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Abstract: This paper described the views of estimation the relationship between 

research investments, productivity growth and the resulting economic benefits. This study 

pointed out that with increase in agriculture research and development investment, urban 

poverty declines very sharply. Biotechnology has been emerging as an important new source 

of agriculture technology. It offers unique opportunities to solve number of technical 

problems faced by agriculture. But India has very small area under biotechnology i.e. only 

0.5 million hectare. But in U.S.A. it is 47.6 million hectare. 
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Introduction:  Economic development depends on technical and organizational 

change brought about by continued process of innovations. Innovations introduce new 

technical and organizational knowledge into the economic activities (Johnson, Edquist and 

Lundvall, 2003). 

         A broad definition of innovation system has been provided by Mowery (1995) as 

follows “A national system of innovation is that set of distinct institutions which jointly and 

individually contribute to the development and diffusion of new technologies which provides 

the framework within which government form and implement policies to influence the 

innovation process. As such it is a system of interconnected institutions to create, store and 

transfer the knowledge, skills and artifacts which define new technologies.” 

 Agricultural innovations system is governed by the state led actors and institutional 

arrangements. There are two sectors which are active in agriculture innovation system i.e. 

public and private sector. Private sector innovations in India has been growing rapidly 

since1985.The private sector R&D is double from 1985 to1995.This is faster than the public 

sector growth. The private sector R&D is increasing in the seed industry, food processing, 

pharmaceuticals, and the sugar industry. (Pray and Basant, 2001) 

Technological factors are as important in agriculture as they are in industry. It is 

widely established fact that green revolution achieved spectacular success. The  green 
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revolution is very much a product of technological innovation in the international public 

domain where western and third world governments, public supported non-profit national and 

international agricultural research institutions, universities, multilateral aid agencies and 

western charitable organizations collectively worked together to increase agricultural 

productivity (Parayil, 2003). 

 The green revolution solved the problem of food shortage in India. According to 

Gijsbers (2009), the success of the green revolution can be ascribed to a large extent to the 

single minded pursuit of the food security objective, which provided clear focus for the 

efforts of government agencies involved in development and research. But at present, the 

food security situation has deteriorated in many countries of the world. The food grains 

output has registered a significant decline during the nineties in India. The slowdown in 

agriculture is more clearly brought out by a sharp deceleration in both the growth of output 

and yield of total crop sector as well as that of major crops. The growth rate of output for all 

crops taken together decelerated from 3.19 percent per annum during 1980-81 to 1990-91 to 

only 1.96 percent per annum during 1990-91 to 2000-01, however, the growth rate of yield 

decelerated from 2.65 percent to 1.38 percent per annum (Bhalla, 2004). 

Therefore, it is reasonable to argue that innovations in agriculture are not sufficient 

for achieving higher yield and more production. New innovation methods are direly needed 

in the Indian agriculture. Agricultural R&D is an important source of agriculture innovations. 

But the government is now reducing the investment in agricultural R&D, which directly 

effects the new agricultural innovations. The literature on agricultural R&D shows that there 

is a positive impact of government's investment in agriculture R&D on rural poverty 

reduction in India (Fan, Hazell and Thorat, 2000). 

 Government investment on agricultural R&D also reduces urban poverty. Fan (2002) 

pointed out that with every one percent increase in agriculture research and development 

investment, urban poverty declines by 0.021 percent. Biotechnology has been emerging as an 

important new source of agriculture technology. It offers unique opportunities to solve 

number of technical problems faced by agriculture. But India has very small area under 

biotechnology i.e. only 0.5 million hectare. But in U.S.A. it is 47.6 million hectare (Qaim, 

2005).Thus there is ample opportunities for Indian agriculture to harness biotechnology for 

solving the problem of agricultural yield and production. 

The main objective of this study is to review and compare the evidence on the effect of public 

investment and returns from agriculture research investment.  
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Agricultural Research and Returns 

Singh (1977) conducted a study which has identified the factors that determine the level 

of aggregate agricultural productivity of regions. This study was based on cross section and 

time series data and covered the period the pre-technology (1960-65) and post technology 

(1967-72). The author used regression, analysis of covariance and estimates of 'F' ratio 

methods to obtain empirical estimates. The study found that the increase in productivity 

during 1969-72 over 1960-65 period at 1960-65 level of inputs was Rs. 230.20 per hectare 

and at 1969-72 level of inputs was Rs. 290 per hectare. The study shows that every rupee 

spent on research in Punjab has yielded a return of Rs. 28.64. The author suggested an 

encouraging estimate to justify the huge expenditure incurred so far and to warrant still 

higher allocations for research in the future. Rai and Panghal (1979) analyzed district-wise 

return to investment in agricultural extension in Haryana. This study was based on secondary 

data which was collected from the Director of Agriculture and Statistical Abstract of Haryana 

for the period 1970-71 and 1978-79. The authors estimated regression co-efficient and’t’ test 

was used to test the significance of the regression co-efficients. The study revealed that 

agricultural extension investment per hectare was highest in Karnal district i.e. Rs. 8.48 per 

hectare, but it was the lowest i.e. Rs. 2 for Jind district. The Marginal Value of Productivity 

(MVP) of agricultural extension investment was higher in Ambala district being 9.35 

kg/rupee followed by district Mohindergarh (6.76 kg/rupee). According to the agro climatic 

regions represented by different districts, the return to agricultural extension investment was 

highest in rain fed areas. The authors suggested that looking to the comparative low existing 

allocation and high return in drought prone and rain fed regions, these areas may be favored 

in future agricultural extension allocations. 

Nagy (1984) studied the Pakistan‘s agricultural development model, described its 

environmental and appraised its effectiveness. This study find out that Pakistan’s agricultural 

development model was related to that of a science based agricultural development model 

which relies on natural sciences, management sciences and social sciences to produce and 

disseminate new technologies and guide institutional development. The study used index 

number approach and a total factor productivity approach was also used in estimating the 

benefits and rates of return to expenditure in agricultural research and extension. The 

marginal rate of returns to investment in wheat research and extension were 60-85 percent 

and to maize research and extension 18-26 percent. The overall marginal rate of return to all 

expenditures on agricultural research and extension in Pakistan was 50-60 percent.Fox (1985) 

argued the previous rates of return studies failed to discount their estimates by the dead 
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weight losses in factor and product markets which occur when government expenditures are 

financed by distortionary tax collections. This paper stated that agricultural research 

conducted at public expense in recent years has not generated a social rate of return 

comparable to investments in the corporate sector and neither under nor overinvestment 

seems to be the case. Rosegrant and Evenson (1995) analyzed the total factor productivity 

growth of agriculture sector of India. The authors have examined the sources of productivity 

growth, including public and private investment and also estimated the rates of return to 

Public investment in agriculture. The authors have estimated Tornquist-Theil TFP indices 

using data collected from 271 districts covering 13 states of India during the period 1956-86. 

Five major Crops (rice, wheat, sorghum, pearl millet and maize) and fourteen minor crops 

(barley, cotton, groundnut, other grains, other pulse, potato, rapeseed, mustard, sesame, 

sugar, tobacco, soybeans, jute and sunflower) are included in the output index. Inputs 

included in the input index are irrigated land, un-irrigated land; tube well, irrigation capital, 

human labour, animal labour, tractors and fertilizers. Public agricultural research and 

extension explains nearly 60 per cent TFP growth over the 1956-87. The study also found 

that private sector research and development by foreign agribusiness firms in the farm 

machinery and farm chemical industries have made a large contribution to TFP growth, 

accounting for nearly one fourth of TFP growth, over the full period. The marginal impact of 

public research and extension on TFP declined slightly over time, but even during the past 

green revolution period the rates of returns to these investments was over 50 per cent. The 

authors highlighted that the research and extension, that the government of India is not over 

investing in agricultural research and investment, but rather than current level of public 

investment could be profitably expanded. 

Evenson, Pray and Rosegrant (1999) examined that the contributions of public 

research and other investment to TFP growth decreased over time. The authors have used 

data collected from Directorate of Economics and Statistics, Statistical Abstract of various 

states and Agricultural Situation in India (various issues). The marginal effects of public 

research on TFP were moderately higher during early green revolution (1966-76) period than 

in 1956-65 (before the green revolution). This study concludes that public agricultural 

research explains nearly 30 percent of TFP growth between 1956 and 1987 and almost half of 

it since the green revolution. The study also investigates the contribution of private sector 

research and development to the growth of productivity in India. Private sector research and 

development was significantly accounting for more than 11 per cent of TFP growth. The 

study estimates the marginal internal rates of returns to public and private investment. The 
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returns to public agricultural research were greater than 50 per cent. During the mature green 

revolution period, when returns might have been expected to decline as modern varieties 

spread more broadly, the marginal impact of research on TFP was 50 per cent higher than 

before the green revolution. The authors suggested that policy affecting research and 

extension clearly need to be aware that the role of private sector research and development in 

India is expanding, as is the role of foreign suppliers of technology. The authors also 

suggested that the barriers to technology transfer should be removed.   

Raina (1999) examined the role of evaluation in promoting and sustaining 

professionalism in agricultural research organizations. The evaluation experience of the 

Indian Council of Agricultural Research (ICAR) reveals a series of attempts to review and 

institutionalization the essential features of professionalism, expertise, credentials and 

autonomy. This paper finds that when evaluations inform or enable major changes in one or 

more of these features of professionalism, over a period of time, it is a sign of increasing 

professionalization of research. The paper concluded that   unless stringent evaluations are 

introduced in ICAR the professionalization of agricultural research in India will remain 

incomplete. 

Ananth et.al. (2006) have examined the impact of research investment in terms of 

technology development and rate of return based on 25 years data related to 25 major field 

crops in Karnataka state located in Peninsular India. The results show that agricultural 

research investment had considerable impact on release of crop varieties and other 

technologies. Food grains comprising of rice, sorghum, ragi and red gram accounted for 

major share of technology released followed by commercial crops. The authors used total 

factor productivity growth and calculated the high rate of return in case of rice and sugarcane, 

moderate for finger millet, cotton and sorghum, negative in red gram, groundnuts and 

sunflower. The growth in total factor productivity was higher in crops, which attracted higher 

research investments in turn attributed to growth in yield due to continuous up gradation of 

technologies. 

Table:1 Indian State level analysis of returns to rural government spending 1993 

Sr 

No 

Area of Spending Returns in rupees per rupee 
spending 

Number of poor lifted out 
of poverty per million 
rupees of spending 

1 R&D 13.45 84.5 

2 Irrigation 1.36 9.7 

3 Roads 5.31 123.8 

4 Education 1.39 41.0 

5 Power 0.26 3.8 
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6 Soil and Water conservation 0.96 22.6 

7 Health 0.84 25.5 

8 Antipoverty Programs 1.09 17.8 

Source:Fan,Hazell and Thorat(2000) 

The table 1 shows that the first to directly link agricultural research to rural poverty 

reduction in India. The authors used state-level data from 1970 to 1993. The data was 

collected from planning commission, National Centre for Agricultural Policy and Economic 

Research, New Delhi, NSSO and finances of state government published by RBI. This study 

used a simultaneous equations model for estimating the results. The study found that 

government spending on agricultural R&D and irrigation, rural infrastructure and rural 

development, have all contributed to reduction in rural poverty and also contributed to growth 

in agricultural productivity. This study suggested that to reduce rural poverty the Indian 

government should increase its spending on rural roads and R&D in agriculture. 

   Chand et.al. (2011) analyzed the role of agricultural research in output growth and 

estimated the contribution of agricultural research in India’s economy and attainment of food 

self sufficiency in the country. The study has used farm level data collected under 

comprehensive scheme for study on cost of cultivation of principal crops, Directorate of 

Economics and Statistical, Ministry of Agricultural, Government of India, to compute TFP 

indices. Public investment agricultural research including education and extension 

expenditure data series from 1960 to 2007-08 were compiled from combined finance and 

revenue accounts of the  union and state governments published by comptroller and Audit 

general of India. This study found out that research and technology led output growth has 

helped in a decline in real cost of production in the range of 1.0 to 2.3 per cent per annum 

during the past three decades in the case of cereals. Investment in agricultural research has 

been found to be highly paying proposition. An additional investment of Re.1 on research has 

contributed Rs.1.39 to Rs.3.66 in various cereal crops. The rate of return to research 

investment was higher during 1995-05 than during 1985-95 in all the crops, except wheat and 

oilseeds. The study suggested that further investment on research in agricultural will generate 

significant returns and lead to development of agricultural in India. 

The elasticity of productivity with respect to a change in the knowledge stock was 

estimated to be 0.491, which translates to a marginal internal rate of return of 10.5 percent 

per annum, indicating that public investments in agricultural R&D earn a healthy economic 

return that can justify these expenditures to policy makers and the public in general 

(Andersen,2015). Sharma and Dupare (2016) examined the total factor productivity growth 
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of soybean and returns to research investment on the crop in India. The authors have used 

Tornquiest theil approach to compute input, output and TFP indices and compound growth 

rates on triennium average datasets were estimated. The regression analysis was carried out to 

identify the sources of TFP growth. This study has indicated moderate growth of TFP in 

soybean with 10.5 percent share in output growth. The agricultural research investment and 

irrigation have turned out to be the significant variables affecting TFP positively. The internal 

rates of return to soybean research are moderate at 10 percent. The returns to research have 

increased over time with increase in soybean research. The authors suggested that higher 

investments on research and creating irrigation infrastructure are needed for edible oils and 

oil seeds to meet the fast growing demand.  

Conclusions and Policy Implications: Overview of growth analysis of agriculture research 

investment and productivity and returns shows that agriculture R&D investment and poverty 

reduction has positive relationship. Thus the government needs to raise the rate of research 

investment to enhance quality research output. The analysis of this paper suggests that India 

should step up investment in agriculture R&D to at least one percent of its agriculture GDP 

.The Committee on Agriculture (2013-14) also recommendations that the expenditure on 

agriculture research should be enhanced at least 1 percent of the agriculture GDP in 12th plan. 

Thus it could be concluded that increase in public investment in agriculture is the pivot to 

enhancing productivity and reduction of poverty. 
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