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Impact of Agricultural Technology on

Growth, Equity and Sustainability of

Natural Resources : A Synthesis

Pratap S. Birthal and Anjani Kumar

From the food crises of 1950s and 1960s, India moved into an era of

food surpluses during 1990s. Foodgrain production increased to 210 million

tonnes in 1999/2000 from 108 million tonnes in 1970/71. The revolutionary

progress in agriculture was achieved through the technological changes in

crop production supported by massive investment in irrigation, markets,

roads, extension services, credit and other development programmes and

price policies. In recent years, however, agricultural growth has started

showing signs of fatigue. The green revolution technologies that contributed

to growth have been widely adopted and the total factor productivity growth

has started tapering off. On the other hand, while 58 per cent of the

population is dependent on agriculture for livelihood, land frontiers are

closing down under population pressure, leaving little scope to bring

additional land under cultivation. The average size of landholding is 1.6

hectares, with 60 per cent holdings having an average size of 0.4 hectare.

The rapid growth in agriculture however was at a cost. Excessive and

indiscriminate use of chemical inputs have caused damage to natural

resources. In irrigated regions, problems of soil degradation and water

pollution have cropped up, leading to stagnation or even decline in

agricultural productivity. The increasing practice of monoculture

accompanied by increasing use of chemical pesticides has adversely affected

the biodiversity. The deceleration in TFP growth coupled with degradation

of natural resources is a matter of concern in view of the fact that food

security is likely to remain at the centre-stage of agricultural policy. These

emerging trends imply that the future growth in agricultural sector has to

emerge from yield improvements. The increase in yield may result from
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the technological changes and efficient use of the existing resources, without
causing damage to the natural resources. It is with this background that the
Agricultural Economics Research Association (India) decided to deliberate
on some of the issues related to the impact of agricultural technology and
its implications on growth, equity and sustainability in its 12th Annual
Conference and accordingly selected the topic "Impact of Agricultural
Technology on Growth, Equity and Sustainability of Natural Resources"
for it.

The response from the paper-writers has been good, and forty-eight
papers have been accepted for discussion at the conference. The papers
pertain to a wide range of issues covering impact of technology on food
production, environment and social welfare. A synthesis of these papers is
presented under the following sections: (i) Impact of agricultural research,
(ii) Crop production technologies, (iii) Livestock and fisheries Sector,
(iv) Irrigation water management, (v) Post-harvest technologies, (vi) Pest
management technologies, and (vii) Role of institutions in environment
management.

Generic Impact of Agricultural Research

The papers in this section have dealt with the impact of agricultural
research, efficiency of research, impact of the institutional initiatives in the
research system and impact of technology-led growth on social welfare.

Mruthyunjaya et al. have examined the returns to investment in the
selected technologies identified under the National Agricultural Technology
Project (NATP). The quantified pay-offs in terms of NPV, LRR and B/C
ratio are very attractive apart from having impacts on the sustainability of
production system. The authors have observed that returns to investment
on the dissemination of available technologies are enormous and need
immediate attention. While returns to investment in research appear to be
substantial, Jha et al. have argued that there is considerable scope in
improving the impacts of agricultural research by innovating the efficiency
of research. They have estimated the technical efficiency of crop science
research institutes under the Indian Council of Agricultural Research and
have found that in general, the efficiency of crop science research is one-
third below its potential. They have also identified the factors that can
contribute to improving the efficiency of research. These include:
restructuring of the institutes with optimum size, provision of more research
contingency, infusion of young blood into the ICAR system and
encouragement to scientists' interaction through participation in seminars,
conferences, symposia, etc.
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Krishi Vigyan Kendras (KVKs) are viewed as important vehicles for

refinement and dissemination of agricultural technologies. Sinha and Gupta

have examined the role of KVKs in agricultural development and have

reported that these kendras are effective in increasing the cropping intensity

and crop productivity and consequently, the farm profits. Rane et al. have

observed that IVLP (Institution Village Linkage Programme) has significant

impact on increasing crop production and productivity.

In their review article, Krishna Prasad et al. have concluded that

agricultural research has made tremendous contributions to agricultural

production in India. The diffusion of modern technology (through higher

agricultural growth) has helped reduce not only the incidence of poverty

but also income inequality. Veena Kumari and Singh have also argue that

the investment made in agricultural R&D has improved food security in

India. Similar views have been echoed by Singh (R.P.) et al.

Crop Production Technologies

Singh (R.K.P.) et al. have observed that adoption of modern rice

technologies have played a significant role in increasing and stabilizing

the rice productivity, thus enhancing net income to the rice farmers in Bihar.

The study by Yadav and Sinha has revealed that the adoption ofBoro rice

technology in Bihar has provided opportunities to the farmers to utilize the

land which would have remained fallow otherwise. This has increased farm

income substantially and generated gainful employment, particularly during

the slack period. The small farmers have been relatively more benefited

from this technology. The increased income has enabled more expenditure

on food and non-food items, particularly by the smallholders. Tilekar and

Bhosale have shown that the substantial yield gap (up to 50 %) exists in

rice production in the Konkan region of Maharashtra. Tilekar et al. have

analysed the paddy production technologies at micro-level in this region.

Nasurudeen and Mahesh have found that the paddy cultivation in

Pondicherry is more profitable through direct-sown method than the

transplanting method, though the productivity in the former was less.

Similarly, Choubey has highlighted the importance of indigenous technology

of crop production in Arunachal Pradesh and has advocated for a continuous

blending of the traditional technologies with modern approaches to make

farming system more productive and sustainable.

Ranjit Kumar etal. have attributed the substantial improvement in maize

yield to adoption of hybrid and composite varieties. The increased

productivity has made maize more profitable than its competing crops. They

have also explored the opportunities for exporting of maize from India.
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These observations have been reaffirmed by Awasthi etal. also. The adoption
of technologies reducing unit cost of production and improving net income
have been reported in other crops. Raveendaran et al. and Thakare and
Nagpure have reported it in the case of cotton; and Nagaraja et al. in
groundnut. The recently introduced strip method of sugarcane planting has
gained a wider acceptance among the sugarcane growers in western
Maharashtra and the adoption of this technology has resulted in the saving
of critical inputs like labour, planting material, manures and fertilizers along
with providing higher returns (Birari et al.). Some of researchers have
analyzed the growth performance and stability of specific crops/horticultural
produce in different parts of the country. They have attributed the
improvement in growth and reduction in instability to the adoption of modern
agricultural technologies (Raghuwanshi et al.; Deepak Rathi et al.; Singh
(R.K.P.) etal.; Tiwari eta!; Khan et al.). Castor seed production by CRIDA
has been justified on the basis of adequate social gains (Rama Rao et al.).
Shaik Haffis et al. have analysed the impact of crop diversification in the
Mittemari Watershed area and have found that the intercropping systems
with hybrid seed varieties have gained momentum in watershed villages
due to crop diversification. Singh (S.P.) and Singh (Mahander) have
examined the relative shares of different farm-inputs and their impact on
productivity due to technology adoption in UP.

Livestock and Fisheries Sector

Diseases reduce the production potential of livestock. Peste des petits
ruminants (PPR) is one of the important viral diseases of goats and sheep
and the economic loss due to this disease in India has been estimated to be
about Rs 180 crores annually. To combat this disease, a vaccine has been
developed in India. Sanjay Kumar et al. have assessed the probable
economic impact of PPR vaccine and have found that B/C ratio for
developing this vaccine is 2.25, indicating its economic viability. They have
also observed that with the introduction of this vaccine, the disease could
be controlled/eradicated in around 10 years.

The fisheries sector has received higher attention of the researchers
than the livestock sector. Praduman Kumar et al. have assessed the total
factor productivity growth (TFPG) in the Indian fisheries sector, and have
estimated its impact on different stakeholders and the rate of return to public
investment on fisheries research and development. The TFP growth in
fisheries has been found very high (4% in aquaculture, 2% in marine).
Thus, the contribution made by technological change in fisheries
development in India is substantial and the social welfare of the producers
as well as the consumers has improved. The internal rate of return to
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investment on fisheries research and development would be in the range of

42-55 per cent under different TFP scenarios in future. In another study by

Umamaheshwari et al. in Pondicherry, it has been observed that inland

aquaculture is a highly profitable enterprise and the mean technical

efficiency of these farms is 61 per cent, though there are significant

variations across farms (from 14 to 100 per cent). Thus, there is a substantial

scope for increasing production even at the existing level of input-use.

Chauhan has given a detailed account of management of reservoir fishery

in Himachal Pradesh and has dealt several dimensions of production and

marketing of fish in the state.

Irrigation and Water Management

The growing concerns for water scarcity have evoked considerable

interest among the researchers and eight papers have been contributed related

to these issues. Talathi and Hiremath have reported that in the Thane district

of Maharashtra, the farms using modern methods of irrigation (drip

irrigation) contribute to improvements in technical efficiency than those

using traditional method of irrigation (Flood/check basin irrigation).

Similarly, sprinkler and drip irrigation techniques have been found water

saving, dost-effective and more efficient than the surface irrigation through

flooding or furrow system in Haryana by Luhach etal. Authors have reported

high dividends on investment (B/C ratio _= 1.97; IRR = 17%) in sprinkler

and drip irrigation and the initial investments are expected to be recovered

within seven years. Similar observations have been made by Birari et al. in

the use of drip irrigation in Banana cultivation in western Maharashtra and

by Jadhav and Kumbhar in grape farming in Maharashtra. Khodakar has

studied the impact of the lift irrigation technology, managed by a co-

operative society and has observed that its use has changed the cropping

pattern and increased the productivity, profitability and employment.

However, the co-operative is becoming defunct because of improper

management and financial problems. The drainage system is equally

important and Datta et al. have reported that the installation of sub-surface

drainage shows farm level benefits in terms of substantial increase in income,

crop intensification and diversification towards high-value crops, generate

higher employment apart from reducing farm inequalities.

Some researchers have analysed the impact of watershed development.

Govind Babu et al. have reported that watershed development in Kanpur

(UP) has improved cropping intensity, household food-security status,

employment opportunities and soil health, besides reducing the unit cost of

production. Watershed has also helped in increasing livestock numbers and

their productivity. In another study, Badal et al. have examined the impact
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of watershed technology from six micro-watersheds in the Jaipur division
of Rajasthan and have found that it is effective in controlling soil erosion,
increasing irrigated area, crop productivity, employment, empowerment of
people, co-operation among villagers, diversification and reducing the
drudgery of women.

Post-harvest Technologies

The post-harvest technologies or agro-processing is of great importance
for enhancing the value of the agricultural produce. Particularly in view of
the mounting stocks of foodgrains, changing consumption patterns, opening
up of the economy during the 1990s, the post-harvest sector is gaining
more importance. The research on Mini Dhal Milling technologies has found
to have substantial impact in Maharashtra and its wider adoption would
further improve the socio-economic conditions of the farmers (Gangwar et
al.). Similarly, Bharti et al. have conducted a study in Punjab, Haryana and
western Uttar Pradesh for assessing the income and employment generation
due to agro-processing in the rural areas. The authors have observed that
agro-processing in the rural areas is a profitable enterprise and multi-unit
agro-processing centres are more profitable and economical than the single
unit. They have stressed on the need to promote systematically planned
models of agro-processing centres. Khatkar et al. while conducting an ex-
ante impact assessment of the NATP project on "Processing of pearl millet
for value-addition and development of health foods", have shown that the
producers and consumers stand to gain substantially from it. They have
argued to gear up the extension agencies to encourage the adoption of this
developed new technology in the target domain. Singh (R.S.) has reported
that the development and introduction of post-harvest technologies has
improved the status of food security in tribal, backward and hilly regions
of India.

Pest Management Technologies

Pesticides being toxic chemicals affect the human health and agricultural
environment adversely. Most of the pesticides are used in cotton and rice
in India. To overcome the pest-related problems, integrated pest management
(IPM) is widely advocated. Two papers have addressed this technology
and have investigated its impact. Raveendaran et al. have reported that
adoption TM in cotton in Tamilnadu has reduced the cost of pesticide use
by about 76 per cent and overall cost of cultivation by 23 per cent. Alka
Singh et al. have analysed the pattern of pesticide use in paddy cultivation
(basmati and non-basmati) in Haryana and have observed that in spite of
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little experience and partial adoption of IPM practices, farmers have received

higher per unit return and realized reduction in unit cost of production.

Authors have also reported that the use of technology even at this level has

the potential of avoiding pesticide risk hazards by about 20-30 per cent.

They have stressed on the need for improving farmers' knowledge of pest

management by imparting in-depth and intensive information and training

besides convincing about the economic efficacy of IPM adoption. Singh

(Nirmal) et al. have found IPM in cotton-based cropping system to be

economically viable with high net returns.

Another emerging technology to overcome pest problems and

conservation of environment is the use of genetically modified crops.

Suhasini and Eswara Prasad have explored the prospects and challenges

from the genetically modified crops in India, and have opined that promotion

of genetically modified crops could increase production, enhance input-

use efficiency and reduce environmental pollution due to chemicals.

Role of Institutions in Environmental Management

Many of the environment-friendly technologies be it related to drainage

management (Datta et al.), watershed management (Badal et al.; Govind

Babu et al.) or pest management (Alka Singh et al. , Raveendaran et al.),

require institutional approaches to realize their benefits. Marothia has

indicated that such technologies or programmes often fail to yield the

anticipated outcomes due to lack of understanding on the part of researchers,

administrators, planners about the issues related to property rights regimes

and institutional arrangements and their application in the socioeconomic

network of village life. Based on the case studies of micro-minor irrigation

tanks, participatory irrigation management, social forestry, community fish

ponds and non-timber forest products, he has concluded that policy designers

of institutional arrangements for common property resources development

should have in-depth understanding of the strength and weakness of the

alternative property rights regimes. Pure state, community and private

property regimes have more negative outcomes in a number of cases. He

has suggested distributive governance as the most appropriate instrument

for management of common property resources. A similar approach may

work for technologies that require group action. Sinha and Dhaka have

assessed the impact of farm credit on smallholder tribal farms of Ranchi.

Wadkar et al. have called for a greater role of financial institutions in meeting

the short-term capital requirements in agriculture.

To sum up, the studies in a few selected areas and themes have provided

micro-evidences on which technologies work and in what ways. They have
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also been able to provide local, regional, direct and to a lesser extent indirect
impacts. But the evidences on impacts of system-oriented technologies like
NRM are lacking. As usual, the researchers have been biased towards
highlighting the impacts of successful technologies, and none of the studies
has provided insights on technologies which have failed to take off. Also,
there are no studies to highlight the sustainability of the impacts after the
project is withdrawn. There have not been much innovations in methods of
analysis or modeling used in these studies. This must have been constrained
by paucity of required and reliable data. Further, some grey areas like risk
and uncertainty, research that influences product quality, ecological issues,
impact of social science and policy research, spill over effects on non-
beneficiaries, non-target domains, sampling theory for impact studies, issues
connected with giving weights to different considerations like efficiency,
equity, sustainability and gender bias, suitable methodologies for
aggregation of estimates of impacts, assessment of the importance of
enabling factors like services and supplies for maximum impact have been
left unattended. The important point of how impact results have been used
for decision making by research bodies and policy makers has not been
explained in any of the studies. Perhaps, some of these issues may receive
attention during the discussions on these papers in the Conference.


