
II    Research Achievements 
Research achievements under major programme areas of the Centre during the year are 
given below. 

TECHNOLOGY POLICY  

Research Priority Setting 

Dayanatha Jha 

An exercise was undertaken to delineate, map and characterise the agro-ecoregions and 
production systems identified under National Agricultural Technology Project. The Arid, 
Coastal and Hill & Mountain agro-ecoregions as identified by National Bureau of Soil Survey 
and Land Use Planning were retained as such. The remaining districts were further 
delineated into rainfed and irrigated agro-ecoregions. The districts having less than 40 
percent gross irrigated area were classified as rainfed districts and remaining districts formed 
the irrigated agro-ecosystem. It was implicitly assumed that all agro-ecological and socio-
economic factors were reflected in the cropping pattern. Cluster analysis was used to 
delineate different production systems. Different clusters were formed based on share of 
major crops in total gross cropped area. After delineating production systems, agro-climatic, 
demographic and socio-economic features were studied to understand the existing scenario 
and further potential for growth. Research resources were allocated at different levels across 
production systems in Rainfed and Arid Agro-ecosystems (Figure 1). 

Figure 1 :    Research resource allocation in rainfed agriculture 

 

Consideration of sustainability and equity shifted allocations in favour of rice and coarse 
cereals-based production system in Rainfed ecoregion and pearl millet production system in 
Arid ecoregion (Table 1). 



Table 1:    Research resource allocation across commodities within different 
production systems of arid ecoregion 

Research resource allocation (%) Commodities 

Overall Pearlmillet-rapeseed 
system 

Pearlmillet-
groundnut system 

Pearlmillet 
system 

Cereals 25.07 24.49 14.07 33.54 

Pulses 3.67 4.17 2.61 3.14 

Oilseeds 25.39 28.17 29.05 16.32 

Fruits 1.84 0.60 8.12 0.80 

Vegetables 2.68 3.11 2.46 1.77 

Cotton 0.85 0.45 3.31 0.22 

Livestock 40.45 38.65 40.10 44.21 

Share in total 100.00 47.50 16.80 35.50 

Small Farms and Agricultural Research 

Dayanatha Jha 

Indian agriculture has been characterized by acute land scarcity. Average farm size has been 
going down, as population pressure on agriculture remains oppressive. Very slow growth in 
non-agricultural employment has impeded structural transformation of Indian agriculture. 
Relative factor scarcity dictates land-augmenting and labour-using technical change. This is 
consistent with both growth and equity objectives. 

The time-path of agricultural growth in the country is depicted in Figure 2. It shows substantial 
gains in land and labour productivity in the post-Independence period. It also shows that there 
is a distinct phase of rapid gain in land productivity coinciding with the green revolution. 
Subsequently, growth in labour productivity appears to have been relatively stronger. This 
pattern is consistent with the historical pathway in other land-scarce countries in Asia. What is 
notably different is that in other land-scarce Asian countries, there has been a concomitant 
increase in land-man ratio and rapid decline in agricultural labour force. In India, on the other 
hand, the land-man ratio has deteriorated. The turnaround in the growth curve since the 
eighties is somewhat disturbing because it implies a relative slackening of land-augmenting in 
relation to labour-saving technical change. This may have arisen from several sources. The 
supply of land-augmenting technology (seed-fertiliser, irrigation) has slackened. In addition, 
intensification of agriculture has led to accentuation of seasonal and operation-specific labour 
scarcity. These factors coupled with low (subsidised) price for energy and machinery may 
have opened a labour-saving pathway. Labour-saving mechanical devices are being 
increasingly adopted for all energy intensive operations even on small farms. 



Figure 2 : Time path of agriculture growth in India 

 

This does not augur well for small and poorer farmers. More vigorous efforts are needed to 
use frontier science to break the land productivity barriers. In context of relevance to small 
farm systems, several research related issues are raised. These include factor bias, stability, 
natural resource management, efficiency, frontier science, value-addition, product profile, 
institutional change, and role of private sector. 

Impact of Agricultural Research on Poverty 

P. K. Joshi, Suresh Pal and N. P. Singh 

The study develops a framework to assess impact of research investment on poverty and 
provides some preliminary estimates. To conceptualise the framework, the research 
investment was related with the spread of new research outputs such as adoption of high 
yielding varieties, use of chemical fertilisers, irrigation, etc.  

The correlation between research investment and spread of high yielding varieties, irrigated 
area and fertiliser consumption in all the states and union territories was negative and 
significant (Table 2). Besides, a strong negative association exited between poverty and 
development programs and literacy. In majority of the states, investment in agricultural 
research, with different lags, had facilitated alleviating rural poverty. The results suggest that 
rainfed regions and some of the eastern parts of the country need special efforts to alleviate 
poverty through research and other programmes. A mechanism has been designed to 
incorporate poverty or equity as one of the objectives of the agricultural research to screen 
and prioritise research portfolio. Further investigations are in progress. 



Table 2:    Correlation coefficients of poverty with key poverty alleviation strategies 

Correlation coefficient with extent of poverty State/Union territory 

Research investment Rural development programs Literacy

Andhra Pradesh - 0.74 - 0.82 - 0.81 

Assam - 0.86 - 0.77 - 0.95 

Bihar - 0.59 - 0.36 - 0.60 

Gujarat - 0.74 - 0.77 - 0.81 

Haryana - 0.47 - 0.77 - 0.51 

Himachal Pradesh - 0.02 - 0.28 - 0.35 

Jammu & Kashmir -0.73 - 0.70 - 0.88 

Karnataka - 0.77 - 0.85 - 0.82 

Kerala - 0.85 - 0.56 - 0.91 

Maharashtra - 0.72 - 0.60 - 0.74 

Madhya Pradesh - 0.77 -0.84 - 0.87 

Orissa - 0.88 - 0.82 -0.93 

Punjab - 0.68 - 0.71 -0.65 

Rajasthan - 0.90 - 0.79 - 0.91 

Tamil Nadu -0.92 - 0.88 -0.95 

Uttar Pradesh -0.62 -0.64 -0.73 

West Bengal - 0.93 - 0.95 -0.97 

Prioritisation of Production Constraints 

Studies were initiated to identify and prioritise the constraints hindering realisation of growth 
potential of different production systems. Salient findings are reported below. 

Sorghum-based Production System 

A. K. Jha 

The sorghum based production system (SPS) occupies 9 percent of the total geographical 
area and shares 33 percent of the total cropped area of the country. It supports more than 8 
percent of the country's population. The cropping intensity of SPS is merely 118 percent as 
against the national average of 132 percent. 

Sorghum occupies 32 percent area of the SPS. Nearly 36 percent of this falls under kharif 
sorghum and rest comes under rabi sorghum with the corresponding production of 57 and 43 
percent. Apart from sorghum, crops like rice, pigeon pea, castor, sunflower, cotton, and 
groundnut were also important, but the yield levels of these crops were about half of the 
potential yield (Table 3). A number of technical and socio-economic constraints generate 



huge annual production losses. The annual production loss was valued at 12.99 and 6.88 
million rupees for kharif and rabi sorghum, respectively. The losses in groundnut crop were to 
the tune of Rs. 2.87 million. The losses in cotton and sunflower were almost close to three-
fourth of a million, while pigeon pea, rice and castor accrued estimated production losses of 
Rs.0.30 million, Rs.0.28 million and Rs.0.15 million, respectively. 

Table 3:    Yield gaps in various crops in sorghum-based production systems (Kg/ha) 

Crops Potential 
yield 

Attainable 
yield 

Actual 
yield 

Yield gap 
I 

Yield gap 
II 

Sorghum 
kharif 

1727 1464 723 263 741 

Sorghum rabi 1727 1531 683 196 848 

Rice 6352 5197 2649 1155 2548 

Pigeon pea 1730 1525 519 205 1006 

Castor 2716 1773 469 943 1304 

Ground nut 3368 1853 1272 1515 581 

Cotton 1720 1685 1174 35 511 

Sunflower 1767 1401 827 366 574 

Yield gap I = potential yield -attainable yield.  
Yield gap II = attainable yield-actual yield 

Further analysis revealed that in order to achieve sustained growth of this system, priority 
needs to be accorded to moisture conservation and enhancing the irrigation potential of the 
region. Development of stress and drought tolerant varieties needs to be emphasised. The 
optimal mix of Integrated Pest Management and Integrated Nutrient Management 
technologies is another area of promise. 

Soybean-based Production System 

Anjani Kumar and A. K. Jha 

Soybean-based production system constitutes 57 percent of the country's total soybean area 
and contributes only 34 percent to its total production. The average productivity of soybean in 
the system is merely 880 kg per hectare. Wheat, chickpea and potato are the other important 
crops. Dairying is an important activity, which bears strong effect on the household income. 
Substantial gaps exist (Table 4) due to a number of technical and socio-economic production 
constraints. Losses worth Rs. 21106 million were estimated considering soybean, wheat, 
chickpea and potato crops. 



Table 4:    Yield gaps in various crops in soybean-based production system (kg/ha) 

Particulars  Soybean  Wheat  Chickpea  Potato  

Potential yield  2625  5650  1820  23000  

Attainable yield  2071  5226  1617  21500  

Actual farm yield  1491  2625  842  14330  

Yield gap I  554  424  203  1500  

Yield gap II  580  2601  775  7171  

Among various constraints, non-podding in soybean, which is a recent problem, was found to 
be the most serious, whereas moisture stress in wheat ranked first among all the production 
constraints. The next important production constraint was infestation of pod borers in 
chickpea. Hence, it is important to determine research priorities in accordance with the 
severity of the constraints in the system. 

Rainfed Groundnut Production System 

B. C. Roy and R. L. Shiyani 

Groundnut is the principal vegetable oilseed crop in India grown mainly under rainfed 
conditions. The productivity is rising gradually, but it is restricted to the better environments. In 
harsh environments, not only the yield is low, but also fluctuates violently. The study 
undertaken in Anantpur district of Andhra Pradesh and Rajkot district of Gujarat quantifies 
annual losses due to major biotic and abiotic constraints (Table 5). At the system level, these 
are valued at Rs. 32023 million, which is more than 80 percent of current value of output 
groundnut system. Among biotic factors Cynodon weed tops the list followed by Spodoptera, 
problem of aflatoxin, celesia, leaf miner, stem rot, poor seed viability, red hairy caterpillar, bud 
necrosis, grubs, tikka, rust, and Helicoverpa. Important abiotic constraints are water stress, 
poor soil fertility and low plant population followed by late sowing, imbalanced use of fertilisers 
and waterlogging. Socio-economic constraints are related to irregular and inadequate supply 
of quality inputs. Fear of crop failure and problems related to unorganised marketing is 
another set of constraints. 

Table 5:    Estimated yield losses due to major constraints in groundnut (Kg/ha) 

Constraints Anantpur (Kharif) Anantpur (Rabi) Rajkot (Kharif) 

Insects 103.15 71.74 140.49 

Diseases 72.18 67.33 113.13 

Weeds 62.92 69.05 104.39 

Soil related 54.45 33.32 10.22 

Water related 61.1 20.28 53.29 

Others 99.48 101.39 18.25 

Technical 453.28 363.11 439.77 

Socio-economic 304.72 169.89 289.81 

Total 758.00 533.00 729.58 



Possible research interventions include application of biotechnology and resistant breeding to 
develop new cultivars with multiple resistance to various biotic and abiotic constraints. On 
policy front, the need is to strengthen flow of rural credit and insurance facilities. Transfer of 
integrated pest and nutrient management packages need to be emphasised. 

Rainfed Cotton Production System 

Sant Kumar 

Cotton production is being confronted with a number of technical constraints. To identify these 
technical constraints and prioritise them on their economic importance, a study was carried 
out in Yavatmal district of Maharashtra during 1998-1999.The magnitudes of estimated yield 
gap I and II in cotton were reported to be 463 kg/ha and1066 kg/ha, respectively. The total 
yield loss due to technical constraints was 512 kg/ha and accounted for larger proportion of 
estimated yield gap (Table 6). Sorghum is an important crop in this system. Sorghum yield 
gap I and II were observed to be 342 kg/ha and 776 kg/ha, respectively. The total yield loss 
from technical constraints was 490 kg/ha. Stem borer, weeds, nutrients deficiency, ergot, 
shoot fly and head fly were the most important constraints in sorghum. With regard to 
livestock production constraints in the system, H .S., Black Quarter, F.M.D., were found 
important. Non-availability of quality inputs and resistant varieties, lack of proper technical 
guidance, problems of credit and low output price were the main socio-economic constraints. 

 Table 6:    Yield losses in cotton, 1998-99 

Constraints Estimated loss (Kg/ ha) Percent of total 

Insects 154.29 30.11 

Other causes (drought, germination, etc.) 129.11 25.20 

Diseases 79.68 15.55 

Weeds 75.26 14.69 

Nutrient deficiency 42.48 8.29 

Soils problems 31.59 6.16 

Total 512.41 100.00 

Rice-Wheat Production System 

B. C. Roy and K. K. Datta 

Rice-wheat crop sequence has emerged as a major production system in the irrigated areas 
of Haryana over the last two decades. Concerns are now being raised that the existing high 
level of rice-wheat productivity cannot be sustained. A study was undertaken in Karnal and 
Kaithal districts during 1999 to identify and prioritise production constraints that cause losses 
in the rice-wheat system. There exists a large yield gap in rice and wheat (Table 7). 



Table 7 :    Yield losses due to major constraints in rice and wheat (kg/ha) 

Constraints Rice (non basmati) Basmati Rice Wheat  

Biotic 1133.13 913.02 783.45 

Diseases 682.00 514.50 214.65 

Insects and pests 265.50 243.52 187.55 

Weeds 185.63 20.00 258.25 

Others -- 133.00 123.00 

Abiotic 456.84 443.00 655.00 

Water regime 205.00 123.00 230.00 

Soils 150.00 40.00 75.00 

Others 101.84 280.00 350.00 

Socio-economic 220.04 708.98 213.55 

Total (all constraints) 1810.00 2065.00 1652.00 

At the system level, annual losses due to major biotic, abiotic and socio-economic constraints 
are estimated at Rs. 23164 million, which is about 50 percent of the current value of output in 
the rice-wheat system (Figure 3). Among biotic factors, rice blast tops the list followed by leaf 
blight (non-Basmati rice), Phalaris minor (wheat), leaf folder (Basmati rice), and poor seed 
quality (wheat). Important abiotic constraints are late sowing (wheat) and problem of brackish 
water (wheat), zinc deficiency (wheat), water stress (non-Basmati rice) and low plant 
population (wheat), Socio-economic constraints are related to irregular and inadequate supply 
of inputs like power, water, agro-chemicals, seeds, labour and price risk 

Figure 3:    Distribution of value of output lost among constraint categories. 

 

The results identify research and other strategies to address these problems. Integrated pest 
management and integrated plant nutrient management technologies will enable bridging 
these gaps at low cost and should receive high priority. On policy front, the most urgent need 
is to ensure regular power supply to the farm sector and encourage development of labour-
saving devices suitable for rice-wheat farming. Similarly, policies towards fertiliser subsidy 
need to be restructured in favour of potassium and phosphoric fertilisers and use of biological 



substitutes to the nitrogen fertilisers should be promoted. Input supply system should be 
strengthened to ensure timely supply of quality inputs. 

Production Constraints in Dairying 

B. C. Roy, K. K. Datta and Raka Saxena 

Dairying is next to field crops in Haryana. Of late, growth in milk production has started 
decelerating. This study identifies and prioritises constraints in dairying. The yield gap II, in 
percent terms, is smallest in crossbred cattle, while it is maximum in case of indigenous 
cattle. The yield gap I is found highest in crossbred and lowest in buffalo. The total value loss 
due to technical constraints in dairy farming in Haryana amounted to Rs. 13746 million. This 
makes up more than 75 percent of yield gap II. A higher proportion of production loss is 
attributed to technical constraints. Mineral deficiency, FMD, mastitis, failure of artificial 
insemination and high rate of abortion are the problem areas in cattle and buffaloes, which 
need to be addressed through research. 

Crop Diversification in Rainfed Agriculture 

P.K. Joshi 

Crop diversification is an important strategy for enhancing agricultural production and 
improving sustainability of natural resources in rainfed regions. This study explores 
opportunities and proposes appropriate strategies for crop diversification in a predominantly 
rainfed production system spanning 22 districts of the Vidharba, Central and Marathawada 
region of Maharashtra, northern Andhra Pradesh and Karnataka, and southern part of 
Madhya Pradesh. 

Based on inter-regional characteristics, the production system was divided into four sub-
regions: (i) rice sub-region, (ii) sorghum sub-region, (iii) sorghum/cotton sub-region, and (iv) a 
cotton/sorghum sub-region. Rainfed agriculture is highly diversified. Many new oilseed crops 
and few pulses were finding niches in the rainfed agriculture. Over the years, however, there 
was little change in diversity index. Diversification in rainfed agriculture is obviously expected 
for rotation purpose (e.g. pest control, soil-water-nutrient management) and for farm labor 
distribution purposes. This also minimises production risk, and improves sustainability of soil 
and water resources by preventing (or reducing) their long-run degradation. Cropping 
intensity in rainfed agriculture in different sub-regions was low in comparison to irrigated 
agriculture. The increase over a period of time was slow despite availability of new 
technologies. 

Rainfall and pressure on land were the most important factors leading to crop intensification. 
Tractorisation and irrigation too exerted positive influence. To decrease fallow lands and 
increase cropping intensity, new crops (e.g., blackgram, greengram, soybean, and other 
oilseed crops), and improved cropping systems (e.g., sorghum, maize and soybean intercrop 
with pigeonpea), complemented by farmers' friendly crop and resource management 
technologies to conserve moisture and provision of drainage (e.g., watershed approach) may 
be popularised through aggressive extension programmes. 

Chickpea in Non-Traditional Areas: Role of Technology and Policy 

P.K. Joshi 

Expansion of chickpea area in hot and dry climate has raised logical questions on sources of 
area expansion, and reasons thereof. This study is based on the information from Andhra 
Pradesh where area under chickpea increased substantially since 1990. Production of 
chickpea accelerated more than 16 percent annually during the last five years (Table 8). 
Interestingly, entire growth in production was driven by area. The area under chickpea during 
1991-96 increased at an annual rate of about 20 percent, whereas the yield levels during this 



period showed a declining trend. Area expansion has come from crop substitution and 
utilisation of fallow and marginal lands. It was noted that area under rabi sorghum and 
tobacco was declining. It was also observed that area under rabi fallow in selected districts 
was decreasing overtime; while chickpea area was expanding. 

Table 8:    Annual compound growth rates (%) of production, area and yield of 
chickpea, Andhra Pradesh 

Period Production Area Yield 

1970-80 -2.31 -1.12 -1.21 

1981-90 5.75 2.28 3.39 

1991-96 16.05 19.88 -3.20 

Results of a regression-based model indicated that in Anantpur district the variables that 
influenced chickpea area were chickpea yield, its prices, and rabi sorghum yield instability. On 
the other hand, the regression coefficients of rabi-sorghum yield, irrigated area and post-rainy 
season rainfall were negative and significant, indicating that any increase in these variables 
would result in decline in area of chickpea, ceteris par/bus. In Kurnool district, chickpea 
prices, rabi-sorghum yield and availability of improved chickpea varieties were showing 
positive response to chickpea area allocation. In Medak district, chickpea yield, its prices, 
irrigated area, post rainy season rainfall and availability of improved chickpea varieties were 
positively and significantly determining chickpea area. The negative regression coefficients of 
yield, yield risk and price of rabi-sorghum suggest that any increase in their magnitude would 
release chickpea area for other crops. This implies that policy support (in terms of favourable 
prices) and technological changes (in terms of improved high yielding and short duration 
varieties) are necessary conditions for chickpea area expansion in the regions experiencing 
hot and dry climate. 

Analysis of Long-term Fertiliser Response 

B.C. Barah 

Intensive use of chemical fertiliser and its impact on crop production is a matter of concern. 
The long-term fertiliser trials are analysed using on-station experimental data for rice and 
wheat from 10 locations in different agro-ecosystems for the period 1985-95. The yield 
response to fertilisers has weakened in recent years as is suggested by the trend coefficients 
(Table 9). The declining trend is more severe in case of application of pure chemical 
fertilisers, compared to others. This implies deteriorating soil health due to continuous 
application of chemical fertilisers. 



Table 9 :    Trend coefficients of yield of paddy and wheat, 1985-95. 

Treatment Faizabad Ludhiana Pantnagar Kalyani 

Paddy 

NPK100% -1.113  -1 .796 -0.756 -1.189 

NPK+FYM -0.054 -1.507 -0.710 -0.953 

NPK+CR -0.076 -1.113 -1.143 -0.567 

NPK+GM -0.796 -1.577 -0.931 -1.226 

Wheat 

NPK100% 1.13  -0.52 -1.26 0.40 

NPK+FYM 1.33  -0.16 -0.92 -0.24 

NPK+CR 1.35  -0.26 -1.19 0.02 

NPK+GM 1.37 -0.49 -1.12 0.40 

N - nitrogen,  
P - phosphorus,  
K - potas,  
FYM -farm yard manure,  
GM - green manure, and  
CR - crop residue. 

Water and Fertiliser in Relation to Targeted Wheat Yield 

K.S. Sandhu, V.K. Arora, Ramesh Chand, B.S. Sandhu and K.L. Khera 

Data on long-term field experiments conducted at different sites in Punjab was used to 
estimate relation between grain yield and water supply and fertiliser nitrogen. A method based 
on the principle of equi-marginal productivity of water in different periods of crop growth has 
been used to estimate the optimum allocation of given amount of water over different crop 
growth periods. Substitution possibilities between water and nitrogen during various crop 
growth stages to attain same level of yield were also explored and analysed. 

Yield isoquants have been derived for low, medium and high yields. These show that for 
medium yield range (4-5 tonne grain/ha) there is substitution possibility between water and 
fertiliser. The study also shows that with 53 cm/ha of water supply applied in optimal quantity 
in different growth stages with 120 kg N/ha, yield beyond 6 tonne per ha can be achieved. 

Economic Feasibility and Impacts of Integrated Pest Management 

Pratap S. Birthal, O.P. Sharma, Sant Kumar and A. Dhandapani 

In view of increasing resistance of some deadly insects like Helicoverpa to the insecticides 
and rising costs of plant protection measures, Integrated Pest Management (IPM) is being 
suggested as an alternative to chemical pesticides. This study was undertaken to evaluate 
the economic performance and impacts of Integrated Pest Management in rainfed cotton in 
Nanded district of Maharashtra. 



The findings of this study indicate that IPM has the potential to curtail pesticide consumption 
in cotton production without any adverse effect on crop productivity. It had positive impacts on 
beneficial insects, predators, parasites and pathogens and provided better control of insect 
pests such as Helicoverpa armigera and white fly, which are reported to have developed 
resistance to insecticides. As a result, yield saving potential of IPM was 24 percent higher 
than the existing farmers' pest control practices dominated by application of chemical 
pesticides. Economically, Integrated Pest Management proved to be a better alternative to 
predominantly pesticides dominated approach to pest control. The cost of production and cost 
of pest control per quintal of output was 19 and 21 percent lower on IPM farms, respectively, 
compared to non-IPM farms (Table 10). Of the total difference in yield between IPM and non-
IPM farms, about 55 percent was on account of IPM. 

Table 10:    Indicators of economic performance and impacts of IPM in cotton, 1998-99 

Indicator Unit Non-IPM IPM 

Pesticide use Kg a.i./ha 3.16 0.014 

Crop yield Qtl/ha 8.80 10.90 

Cost of production Rs./qtl 911.69 740.26 

Cost of plant protection Rs./qtl 446.18 351.94 

Human labour use 

Male Days/ha 24.90 22.19 

Female Days/ha 81.22 110.91 

IPM was identified as a labour-intensive method of pest control because of labour-intensive 
nature of some of its components (manual collection of insect larvae) and increased labour 
requirement in crop harvesting induced by higher yield. Gender differences in labour use were 
distinct. Female labour use overwhelmingly outweighed the male labour use. Activities like 
manual collection of insect larvae, weeding and harvesting were exclusively in the domain of 
females. 

The results suggest that faster adoption of IPM practices is likely to demand reorganisation of 
plant protection programmes and evolution of grassroots level institutional arrangements. The 
success of IPM will depend on its ability to improve upon farmers' existing stock of knowledge 
of pests, pest control techniques, methods of application, etc. 

SUSTAINABLE AGRICULTURAL SYSTEMS 

Deteriorating Status of Minor Irrigation Tanks in Andhra Pradesh 

S. Selvarajan and P.A. Lakshmi Prasanna 

Neglect of minor irrigation sector's maintenance has led to continuous deterioration in the 
performance of minor irrigation tanks. Tanks as a source of irrigation depressed overall 
annual growth in net irrigated area by about one-fourth in the state over the last three 
decades. Total number of minor irrigation sources in Andhra Pradesh is 12351 with a total 
ayacut of 12.52 lakh hectares spread across 23 districts of the state, which are grouped under 
six sub-zones under two agro-climatic zones. Based upon a random sample of 351 minor 
irrigation tanks from 16 districts falling under four sub-zones, the tank command area was 
classified into fully irrigated area, partially irrigated area (stabilisation area) and gap ayacut, 
which was then projected for the four sub-zones as a whole (Figure 4). 



Figure 4:    Deteriorating tank irrigation infrastructure in Andhra Pradesh, 1990s 

 

The total gap ayacut area in all the four sub-zones is estimated to be 2.26 lakh hectares, 
which is about 5 percent of current net irrigated area from all the sources for the state. 
Another 3.30 lakh ha of area currently irrigated by minor irrigation tanks is the area that is 
partially irrigated during 1990s, which is about 8 percent of the current net irrigated area. 
Minor irrigation tanks located in North coastal sub-zone were able to continuously irrigate 
around 70 percent of the registered ayacut during 1990s. More than 80 percent of the gap 
ayacut and area for stabilization are located in the Rayalseema and Telangana regions. 

Of the total minor irrigation sources, 30 percent are located in eight drought prone districts viz. 
Prakasam, Chittoor, Cuddapah, Anantapur, Kurnool, Mahaboobnagar, Rangareddy and 
Nalgonda, which account for 26 percent of the ayacut area under minor irrigation sources in 
these districts. More than 80 percent of the mandals identified as greyanc dark categories are 
located in the Rayalseema and Telengana regions Furthermore, tank irrigation accounts for 
29 percent of the net irrigated area. Fifty four percent of the net area irrigated by all tanks in 
the state is distributed between marginal and small farm holdings. This implies that improving 
the performance of the tanks will have favourable distribution impacts between regions as 
well as between various farm size groups within the region. There is a need for appropriate 
intervention to restore its potential functioning in meeting the multiple needs of the village 
society. 

Sustainability of Brackishwater Aquaculture 

M. Krishnan and Pratap S. Birthal 

Brackishwater shrimp farming has been a thrust area for development since 1991 because of 
its high value and export potential. Till eighties it was largely a subsistence-oriented activity 
pursued by the fishermen with little or no use of external inputs. The yields, though low, were 
sustainable nevertheless. Induced by high profitability of shrimp farming coupled with 
favourable trade policies, the corporate sector entered this enterprise in a big way in early 
nineties. This led to the process of intensification of brackishwater aquaculture. In the pursuit 
of reaping rich dividends, the conditions of a sustainable production were relegated to the 
background. Use of illegally imported seeds, high stocking density, intensive use of feed, 
medicines, etc. along with inadequate effluent discharge and treatment mechanisms led to 
outbreak of diseases. This started threatening the Sustainability of the brackishwater 
aquaculture, apart from causing adverse effects on ecology and society. As a result, shrimp 
production that increased tremendously till 1994-95, started declining. The growth in 
production resulted both due to area expansion and yield improvements. After 1994-95, 
though the area kept increasing, production has been on a downward trend owing to faster 
decline in yield (Figure 5). 

 



Figure 5: Trend in indices of area and yield of shrimp in India 

 

Though, there is an ample potential to raise shrimp production in the country; hardly about 17 
percent of the available brackishwater area has been developed for shrimp farming (Table 
11). Extent of utilisation varies substantially across the states. Karnataka and Andhra Pradesh 
have brought maximum of the potential available area under shrimp culture (>44 percent). 
Orissa with 36 percent of the available brackishwater under aquaculture ranks second. In 
Kerala, about one-fifth of the available potential area has been utilised for shrimp production. 
West Bengal that accounts for maximum share in available brackishwater area has brought 
only 10 percent of it under aquaculture. Besides, the average yield is low and varies 
substantially across the states from 236 kg/ha in Gujarat to 1787 kg/ha in Tamil Nadu. 

Table 11:    Potential brackishwater area, area covered production and yield of shrimp 
in different states, 1997-98 

State Potential area 
(ha) 

Area covered
(ha) 

Percent area
utilised 

Production 
(tonnes) 

Yield 
(Kg/ha) 

Andhra 
Pradesh 

150000 66290 
(46.82) 

44.19 34075 
(50.96) 

514.03 

Goa 18500 650 
(0.46) 

3.51 590 
(0.88) 

907.69 

Gujarat 37600 997 
(0.70) 

2.65 235 
(0.35) 

235.71 

Karnataka 8000 3540 
(2.50) 

44.25 2640 
(3.95) 

745.76 

Kerala 65000 14595 
(10.31) 

22.45 7290 
(10.90) 

499.49 

Maharashtra 80000 970 
(0.69) 

1.21 700 
(1 .05) 

721.65 

Orissa 31600 11332 
(8.00) 

35.86 5000 
(7.48) 

441.23 

Pondicherry 800 22 
(0.02) 

2.75 20 
(0.03) 

909.09 

Tamil Nadu 56000 670 
(0.470) 

1.20 1197 
(1.79) 

1786.57 

West Bengal 405000 42525 
(30.03) 

10.50 15121 
(22.61) 

355.58 

Total 852500 141591 
(100.00) 

16.61 66868 
(100.00) 

472.26 

Figures in parentheses are percent of total. 



MARKETS AND TRADE 

Trade Liberalisation and Indian Agriculture 

Ramesh Chand 

This study analyses potential impact of trade liberalisation on domestic wholesale and farm 
level prices of rice, maize and rapeseed-mustard. The impact is also studied on producers, 
consumers and net social welfare. Implementation of WTO agreement would have a mixed 
impact (Table 12). The country would be net gainer in some commodities and net looser in 
others. In case of paddy, trade liberalisation at existing trade prices increases net return 
merely by 2.6 percent but free trade with full Uruguay effect leads to 17.6 percent increase in 
the net return. When the latter scenario is combined with removal of subsidies, net income 
declines by 10.5 percent. It is found that the reduction in income due to removal of input 
subsidies in paddy production would not be compensated by the access to international 
prices. Trade liberalisation is found to be highly beneficial for maize. Net return over variable 
cost in the base scenario goes up by 63.6 percent with liberalisation. Further liberalisation of 
trade towards full Uruguay round raises the net return by 81 percent. The negative income 
effect of removing subsidies is more than offset by liberalisation. In case of rapeseed-
mustard, liberalisation of oil imports would reduce the net return by one-fourth. Along with this 
if subsidies are removed, the net return declines by about 35 percent. 

Table 12:    Impact of trade liberalisation on selected agricultural commodities 

Particulars Liberalisation at existing 
international prices 

Liberalisation with full WTO 
impact  

Nominal protection coefficient 

Rice/paddy 0.988 0.923 

Maize 0.852 0.819 

Rapeseed/mustard 1.219 1.173 

Change in wholesale price (%) 

Rice 1.39 9.38 

Maize 20.84 26.46 

Rapeseed/mustard oil -17.94 -14.75 

Change in farm level price (%) 

Paddy 1.45 9.81  

Maize 21.46 27.25 

Rapeseed/mustard 
seed 

-15.79 -12.98 

Net social welfare (Rs. million) 

Rice/paddy -309 -437 

Maize 3946 524 

Rapeseed/mustard 563 356 

As multi-lateral trade liberalisation takes place leading to rise in international prices, the 
adverse impact on net return would be reduced. In the selected crops, free trade is estimated 
to have sharp positive impact on net return from production of exportables like maize and rice, 
whereas it is going to have small negative impact on net return from the importables like 



rapeseed-mustard. In rice, where level of input subsidy is high, free trade would not be 
sufficient to counter the adverse impact on income due to withdrawal of subsidies. 

Trade in Exports of Livestock Products 

Anjani Kumar and Harbir Singh 

Till 1988, India was net importer of livestock products. The scenario changed during early 
nineties and livestock products' exports exceeded imports (Table 13). Among different 
livestock products, export of meat and meat preparations has performed better. Thus, to 
boost their export, various sanitary and phytosanitary measures should be taken up 
vigorously to ensure international hygienic standards. Despite impressive growth of export of 
dairy products and eggs, their export has remained most unstable. The export of leather 
goods is consistently increasing and the earnings there from can pay for the imports of raw 
hides and skins. This suggests, that given a favourable trade policy, there is sufficient 
potential to increase exports from livestock sector. 

Table 13:    Share of exports and imports (%) of livestock products in the exports and 
imports of agricultural and merchandise trade 

Exports Imports Triennium 

Total 
agricultural 

exports 

Total 
merchandise 

exports 

Total 
agricultural 

imports 

Total 
merchandise 

imports 

1974-76  0.88  0.30  3.72  0.98  

1977-79  2.13  0.60  6.89  1.08  

1980-82  3.50  1.02  14.27  1.41  

1983-85  3.61  0.91  5.25  0.61  

1986-88  3.42  0.66  5.48  0.51  

1989-91  3.27  0.53  4.79  0.21  

1992-94  3.93  0.54  2.98  0.17  

Impact of Southeast Asian Economic Crisis on India's Livestock Sector 

A. Ravishankar and Pratap S. Birthal 

The study examines the extent to which India's livestock sector has been impacted by the 
crisis in Southeast Asian economies through trade. India has largely remained unaffected by 
the crisis. The growth in the economy has remained over 5 percent. The rupee has remained 
stable. The temporal fluctuations, if any, are beyond the crisis. The Southeast Asian region 
(Hongkong, Indonesia, North Korea, South Korea, Malaysia, Philippines, Singapore, Taiwan 
and Thailand) roughly accounts for 15 percent of the India's exports (Table 14). Their share in 
India's exports to the region has increased consistently from 11.76 percent in 1991-92 to 
16.63 percent in 1996-97. But, there was a slight decline in 1997-98. 

The share of agricultural exports has been fluctuating year to year. In 1996-97, it was 21.16 
percent, which declined to 15.71 percent in 1997-98. In case of livestock products, in 1997-98 
these economies accounted for 48 percent of India's meat exports, 6 percent of dairy and 
poultry products and 4.8 percent of the leather goods. Compared to the previous year, there 
was only a marginal decline in the share of Southeast Asian region in India's exports. Since 
the crisis assumed severity in 1997, its true impact would be reflected in the years ahead. 



Table 14:    Trend in share of Southeast Asian countries in India's exports (%) 

  Total 
exports 

Agricultural 
exports 

meat and meat 
preparations 

Dairy and 
poultry 

products 

Leather and 
Leather goods 

1991-
92 

11.76 14.33 46.61 na 4.43 

1992-
93 

12.76 12.87 37.48 na 5.37 

1993-
94 

15.48 18.98 38.20 na 5.46 

1994-
95 

15.10 16.23 50.91 9.22 5.68 

1995-
96 

16.14 19.23 40.39 8.10 5.02 

1996-
97 

16.63 21.16 49.87 2.99 5.4 

1997-
98 

14.81 15.71 48.47 5.62 4.79 

na    not available 

Factors Contributing to Nutritional Security of Farm Households 

Praduman Kumar and P.K. Joshi 

The study diagnoses the status of nutritional security and examines the influence of 
technological and socio-economic factors on nutrition intake using data from the 50th round of 
survey of the National Sample Survey Organisation. Assuming 2300 Kcal/caput/day cut-off 
point for undernourished population, nearly 29 percent of the rural farm-households were poor 
in 1993-94. This is the vulnerable group of rural farm households, who could not earn enough 
to support their minimum energy requirements. 1 ie most pitiable among all the categories 
was that of sub-marginal farm-households; about 37 percent of the them were living in penury 
(Figure 6). 

Figure 6:    Extent of undernourished population by farm size group 

 

Nutritional security was studied in the context of four major cereal-based cropping systems 
viz. coarse cereals, rice, wheat, and rice-wheat based cropping systems. About 20 and 21 
percent farm households were undernourished in the rice-wheat and wheat-based cropping 
systems, respectively. The corresponding farm-households in the rice and coarse cereals-
based cropping systems were 35 and 41 percent. The most vulnerable categories were sub-
marginal and marginal farm households in the coarse cereals-based cropping system. This 



indicates that rice and wheat production technology has not only improved the calorie intake 
but also diversified food basket. 

In the context of the relationship between irrigation and under nourishment, about one-quarter 
of the farm households were undernourished where there was no source of irrigation. With 
the availability of little irrigation water (only up to 20 percent), the number of undernourished 
farm-households dropped to about 23 percent. Further increase in the irrigated area, 
however, did not show substantial change in the calorie intake. It indicates that introduction of 
some irrigation helps meet the challenge of nutritional security. Dairying also has a crucial 
role in mitigating the severity of undernourishment. 

Technology (particularly yield-enhancing rice and wheat), irrigation, and milch animals are the 
important elements for improving the nutritional security of the farm households. Targeting 
need-based research and technology dissemination for the coarse cereals-based system in 
southern and western regions, and rice-based system in the eastern and northeastern regions 
need special attention to address the problem of undernourishment. Livestock sector should 
also receive high priority with multiple objectives of diversifying agriculture, raising income 
and meeting the nutritional security of the poor farm households compared to food grain crops 
(Table 16). The net returns were also information on 

Consumer Willingness to Pay for Seafood 

M. Krishnan, Pratap S. Birthal and R. Venugopalan 

This study explores the potential for development of domestic market for seafood. A survey 
was undertaken in prime residential localities of Chennai city to examine the seafood 
consumption habits, attitudes, perceptions and willingness to pay for different attributes of 
seafood (brand, variety, nutrition, quality and proximity to markets) over and above the current 
market price. Though seafood is a mixed bag, the survey confined itself to the predominantly 
shrimp. 

The results support the hypothesis that shrimp consumption is confined to the elite class. A 
majority of the surveyed households had adequate knowledge of seafood attributes. Over half 
of the respondents had consumed seafood about 4 times a month. High price, non-availability 
of desired brand and variety, and lack of quality were some of the reasons for low 
consumption. Since the demand for seafood is price and income elastic, it comes out that 
decline in price of shrimp and increase in household income would lead to greater 
consumption of shrimp. The consumers were willing to pay 45 to 60 rupees/kg over and 
above the current market price of Rs. 200 per kg for its different attributes (Table 15). Thus, 
there is a latent demand for seafood that needs to be translated into effective demand 
through price and non-price mechanisms. 

Table 15:    Rank and willingness to pay for different attributes of shrimp 

Attribute % ranking 
attribute No.1 

Average willingness to 
pay (Rs/kg.) 

Maximum willingness to 
pay (Rs./kg) 

Brand 
availability  

12  28.25  50.00  

Variety 
availability  

39  26.46  45.00  

Quality 
assurance  

24  28.75  55.00  

Nutrition value  24  40.54  60.00  

 

 



Potential of Diversification towards High Value Crops 

G. Singh and T. Hague 

Crop diversification is considered desirable for income and employment enhancement. The 
study conducted in Uttar Pradesh revealed that per hectare labour use was nearly three times 
more in horticultural crops, considerably higher from horticultural crops. 

Table 16:    Labour use and net returns per hectare for different crops in Uttar Pradesh, 
1997-98. 

Crop Labour use (Mandays) Net returns (Rs) 

Foodgrains 

 Rice 112 8094 

Wheat 96 7818 

Maize 109 6689 

Vegetables 

 Potato 352 36146 

Tomato 261 42679 

Brinjal 227 17075 

Onion 431 29813 

Bhindi 293 24505 

Cauliflower 351 36144 

Fruits 

Guava 198 21296 

Mango 24 57329 

Apple 333 31236 

Peach 393 32826 

Lemon 431 20686 

Flowers 

Bela 433 78430 

Marigold 356 31147 

Rose 364 70037 

Gladiolus 190 26439 

These benefits should normally encourage farmers to diversify in favour of such crops. 
However, a number of constraints prevent farmers from allocating more area to these crops. 
These include, lack of proper arrangements for transporting the produce and its marketing. 
Specialised nature of horticultural crops and lack of adequate knowledge on its cultivation is 
another set of constraints. Concerted efforts in improving the infrastructure for storage, 
marketing and transportation and strengthening extension efforts in horticultural crops would 
help bring more area under horticultural crops. 



Information Flow in Commercial Seed Market 

Suresh Pal and Robert Tripp 

Indian seed industry has undergone significant changes since early eighties. The most 
important change has been the entry of private sector. With the presence of multiple seed 
agencies, availability of modern seeds has improved. But the concern remains regarding how 
effectively seed is delivered to the farmers. Studies conducted for commercial pearlmillet 
(Rajasthan) and rice (Andhra Pradesh) seed markets indicate that there is little flow of 
information to the farmers. 'Other farmer' continues to be the most important source of 
information on varieties and hybrids (Table 17). The situation was comparatively better in 
pearlmillet hybrid seed, where seed dealers also provided some information to the farmers. 
As a result, 35 to 76 percent farmers were able to identify name of the seed company. There 
are some proprietary hybrids in pearlmillet and private seed companies promote them to 
establish their brand image through seed dealers. This awareness was weak in case of rice 
seed and only 12 to 31 percent of the farmers were able to identify company name. 

Table17:    Sources of information on current varieties/hybrids 

 Source of information on varieties/hybrids (%) Seed market 

Other farmer Extension agent Seed dealer Others 

Rice varieties (Andhra Pradesh)   

Srikakulam  72  26  - 2  

East Godavari  74  21  -  5  

Mahboobnagar  86  6  -  8  

Pearlmillet hybrids (Rajasthan)  

Shekhawati  48  12  36  4  

Behror  39  15  46  0  

Multiplicity of actors in seed system may be good for competition, but it may confuse farmers, 
particularly when there are dozens of hybrids and varieties. The seed agencies, particularly 
the public sector, should strengthen the information system. Involvement of farmers in testing 
of promising material would be highly beneficial. Consumer education and prompt redressal 
of grievances are essential to make the seed system more responsive. 

Demand for Fertilisers in the Xth Five Year Plan 

A. Ravishankar and N. P. Singh 

Applying ARIMA (Auto Regressive Integrated Moving Average) model, demand for fertilisers 
(NPK) is estimated at 265 million tonnes by 2006-2007. This estimate is higher than the one 
projected by the Working international companies, and private and public sector institutions. 
The Group for the Tenth Five Year Plan. Projections have been made for two scenarios viz. 
with and without price corrections. The estimates arrived at after internalising price 
corrections are modest and stand at 225 million tonnes by the terminal year of the Tenth Five 
Year Plan. The projections were made at three levels i.e., national, zonal and state. Offtake 
and consumption of fertilisers especially in the eastern zone is bound to take off as a result of 
government policies that will accelerate the use of fertilisers in the northeastern sates. 
Estimates generated by different agencies are depicted in Figure 7. 

 

 



Figure 7:    Demand projections of NPK by different agencies 

 

While, the Fertiliser Association of India (FAI) and the National Informatics Centre (NIC) have 
made projections up to 2002, the DAC/ WG has forecasted for the Tenth Plan. There are 
apparent variations in the projected estimates of different agencies. The estimates of the 
present study are close to the DAC figures at least for nitrogen. For total nutrients, the 
estimates are neither as high as that of NIC nor as low as that of FAI. But, these are much 
lower than the DAC estimates. 

INSTITUTIONAL CHANGE 

Emerging Institutional Linkages in India's Seed Sector 

S. Selvarajan 

Evolving appropriate institutional-mix in the context of ongoing economic reforms is necessary 
for sustained agricultural growth. The desirable pathway for such developments is traced 
through several experimentation with institutions, technologies and policies that are 
continuously evolving. One such experimentation, identified in the Indian seed industry, is 
joint multiple ventures involving national and initiative started in late 1980s when Bejo Zadan, 
Holland evolved a complementary business-cum-social partnership with Bejo Sheetal, Jalna 
(Maharashtra). Both the older and younger generation from both the companies initially spent 
more than a year during 1986-87 in each other's family environment to understand the culture 
and to forge a social relationship. This social relationship is now completely institutionalised 
and integrated. The Bejo Zadan supported Bejo Sheetal with funding and sourcing of 
advanced technologies for seed development and providing access to global market for jointly 
produced seed. Bejo Sheetal provided cost effective R&D and seed multiplication, besides a 
limited access to the domestic market. Encouraged by the success, Bejo Sheetal and Bejo 
Zadan enlarged the domain by establishing linkages with Rallies, which initially traded 
domestic market accessibility for funding R&D by Bejo Sheetal and Bejo Zadan and this 
contract is renewed every three years. Encouraged by the success, Bejo Zadan and Bejo 
Sheetal have acquired equal partnership in Rallies Hybrid Seed Limited company to develop 
and produce new seeds that are not presently covered by them. Rallies also has developed 
collaborative research linkages with public sector institutions like Indian Institute of Science, 
Bangalore, and other agricultural and traditional universities. 

The partnership and linkages carefully evolved and nurtured over years have helped identify 
complementary linkages and trade-offs. For example Holland weather which is most 
conducive to cabbage flowering is exploited by shifting the R&D software from India to 
Holland and similarly, south Italy, which has excellent weather to screen potato in February is 
exploited by shifting the R&D software from India to Italy. India's diversity in weather helps in 
effective screening of varieties and matching technology with weather in a cost effective 
manner for further multiplication and distribution. 

While such new innovative institutional models are still in their early stages of development, 
their continuation and ultimate success must be based on mutual trust and successful results 
for all stakeholders. 

 



Institutional Reforms for Rehabilitating Minor Irrigation Infrastructure 

S. Selvarajan and P.A. Lakshmi Prasanna 

Mounting revenue deficit in irrigation sector has jeopardised the physical sustainability of 
irrigation infrastructure. Several states have, therefore, initiated irrigation management 
reforms. Orissa, Tamil Nadu, Haryana and Andhra Pradesh are some of the states to have 
taken up the task of improving and decentralising the irrigation system management. The 
focus so far limited to major and medium irrigation projects, is now spreading to minor 
irrigation (surface) sector also. 

Andhra Pradesh is one such state that has witnessed sharp deterioration in the minor 
irrigation infrastructure following the collapse of traditional institutions like kudimaramath that 
took care of maintenance of thousands of tanks for several centuries. As of today, all minor 
irrigation sources together (12351 in number) irrigate only 44 percent of the registered ayacut 
as against 82 percent in early 1950s. Analysis of the performance of 384 minor irrigation 
tanks for 1990-98 and projected for the state revealed that only 31 percent of the registered 
ayacut got regularly irrigated; 41 percent got partially irrigated and the remaining 28 percent 
was never irrigated. At constant prices, O&M allocation per hectare for the minor irrigation 
tanks remained not only abysmal, but also came down further by one-third during the period. 

Andhra Pradesh Farmers' Management of Irrigation Systems Act, 1997 was enacted to give 
farmers statutory role in the management and maintenance of irrigation systems in the state. 
Following this, 8315 Water User Associations (WUAs) have been formed for minor irrigation 
sources. In the initial phase, 2980 minor irrigation tanks have been selected and the office 
bearers of these WUAs then conducted walk-through surveys along with the Minor Irrigation 
department personnel in the catchment area, tank storage system and ayacut area. In this 
process, the group identified the current deficiencies in the system and documented it. The 
Minor Irrigation department then prepared necessary estimates for undertaking the 
rehabilitation works. 

The rehabilitation activities are designed to be implemented under the supervision and active 
participation of respective WUAs to their satisfaction to pave the way for ultimate take over of 
the operation and management responsibility by the WUAs. Currently, the government is 
providing Rs 250 per hectare of registered ayacut exclusively for O&M, which will be 
generated by the WUAs after the transfer of minor irrigation tank system to ensure both 
physical and financial sustainability of the system in future. The involvement of WUAs in 
planning, designing and implementing the rehabilitation strategies based on the specific 
needs as identified for each tank by WUAs also facilitates the scope for community 
participation in cost sharing of the proposed strategies by contributing labour for restoration 
activities like the clearance of jungle for free flow of water through the inlet channels. 

Scope of Privatising Farm Extension 

Rasheed Sulaiman, V and V. V. Sadamate 

A study conducted in Bihar, Kerala, Maharashtra and Rajasthan showed that the participation 
of private sector in agricultural extension activities is limited to only few crops (especially 
horticultural crops) and select geographical regions (having high potential). Except farmers' 
associations, producer co-operatives and state departments of agriculture, all other 
organisations spent little (less than Rs.20/ha) on extension related activities and employ very 
less manpower (1 for more than 10,000 to 5 lakh cultivators) for extension related activities. 
State Department of Agriculture continues to be the most important source of information for 
the farmers, though their emphasis on delivering technologies in non-foodgrain crops is low. 
Only about 42 percent of the farmers are really satisfied with the present extension support 
available to them. The extent of satisfaction with the present extension support was found to 
be the most important factor discriminating the farmers who are willing to pay for extension 
services. A good number of farmers (about 50%) are willing to pay for quality extension 
services especially in the area of plant protection advice and training programmes. The 
demand for paid extension services is high among farmers growing nonfood crops 
(horticultural crops) and those having higher agricultural income per unit area. 



Considerable scope exists for initiating paid extension services in India. Public sector 
extension could either commercialise some of its services, if it could initiate quality services, 
and/or set the environment for more active private sector participation in the provision of 
extension services. It should concentrate on educational programmes for farmers, facilitating 
formation of farmers' groups, building linkages with other technology providers and initiating 
paid consultancy services by maintaining a cadre of qualified staff at district and sub-district 
levels. The present concentration of subject matter specialists at these levels does not match 
these needs. 

Institutional Rural Credit in India 

B. C. Barah 

The rural banking system is confronted with a number of issues involving loan recovery, 
financial sustainability, internationalisation of the financial market and privatisation of banking. 
Indian rural credit institutions responded to the demand of the liberalised reform to improve 
the outreach in the rural areas in both horizontal and vertical dimension. Yet, the efficiency of 
the rural credit system both in operational and the outreach aspects has not shown any 
significant improvement. The main reason is the conflict between economic efficiency of credit 
institution and social objectives. Besides, politically influenced loan write offs and poor loan 
recovery result in mounting overdues. 

In order to accomplish the dual goal of treating credit as a social good as well as enhancing 
economic efficiency, the loss making banks need to be encouraged by proper rehabilitation 
programme, liberal funding and adequate human resource development activities. The 
government and the Reserve Bank of India provide adequate incentives to accomplish the 
societal objectives. Yet, more thinking is necessary in the line of increased stock of own 
resources through reduced cash reserve ratio, improvement in efficiency of the tertiary 
branches, improvement in the health of the sick rural banks, rationalisation of lending, 
refinance and interest rate policy, increasing emphasis on regional development and ; pointed 
target group accomplishment, increasing involvement of the informal institutions and self help 
groups for efficient utilisation of credit and widening the coverage of the poor in the credit 
network. In addition, certain important policy changes to improve the rural credit delivery 
system and economic efficiency are needed in terms of intensive banker-borrower interaction, 
effective co-ordination between lending and development agencies, speedy solution of the 
borrowers' problems, easy accessibility, adequacy and timeliness in the provision of credit, 
prompt relief to deserving borrowers, innovative schemes in high potential areas and 
awareness among the borrowers about the banking norms, procedures, etc. 

AGRICULTURAL GROWTH AND ADJUSTMENT  

Regional Disparities in Indian Agriculture 

Ramesh Chand and Sonia Chauhan 

Concerted efforts have been made during the decade of 1980s to spur agricultural growth in 
low productivity and stagnant regions. It is an important policy concern to find out whether 
such efforts have yielded dividend and reduced the gap between rich and poor states. 
Agricultural income per rural person during early 1980s exceeded Rs. 1500 in Haryana and 
Punjab, whereas, it was below Rs 700 in Bihar, Orissa, West Bengal, Kerala, Tamil Nadu and 
Himachal Pradesh (Table 18). 

During the recent triennium ending with year 1996-97, agriculture income per rural person 
was below Rs. 400 in Bihar compared to Rs. 952 for the whole country, at 1980-81 prices. 
Orissa and Assam turned out to be second and third from the bottom. Punjab and Haryana 
maintained first and second rank respectively with per capita income of Rs. 2749 and 2103. 
These results reveal that there is tremendous variation in per hectare and per person 
agricultural income across states. Also, different states are found to be moving on disparate 
growth path. Contrary to the claims about potential of east India, agricultural growth in this 
region except West Bengal is showing signs of stagnation and deterioration. There is clear 
evidence that since 1980-81, regional divergence in agricultural productivity and income has 
grown and the gap between underdeveloped and developed states has continued to increase. 



Tablet 18:    Level and growth in Net State Domestic Product (NSDP) agriculture per 
rural person at 1980-81 prices 

NSDP Ag/person Rs.  Growth rate(%)  States  

Triennium ending 
1982-83  

Triennium ending 
1996-97  

1980/81 to 
1990/91  

1990/91 to 
1996/97  

Andhra 
Pradesh  

866  962  0.60  1.60  

Assam  734  643  -0.20  -1.90  

Bihar  457  375  0.50  -5.20  

Gujarat  1095  1103  -2.20  2.60  

Haryana  1589  2103  2.30  0.50  

Himachal 
Pradesh  

671  758  1.60  -1.10  

Jammu & 
Kashmir  

838  850  -1.00  0.60  

Kamataka  969  1211  0.80  2.80  

Kerala  624  994  2.40  4.20  

Madhya 
Pradesh  

737  963  1.80  1.80  

Maharashtra  917  1279  1.80  4.80  

Orissa  665  539  -0.20  -3.10  

Punjab  1902  2749  3.40  1.50  

Rajasthan  795  1138  1.90  2.00  

Tamil Nadu  582  860  2.20  1.50  

Uttar Pradesh  776  852  0.80  0.10  

West Bengal  604  1062  3.60  5.10  

All India  797  952  0.99  1.44  

Emerging Crisis in Punjab Agriculture: Severity and Some Options for Future 

Ramesh Chand 

This study examines the scope of agricultural diversification to address the problems 
confronting Punjab agriculture. It also discusses prospects of various diversification 
alternatives and analyses their implications on employment, income, natural resources and 
ecology. 

Growth rate in NSDP agriculture in Punjab registered a sharp decline during 1990s, 
compared to the decade of 1980s. It is the first time since the onset of green revolution that 
growth rate of agricultural output in Punjab is lower than the all India level. When the current 
growth rate in agriculture income (NSDP) is netted out for population increase, to arrive at per 
capita income, the growth rate comes out to be less than 1 percent (Table 19). Similarly, the 
performance of total economy is also found to be deteriorating and below the national 
average. This is a depressing picture for the State. 



Table 19:    Growth rates in Net Domestic Product and per capita income in Punjab and 
India (percent /annum) 

  1980-81 to 1989-90  1990-91 to 1995-96  

Net state domestic product - Agriculture: 

Punjab  5.19  2.89  

India  3.05  2.93  

Net domestic product - Total  

Punjab  5.30  4.17  

India  5.18  5.22  

Per capita income:  

Punjab 3.43  2.28  

India  3.04  3.39  

The study suggests three pronged strategy of diversification to accelerate growth and to 
check degradation of natural resources particularly water depletion. One, diversification 
through items of' mass production and consumption; two, concentration on area specific 
enterprises of moderately high value; and three, limited diversification through non-
conventional high value items of elite consumption. 

The enterprises in the first category, whose production should be encouraged at small scale 
but throughout the state, include milk (dairying), pulses, and oilseeds. The second category 
should include moderately high value commodities like vegetables, potato, onion, cotton, 
basmati rice and sugarcane. These enterprises should be carefully earmarked for different 
agro-climatic sub-zones based on the comparative advantage, and, different activities should 
be encouraged in different areas to avoid production gluts and price crash. The third type of 
diversification strategy should focus on items like floriculture, exotic vegetables, mushroom 
and alike crops. Most of these commodities involve high use of capital and high risk and their 
marketing generally requires locating suitable buyers and some sort of contract with the 
buyers. These enterprises should be encouraged at the fields of select farmers, who possess 
the risk bearing ability and entrepreneurial ability to explore and locate the markets/buyers, 
and who can carefully schedule supplies to match the demand. 

Dairying is the best choice for agricultural diversification in the state, on ecological as well as 
economic grounds. It has vast potential for growth in employment and income and for 
restoring soil health. Efficient and modern system of marketing and processing is required to 
give boost to dairy industry in the state. 

Growth and Variability in Rice Production in Eastern India 

Suresh Pal, Sushil Pandey and Abedullah 

The study tests the hypothesis of positive association between growth and variability in 
agriculture. Temporal and spatial changes in growth rate and variability (measured as annual 
percentage deviation from trend) in rice production are examined. An impressive growth in 
yield and production of rice was noticed in all the eastern states, except Bihar, during the 
1980s and early 1990s. However, increase in growth rate was significant in eastern Uttar 
Pradesh for yield, in West Bengal for yield and production and in Orissa and eastern Madhya 
Pradesh for production. Nevertheless, rice yield in eastern India is about half of that in the 
northern region. 

The variability of yield and production of rice has registered significant decline in eastern parts 
of Uttar Pradesh and Madhya Pradesh, whereas it increased significantly in Bihar. The 
district-level analysis shows that about 5 percent of rice area in the region registered 



significant acceleration in yield growth with significant decline in the variability. A significant 
decrease in yield variability with no change in the growth rate was noticed in 15 percent of the 
area. No change in yield variability was observed in 73 percent of the area, and 30 percent of 
this area showed increase in yield growth. These results, thus, indicate that growth and 
variability are not necessarily positively correlated. Once the farmers adjust to new 
technology, yield can increase at the same or even at lower degree of variability. This fact 
was supported by the results of regression analysis showing that fertiliser use, a proxy for 
high yielding varieties and associate management practices, has negative and significant 
effect on rice yield variability. 

Emerging Trends in Agricultural Investments in India 

Ramesh Chand 

This study constructs a new and broad series on public investment in agriculture at country 
and the state level and analyses changes in composition of public investment during the last 
two decades. It explores the nature of relationship between public and private investments in 
agriculture and the determinants of private investment. The study also analyses the impact of 
private as well as public investments on agricultural growth and productivity and looks into 
regional divergence in agricultural investments. 

The new series includes capital expenditure on all the relevant heads of agriculture 
infrastructure, whereas the commonly used CSO series mainly consists of investment in 
irrigation. State-wise private investment in agriculture during 1981/82 and 1991/92 is 
presented in Table 20. 



Table 20:    State-wise total and per hectare private fixed capital formation in 
agriculture 

Total current prices  At constant prices  

1981-82 1991-92  1981-82 1991-92 

State  

Rs Lakh Rs/ha. of NSA 

Andhra Pradesh  11039 28283  86 96  

Assam  1245 1886  40 26 

Bihar  3940 7889  43 38 

Gujarat  9820 20050  87 78 

Haryana  8207 16890 195 176 

Himachal Pradesh  697 3610  104 229 

Jammu & Kashmir  837 1265  100 63 

Karnataka  9853 53452  81 184 

Kerala  5373 15746  210 257 

Madhya Pradesh  11155 71588  51 138 

Maharashtra  16695 65916  78 138 

Orissa  1613 3703  23 21 

Punjab  12854 19804  262 173 

Rajasthan  9895 49878  56 112 

Tamil Nadu  8926 38202  133 245 

Uttar Pradesh  26663 68484  132 145 

West Bengal  3351 9445  52 65 

Goa, Daman & Diu  na 613 na 163 

Arunachal Pradesh  na 903  na 222 

Manipur  na 660  na 173 

Meghalaya  na 194  na 35 

Mizoram  na 154  na 87 

Nagaland  na 903  na 174 

Sikkim  na 15  na 6 

Tripura  na 103  na 14 

India  144498 480138  89 126 

na    not available 

As was the case with public investment reported by CSO, capital expenditure on all major 
heads of agriculture in real terms has been declining. All major states and some of the small 
states show declining trends in the resources spent for infrastructure for agriculture. Among 
major states, the rate of decline has been highest in Punjab followed by Bihar. At country 
level, the series declined annually by 3.36 percent over the chosen period. 

At all India level, 9.22 percent of net domestic product from agriculture sector was invested for 
capital formation in agriculture during the first five years of 1980s. However, during the 
second half of 1980s resources spent for agricultural infrastructure development declined to 
7.40 percent of NDP from agriculture and to 5 percent in 1990s. Union government' 
contribution to capital formation in agriculture constituted about 1.8 percent of NDP from 
agriculture during late 1970s. The contribution ha dwindled to 0.25 percent during the 1990s. 
Investment in major an medium irrigation projects continued as the dominant item of capital 



outlay on agriculture. Investment in storage and warehousing was th second most important 
item of capital outlay with 25-29 percent share These two heads account for about two-third of 
the total capital outlay on agriculture by states and union government. The lack c 
complementarity between private and public investment stands 01 prominently (Table 21) and 
flow of institutional credit and term of trade for agriculture have turned out to be the strong 
determinants of private investments in agriculture. As private investment is found to be more 
effective than public investment in output growth, it would be prudent to encourage private 
investments through institutional credit support rather than relying mainly on public investment 
for inducing private investment and output growth. In particular, flow of institutional credit 
should be increased in low investment states like eastern states. 

Table 21:    Public and private capital formation in agriculture as per CSC and the broad 
series at 1980-81 prices  

(Rs. Crore) 

Investment as per CSO  Year  

Total  Public  Private 

Capital expenditure on all  
broad heads of agriculture 

1980-81  4864  1892  2972  3765  

1981-82  4741  1878  2863  3887  

1982-83  4865  1857  3008  3503  

1983-84  4406  1843  2563  3507  

1984-85  4888  1822  3066  3523  

1985-86  4641  1631  3010  3451  

1986-87  4360  1550  2810  2934  

1987-88  4782  1580  3202  2690  

1988-89  4737  1485  3252  2431  

1989-90  4791  1301  3490  2284  

1990-91  5076  1315  3761  2644  

1991-92  5212  1135  4077  2663  

1992-93  5873  1179  4694  2239  

1993-94  5574  1272  4302  2914  

1994-95  6244  1438  4806  2959  

1995-96  6927  1250  5677  2537  

Technology and Changes in Land Holding Structure in Punjab 

Ramesh Chand 

There is considerable interest to know how the green revolution technology has affected land 
tenure and tenancy and consequently the social welfare, There was a sharp decline in the 
number of operational holding between 1971 and 1981, but there was a marginal increase in 
the subsequent decade in all the districts of Punjab. Accordingly, average Size Of Operational 
holdings increased from 2.95 hectare in 1971 to 4.10 hectare in 1981 and then came down to 
3.79 hectare in 1991. The distribution of holdings according to size categories reveals that 
during the first decade succeeding adoption of green revolution technology 60 percent 
marginal and 25 percent small holdings vanished, whereas, the number of holdings at upper 



tail showed modest increase. During the second decade of post green revolution period, 
marginal and smallholdings increased and large holdings slightly decreased. The reasons for 
this type of trend are: emergence of an active land market with the onset of green revolution 
technology; increase in non-farm employment in the initial years following green revolution, 
which prompted many sub-marginal farmers to either sell their land or lease it out and earn 
higher income in non-farm jobs compared to the farming and a positive relationship between 
farm size and productivity through mechanisation. 

Over a period of time, product innovations resulted in development of smaller sized machines 
and capital assets that alongwith the emergence of rental market for farm machinery and 
implements eased the constraint in adoption of new technology on lower sized holdings. Also, 
the green revolution has had its full impact by 1980-81 and the change process initiated by it 
slowed down in subsequent period. Employment in non-farm rural occupations except public 
services slowed down, which reduced the pace of shift from farm to non-farm occupations. 
Another factor, which contributed to reversal in 1980s, is emergence of commercial dairying. 
Promotion of commercial dairying in the state has complimentary relationship with crop 
production and it improved viability of uneconomic smaller sized holdings. 


