 

Table 7: Per Cent Changes across Different Categories of Bt Farmers Over

                              Non-Bt Cotton 

	Category
	Expenditure on pesticides
	Yield
	Net income

	
	With and

without in

2004
	After 

adoption
	With and

without in

2006
	With and

without in

2004
	After 

adoption
	With and

without in

2006
	With and

without in

2004
	After 

adoption
	With and

without in

2006

	Small farmers
	-26.4
	-56 *
	-33*
	10.09*
	39*
	49*
	69
	214*
	221*

	Medium farmers
	-30.06 **
	-65*
	16
	20.56*
	33*
	136*
	90*
	212*
	730*

	Large farmers
	14.85 **
	-38*
	122
	83.04*
	93*
	244*
	120*
	460*
	211*

	Irrigated farmers
	-19.60 **
	-62*
	-23*
	34.86*
	34*
	67*
	149*
	294*
	306*

	Rainfed farmers
	-17.38**
	-54*
	5
	28.08 *
	32*
	100*
	46
	185
	180*

	Warangal
	-9.71
	-59*
	-31*
	40.05*
	41*
	82*
	139**
	430*
	249*

	Nalgonda
	-24.9 *
	-54*
	5
	30.21*
	16
	101*
	44**
	92*
	141*

	Guntur
	-29.5 *
	-66 *
	-9
	18.85 *
	49*
	62*
	19*
	359*
	884*

	Kurnool
	17.31
	-7
	4
	85.85*
	213*
	62*
	82
	222*
	200* times#

	Total sample
	-18.2*
	-56*
	-14**
	31.62*
	42*
	80*
	83*
	251*
	263*


Note: * and ** indicates significance at 1 per cent and 5 per cent respectively

# indicates the net income increased from –Rs.25 to Rs. 4480 per acre

      Source: Field Surveys
It can be observed from Table 6 that all size categories of farmers, farmers from all the districts representing different agro-climatic zones, farmers from both irrigated and rainfed conditions could reduce their expenditure on pesticides, and increase the yield. The increase in yield over non-Bt is significant in most of the cases at one per cent level of significance and at five per cent for small farmers. Therefore, it can be concluded that all categories of farmers got benefited by cultivating Bt cotton. However, the net income increase is not significant in 2004-05 and also after adoption. This highlights the need for focusing biotechnological research on drought tolerance, so that farmers from dry lands also get the benefits. 
Then, the next question that needs an answer is that ‘are there not any differences in the extent to which the benefits accrued to different groups of farmers?’ Figures 4, 5, and 6 answer this question to some extent. We are not presenting the full data to save space, though these are available with us. It can be seen from Figure 4 that the farmers from Guntur, Warangal, irrigated category, large category and OCs got the maximum yield relative to the total sample. The farmers from the scanty rainfall zone viz., Kurnool and Nalgonda obtained very poor yields and of course, the small farmers too including SCs. The similar situation can be observed in the case of net income also (Figure 5). The farmers from irrigated category, OC category, Guntur, Warangal and large category alone could cover all costs. All the others could not cover all costs, though they could get higher and positive farm business income over non-Bt cotton. However, as already explained, the deficient rainfall might have affected yield and net income in Nalgonda and Kurnool and also to other groups of farmers. These two districts basically fall in scanty rainfall zone, with the normal rainfall being 751 mm. in Nalgonda and 670 mm. in Kurnool compared to 993 mm. in Warangal and 852 mm. in Guntur. The area under irrigation in these two districts is also quite low with only 25 per cent of the Bt cotton area irrigated compared to a 54 per cent and 85 per cent irrigated areas in Warangal and Guntur respectively. However, the situation in terms of net income improved in 2006-07 with all the groups of farmers getting positive net income covering all the costs including those of family labour, rental value of owned land, depreciation, interest on owned fixed capital and working capital etc (Figure 6). 
Figure 4: Per Cent Yield Levels of Different Bt Farmers Relative to Total Bt Sample
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                  Source: Field Surveys
Figure 5: Net Income from Bt Cotton to Different Categories of Farmers in 2004-05
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              Source: Field Surveys
Figure 6: Net Income from Bt Cotton in 2006-07
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              Source: Field Surveys
Gains from the Technology and Sharing: The major concern regarding biotechnological applications by private companies is that the seed developer will appropriate all the benefits. Therefore, we tried to see the farmers’ share of additional benefits across different countries. Across the developing countries, the farmers get major share and that is the reason for the faster adoption rates. Wherever their share is less as we can see in the case of Argentina, the diffusion is slow (World Bank, 2007). 
Figure 4: Per Cent Share of Benefit

in 2004-05
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                                                                Source: Field Surveys
Our field studies in Andhra Pradesh also showed that the farming community could get a major share of 74 per cent in 2004-05 (Figure 4). Later, as the cost of seed went down consequent on the intervention by state, the share reached more than 90 per cent in 2006-07, like in China. 

Our estimations also reveal that there was a net gain to the cotton farmers to a tune of Rs. 7122 crores in 2006-07. We also estimate the benefits to be of the order of Rs. 11,620 crores in 2007-08 and Rs.16000 crores if the entire cotton area is covered with this cotton at 2006-07 prices. 

5.2. Employment

 While additional income generation is very important for the farming community as a result of new technologies like Bt cotton, the creation of additional employment for the labour is no less significant for the rural economy as a whole and landless labourers in particular. If the new technology increases the net income to the farmer and at the same time reduces the need for labour, the net effect on the rural economy may not be positive. Therefore, the impact of Bt cotton on employment is attempted here.

Table 8: Human Labour Utilisation per Acre in Bt Cotton and Non-Bt Cotton in Andhra Pradesh in 2004

	Item
	Bt Cotton
	Non-Bt Cotton

	Casual labour

	Male (in days)
	2.61
	3.09

	Female (in days)
	48.80**
	38.75

	Children (in days)
	5.34*
	3.46

	Total man-days equivalent
	37.81**
	30.65

	Family labour

	Male (in days)
	14.71*
	12.75

	Female (in days)
	14.03*
	12.36

	Children (in days)
	0.37
	0.36

	Total man-days equivalent
	24.25**
	21.17

	Attached labour

	Male (in days)
	4.17*
	2.98

	Female (in days)
	0.09
	0.22

	Children (in days)
	-
	-

	Total man-days equivalent
	4.23*
	3.13

	Total labour utilized

	Male (in days)
	21.49*
	18.82

	Female (in days)
	62.92**
	51.33

	Children (in days)
	5.71*
	3.82

	Total man-days equivalent
	66.29**
	54.95


                                   Source: Field Surveys
The total man-days equivalent (TMDE) for human labour (including casual, family and attached labour) for Bt cotton are 66.29 and are 21 per cent higher than non-Bt cotton and this difference is statistically significant (Table. 8). Out of this increase, hired labour, family labour and attached labour accounted for 63, 27 and 10 per cent, respectively. While the major beneficiary of this increase is hired casual labour, there is also increase in the use of family labour and attached labour to a certain extent. The female labourers are the major beneficiaries among casual labourers. They got 10.05 days more of employment due to Bt cotton cultivation. On the other hand, the increase in utilization of children in the labour force in Bt cotton is a cause of worry, as it is perpetuating the existing evil. The detailed operation-wise employment worked out in the study (not presented here) showed that the increase in female labour participation is due to increased utilization mainly in harvesting and weeding.  However, the results of resurvey in 2006-07 did not confirm this increase in employment in the after adoption scenario. Therefore, further studies are needed on the impact of introduction of Bt cotton on employment. 
5.3. Sum-up of Bt Cotton Performance: It was found that the Bt cotton technology is superior to the conventional cotton hybrids in terms of yield and net returns in all the agro-climatic zones.  The production function analysis brings out clearly that Bt cotton impacts the yield significantly and positively. The Bt farmers from all size categories and all agro-climatic zones benefited from its cultivation compared to non-Bt farmers from the same categories, though there are differences in the extent to which they benefited. The study also proved that many of the small farmers participated in using the technology and improved their position with regard to profitability by growing Bt cotton.  Above all, the fact that 99 per cent of the sample farmers have grown Bt cotton again in 2006-07 clearly indicates that this technology is useful to the cotton farmers. However, the benefits in rainfed farming are somewhat lower and not statistically significant. It highlights the need to focus on research aimed at abiotic stresses like drought tolerance etc using the tools of modern biotechnology. 

6. Concluding Observations 
While the falling per unit yields in many of the crops since the early nineties in the country necessitate sustaining the yield levels, closing the yield gaps mainly in the unfavourable areas and small farms, as well as breaking the yield barriers are the urgent tasks in Indian agriculture. Contrary to the situation in the early green revolution days when increasing the yields have been the sole concern, there are many demands now. Some of them are- protecting the environment, minimizing the input use including water and catering to the rising food quality and safety concerns. The tools of biotechnology offer a good opportunity in achieving these goals in the coming decades and the continuing pace of discoveries in biology makes it possible to understand the function of genes in various plants so that we can improve and accelerate conventional plant breeding and also modify them to suit the needs.  It has also to be recognized that it is not a panacea and development of infrastructure, markets, breeding capacity, input delivery and extension services to reach remote areas are important in enabling a pro-poor agricultural development. 

The major difference between the green revolution technologies and the biotechnology is that the locus of research has changed from the public sector to the private sector. In addition, many of these private players are multinational companies from developed countries. Therefore, entire focus of their research is directed towards commercial agriculture in the industrialized countries in view of the market size and profitability. The complementary product development strategies like the herbicide tolerance, which accounts for nearly 70 per cent of the commercialized crop traits, are manifestations of this. The market failures in biotechnology research dominated by these MNCs can be very severe and can potentially neglect ‘agriculture common goods’. They may not be interested in crops and traits of importance to the small farmers in developing countries. It is clearly evident from the fact that the ongoing research and trials target neither major food crops in the world like rice and wheat, nor orphan crops like minor millets, pulses and oilseeds. The traits like- increasing the yield potential or tolerance to abiotic stresses like drought of salinity are not aimed at. The pro-active role of public sector in undertaking research complementary to that by the private sector is very crucial in this regard. They can also make the technology more affordable by bringing open pollinated varieties as in China. Otherwise, there is a possibility that this technology may bypass the poor. 

The empirical study of Bt cotton performance reveals that this technology has the potential to increase the yields by closing the gap between the actual and potential through reducing the biotic pressure from pests. In fact, it is a success story in cotton in the country, where the yield level has risen in India from a five year average yield level of 204 kgs per hectare of lint at the end of 2002-03 to 470 kgs per hectare in 2007-08
. The study also brought out that it can contribute to equity as it helped in significant gains across all agro-climatic zones, size and social categories of farmers. Further, this technology is scale neutral and beneficial to all groups of farmers. 

This success can and needs to be replicated other crops of importance to numerous small farmers of the country by investing in biotechnological research.  A rich body of literature is emerging internationally on how to access the discoveries in private biotechnology research in the public domain to develop ‘agriculture common goods’
. India has some advantages in this regard. A strong National Agricultural Research System (NARS), vibrant private seed market
 and the public acceptance indicated by rapid adoption rates in cotton attract great deal of research on the crops and traits of relevance in India. The strong NARS and allied research infrastructure also enables us to undertake ‘upstream research’ to later develop required products. The public sector has to redefine the priorities in view of these opportunities and formulate a strategy to plan its research as complementary to that in the private sector instead of duplicating the same work. The immediate task is to integrate the tools of biotechnology in a comprehensive agricultural research and development programme. Biotechnologies are not stand alone technologies and have more to with knowledge created in related fields. Therefore, the collaborative efforts between the agricultural institutes and other research institutes have to be stepped up so that complementarities and economies of scale can be exploited.  It is also instructive for the developing countries to push for strengthening the CGIAR network to bring out useful varieties through stepping up basis and applied research in agricultural biotechnology. 

The study proved beyond that major share of the gains from products of private research in agricultural biotechnology could go to farmers. Therefore, there is a need to create an enabling environment for the sector to continue and expand research in the country. Strengthening the regulatory framework to properly assess the agronomical, economic, social, environmental and biosafety issues arising from the products of biotechnology vis-à-vis conventional products are important to allay the fears of consumers on the one hand and quickly commercialise the products without discouraging the private investment.  The state will have to play a pro-active role in priority setting for pro-poor agricultural development, increasing investments in basic and applied biotechnology research accessing tools and technologies from private sector through forging creative public-private partnerships to focus on crops and problems of importance to small farmers.  
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Figure 2: Estimated Density Functions for Yield
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Figure 3: Cost Function Before and After Adoption of Bt Cotton








� Paper presented at the Golden Jubilee Seminar of Institute of Economic Growth, Delhi on Future of Indian Agriculture: Technology and Institutions during 23-24 September, 2008 and is forthcoming as a book with the same title. 


� Associate Professor, Centre for Economic and Social Studies, Hyderabad. E-mail: raonch@gmail.com


� Chairman, Commission for Agricultural Costs and Prices, New Delhi.


� Please see Kalirajan and Shand (1997) and Kumar and Rosegrant (1994)


� FAO (2004), Herdt et al (2007) explains in detail the subject matter and different techniques in agricultural biotechnology.


� Reece and Haribabu (2007) bring out the utility of marker assisted selection in poverty reduction by developing improved crop cultivars.


� The organisms resulting from genetic modification are termed variously as genetically modified organisms (GMOs), and living modified organisms (LMOs). The crops so modified are called genetically modified crops and also transgenics as the genes are moved across crops. 


� An excellent analysis can be seen in de Janvry and Sadoulet (2002)


� Like for example, biofuels and applications in food processing. Fan and Hazell (2000) also argue that the policy making in India should concentrate on marginal areas and improve these crops. 


� The poverty among farmers is 30.73 per cent compared to a rural average of 23.99 and 28 per cent higher according to the National Sample Survey Organisation data analysed in Bhalla (2006).


� The rural poverty in 2004-05 was 28.3 and higher compared to urban poverty, which was 25.7 (Dev, 2008). His analysis also brings out that 72 per cent of total poor and 67 per cent of extreme poor live in rural areas. 


� Dev and Ranade (1998) showed how the net purchasers of food are higher in proportion in the rural areas of the country.


� The efficacy of biofertilisers in improving the yield and reduce the need to use chemical fertilizers was proved beyond doubt in many studies (See for e.g. Ghosh, 2004)


� Birthal et al (2000) clearly brings out the effectiveness of biopesticides as a part of integrated pest management practices. 


� The proportion of agricultural research budget spent on biotechnological research is only 5-10 per cent in developing countries, compared to 16 per cent in developed countries (Pingali and Raney, 2005)


� Some initiatives like Andhra Pradesh Netherlands Biotechnology Programme in Andhra Pradesh in fact provide some good examples for participation of stakeholders in technology development. See Krishna and Reddy (2005) for details.








� The results presented are based on Rao and Dev (2009)


� The CACP in its report attributes this significant increase in yield in the past few years mainly to the introduction of Bt technology (GoI, 2008)


� See for e.g. Byerlee and Fisher (2001), Naylor et al, 2004, and Spielman (2007)


� See Pray et al (2001) and Ramaswami (2002) for detailed analysis.
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