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FOREWORD

Agriculture in South Asia has entered the new phase of development. The
objectivesof efficient and diversified growth and sustainable use of natural
resources in the context of household food, nutrition and environmental
security are now well recognized. The agendais further widened with the
need to participate in the trade-led growth opportunities and protection of
rural poor from the negative impact of the globalization process. More
recently, poverty alleviation impact of agricultural research is gaining
acceptance, and therefore, it is becoming an explicit research objective.

The development strategy is also shifting from resource-based production
to knowledge-based production and value-addition. In the process,
traditional interventions by the governmentslike subsidies and other direct
interventions are expected to decline. This paradigm shift placestremendous
importanceto efficacy of agricultural institutions and technology systems.
It is the nexus between technology, trade and institutions which would
determine the pace and pattern of agricultural development and poverty
aleviation in future.

The message is loud and clear-the development and dissemination of
technol ogies would provide competitive edge to agriculturein South Asia.
This needs to be achieved in an era of shrinking public funding and
expanding research objectivesand complex agendafor agricultural research.
How this can be achieved? Research managers need to put their expertise
and wisdom together to enhance efficiency and effectiveness of theresearch
system. The key to successisthat we should integrate our effortsand direct
them in the areas where they are likely to make maximum impact.

The Asia-Pacific Association of Agricultural Research Institutions has,
therefore, done a commendable job to bring all the stakehol ders together
for developing research priorities for agriculture. Besides highlighting the
developmental challenges and priority research themes to address them,
the exercise has flagged a number of other important issues such as



partnership between the research systems, capacity building in frontier
research areas strengthening research infrastructure, policy support, etc. |
am sure this report would be useful to policy makers, donors and research
managersalikefor directing their efforts. One may, however, further trand ate
the priorities into specific research activities depending on the need and
situation.

Panjab Singh
Secretary
Department of Agricultural
Research and Education, and
Director General
Indian Council of Agricultural
Research

June 2002 New Delhi, India
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EXECUTIVE SUMMARY

Modern science is a powerful stimulus to agricultural transformation and
economic growth. Through improved technologies, it has been possible to
increase food availability per person by almost 20 percent since the early
1960s. Neverthel ess, hunger remains persistent in Asian countries. Further,
the yield potential of the green revolution has apparently been exhausted.
Given the urgency of averting hunger, new applications of modern science
to food and agriculture through research and development (R& D) have to
be sustained. New developments in biotechnology and information
technology offer high potential. The NARSin some of the Asian countries
arefairly well developed (e.g. India, Pakistan, Sri Lanka). Other countries
have also specialized in some crops or resource use. All Asian countries
can benefit from information exchange and collaboration in planning and
organizing research activities. In South Asia, such collaboration has great
potential because of the large contiguous agro-ecological tracks. Research
priorities and funding applicable to one region or country could be of use
to other regions or countries. Further, cropping pattern are dominated by
rice and wheat for which generic research will be useful for large areasin
different countries. The advances made in biotechnology, tissue culture,
and plant/animal geneticsin some of these countries can be made use of by
others, rather than reinventing the wheel.

South Asian countriesinclude Bangladesh, Bhutan, India, Maldives, Nepal,
Pakistan and Sri Lanka. These countries, in general, have similar socio-
political institutions and economic, agricultural and governance systems.
However, these countries differ considerably in terms of their size of
population, geographical area and economy. Indiaisthe largest country in
the region with about one billion population and 442 billion US dollars of
gross domestic product (GDP) in 1999. Population density in the region
variesfrom 981persons/sq kmin Bangladeshto 164 persons/sg kmin Nepal.
More than two-thirds of the population lives in rural areas, and a vast
majority of them are illiterate. Exports constitute about 11-22 percent of
GDP, except Sri Lanka where exports are 36 percent of her GDP. Foreign
direct investment is also nominal in most of the countries, except India



where it was US$ 2.6 billion in 1998. Furthermore, external debt as
percentage of GDP variesfrom 20 percentin Indiato 41 percent in Pakistan
and Sri Lanka. The World Bank hasclassified al the South Asian countries
as low-income countries with per capita GNP of US$ 755 or less. Real per
capitaGDPin 1999 (1993 international dollars) varied from 1219 in Nepal
to 3056 in Sri Lankawith Indiaand Pakistan occupying a middle position.
All these countries have improved their economic performance in 1990s;
the average GDP growth rate during 1990s varied from 4 percent in Pakistan
to 6.1 percent in India. However, much of this growth was negated by the
growth in population, resulting in a moderate rate of growth in per capita
income. The human development index isalso very low in all the countries.
The national poverty line indicates that more than 34 percent of the
population lives below the poverty line. The incidence of poverty is more
in rural areas. The international poverty estimate (percent of population
below 1 dollar aday) variesfrom 6.6 percent in Sri Lankato 44 percent in
India. The international poverty line when measured as percentage of
population with the expenditure below 2 dollars a day, indicates that more
than three-fourths of the population wasliving bel ow the poverty line, except
in Sri Lankawherethe poverty level was45.4 percent. Alleviation of poverty
and malnutrition therefore will continue to be a major challenge in South
Asia

In spite of high population pressure and limited or no expansion of arable
land, the countries in South Asia have made tremendous progress in terms
of achieving self-sufficiency in foodgrain production. Cereal production
doubled in South Asiaduring the last three decades, reaching alevel of 245
million tonnesin 1999. The production of pulses, however, varied from 12
to 15 million tonnes during the last four decades. Another remarkable
achievement, albeit less discussed, is that milk production in the region
increased more than three times during the last three decades. Most of these
gains were negated by the growth in popul ation. Consequently, annual per
capita foodgrain production remained almost stagnant (around 180 kg)
during 1960s to 1980s and increased moderately to 197 kg in 1990s. In
spite of almost four-fold increase in milk production, the per capita
production increased from 48 kg in 1961 to 80 kg in 1999. Nevertheless,
thereis marked declinein food imports and the region is self-sufficient in
food production. Notwithstanding these significant achievements, crop



yields are still low in the region—yields of rice (clean) and wheat are less
than 3 tonnes’ha. The productivity of agricultural workersisalso very low.
Level of fertilizer consumption is moderate and barring few irrigated
pockets, extent of farm mechanization is aso low. Limited area under
irrigation without any further scope of itsexpansion and declining per capita
availability of arable land call for increase in land productivity.

South Asiacan bedivided into six broad agro-ecoregions, viz. (i) Hot Arid
(HA); (ii) Semi-Arid (SA); (iii) Irrigated Sub-Humid (ISH); (iv) High
Rainfall Humid (HRH); (v) Sub-Humid to Humid Coasts (SHC); and (vi)
Sub-Humid to Cold Arid Mountains (SCAM). All these AERs are fairly
uniform, except the rainfed humid and mountain regions where there is
some variability in climate, soil type and irrigated area. The Semi-Arid,
High Rainfall Humid, and Irrigated Sub-Humid AERs are quite large,
occupying 38.1, 26.4 and 19 percent, respectively, of the total net sown
areain South Asia. They contribute about one-fourth each to thetotal value
of agricultural output. It may be noted here that the High Rainfall Humid
AER largely practicing rice-based production system, is of greater
significanceasit haslot of potentia for further growth, and alarge proportion
of poor peopleliveinthisregion. Thelrrigated Sub-Humid system practices
rice-wheat, cotton-wheat and sugarcane-wheat cropping systems. Both canal
and tubewell irrigation areintensively used, along with other moderninputs
like fertilizers. Livestock isimportant in al the systems, but horticultural
crops are widely grown in the Semi-Arid and the Coastal ecoregions.
Another important characteristicisthat except Arid and part of theIrrigated
ecoregions, all other ecoregionsreceive significant amount of precipitation
which can be conserved and used for agriculture. Most of the poor people
are concentrated in the High Rainfall Humid, Semi Arid and Mountain
agro-ecoregions. These systems are also characterized by low productivity
and vulnerability of natural resources for degradation.

Modified congruence analysis is applied to arrive at the regional and
commodity priorities, using the criteria of efficiency, sustainability and
equity. ISH, SA and HRH are the three top priority AERs in South Asia.
Efficiency objective can be better addressed on focusing on ISH and HRH,
but for poverty alleviation HRH and SA are more important. Sustainability
issues are equally important in these AERSs, athough factors affecting
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sustainability may vary. For example, it could be depletion of groundwater
and soil nutrients in the I1SH, whereas soil erosion due to water may be
moreimportant for the other two. Among the three smaller AERS, the SHC
and SCAM are more important from the point of view of productivity and
poverty.

Priority commodity groups (among 91 commodities) in South Asia are
cereals, livestock, horticultural crops and plantation crops in that order.
Cereals are more important in al the AERs, but their priority scoreis 41
and 51inthe | SH and HRH ecoregions, respectively. Livestock isimportant
in all the AERSs, but it gets very high priority score in the HA (41) and
SCAM (29). Whereas fruits, cash crops and plantation crops are priority
commodities for the SA, ISH and SHC systems, respectively.

In order to capture the effect of changes in the demand on commodity
priorities, VOP of a commaodity was adjusted with the expected growth in
its demand in the region. Since research and extension lag is about 8-11
years, the growth was extrapol ated over aperiod of 10 years. Thisadjustment
in the VOP implies that the commaodities with higher expected growth in
the demand should get high priority. The adjusted VV OP thus obtained along
with the parameters of sustainability and equity was used for another
iteration of theanaysis. Theresultsindicatethat thereisanoticeableincrease
in priority score of horticultural and livestock commodities, whereascereas
registered a significant decline in their priority score. Cash and plantation
crops also showed moderate decrease in their priority score, while other
commodities showed no significant change. It isimportant to mention here
that these results are indicative in nature and some degree of scientific
judgment is required to capture other external factors and opportunities
(including chances of research success) in setting research priorities.

The overarching priorities common to al the stakeholders pertain to five
important themes. First, assessment of poverty in the region is a matter of
concern for al. Intensive efforts to study the poverty, its mapping and
assessment of nature of interventions and investment priorities are to be
made. Second, management and sustainable use of natural resources is
another important priority areafor all the agro-ecoregions. Effortsare needed
to assess and map the nature and extent of degradation of these resources.
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The study of technological and institutional interventions for sustainable
use of natural resourcesis also important. Both of these research areas are
of ‘public good’ nature and therefore public research organizations at
national and international levels may haveto pool their resourcesto address
theseresearchissues. Third, livestock, horticulture and fishery sectors, which
have shown significant growth in the recent past, are yet to be fully
developed. Concerted research efforts on these areas will diversify the
sources of income and employment in the region, and can contribute to
aleviation of poverty. It may be noted here that these sub-sectors are
importantin all the AERS, and therefore, asignificant amount of economies
of scalein research can berealized. Also, private sector can beauseful ally
in the R&D in these areas. Fourth, studies on commercialization of
agriculture and integration of marketswould help the countriesto compete
in the world market. Lastly, a good amount of efforts are needed to study
theingtitutional arrangementsfor improving farmers' accessto technologies,
seeds, credit, market, etc. Also, there is a need for assessing appropriate
ingtitutional arrangements for reducing the impact of risk. Involvement of
private sector (profit aswell asnon-profit) for these purposesanditslinkages
with public organizations need to be considered under an institutional
perspective.

The strategy should focus on accelerating agricultural devel opment through
proper mix of technology and organizational and policy reforms. Efficient
organization of production systemsand substitution of knowledgefor capital
should be guiding forces. Given the intensity of agricultural research in
South Asig, it isindispensable to organize research efforts efficiently and
realize potential synergies through inter-institutional collaboration based
on the principle of comparative advantages. This also implies establishing
effective working linkages with private R& D organizations. The CGIAR
accords high priority to South Asia and stresses on regional integration of
research efforts through research partnership. The CG Centres can act as
facilitators, collaborators and advocates, and can bring together NARSs
for partnership in strategic research areas. There are a number of research
networks operating in the region. This approach needs to be strengthened
and replicated. The NARS-NARS collaboration would be useful in anumber
of commaodities like commercia and plantation crops, where international
research efforts are negligible.
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In terms of research methodology, there are significant scientific
advancements which need to be harnessed for greater effectiveness and
efficiency of research systems. Application of molecular biology toolsfor
control of yield losses due to biotic and abiotic stresses, reduction in post-
harvest losses, shortening R&D lag, maintaining animal health and
improving product quality hold immense potential. Other promising
advancementsare |PM, IPNM, ICM, watershed management and precision
farming, which are in early phase of their adoption. There is a need for
tailoring these technol ogies to specific research target domains, as some of
these technol ogies may involve commodity (in case of IPM and IPNM) or
location (in watershed) specificity. Sincethesetechnologiesare significantly
different from the Green Revolution technol ogies (technol ogies embedded
in seed, fertilizer and other inputs), institutional mechanismsfor technol ogy
transfer need to be revamped. The dissemination of specialized information
(such as soil fertility, resource management methods, etc.) should also be
emphasized, besides transfer of technologies embedded in inputs, and
imparting skills. In this regard, application of information communication
technology (ICT) assumes greater significance.
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1 INTRODUCTION

The Asia region even today has nearly two-thirds of the undernourished
population of the world. South Asia alone is home of about one-third
mal nourished persons in the world; roughly one out of every five persons
intheregionischronically undernourished. The percentage of underweight
children below 5 years of age, in the total number of this age group, is as
high as 67 in Bangladesh, 53 in India, and about 38 each in Pakistan and
Sri Lanka. The FAO estimates indicate that even by 2010, Asiawill have
about one-half of theworld’'s malnourished population, of which two-thirds
will bein South Asia.

Inthe South Asian countries, nearly 75 per cent of the poor are concentrated
in rural areas and depend on agriculture for their food, employment and
income. The landless farm workers account for about 40 per cent of rural
poverty in Bangladesh and 45 per cent in India. The rests are small and
marginal cultivators and field tenants. Agricultural and rural development
is central to a strategy aimed at alleviating poverty and food insecurity,
apart from serving to fuel industrialization. The agricultural growth during
the past three decades clearly supports this view. However, the recurring
issues on population and problems of demographic transition and natural
resource degradation and management are more pressing now than ever
before. Likewise, new challenges are emerging from the global
developmentsin trade. And, sincetheseissues haveimportant implications
on agricultural development and household food security intheregion, itis
crucia that they are accorded the attention they deserve.

Modern science is a powerful stimulus to agricultura transformation and
economic growth. Through improved technologies, it has been possible to
increase the food availability per person by about 20 per cent since the
early 1960s, but even then, hunger remains persistent in the Asian countries.
Further, the yield potential of the green revolution appears to have been
exhausted. The necessity of averting hunger callsfor applications of modern
scienceto food and agriculturethrough innovative research and devel opment



(R&D) work. The developments in biotechnology and information
technology have offered higher potentials. Public research investments
should be morefocussed in areasthat are not expected to be privately funded
but that offer convincing expectations of a positive social payoff. Besides
directing research investmentsto high potential irrigated areas, it isnecessary
to accord importance to rainfed areas and fragile agro-ecoregions.

The agricultural research systems are fairly well developed in some of the
Asian Countries namely India, Pakistan and Sri Lanka. Other countriestoo
have specialized in some crops or resource use. The R&D results from
these efforts could be utilized by all the Asian countriesthrough information
exchange and initiating joint collaborations in planning and organizing
relevant research activities. In South Asia, such R& D collaborations have
great potential because of the large contiguous agro-ecological tracks. In
this region, the cropping patterns are dominated by rice and wheat, for
which generic research would be useful for large areasin different countries.
The advances made in areas like biotechnology, tissue culture, and plant/
animal genetics in some of these countries could be utilized by others,
rather than ‘reinventing the wheel’.

Socio-economic profile of the countries

South Asian countriesinclude Bangladesh, Bhutan, India, Maldives, Nepal,
Pakistan and Sri Lanka. These countries have more or less similar socio-
political institutions. There are marked similarities in their economic,
agricultural and management systems, as well as in their approach to
education, heath services and social welfare activities. However, these
countries differ considerably in terms of size of population, geographical
areaand economy (Table 1). Indiaisthe largest country in the region with
about one billion population and a gross domestic product (GDP) of 442
billion US dollars (1999). The population density in the region variesfrom
981 persons/sg km in Bangladesh to 164 persons/sq km in Nepal. More
than two-thirds of the population livesintherural areasand avast majority
of itisilliterate. Exports constitute about 11-22 per cent of GDP, except in
Sri Lankawhereitis 36 per cent. Foreign direct investment isalso nominal
in most of these countries, except in Indiawhere it was US$ 2.6 billion in
1998. The external debt as percentage of GDP varies from 20 per cent (in



India) to 41 per cent (in Pakistan and Sri Lanka). The World Bank has
classified all the South Asian countries as ‘low-income countries’ with per
capita GNP of US$ 755 or less. Real per capita GDP in 1999 (1993
international dollars) varied from 1219 in Nepal to 3056 in Sri Lankawith
India and Pakistan occupying a middle position. All these countries have
improved their economic performance during the 1990s; the average GDP
growth rate during this period varied from 4 per cent in Pakistan to 6.1 per
cent in India. However, much of this growth was negated by the rise in
population, resulting in only a moderate growth rate in per capitaincome.
The human development index is also very low in al these countries
(Table 1).

Table 1. Basic socio-economic indicator s of South Asian countries

Indicator Bangladesh India Nepa Pakistan Sri Lanka

Human development index? 0461 0563 0.474 0.522 0.733

(1998) (146) (128) (144) (135) (84)

Adult illiteracy rate (%, 1998)

- Mades 49 33 43 42 6

- Femaes 71 57 78 71 12

Population (million, 1999) 128 998 23 135 19

Population density 981 336 164 175 294
(people/sg km, 1999)

Urban population (%, 1999) 24 28 12 36 23

Gross national product 47.0 4422 51 64.0 15.7
(billion dollars, 1999)

Average annual GDP 4.8 6.1 48 4.0 53
growth rate (%), 1990-99

Real per capita gross national 1,475 2,149 1,219 1,757 3,056
product (1993 international
dollars, 1999)

Exports of goods and services 14 11 22 15 36
as percentage of GDP (1999)

Foreign direct investment 308 2,635 12 500 193
(million dollars, 1998)

Share of agriculture in gross 21 28 41 26 21
domestic product (%, 1999)

External debt as percentage of 22 20 31 41 41

gross national product
Food production index
(1989-91=100)
- 1979-81 79.2 68.1 65.9 66.4 98.3
- 1996-98 1108 1199 1172 136.2 109.1

@ Number in parenthesesis rank out of 174 countries.
Source: World Bank (2001), UNDP (2000)




The estimates of poverty in the region during the early 1990s indicate that
alarge proportion of population was living below the poverty line (Table
2). Thenational poverty line of different countriesindicates that more than
34 per cent of the population lives bel ow the poverty line. Theincidence of
poverty ishigher inrural areas. For instance, therural poverty in Nepal and
Bangladesh was more than doubl e of urban poverty. The urban-rural poverty
difference was, however, comparatively small in Indiat. The international
poverty line drawn on the basis of percentage of population having income
below 1 US$ aday indicates a high concentration of poverty in the region.
These estimates vary from 6.6 per cent in Sri Lankato 44 per cent in India.
Theinternational poverty line, measured as a percentage of population with
the expenditure below 2 dollars-a-day, indicates that more than three-fourths
of the population was living below the poverty line, except in Sri Lanka
where this level was dlightly less at 45.4 percent. It has also been found
that avast majority of children below the age of 5 years is manourished
(Table 2). Alleviation of poverty and malnutrition therefore would continue
to be amajor challenge in South Asia.

Table 2. Incidence of poverty and malnutrition in South Asia

Indicator Bangladesh India Nepal Pakistan Sri Lanka

National poverty line

Survey year 1995/96 1994  1995/96 1991 1990/91

Percentage of population below poverty line
Rural 39.8 36.7 44.0 36.9 381
Urban 14.3 30.5 23.0 28.0 284
National 35.6 35.0 420 34.0 35.3

International poverty line

Survey year 1998 1997 1995 1996 1995

Percentage of population 29.1 442 37.7 31.0 6.6
below $1 aday

Percentage of population 77.8 86.2 825 84.7 454
below $2 aday

Prevalence of child malnutrition

Percentage of malnourished 56 50 57 38 38

children under the age of
5 years (1992-98)

Source: World Bank (2001)

1 The latest data (1999-2000) indicate a poverty level of 26.1 per cent in India. However,
for the sake of comparison with other countries, 1994 data are indicated.



The foregoing discussion indicates that the progressin alleviating poverty
in South Asia has been quite slow. This concern coupled with acceleration
of agricultural growth for higher income, food and nutritional security and
sustai nable management aswell as use of natural resourceswould continue
to influence the investment priorities in the region. This paper discusses
the development challenges in the region, in general and also specific to
agricultural development. The paper comprises a brief description on the
agricultural development scenario in the region followed by organization
and intensity of agricultural research. The subsequent two sections are
related to the characterization of major agro-ecoregions, and analysis of
commodity priorities. This is followed by the identification of major
production constraints, growth opportunities and research priorities for
different agro-ecoregions. Finally, observations on research strategies for
addressing the identified research priorities are presented.



2. AGRICULTURAL DEVELOPMENT
SCENARIO

The agricultural scenario is dominated by small land holders in the South
Asiaregion, with afew exceptionsin some areas or sectors. Theimportance
of agriculture, though central to the economic development, is declining
over time in relative terms. The prime concern of al the countries in the
region was to attain self-sufficiency in food, and a number of agriculture
development programs were initiated to achieve this objective. All these
countries introduced land reforms such as redistribution of surplus land,
ceiling on land holdings, protection of agricultural tenancy, consolidation
of land holdings, etc. to accelerate agricultural growth. The performance,
however, differed from country to country and the impact was limited due
to lack of supportive systems, like input supply, credit, marketing, etc. Itis
now widely acknowledged that due to non-availability of these supportive
systems, the agricultural growth bypassed the resource-poor farmers and
theregions. For instance, owing to the differencesin supportiveingtitutions,
therice productivity in eastern Indiais still far below that in the north-west
India.

The most important sources of growth in agriculture, particularly in India
and Pakistan, are non-price factors like technology, education etc. The
research investments in surface irrigation and development and
dissemination of improved technologies contributed largely to the
agricultura growth, ushering the Green Revolutionintheregion. TheHY'V-
technology along with a regular supply of fertilizers and water could lift
the production frontier up during the 1960s and 1970s. Thisincreasein the
productivity attracted private investments in agriculture. In addition,
incentivesin the form of subsidized inputs and remunerative output prices
also attracted private investments in agriculture?.

More recently, macro economic reforms, introduced in some countries
including India during 1990s, have further accelerated the agricultural

2 For detailed discussion on these issues in the Indian context, see Desai (1997).
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growth. Thesereforms, on one hand, encouraged private investments (both
domestic and foreign) in infrastructure and supportive system, on the other,
improved the incentives in agriculture through better terms of trade,
accelerating agricultural growth.

Although it is rather premature to establish direct impact of these reforms
at this stage, it is believed that the reforms would create conducive
environment for productivity led knowledge-intensive agriculture.

Resour ce use, productivity and availability of foodgrains

In spite of high population pressure and no or only alimited expansion of
arable land, the countriesin South Asia have made tremendous progressin
termsof achieving self-sufficiency in foodgrain production. The production
of cerealsduring thelast three decades, has doubled reaching alevel of 245
million tonnesin 1999 (Table 3). The production of pulses hasvaried from
12 to 15 million tonnes during the last four decades. Another remarkable
achievement, albeit less discussed, isthat milk production intheregion has
increased more than three times during this period. Most of these gains,
however, were negated by the enormous growth in population.
Consequently, the annual per capitafoodgrain production remained almost
stagnant (around 180 kg) during 1960s to 1980s and increased moderately
to 197 kg during 1990s. Similarly, in spite of almost four-fold increasein
milk production, the per capita production increased from 48 kg in 1961 to
80 kg in 1999. Nevertheless, there is a marked decline in the import of
foodgrains and the region is becoming self-sufficient in food production.

Another significant achievement on food security front isthe stabilization
of production and prices of foodgrains in the region. It has been widely
documented that year-to-year fluctuations in foodgrain production had
registered asignificant decline not only in favourableirrigated environment
but also in rainfed regions (Pal et al., 1993 and Pandey et al., 2000). This
had significant implicationsfor food security of theregion. In spite of floods,
droughtsand cyclones, therewerefew instances of starvation, largeimports
and food aids. This coupled with a better management of foodgrain stocks
and the integration of domestic market, and assured availability of food.
The prices of foodgrains decreased in real terms and remained more stable
than the international prices.



Table 3. Agricultural Development Indicators

Indicator Year Bangladesh India Nepal Pakistan Sri Lanka
Percentage of land areaunder 1980 20 18 0.2 0.4 15.9
permanent crops 1997 25 2.7 0.5 0.7 15.8
Irrigated land as percentage  1979-81 171 228 225 72.7 28.3
of crop land 1995-97 434 324 382 80.8 30.7
Per capitaarableland (ha)  1979-81 010 024 016 0.24 0.06
1995-97 006 017 013 0.17 0.05
Number of tractors 1979-81 0 2 0 5 4
per thousand 1995-97 0 6 0 13 2
agricultural workers
Fertilizer consumption 1998 132 93 26 91 116
(kg/ha)*
Agricultural productivity 1979-81 212 275 162 394 649
(value added per 1996-98 276 406 189 626 726

agricultural worker
(1995 dollars)

Total cereal production 1999 24.64 188 478 2445 1.96
(million tonnes)

Total pulses production 1999 513 13,550 214 1089 28
(thousand tonnes)

Total milk production 1999 2,075 77,180 1,143 25,566 295
(thousand tonnes)

Paddy yield (tonne/ha) 1998 2.7 29 24 28 32

Wheat yield (tonne/ha) 1998 22 26 16 22

Source: World Bank (2001), FAO (1998)
* Computed from FAO data.

Notwithstanding these significant achievements, the crop yields are till
low in the region—yields of rice (clean) and wheat are less than 3 tonnes/
ha. The productivity of agricultural workersis also very low. The level of
fertilizer consumptionismoderate and barring few irrigated pockets, extent
of farm mechanization is also low. The limited area under irrigation with
no scope of its further expansion and the declining per capita availability
of arableland in the region call for increasing crop productivity (Table 4).
In the hill and mountain regions, increasing the productivity of fruits and
foresting in a sustainable manner, could be very important.

Trend in food demand

Two major changes have been observed in thetrendsin thefood demandin
South Asia: (i) there is noticeable decline in per capita consumption of



Table 4. Trendsin foodgrain production and increasein population in South Asia

Year Bangladesh Bhutan Indigf Nepal Pakistan Sri Lanka  South Asia
Total cereal production® 1961 10.24 0.09 69° 2.30 6.44 0.70 89
(million tonnes) 1970 11.48 0.11 97 224 10.91 1.07 119
1980 15.13 0.14 119 3.19 15.45 1.50 149
1990 19.17 0.10 162 284 19.39 1.76 202
1999 24.64 0.14 188 4.78 24.45 1.96 245
Total pulses production 1961 253 0.8 12,700° 85 934 39 14977
(thousand tonnes) 1970 351 13 11,820 11 780 54 13069
1980 632 23 10,630 139 676 42 12121
1990 512 16 14,260 168 1072 54 14077
1999 513 16 13,550 214 1089 28 15396
Total milk production 1961 915 18 20,375 546 5,998 104 27,957
(thousand tonnes) 1970 1,065 22 20,800 625 7,445 141 30,098
1980 1,162 28 31,560 747 9,014 243 42,753
1990 1,593 31 63,678 922 14,723 252 71,200
1999 2,075 32 77,180 1,143 25,566 295 106,291
Total population 1961 53 0.9 452 9 51 10 577
(million) 1970 67 11 555 1 66 12 712
1980 88 13 689 14 85 15 893
1990 109 1.7 851 19 119 17 1,117
1999 127 21 998 23 152 19 1,321
Per capita production of foodgrains® 1961 198 98 181 265 145 70 179
(kg) 1970 177 106 196 214 177 89 186
1980 179 110 188 238 190 103 180
1990 181 57 207 159 172 107 195
1999 198 69 202 217 168 104 197
Per capita production of milk (kg) 1961 17 20 45 61 118 10 48
1970 16 20 37 57 113 12 42
1980 13 22 46 53 106 16 48
1990 15 18 75 49 124 15 64
1999 16 15 77 50 168 16 80

Source: FAO (2000); @ Economic survey (various years); ® data refers to 1960; © paddy data were converted into clean rice.



cereals, particularly coarse cereals, probably because of a decrease in the
real prices of cereals and increase in real income; and (ii) consumption
pattern has become more diversified because of increase in demand for
high-value products like fruits, vegetables, milk and meat (Paroda and
Kumar, 2000). These changes have important implications on food and
nutritional security. These countries have not only to produce additional
food but also diversify food production towards products of higher
nutritional value.

The second concern of food security is that the demand for food would
increase because of the rise in population, income of poor people and feed
demand. It isestimated that the demand for foodgrainsin South Asiawould
increase to about 360 million tonnes by 2030 AD, assuming a moderate to
high rate of growth inincome (3.5 to 5.5 per cent per annum). Depending
upon the growth inincome, demand for milk would be in the range of 192-
232 million tonnes and that for fruits, 110-138 million tonnes. An increase
of asimilar magnitude is expected in the demand for vegetables, meat, fish
and eggs(Table5). Itisimportant to note that for meeting such largeincrease

Fig. 1a: Required increase in yield to meet food demand in 2030 in

South Asia
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Table 5. Projection of food demand in South Asiain 2030

(million tonnes)

Food item Assumption Bangladesh India Nepal Pakistan Sri Lanka South Asia
Rice 3.5% GDP growth 32 114 4.9 6 28 161
5.5% GDP growth 31 114 4.9 6 2.7 160
Wheat 3.5% GDP growth 4 83 17 38 12 129
5.5% GDP growth 4 80 16 37 12 124
Pulses 3.5% GDP growth 11 24 0.4 2.0 0.2 28
5.5% GDP growth 11 26 0.5 21 0.2 30
Total foodgrains 3.5% GDP growth 38 264 10 50 4.3 366
5.5% GDP growth 37 260 10 49 42 360
Edible oils 3.5% GDP growth 10 12 0.2 4.4 0.1 18
5.5% GDP growth 11 13 0.2 4.6 0.1 19
Vegetables 3.5% GDP growth 2.8 151 3.6 9.4 14 168
5.5% GDP growth 33 193 4.4 11.3 1.7 215
Fruits 3.5% GDP growth 3.6 84 1.6 18.8 14 110
5.5% GDP growth 45 106 2.1 24 1.7 138
Milk 3.5% GDP growth 4.7 130 2.9 52 1.0 192
5.5% GDP growth 57 158 3.6 63 1.3 232
Mesat 3.5% GDP growth 0.9 10 0.6 51 0.1 17
5.5% GDP growth 12 13 0.8 6.3 0.2 22
Eggs 3.5% GDP growth 0.3 35 0.1 0.8 0.1 5
5.5% GDP growth 04 4.7 0.1 10 0.2 64
Fish 3.5% GDP growth 2.6 10 0.1 11 0.7 15
5.5% GDP growth 34 14 0.1 13 0.9 20

Source: Paroda and Kumar (2000)



Fig. 1b: Expected growth (%) in food demand in South Asia, 2000-15
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in demand, yields of foodgrains would have to be increased by about 50
per cent by 2030 AD. Therequired increasein yields of livestock and other
high value commodities would be in the range of 100-200 per cent,
depending upon the rate of income growth (Fig. 1a). Thesetargets of yield
increases are quite challenging.

Sustainability concerns

The concernsrel ating to sustainability of agricultural systemsare becoming
central to the development process. These concerns have been studied and
explained by a number of researchersin various ways. A widely accepted
measureisthe agricultural total factor productivity (TFP)—productivity of
asystem by taking all outputs and inputs together. It is observed that there
is a deceleration in the growth of TFP in the agriculturally developed
(irrigated) regions (Evenson et al., 1998 and Kumar and Rosegrant, 1994).
Itisalso observed that anumber of constraintslike buildup of pests, depleting
soil fertility, weeds, etc. are emerging in the irrigated production systems
(Fujisaka et al., 1994). The most important concern is related to the
sustainabl e use of natural resources. Itisbeing felt increasingly that natural
resources—land and water—are depleting fast. Land degradation due to
salinity, akalinity, water-logging, overgrazing and erosion by water and
wind is widespread and unabated. Intensification of land-use, NPK
imbalance, less application of organic manure, and adverse effect of
pesticides on microbial activities in soil, are fast eroding the productive
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capacity of land. These sustainability issues need to be addressed, whilst
enhancing the productivity of agricultural systems.

Several studies have also pointed out sustainability implications of rapidly
dwindling groundwater resourcesin South Asia. In arecent study, Seckler
et a. (1998) have examined the present status and future requirements of
groundwater resources (Table 6). It has been indicated that most of the
groundwater is used for irrigation purposes, and irrigation effectivenessis
less than 50 per cent in South Asia. Further, with the current level of low
irrigation effectiveness, withdrawal s of groundwater would increase by 67
per cent in Indiaand 134 per cent in Pakistan by 2025 AD, which could be
brought down to 15 and 91 per cent, respectively, if irrigation effectiveness
is increased to 70 per cent. With such a marked increase in irrigation
effectiveness, India and Pakistan would still withdraw 29 and 71 per cent
of their groundwater resources, respectively in 2025. It isimportant to note
that these are the average figures for these two countries and the situation
of groundwater-use is alarming even today in semi-arid and arid regions.

Table 6. Statusand efficiency of groundwater-usein south Asia

Country Bangladesh  India Nepal Pakistan Sri Lanka
Annual water resources 1990 23570 2,085 170.0 418.3 43.2
(km?)
Total withdrawals 1990 (km?) 238 518 29 155.7 8.7
Per capita withdrawals 1990
Domestic (m°) 7 18 6 26 10
Industry (m°) 2 24 2 26 10
Irrigation (m®) 211 569 143 1226 483
Irrigation effectiveness 1990 (%) 30 40 58 49 36

Percentage increase in the
withdrawals in 2025 over 1990

- With current level of 89 67 122 134 51
irrigation effectiveness

- With 70% irrigation 2 15 87 91 -4
effectiveness

2025 withdrawals (with 70% 1 29 3 71 19

irrigation effectiveness) as
percentage of annual water
resources

Source: Seckler et al. (1998)
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Fig. 2. Availability of land per person in agriculture in different
countries of South Asia
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Countries
Agricultural development issues

The development issues identified for the region based on the foregoing
discussion, are:

Efficient growth. The acceleration of agricultural growth would continue
to be a pressing need of the region. It is not only essential to enhance the
rate of growth but also to achieve an efficient growth. Higher growth in
agricultureisdesirablefor food and nutritional security, higher employment
and income, whereas the improved efficiency of production systems is
essential for making agriculture competitive in the wake of liberalization
regime. Also, the growth should be diversified in terms of products base
and widely spread regionally.

Poverty alleviation. Itisnow widely accepted that the growth in agriculture,
led by the technol ogical developments, made a significant impact on rural
poverty aleviation. Given the level of absolute poverty and hunger in this
region, the need for accel erating agricultural growth would exist for along
time. This growth needs to be equitable in terms of crops/commodities,
regions and class of producers.
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Sustainability. Theissues relating to sustainability of agricultural systems
are becoming increasingly important and visible. They primarily deal with
the inter-generational equity in use of natural resources and protection of
environment. It is necessary that the productivity level should be enhanced
and sustained over time. At the sametime, natural resourcesand environment
should be protected for use by future generations. With the present
widespread degradation of land, water, and genetic and other environmental
resources, sustainability of agricultural system would be central to all
developmental programsin the region.

In addition, there could be anumber of other devel opmental issues, such as
export promotion, gender equity, system diversification, self-reliance, etc.
Agricultural research is expected to contribute to these devel opmental
objectives in South Asia®>. The agricultural research in fact, has a
comparative advantage in contributing to the objectives of efficient growth
and promoting sustai nability of agricultural production system. Itisbecause
the development and dissemination of appropriate technologies not only
provide a lasting contribution (unless replaced by a new technology) to
these objectives, but their application on alarge scale is cost neutral also.
As regards the poverty alleviation, analysts believe that economic policy
options are better placed to address this abjective. We, however, believe
that growth and income effects of agricultural technologies have significant
impact on poverty reduction, and thisimpact could be enhanced using other
policy measures.

Today, in the 21% century, we are to deal with a knowledge-based society.
Science, however, holds the key for development. For the countriesin the
region, itiscritical to utilize the benefits of the new science and technology
for the socio-economic devel opment, particularly inaleviating rural poverty.
Many of the rural poor depend on agriculture for employment and income.
Accelerated agricultural growth offers a potential source of poverty
reduction. Agricultural research should therefore play a central rolein this
task.

3 All these concerns are explicitly considered by the NARSs in developing their research
plans (PARC, ICAR (not dated); BARC, 2001)
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Agricultural research

Intensity and organization of research. The intensity of agricultural
research, measured as: the number of scientistswith at |east mastersdegree
or expenditure on research as percentage of AgGDP, varied considerably.
India has the largest agricultural research system in the region, employing
about twenty-two thousand scientists (Box 1) and spending a dlightly less
than 0.5 per cent of AGQGDP on agricultural research and education. Research
intensity is much low in other countries, with a spending of less than 0.3
per cent of AGQGDP on agricultural research and education*. Thisis much
smaller than what is spent by the devel oping countries on an average (0.5
per cent) and certainly much smaller than that spent by the developed
countries (2.5 per cent). Unlike in the developed countries, most of the
agricultural research in this region is conducted by public research
organizations.

The organization of agricultural research isamost similar in all the South
Asian countries. There are central as well as provincial research
organizations, particularly in the large countries like India and Pakistan.
Thereareingtitutes dealing with research aswell as agricultural universities
for education and research. At the centre, thereisacouncil to plan, coordinate
and conduct agricultural research, education and frontline extension (transfer
and refinement of new technologies). The Indian Council of Agricultural
Research (ICAR) isthe largest and the oldest organization in the region.

Box 1. Number of scientistsin public agricultural research or ganizations
in South Asia

Country Number of scientists

Bangladesh 2,224

India 22,249

Nepal 236

Pakistan 3,461

Sri Lanka 484

Note: Data provided by the research council of the respective countries
and include scientists with masters or higher degree.

4 Source: Information provided by the research councils/organizations.
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Major research thrusts. Over the years, the public research organizations
have successfully addressed the research needs of their countries (Alston
et a., 2000). As noted earlier, in the beginning, the main objective of the
system was attainment of food self-sufficiency, which has now been
expanded with the addition of such objectives as equitable growth,
sustainability of production systems, diversification of product-mix, export
promotion, etc. Intermsof commodity coverage, focushas g owly expanded
from research on crops to livestocks, horticulture, fisheries, forestry and
natural resources. A similar expansion hastaken place in the disciplines of
agricultural sciences, and currently, the focus is on agricultural
biotechnol ogy.

Need for research prioritization. The need for prioritization of agricultural
research arises because of three reasons: (i) There is a considerable
expansion in the research agenda and making allocation of research
resources is difficult for fund providers. The conventional approaches for
resource allocation are inadequate, and therefore, use of a formal and
systematic approach of research prioritization requiring detailed information,
analysis and participation of stakeholdersiswarranted. The new approach
objectively assesses the impacts of alternative research activitiesin terms
of attainment of objectives. (ii) The research intensity is very low and
thereforeit isessential to useavailableresourcesjudiciously for maximizing
research benefits. Also, research prioritization would help improve the
efficiency inthe system. (iii) Thefund facilitators can easily support research
programmesif these have already been identified in aconsultative, bottom-
up approach. Keeping this abjective in view, the remaining part of this
paper has been devel oped.
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3. AGRO-ECOREGIONS FOR RESEARCH
PLANNING

Dedlineation and char acterization

The agro-ecoregional basis of research planning is receiving increasing
acceptance all over the globe, as it helps in targeting research efforts and
achieves economies of scale through integration of research efforts. This
approach requiresidentification and characterization of various ecoregions
based on agro-climatic and socio-economic factors®. A number of studies
haveidentified different agro-ecoregions (AERS) in the South Asia(Sehgal
et a., 1992; ICRISAT, 1999). Recently, three councils, viz ICAR, PARC
and NARC, have identified major AERs for their respective countries for
identification of research investment priorities [PARC (not dated); Saxena
et al., 2001; D. Joshy (NARC)®]. The Centres of the Consultative Group
on International Agricultural Research (CGIAR) have also identified four
broad regions (mountains, lower Indo-Gangetic Plains, upper Indo-Gangetic
Plains and semi-arid regions) in South Asia for identification of research
priorities (Lenne, 2001). We have used this information and our own
evaluation to identify and characterize major AERs of South Asia. This
has been done through refinements of broad zones considered by the CG
centres, and integration of other exercises carried out by the NARSs. The
zones so obtained werefurther refined with feedback from the stakeholders
and experts. The identified AERs are: (i) Hot Arid (HA); (ii) Semi-Arid
(SA); (iii) lrrigated Sub-Humid (ISH); (iv) High Rainfall Humid (HRH);
(v) Sub-Humid to Humid Coasts (SHC); and (vi) Sub-Humid to Cold Arid
Mountains (SCAM). Theregiona spread, soil type, climate, major cropping
systems and economic significance of these AERs are given in Table 7.
The geographical spread and cropping pattern of these AERs are shownin
Map 17and Map 2, respectively. All these AERs arefairly uniform, except
the rainfed humid and mountain regions where there is some variability in
climate, soil type and irrigated area. The Semi-Arid, High Rainfall Humid,

® The terms agro-ecoregions and eco-system have been used interchangeably in this paper.
6. Personal communication.
"Thanks are dueto U. K. Deb (ICRISAT) for help in producing the maps.
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Table 7. Important agro-ecoregions of South Asia and their characteristics

Particular Hot Arid Semi-Arid Irrigated High Rainfall Sub-Humid to Sub-Humid to Cold
Agro-ecoregion Agro-ecoregion Sub-Humid Humid Humid Coastal Arid Mountain
Agro-ecoregion Agro-ecoregion Agro-ecoregion Agro-ecoregion
Regional Desert of India Rainfed peninsular Irrigated region of Eastern India Coastal regions Hill and mountain
coverage and Pakistan; and west Indig; north-west India (irrigated or lower of Indiaand region of India,
arid and plateau rainfed region of (upper Indo-Gangetic  Indo-Gangetic Bangladesh; part Nepal and Pakistan;
region of Pakistan (Punjab Plains) and irrigated  region, and rainfed of Sri Lanka; Bhutan
Baluchistanin and Sindh); part region of Pakistan or eastern Plateau Maldives
Pakistan of Sri Lanka (Punjab and Sindh);  region); Bangladesh;
part of tarai region part of tarai region
of Nepal of Nepal
Dominant soil Desert soils; Loamy; black Alluviam-derived Alluviam-derived Loamy deltaic- Brown forest and
type plateau and red soils soils soils; red and yellow  dluvia, red and podzolic soils; sandy to
soils; lateritic soils lateritic soils loamy skeletal soils
Climate Hot arid Hot semi-arid; Hot-semi arid; Hot sub-humid to Hot semi-arid to Cold arid; warm sub-
hot sub-humid per-humid per humid humid to per-humid
Rainfal (mm) < 300 500-1000 500-1200 1000-2000 900-3200 < 150-4000
Dominant Millets, pulses Coarse cereal-pulse-  Rice-wheat; Rice-rice; rice- Rice-coconut-based;  Millets and wheat in
cropping systems and oilseed-based based; cotton-based;  sugarcane-whest; wheat; rainfed rice- plantation crops; cold arid; rice, coarse
oilseed-based; rice cotton-wheat; based; rice-vege- fruits; brackishwater ~ cereals and wheat-
and sugarcane-based  maize-wheat tables; rice-fish; shrimp and fish based
inirrigated areas fruits
Sharein the total 7.3 381 19.0 26.4 5.8 34
net sown area (%)
Sharein total 291 25.40 28.59 26.63 10.36 6.11
value of agricultural
production (%)

Source: Based on information provided in Sehgal et al. (1992) and PARC (not dated).



and Irrigated Sub-Humid AERs are quite large, occupying 38.1, 26.4 and
19 per cent, respectively of the total net sown area in South Asia. They
contribute about one-fourth each to the total value of output. It may be
noted here that the High Rainfall Humid AER largely practising rice-based
production systems, is of greater significance asit has enormous potential
for further growth, and alarge proportion of poor peopleliveinthisregion
(Evenson et al., 1996). The Irrigated Sub-Humid system practises rice-
wheat, cotton-wheat and sugarcane-wheat cropping systems. Both canal
and tubewell irrigation areintensively used along with other modern inputs
like fertilizers. Livestock isimportant in al the systems, but horticultural
crops are widely grown in the Semi-Arid and the Coastal ecoregions.
Another important characteristic is that, all ecoregions except Arid and a
part of the Irrigated ecoregions, receive significant amount of precipitation
which can be conserved and used for agriculture. The estimates of poverty
by agro-ecoregion are not readily available, but considering the
administrative regions covered under various agro-ecoregions, it can easily
be seen that most of the poor people are concentrated in the High Rainfall
Humid, Semi Arid and Mountain agro-ecoregions. These systems are also
characterized by low productivity and vulnerability to natural resourcesfor
degradation. These considerations have significant bearing onidentification
of research priorities.
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4. AGRO-ECOREGION AND COMMODITY
PRIORITIES

Methodology and data

Studies on research priority setting are generally carried out using five
methods, singly or in combination. Theseare: congruence (weighted criteria)
model, economic surplus model/benefit-cost analysis, mathematical
programming, econometric models and simulation model. The scoring
model can also be applied at micro-level for prioritization of research
projects. The choice of the model is guided by the level of priority setting
(macro or micro) and availability of data, analytical skills and resources.
We have applied the modified congruence model because of the ease of its
application under asituation wheretime and dataare the binding constraints.
In ssimple words, the congruence model allocates research resources in
proportion to the relative value of production by region or commaodity. It
implicitly assumes that opportunities for research are equal across
commodities, and that the research benefits are proportional to the value of
output. The analysisis based on the present values and assumes constancy
of relative shares. These restrictive assumptions imply that results of this
exercise provide only a starting point in rationalizing research resource
alocation. The CGIAR (1992) and the Indian agricultural research system
(Jha et al., 1995) also applied this approach because of its simplicity,
transparency and flexibility.

Prioritization of commodities and regionsinvolves calculation of aninitial
baseline matrix consisting of the value of output from different commodities
indifferent regions. A composite baselineisthen developed using thevalue
of output (efficiency), number of poor people (equity), and arable land
(sustainability) indicators, using equal weights for these three parameters
(Box 2).

These parameters capture extensity dimensions. Initial priority determination
based on extensity parameters was modified using intensity parameters,
viz. growth in AgGDP, per capita income, child malnutrition, extent of
groundwater withdrawals, per capita water availability and number of
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Box 2. Criteriafor research prioritization

Objective Extensity parameter  Intensity parameter

Efficiency Value of agricultural  Growth in AQGDP
output

Sustainability  Arableland Extent of groundwater

withdrawal and per capita
water availability

Equity Number of poor Per capitaincome and child
people mal nutrition

scientists in the national system (for details of concepts and methods, see
Jha et al. 1995). The following are specific stepsin arriving at the initial
and final baselines, indicating relative priorities:

Construction of initial basaline

Thecongtruction of initial baseline (IBL) can beillustrated by thefollowing
steps:
1. Compute percentage distribution of each extensity parameter (P))

n
P=(A,/3A)X100; i=1 .. j=1...k
i=1

where, A, isvaueof j'" parameter init" agro-ecoregion, nisthe number
of ecoregions and k is the number of extensity parameters.
2. Assignweight (WJ.) to each extensity parameter.
3. Compute initial baseline (B))
k
B=(XWP) i=1.... n

i

=1
M odification of initial basaline

The initial base line does not fully consider the intensity dimensions of
growth, equity and sustainability, and, therefore, appropriate intensity
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parameters or modifiers are used for modifying the baseline. The ideais
that a higher priority should be given to that region where intensity of the
problemissevere. For example, the agro-ecoregionswith high groundwater
exploitation should be accorded ahigh priority. Here, the direction of impact
of modifier is positive. On the contrary, the agro-ecoregions with low per
capitaincome (indicating intensity of inequality) should be accorded ahigh
priority. Inthis case, the direction of impact isnegative. Thus, the selection
of modifiers becomes highly crucial at this stage. Having selected the
modifiers, the next step is to decide the weight and sign to be attached to
each modifier while quantifying itsimpact on theinitial baseline. The sign
of the modifiers should be appropriately considered to target the impact of
the modifier in the desired direction while modifying the initial baseline.
The following step isinvolved in quantifying the impact of modifiers:

Impact of modifiers (Cij) = [1+{Mij / Max (Mij)} xVVj] B

where, M i denotes the data for jth modifier for the it"agro-ecoregion, Max
(M”.) denotes the maximum value of J.th modifier, and W, isthe weight for
jthmodifier.

Modifiers may have positive aswell as negative impact on initial baseline.
Above formulaholdstrue for the modifiers having positive impact. In case
of modifiers carrying negative sign, the direction has to be reversed. This
is done by subtracting the standardized value of modifier (Mij / Max (Mij))
from 1 and then multiplying by weight and the initial baseline. Theimpact
of each modifier is aggregated to get the total impact of all the modifiers.
Using this aggregate impact, the initial baseline is modified by using the
following steps to get the final baseline.
k
Adjusted baseline (Di) = B, + Z Cij
i=1 n
New priority distribution or final baseline (Ei) = (Di/ 3 Di )*100

Priority Setting by Commodity

The relative emphasis on different agro-ecoregions based on the final
baseline varies considerably from the relative priority ranking based on
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value of production (VOP) aone. The shifts in relative emphasis among
different regions haveto betrandlated in termsof priorities of commodities
in every agro-ecoregions. Thisis achieved by adjusting the VOP of each
commodity in each agro-ecoregion. The factor for adjustment (for each
agro-ecoregion) is the ratio of the final baseline and VOP. The adjusted
VOP isused for arriving at commodity priorities in an agro-ecoregion or
aggregate priorities for all the agro-ecoregions.

Since datafor all the modifiers by agro-ecoregions were not available, the
research prioritization amongst different agro-ecoregions was done using
extensity parameters only. Although this is a limitation, one should not
expect major changesin results, asthe aggregateimpact of al themodifiers
(deviation between final and initial baselines) in the country-level analysis
was less than 2 percentage points for a country. The parameters for
prioritization and weighting schemes were decided on the basis of the
information provided by the NARSs. The value of production was computed
using international prices, with adjustmentsfor freight charges. Thefreight
chargeswere added to theinternational prices under importable hypothesis,
and subtracted under exportable hypothesis. Transport cost within theregion
could not be considered because of non-availability of data. For
internationally non-traded commodities, the domestic prices of larger-
producing country(ies) were taken after converting them into US dollars.
For this purpose, exchange rates reported by the International Monetary
Fund were used. Necessary datafor thisexerciseweretaken from FAOSTAT
and other published sources® for the period 1997 to 1999, and the analysis
is based on the triennium average.

Agro-ecoregion and commodity priorities

The modified congruence model gives priorities by commodities and agro-
ecoregions. This priority matrix can be used to arrive at different priority
dimensions, such as AER priorities (sum over commodities by AERS),
commodity priorities (sum over AERs by commaodity) or commodity group
prioritiesfor theregion (sum over commoditiesand AERS). Inthisexercise,
AER priorities, and commodity prioritieswithin and across AER have been

8 Research Councilsin the region a so provided some information, which is acknowledged
with thanks.
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discussed here. For the benefit of national programs, commodity priorities
by countries have also been presented. The ‘priority score’ isthe share of
acommodity/group or AER/country in 100 (per cent), and therefore, higher
the score, higher is the priority. The national systems can use the priority
matrix for alocation of resources across commodities or AERs. Fund
facilitators can also use the priority matrix to track priority AER and
commodity or vice versa. Sinceidentification of research prioritieswasthe
maj or objective of thisexercise, we havefocussed on AER and commodity
priorities.

The AER priorities in South Asia are shown in Table 8. As noted earlier,
the ISH, SA and HRH are the three top priority AERs in South Asia. The
efficiency objective can be better addressed by focusing on ISH and HRH,
but for poverty alleviation, HRH and SA are moreimportant. Sustainability
issues are equally important in these AERs, athough factors affecting
sustainability may vary. For example, it could be depletion of groundwater
and soil nutrients in the 1SH, whereas soil erosion due to water may be
moreimportant for the other two regions. Amongst the three smaller AERS,
the SHC and SCAM are more important from the points of view of
productivity and poverty.

The priority commodity groups (among 91 commodities) in South Asia
(Tables9 and 10) werefound as cereal s, livestock, horticultural crops (fruits

Table 8. Agro-ecoregion prioritiesin South Asia

(Percentages)
Agro-ecoregion Valueof Distribution Arableland Initia
production  of poors distribution baseline
Hot arid (HA) 291 24 74 4.2
Semi-arid (SA) 25.40 25.0 38.1 29.2
Irrigated sub-humid (1SH) 28.59 238 19.8 238
High rainfall humid (HRH) 26.63 38.8 25.7 30.1
Sub-humid to humid coasts 10.36 4.7 5.7 6.9
(SHC)
Sub-humid to cold arid 6.11 5.3 34 4.9
mountains (SCAM)
All agro-ecoregions 100 100 100 100

27



Table 9. Priority score of commodity groups by country in South Asia

Commaodity Bangla Bhutan India Ma- Nepa  Paki- Sri South
group desh dives stan Lanka Asa
Cereds 60.4 222 35.2 0.0 55.4 219 20.3 3525
(109) (01) (7780 (0.0) (27 (81 (0.5 (100)

Roots & tubers 20 4.2 2.7 0.0 49 0.6 14 243
(5.3) (02 (8720 (0.0) (35 (330 (05 (100)

Pulses 2.0 0.0 51 0.0 33 2.2 0.2 4.45
(29 (00) (89.4) (000 (1.3) (6.4) (0.0) (100)

Oilseeds 1.4 0.2 5.8 0.0 0.4 1.0 0.2 471
(2.8) (0.0) (953) (0.0) (01 (27 (0.0) (100)

Vegetables 1.2 85 6.1 0.0 0.0 2.6 4.7 5.22
(15) (02) (91.0) (0.0) (0.0) (66) (0.7) (100)

Fresh fruits 4.8 39.7 10.0 1.7 25 7.3 17.8 9.25
(33) (05 (839 (0.0) (05 (103) (16) (100)

Dry fruits 0.0 0.0 0.1 0.0 0.0 1.9 0.2 0.35
(0.0) (0.0) (28.7) (0.0) (0.0) (708 (0.4) (100)

Cash crops 51 0.4 9.9 0.0 2.4 18.7 1.1 1053
(31 (0.0) (733) (0.0) (04) (231) (0.1) (100)

Livestock 14.1 24.7 17.6 0.0 26.0 40.4 89 20.46
44 (01) (6720 (0.0) (22 (258 (0.4) (100)

Plantation 3.0 0.0 5.2 0.0 1.2 1.8 395 4.82
(399 (00) (841 (0.0) (04 (49 (66) (100)

Fish 5.8 0.2 2.3 98.3 39 1.6 5.6 2.54

(146) (00) (721) (05 (26) (84) (L8 (100)

All commodities 100 100 100 100 100 100 100 100
(6.3) (0.1) (780) (0.00 (170 (13.00 (0.8) (100)

Note: Figuresin parentheses are priorities of acommodity group across countries.

and vegetabl es), cash crops and plantation cropsin that order. Cerealswere
more important in all the AERs, but their priority score was 41 in the |SH
and 51 in the HRH ecoregions. Livestock has been found important in all
the AERs, but it got very high priority score in the HA (41) and SCAM
(29), whereas fruits, cash crops and plantation crops were priority
commoaditiesfor the SA, ISH and SHC systems, respectively. These priority
scores were obtained using importable hypothesis for foodgrains, cotton
and sugar, as these were not regularly exported from South Asia. For
commodities under regular exports, such as jute, rubber, tea, coffee, etc.,
exportable hypothesis was used. In the second scenario, exportable
hypothesis was also considered for foodgrains, cotton and sugar. Results
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Table 10. Priority score of commodity groups by agro-ecoregionsin South Asia

Commodity Hot Arid  Semi-Arid Sub-Humid Irrigated High Sub-  South
group Agro- Agro- to Cold Sub- Rainfal Humidto Asa

ecoregion  ecoregion Arid Humid Humid Humid

Mountain Agro- Agro- Coastal

Agro- ecoregion ecoregion  Agro-

ecoregion ecoregion

Ceredls 18.3 20.0 24.6 411 50.7 259 35.05
(1.5) (14.5) (4.3 (33.5) (38.5) (7.6) (1200)
Roots & tubers 0.7 21 38 2.0 3.7 0.3 2.40
(0.9 (22.6) (9.6) (24.4) (41.4) 1.1 (200)
Pulses 6.9 9.7 0.4 32 25 11 4.39
(4.6) (55.8) (0.6) (21.2) (15.2) 2.7 (200)
Oilseeds 10.8 8.1 0.8 45 21 38 4.65
(6.8) (44.4) 1.1 (27.5) (119 (8.4 (1200)
Vegetables 42 48 44 37 72 5.7 5.19
(2.3 (23.5) (5.2 (20.5) (37.1) (11.4) (100)
Fresh fruits 5.8 149 8.9 5.7 53 171 9.29
(1.8) (40.7) (5.9) (17.5) (15.2) (19.0) (100)
Dry fruits 6.3 0.0 13 0.0 0.0 0.9 0.36
(51.7) (0.0) (23.0) (0.0) (0.0) (25.3) (1200)
Cash crops 15 127 15 18.2 55 4.6 10.51
(0.9 (30.7) (0.9 (49.5) (14.0) (4.5) (200)
Livestock 40.7 217 29.2 19.3 195 12.0 20.44
(5.8) (27.0) (8.7 (27.0) (25.4) (6.1 (1200)
Plantation 04 43 242 12 11 184 511
0.2 (21.3) (29.0) (6.7) (5.5) (37.3) (100)
Fish 43 17 0.9 10 24 10.3 2.60
(4.9) (16.3) (2.1) (113 (24.2) (41.2) (100)
All commodities 100 100 100 100 100 100 100

Note: Figuresin parentheses are priorities of acommodity group across agro-ecoregions.

under both the scenarios (Fig. 3) showed only marginal differencesin the
priority scores. The priority score of cereals and cash crops decreased
marginally under the exportable hypothesis, whileitimproved for livestock.
But considering substantial increase in demand for food in South Asiaand
its implications on food insecurity (Pinstrup-Andersen et al., 1997; and
Paroda and Kumar, 2000), we have subsequently discussed the results of
the importable hypothesis also for these commodities.

The priority scores of individual commaodities, as given by the modified
congruence approach, were used to classify commoditiesinto high, medium
and low priority commodities individually for each AER (Table 11).
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Fig. 3: Commadity priority scorein South Asia

40
351 Importable hypothesis ||
Exportable hypothesis
30+ 4/
S
g
o]
§ 2177
2
S 15t
&
10V VA o
7' VA
SV ; 77 77
0 . . . . . /. . . EE;I El%g.
P S %9\@ S &3& SR
® ‘\\& < é\‘\ & & by N 6‘\
W c,&\ & KL A RS
Q&
Commodity

Commaodities not covered in thistablewere of very low priority (scoreless
than 2). As seen from Table 11, except for the HA, rice is a high priority
commodity in al the AERs, while wheat is a high priority commodity in
the HA and ISH, and of moderate priority in the SCAM and the HRH.
Small ruminants, oilseeds and pulses are of high priority commaodity inthe
HA and SA, whereas milch animals are of high priority in all the AERS,
exceptinthe SHC. All fruits, in general, are of low priority in all the AERS,
except bananain the SA and SHC.

Futuristic Considerations. Sensitivity Analysis

The modified congruence analysis, which assumes constancy of relative
shares of commaoditiesor agro-ecoregions, can beastarting point for research
prioritization. But the results need to be adjusted for expected changesarising
from unfolding of growth opportunities, research capacity and challenges
of globalization. But consideration of these changes requires additional
data and detailed analysis. We have considered the growth opportunities
by modification of baseline prioritieswith the growthin AgGDP. A similar
modification of the baseline with the number of agricultural scientists has
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Table 11. Priority status of commaodities by agro-ecoregion in South Asia

Agro-ecoregion High priority Medium priority Low priority
(priority score>7) (priority score (priority score
between4and7)  between 2 and 4)

Hot Arid Agro- Goat, wheat, Chickpea, Rice, inland fish,
ecoregion millets, cattle, rapeseed, poultry

buffalo dates, sheep
Semi-Arid Banana, rice, Chickpea, Sorghum, beans, orange,
Agro-ecoregion cattle, buffalo groundnut, cotton,  pulses, mango, poultry

sugarcane, tobacco

Sub-Humid to Rice, tea, cattle  Wheat, maize, Potato, apple, tobacco,
Cold Arid Mountain buffalo, sheep, poultry
Agro-ecoregion goat
Irrigated Rice, wheat, Cattle Rapeseed, potato,
Sub-Humid cotton, sugarcane, orange, goat
Agro-ecoregion buffalo
High Rainfall Rice, cattle Wheat Potato, banana,
Humid sugarcane, jute, inland
Agro-ecoregion fish, buffalo, goat, poultry
Sub-Humid to Rice, banana, Coffee, rubber Coconut, mango,
Humid coastal tea, marine fish sugarcane, buffalo,
Agro-ecoregion poultry, cattle
South Asia Rice, wheat, Banana, cotton, Tea, tobacco, potato,

cattle sugarcane, buffalo  chickpea, poultry, goat

also been attempted to capture research capability of the NARSS® . However,
somemajor changes are expected to emerge because of trade liberalization;
these could beincome and priceimpacts, affecting food demand, and effect
on trade depending upon competitive advantage. These effectsare of greater
consequence and hence must beincorporated in the analysisand theresults
should be examined for their sensitivity. However, implications of
competitive advantage on agricultural research can be best captured at micro-
level (research programsand projects) research prioritization, and therefore,
these have been considered in the next section. Incorporation of changesin
demand for commodities at the macro-level (commodity or ecoregion) is
important because ensuring food security is one of the main objectives of
NARSsin theregion.

9 Please note that these modifications are done for the country-level analysisand not for the
agro-ecoregion level.
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Empirical studies have indicated significant changes in the demand for
agricultural commodities (Pinstrup-Andersen et al., op cit.; Paroda and
Kumar op cit). The demand projectionsfor foodgrainsinclude food aswell
feed demand. Expected changes in the demand are likely to affect prices
and output of commaodities and therefore this can be best captured by
modification of the VOP. The VOP of acommodity was adjusted with the
expected growth in its demand in the region (Figure 1b). Since research
and extension lag is about 8-11 years (Davis et al., 1987), the growth was
extrapolated over aperiod of 10 years'°. Thisadjustment inthe VOPimplies
that the commodities with higher expected growth in the demand should
get high priority.

The adjusted V OP thus obtai ned along with the parameters of sustainability
and equity was used for another iteration of the analysis. Theresuilts, given
in Table 12, indicate that there was anoticeableincreasein priority score of
horticultural and livestock commodities, whereas cereals registered a
significant decline in their priority score in South Asia. Cash crops and

Table 12. Sensitivity analysis of commaodity prioritiesfor South Asia

Commaodity group Base scenario Priorities with VOP

adjusted with growth
in the demand

Ceredls 35.25 31.67

Roots & tubers 243 2.39

Pulses 4.45 4.31

Oilseeds 4.71 4.61

Vegetables 5.22 5.84

Fresh fruits 9.25 10.24

Dry fruits 0.35 0.38

Cash crops 10.53 9.97

Livestock 20.46 23.10

Plantation 4.82 4.56

Fish 2.54 292

Y, (1+r) where Y is VOP in the base year, r is expected growth in the demand and t is
time period.
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plantation crops also showed a moderate decrease in their priority scores,
while other commaodities showed no significant change. It may be noted
here that in this sensitivity analysis we are making changes in the relevant
parameter carrying one-third weight. Therefore, one should not expect
drastic changes in the priority scores, unless weight are also changed
significantly. Itisimportant to mention herethat these resultson commodity
priorities are only indicative in nature and some degree of scientific
judgement need to be applied to capture other relevant external factorsand
opportunities (including chances of research success) in setting research
priorities at the micro-level.
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5. PRODUCTION CONSTRAINTSAND GROWTH
OPPORTUNITIES!!

Production constraints

Having identified the ecoregion and commodity priorities, the next logical
step isto trand ate these commodity prioritiesinto research programs. This
needsidentification and prioritization of production constraints (for priority
commodities or production systems), and incorporation of growth
opportunities and scientific feasibility. A survey of the available studieson
the topic provides a fairly good understanding of the generic production
constraints in the various AERs (Table 13). These production constraints
are further classified into three categories. (a) natural resource-related
constraints, (b) other technical constraints, and (c) socio-economic
congtraints (see Annexure). I nadequacy of datadoes not permit usto analyse
relative importance of these three types of constraints, but as felt by
participants of the expert consultation and reported in some studies, these
constraints did cause significant production losses. For example, abiotic
stresseslike drought and submergence, caused significant production losses
of riceintheeastern India(Evenson et a ., 1996). Decreasing profitsbecause
of high capitalization of production systems and depletion of natural
resources, particularly groundwater, are serious binding constraints in the
I SH ecoregion (Fugisakaet al., 1994; and Roy and Datta, 2000). Production
environment isbecoming more hostilein the Arid and Semi-Arid ecoregions
and opportunities for employment and income growth are less (Ryan and
Spencer 2000). Diversity of production systems, low infrastructure
devel opment and technol ogy penetration, lack of markets, labor migration,
etc. are major constraints to development of hill and mountain agriculture.
Livestock, which is important to smallholders and landless Iaborers for
generation of employment and incomein all the ecoregions, is constrained
by a number of factors, such as poor nutrition due to non-availability of
feed and fodder, high incidences of diseases and less developed markets
and other infrastructure facilities (Devendraet al., 2000). Production losses

1 Thisand the next section broadly summarize recommendations of the sub-groupsformed
during the expert consultations.
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due to socio-economic constraintsin al the ecoregions and sub-sectors of
agricultureare aso significant but difficult to estimate. A systematic strategy
to address all these constraints successfully through harnessing scientific
opportunities should guide further prioritization of research programs for
various AERs.

Growth opportunities

Assessment of growth opportunities through application of science is a
difficult task, but some judgement can be made using demand side
considerations, clients' needsand scientific opportunities (Table 13). There
are a number of areas having tremendous growth potential and filling
technology gap in these areas would help tap this potential. The value
addition in agricultural products through agro-processing has not received
due attention in South Asia so far. Considering the extent of post-harvest
losses, particularly in fruits, vegetables and other perishables, the scopefor
value addition, income supplementation, and employment generation is
enormous. Their collective impact on poverty alleviation would be
substantial. However, it requires aclose collaboration with the private sector,
largeinvestmentsininfrastructure and detail ed study of the market demand.
Similarly, forestry and agro-forestry offer immense possibilitiesfor growth
with sustainable development. However due to paucity of information, it
has not been possible to make adetailed quantitative analysis and articul ate
opportunitiesin this areain this document. Nevertheless, rehabilitation of
forests, protection of biodiversity and environment, interactions between
forestry and agriculture, market development for non-timber and minor
forest products, agro-forestry development, etc. were considered to be high
impact areas.

Another growth opportunity could be the management of rainwater in water
deficit areas such as the arid and semiarid ecoregions. There is a need for
further refinement and management of technologies and approaches for
harvesting and use of water like watershed management. Adoption of these
technologies requires group or community action and therefore, educating
the community on this aspect would facilitate rapid adoption of these
technologies. Diversification towards employment and income generating
activities like livestock and horticulture requires adequate technol ogical
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Table 13. Major production systems, problems and opportunities by agro-ecoregion

Hot Arid, and Semi-Arid
Agro-ecoregions

Irrigated Sub-Humid
Agro-ecoregion

High Rainfall Humid;
and Sub-Humid to Humid
Coastal Agro-ecoregions

Sub-Humid to Cold Arid
Mountain Agro-ecoregion

Production Systems

Characteristics
and constraints

Opportunities

Coarse cereals-based; cotton-
based; oilseed (groundnut and
soybean)-based; rice and
sugarcane-based in irrigated
aress, livestock;

horticultural crops

Risky environment

Erratic and scanty rainfall

Drought-prone

High incidence of poverty

Land degradation, salinization

and deterioration of soil health

« Low productivity and high
yield losses

« Lack of opportunities for

income generation

Diversification of systems
Soil and water management
Market integration
Biotechnology tools and inte-
grated pest management (1PM)
for control of biotic stresses

Rice-wheat; cotton-wheat;
sugarcane-wheat; maize-
wheat; buffalo for home
dairy; commercial meat
and dairy

« High productivity but
low profitability of
cereal systems

« High and overcapitalized
mechanization

* Highlevelsof input- use
but low input-use efficiency

* Relatively low levels of
agro-ecoregion diversity

* Sdt-affected areas

« Groundwater depletion,
soil erosion and exhaustion
of past sources of
productivity growth
(vaerieties, fertilizers)

« Diversification of systems-
livestock

*  Soil and water
management- zero tillage

« Precision farming

e IPM

¢ Market integration

Unfavourable, rainfed, flooded:
Rice-pul ses/oil seeds/minor grains;

rice-jute; rice-fish/freshwater prawn;

Favourable irrigated:

Rice-rice; rice-wheat; rice-vegetables;
rice-wheat; rice-vegetables; rice-fish;

horticultural and plantation crops;

brackishwater shrimp and fish; open

water culture-based fishery; crop-

livestock systems (Bengal goat)

* Low level of productivity and
large yield gaps

* Excessand deficit water regimes,

and contamination of arsenic

¢ Soil degradation and erosion

« Biotic and abiotic stresses

« Poor infrastructure and transfer
of technology

* Fragmented small holdings

* Undeveloped markets, low
industrialization

« High incidence of poverty

¢ Proneto natural disasters-
drought, flood, cyclones,
risein sealevel

Diversified systems

Dry season cereals (boro rice)
Aquatic system development
Market integration
Biotechnology tools and IPM
for control of biotic stresses

¢ Livestock development

High rainfall, water management

L ow (3000-5000 feet) and mid
(5000-8000 feet) heights:
Rice-wheat; rice-potato; maize-
potato; horticultural crops; trees
(fodder and fuel); cattle, buffalo,
sheep, goat, poultry

Upper (>8000 feet) heights:
Sheep, goat, horticulture,
forestry, medicinal plants

« Diverse production systems
because of differencesin
altitudes, slopes, sails, etc.

 Poor infrastructure and low
technology transfer

* Water-excess and deficit

* Soil erosion and loss of
bio-diversity

« Deforestation

« High post-harvest losses

¢ Jhum cultivation

« Highincidence of poverty
and labor migration

» Post-harvest processing and
value addition

« Potential for off-season
vegetables, fruits and
plantation crops

« Aquaculture, bee keeping, flo-
riculture and seed production

» Livestock

» Ecoturism

Source: Based on and literature survey and discussion during the workshop



and infrastructural support. In particular, their linkages with crop sector
should be properly understood and exploited for complementarity. Advances
in molecular biology and biotechnology can help in identification and
utilization of toleranceto various abiotic and biotic stresses, besides making
improvementsin shelf-life and quality of products. Biotechnology can also
play a significant role in organic farming. With the application of these
tools it would be possible to reduce the time lag between research and
technology development and the devel opment of improved plant varieties
and animal breeds. It would a so increase chances of successful research.
However, utilization of these frontier sciences and knowledge-intensive
technologies needs higher capital investment, inter-institutional linkages,
effective regulatory mechanism and delivery system. Diversification of
production systemsthrough promoting livestock, fishery, bee keeping and
horticulture, and its integration with marketing system would offer novel
opportunitiesin the region.
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6. RESEARCH PRIORITIES AND STRATEGY

Research priorities

Currently, no formal research prioritization techniquewas applied to identify
the system-specific research priorities because it has enormous cost, (time
and resources) and data requirements. The prioritiesare ssimply ‘ consensus
judgements’ of the expert groups. These groups had, however, used the
following systematic processes and objective criteria to arrive at these
priorities: Firstly, the root cause analysis was carried out to find the major
production constraints and the emerging research issues were examined
along with research gaps and opportunities. Secondly, the emerging issues
were further subjected to their likely impact on improving the efficiency
and sustainability of production systemsand alleviating the food insecurity
and poverty. Thirdly, the comparative advantage of the region and chances
of research success or scientific feasibility were considered.

The identified priorities for various agro-ecoregions in South Asia are
given in Table 14. These priorities are broad-based and depending upon
the specific requirement, one may further rework on these priorities and
develop executable and locally relevant research programs. The fund
facilitators may find these generic priority areas adequate to channel
research grants, but individual organizations of the NARSs in the region
may further fine tune these priorities for developing their own focussed
research agenda.

The conservation of natural resources (land water and germplasm) is
extremely important and the priority AERs are: the Arid, Semi-arid, and
Irrigated sub-humid. Research issues relating to the rice-based production
systems in the HRH region assume high priority because of their likely
impact on poverty aleviation. Socio-economic research issues relating to
efficient organization of production including agro-processing, sustainable
use of resources, risk management, transfer of technol ogies and integration
of markets, are extremely important for all the AERs.

Another way to ook at these research prioritiesisto arrange them by sectors
as depicted in Table 15.

38



Table 14. Agricultural research priorities by agro-ecoregion in South Asia

Hot Arid and Semi-Arid ecoregions of
South Asia

High Rainfall Humid; and Sub-Humid to
Humid Coastal Agro-ecoregions

1. Water management and water-use efficiency

U1 e e o o

e e ) e o o

Improved water harvesting and watershed
management

Drought escape and resistant crops; short
duration, water efficient crops

Improved water-use efficiency (sprinkler,
fertigation) and pricing policy
Diversification of income sources
Diversification of agriculture (crop,
livestock, fishery, horticulture, agro-forestry)
Introduction of high value crops
Post-harvest processing and value addition
Dual purpose crops (food & quality fodder,
feed)

Small scale mechanization

Solar and wind energy utilization for cost
reduction

Soil Health and Fertility

Incorporation of legumes in cropping
systems

Breeding cultivars for efficient nutrient use
Integrated nutrient management including
organic recycling

Markets and Policy

Policies to promote access of poor small
holders to markets

Role of private sector in marketing

Identify new markets for products

Market intelligence (information)

Risk management

Low Productivity Needing Effective
Technology Development and
Dissemination

Seed and resource management technol ogy
delivery systems

Quality and value addition through genetic
improvement

Biotechnology to reduce yield losses
Thrust on hybrid research

IPM systems for important crops
Land-Use Planning

Land-use policy

Integrated planning for soil, water, crop-
livestock management

Institutions for conflict management among
land users

Develop and apply GI S techniquesfor land-
use planning

Insurance and early warning systems

1. Genetic | mprovement

*  Conservation and utilization of biodiversity

»  Abiotic and biotic stress tolerance varieties

e Nutrition improvement

2. Diversification

e Short-duration rice and wheat (to incorporate other
crops)

*  Establishment of legumes and oilseedsin the system

*  Incorporation of coconuts and bananasin small farm
systems

e Vegetables, tubers, flowers and other horticultural
crops

e Farming systemsinvolving crops and animals (cattle,
buffalo, goat (black Bengal goat), poultry and fish)

*  Incorporating winter maize in the cropping system

*  Rice-based farming

* Ricefalowsto be used for pulses, groundnut, lentil,
soybean

3. Improving Competitiveness

e Improving production, quality and processing

efficiencies

*  Post-production management, drying, storage and
marketing

»  Low energy input rural/community-based processing
and storage technology

»  Establishment of cooperative village industries
e Market development in the context of new trade

regimes

Rural credit supply

Risk management
. Water Management
Promoting water users associations
Pricing — for efficient resource allocation
Water-use efficiency through crop management,
efficiency of inputs in integrated farming and
popularizing concepts of IPM, INM, IWM
Soil Management
Zero tillage and small farm mechanization
Soil amendment
Coastal reforestation and mangrove rehabilitation/
restoration
e Species and systems that promote natural resources

management
6. Agquaculture and Aquatic Systems Management:
Inland

e Polyculture (composite culture) of finfish in pond
systems- genetic diversity and feeding and healthcare
for more intensive culture of fish and crustaceans
Deepwater rice-fish/freshwater prawns
Integrated fish farming
Open water culture-based fishery
Coastal aquaculture
Marine shrimp farming¥a sustainability improvement
Health management; feed and nutrition using farm-
made, low-cost formulations; resource efficient
hatchery and seed distribution systems; pond effluent
management
e Crab culture and ornamental fish

o o o e o

e o o (n

e o o o o

Note: Research themes and priority areas for the Hot Arid, Semi-Arid ecoregion of South Asiaarein order
of their priority ranking.
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Table 14. contd...

Irrigated Sub-Humid Agro-ecoregions

Sub-Humid to Cold Arid Mountain Agro-ecoregion

1

Wate-use efficiency

Water user associétions to foster

O Equitable use within systems

0 Cana maintenance

O Pricing

Practices for plot level water-use efficiency
0 Land levelling implements, training

O Aerobicricevarietiesfor rice-wheat system
O Alternative rice establishment practices

O Wet-dry irrigation practices

0 Zero tillage in wheat

0 Drip and sprinkler irrigation

Control of soil degradation

Reclamation of sodic lands

More diverse crop rotations, including those
with legumes, sugarcane, fodder crops to
improve land quality

Alternative household fuel sources to alow
farm yard manure to be used for soil
improvement

Leaf color charts to improve nitrogen-use
efficiency

Zero tillage for timely sowing to improve
nitrogen-use efficiency

Control of pests and weeds

IPM in rice, cotton and sugarcane systems
Host plant resistance for crop biotic stresses
Zerotillageand bed system for integrated weed
management strategiesfor Phalaris control in
wheat systems

More diverse agro-ecosystem for natural
management of pests, diseases and weeds
Post-harvest management

Varieties with high quality

Straw treatment and management

Improved threshing implements

Increasing crop yields

Crop varieties for higher yield potential
Improve input use efficiency, stress on
precision farming

Diversification of the systems

Incorporation of legumes in the rice-wheat
system

Focus on commercial
horticulture sectors

Small scale mechanization
Mechanization of rice plantation

livestock and

w

Common issues
Conservation of soil and water
Conservation and utilization of biodiversity
Animal health and management
Post-hervest processing and management
Strengthening research system and capacity
Issues relating to empowerment of women,
labor migration and market integration
Conservation and improvement of forestry
Cold water fish culture
Strengthening of seed system
Ecoturism
. Low height (3000-5000 feet)

IPM in crops

Off-season vegetables and mushroom

production

Small farm mechanization

Promote agroforestry and bee keeping
. Mid heights (5000-8000 feet)
Improvement of horticulture and orchards-
IPM, INM, root stock and plant propagation
Improvement of medicinal and aromatic
plants
Promote agroforestry, bee keeping and tea
plantation
Upper heights (>8000 feet)
Conservation and use of medicinal plants
Tropical fruits
Improvement of horticulture and orchards-
IPM, INM, root stock and plant propagation
Packaging of fruits
Develop sheep and rabbit farming

Source: Recommendations of the working groups made during the workshop.
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Table 15. Agricultural research priorities by sector

Sector

Priority research themes

1. Crops

2. Horticulture

3. Livestock
including
poultry

1

Crop varieties for

¢ toleranceto abiotic and biotic stresses

¢ Improving crop yield ceilingsin irrigated areas

¢ Better product quality, nutrition and value addition
¢ Dua purpose (food and fodder) crops

Short duration varieties of rice and wheat to incorporate
other crops, especially legumes in cropping systems
Diversifying the production systems

Improving input-use efficiency through ICM, IPM, INM,
precision farming, etc.

Improving cropping systems for higher yields, pest
management, natural resource conservation, and
integration with livestock and trees

Sustainable seed and technology transfer systems

Small farm mechanization

Post-harvest handing, value addition through
processing and storage

IPM and INM in orchards, vegetables and floriculture
Improving root stocks and rapid plant propagation
ethodsin fruit trees

Integrated management for off-season vegetables,
flowers and peri-urban cultivation

Varieties for better quality, nutrition, shelf-life
and suitable for processing

Protected cultivation of vegetables and flowers
Development of arid (hot and cold) horticulture

Technological options for sustainable

crop-livestock systems

Improving nutrition through

¢ Quality of crop residues and removing anti-
nutritional factors

¢ Strategic supplementation

¢ |Improved varieties of fodder crops and feed balance

Animal health

+ Epidemiology, diagnosis and vaccine production of
major diseases based on biotechnology

¢ Disease-nutrition interactions

¢ Genetic resistance to major diseases

Characterization and improvement of local breeds

through selective breeding

Factors influencing adoption and impact of improved

technologies

Market development, product processing and

biosafety of products with focus on smallholders

Sacio-economic and environmental impact of crop-

livestock systems, including pastoral systems.
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4. Fisheries

5. Forestry

6. Natural
resource
management

7. Socio-
economics

Coastal

1

2.

3

Sustainable management of coastal systems and marine
protected areas

Sustai nable management of marine shrimp farming
(feed, nutrition, health and seed distribution),

including effluent management

Crab culture and ornamental fish

Inland

4,

5.

6.
7.

8

Genetic improvement for growth enhancement
and disease resistance

Fish health management, particularly for intensive
culture of fish and crustaceans

Deepwater rice-fish/freshwater prawn

Integrated fish farming, and open water culture-
based fishery

Cold fish water culture

General

9.

Post-harvest issues, and biosafety of seafood products

10. Socio-economic issues, environmental impact analysis

SN -

o Uk w

= o~

and institutional issues of aguatic resources

and aguaculture

Sustainable management of second-growth forests
Inventorying, evaluation and development of
forest resources

Tree and forest health management

Promotion and management of agro-forestry
Improvement of medicinal and aromatic plants
Market development for non-timber and minor
forest products

Policy and institutional issuesin management of forests
Ecoturism and landscape forestry

. Conservation of genetic (crop, livestock, fish, treg),

water and land resources

Improving efficiency in distribution and use of irrigation
water (policy, technology and institutional issues)
Technological and institutional options for harvesting
and use of rainwater (e.g. watershed management)
Sustainable land-use, organic recycling and soil
fertility management

Reclamation of degraded/sodic lands, control/
management of saline and arsenic contaminated water
Poverty mapping and investment priorities

Market integration and trade liberalization with focus
on smallholders

Risk management

Empowerment of women and labor migration

Policy and institutional aspects of agricultural R&D

Source: Recommendations of working groups formed during the expert

consultations.
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The research areas, priority agro-ecoregion and partnership are given in
Box 3. The broader priorities pertain to five important themes:

Box 3. Areas of common interest and partnership

Research area

Priority agro-ecoregion

Partnership

Poverty mapping and
investment priorities

Improving water -use
efficiency

Semi-Arid; High Rainfall

Humid; Sub-Humid to
Cold Arid Mountains

All ecoregions of South
Asia

NARS (public), IARCs

NARS (public and non-
profit private), IARCs

Reclamation/ Irrigated and coastal NARS (public)
management and use  ecoregions of and IARCs
of saltaffected soils South Asia

and saline water

System diversification Hot Arid, Semi-Arid NARS (public and

ecoregions private), IARCs
Animal health and All ecoregions of NARS, IARCs, private
nutrition South Asia
Commercialization and All ecoregions of NARS (public and
post-harvest processing South Asia private), IARCs
Market integration and  All ecoregions of NARS (public), private
trade liberalization South Asia sector, IARCs
Sustainableseed and  All ecoregions of NARS (public and
technology systems South Asia private), IARCs

Hot Arid; Semi-Arid;
High Rainfall Humid;
Humid Coastal

Risk management NARS (public), IARCs

(i)  Assessment of poverty in the region is a matter of concern for all.
Intensive efforts to study the poverty, its mapping and assessment of
nature of interventions and investment priorities are to be made.

(i) The management and sustainable use of natural resources
(biodiversity, land and water) is another important priority areafor
all the agro-ecoregions. Efforts are needed to assess and map the
nature and extent of degradation of these natural resources. The study
of technological and institutional interventions for sustainable use
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of natural resources is also important. These research areas are of
‘public good’ nature and therefore public research organizations at
the national and international levelsmay haveto pool their resources
and jointly make efforts to address these research issues.

(iii) Thelivestock, horticulture, fishery and forestry sectors, which have
shown significant growth in the recent past, are yet to be devel oped
fully. Concerted research efforts in these areas would diversify the
sources of income and employment in the region, and can contribute
to alleviation of poverty. It may be noted here that these sub-sectors
areimportant in all the AERs, and therefore, asignificant amount of
economiesof scalein research can berealized if attempted at global/
regional levels. Also, the private sector can be a useful aly in the
R&D in these areas.

(iv) Studies on commercialization of agriculture and integration of
markets would help the countries to compete in the world market.

(v) A good amount of efforts are needed to study the institutional
arrangements for improving farmers’ access to technologies, seeds,
credit, market, etc. Also, there is a need to assess appropriate
institutional arrangements for reducing the impact of risk.
Involvement of private sector (profit aswell as non-profit) for these
purposes and its linkages with public organizations need to be
considered under an institutional perspective.

Resear ch strategy

Theresearch strategy should focus on accel erating agricultural development
through a proper mix of technology, organization and policy options.
Efficient organization of production systems and needed substitution of
knowledge for capital should be the governing forces. Given the intensity
of agricultura research in South Asig, it isindispensableto organizeresearch
effortsefficiently and realize potential synergiesthrough inter-institutional
collaboration based on the principle of comparative advantages. This also
implies fostering effective working linkages with private R&D
organizations. The CGIAR accords high priority to South Asiaand stresses
on regiona integration of research efforts through research collaboration.
The CG Centres can act as facilitators, collaborators and promoters and
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can bring together NARSs for collaboration in research in strategic areas.
There are a number of research networks like Cereals and Legumes Asia
Network (CLAN), Network of Aquaculture Centers in Asia-Pacific
(NACA), Tropical Asian Maize Network (TAMNET), Rice-Wheat
Consortium, and Underutilized Tropical FruitsAsiaNetwork (UTFANET),
operating in the region. This approach needs to be strengthened and
replicated. The NARS-NARS collaboration would be useful in a hnumber
of commaodities like commercia and plantation crops, where international
research efforts are negligible. The SAARC could also play an important
rolein thisdirection.

Thereisaneed for changein research approach, particularly in the national
research programs. The paradigm shift underscores interdisciplinary
research in a system perspective. This may require change in research
planning and implementation, as most of the research organizationsin the
NARSs are established, funded and managed on commaodity/disciplinary
basis. The research-extension-farmer linkages have been a perennial
problem, in spite of introduction of several changes in the system. But
these linkages are critical in research for management of natural resources.
Fostering links with farmers is not only useful for articulating research
needs, but also for assessment, refinement and transfer of technologies.
Experiences gained from the farmers participatory plant breeding programs
can be used to strengthen linkageswith farmers. All such changesin research
approach require greater inputs from social sciences, responsive research
management and effective research evaluation mechanisms.

In terms of research methodology, there are some significant scientific
advancements which need to be harnessed for greater effectiveness and
efficiency of research systems. Application of thetools of molecular biology
for control of yield losses due to biotic and abiotic stresses, reducing post-
harvest losses, shortening R&D lag, maintaining animal health and
improving product quality hold immense potential. Other promising
advancementsare: IPM, IPNM, ICM, watershed management and precision
farming, which arein the early phases of their adoption. Thereisaneed for
tailoring these technol ogies to specific research target domains, as some of
these technol ogies may involve commodity (in case of IPM and IPNM) or
location (in watershed) specificity. Sincethesetechnol ogiesare significantly
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different from the Green Revolution technol ogies (technol ogies embedded
in seed, fertilizer and other inputs), institutional mechanismsfor technol ogy
transfer need to be revamped. The dissemination of specialized information
(such as sail fertility, resource management methods, etc.) should also be
emphasized, besides transfer of technologies embedded in inputs and
imparting skills. In this regard, application of information communication
technology (ICT) assumes greater significance.

Engineering of NARSs including manpower planning, human resource
development, decentralization and research¥.extension¥farmer linkages,
is central to improving research efficiency. Growth-oriented responsive
management includes organization and management reforms relating to
research infrastructure, research prioritization, monitoring and impact
assessment, budgeting, resource generation, rationalization of investment
pattern (allocation and expenditure components), manpower planning,
career advancement, stakehol der management, servicerules, administration,
etc. International support for human resource devel opment and infrastructure
development is shrinking over time, and therefore, NARSs should allocate
adequate resources for these critical activities.

46



7. SUMMING UP

This paper has examined the agro-ecoregion, commodity priorities in the
South Asia. Thisisfollowed by adiscussion on major production constraints
and growth opportunities, which are subsequently used for identification
of priority research themes for each of the agro-ecoregions. The results
indicate the increasing importance of livestock and horticultural sector in
the region, besides continuing emphasis on food crops—rice, wheat and
pulses. Based on growth potential and likely impact of poverty, the humid
ecoregion comprising eastern India and Bangladesh, should be accorded
high priority. Interms of broad research themes, soil and water management,
commercialization and diversification of production systems, market
integration, livestock (including fisheries) health and nutrition, mapping of
poverty, sustainable seed and technology systems are some of the high
priority areas. These priority themes may also be of common interest to al
the stakeholders (IARCs, NARSs, private sector, donors, etc). The NARSs
can usetheseresultsfor resource allocations. Similarly, IARCsand donors
can use broad research areas for directing their resources and developing
linkages with the NARSs. These priority areas could also be used to assess
adequacy of research investments, needsfor human resource devel opment,
information communication initiatives, collaboration and policy support.
Of course, some refinement or modification of these research priorities at
the local levels may be required according to the needs and goals of the
research system.

47



REFERENCES

Alston J. M., C. Chan-keng, C. Marra, P. G. Pardey and D. J. Wyaitt. 2000.
A metaanaysisof returnsto agricultural R&D. IFPRI Research Report
13. Washington: International Food Policy Research Institute.

BARC.2001. A vision for agricultural research. Dhaka: Bangladesh
Agricultural Research Council.

CGIAR (TAC). 1992. Review of CGIAR priorities and strategies (Part 1).
TAC Secretariat, Rome.

Davis, J. S., P. A. Oram and J. G. Ryan. 1987. Assessment of agricultural
research priorities: aninternational perspective. Canberra: Australian
Centre for International Agricultural Research.

Desai, B.M. (ed.). 1997. Agricultural development paradigmfor the ninth
plan under new economic environment. New Delhi: Oxford & IBH
Publishing Co.

Devendra, C., D. Thomas, M. A. Jabbar and E. Zerbini . 2000. | mprovement
of livestock productionin crop-animal systemsin agro-ecological zones
of South Asia. Nairabi: International Livestock Research Institute.

Evenson, R. E., C. Pray and M. W. Rosegrant. 1998. Agricultural research
and productivity growthin India. Research report 109. Washington,DC:
IFPRI.

Evenson, R. E., R. W. Herdt and M. Hossain (eds.).1996. Rice research in
Asia: progress and priorities. Wallingford: CAB International .

FAO (1998-2000). Production year book. Rome.
FAO (1999). Trade year book. Rome.
FAO (2001). FAOSTAT (http://fao.org).

Fujisaka, S., L. Harrington and P. Hobbs. 1994. Rice-wheat in South Asia:
systemsand long-term priorities established through diagnostic research.
Agricultural Systems 40. 169-187.

IMF (2001). International financial statistics. Washington, DC: International
Monetary Fund.

48



ICAR (not dated). Vision 2020. New Delhi: Indian Council of Agricultura
Research.

ICRISAT. 1999. Typology construction and economic policy analysis for
sustainable rainfed agriculture, International Crops Research Institute
for the Semi-Arid Tropics/ Indian Council of Agricultural Research.

Jha, D., P. Kumar, Mruthyunjaya, S. Pal, S. Selvargjan and A. Singh. 1995.
Research prioritiesin Indian agriculture, Policy Paper 3. New Delhi:
NCAP.

Joshy, D. 2001. Agricultural research prioritiesfor Nepal. Paper presented
at the meeting on Agricultural research prioritization for South and
West Asia. ICRISAT, Patancheru, 5-7 July 2001.

Kirtisinghe, D. 2001. Agricultural research prioritization for Sri Lanka.
Paper presented at the meeting on Agricultural research prioritization
for South and West Asia. ICRISAT, Patancheru, 5-7 July 2001.

Kumar, P. and M. W. Rosegrant. 1994. Productivity and sources of growth
for ricein India. Economic and Political Weekly 29: A183-188.

Lenne, J. M. 2001. CGIAR regional integration south Asia region.
Presentation at the meeting on Agricultural research prioritization for
South and West Asia. ICRISAT, Patancheru, 5-7 July 2001.

Pal, S., D. K. Bahl and Mruthyunjaya. 1993. Government interventions
in foodgrain markets: the case of India. Food Policy October 1993:
414-427.

Pandey, S., B. C. Barah, R. A. Villano and S. Pal. 2000. Risk analysis and
management in rainfed rice systems. Phillipines: International Rice
Research Institute.

Paroda, R. S. and P. Kumar. 2000. Food production and demand in South
Asia. Agricultural Economics Research Review 13(1): 1-24.

PARC (not dated). National Master Agricultural Research Plan
(1996-2005), Islamabad: Pakistan Agricultural Research Council.

Pinstrup-Andersen, P, R. Pandya-Lorch and M W Rosegrant. 1997. The
world food situation: recent developments, emerging issues and long-
term prospects, Food Policy Report. Washington, DC: International
Food Policy Research Institute.

49



Razzaque, M. A. 2001. Agricultural research prioritization for Bangladesh.
Paper presented at the meeting on Agricultural research prioritization
for South and West Asia. ICRISAT, Patancheru, 5-7 July 2001.

Roy B. C. and K. K. Datta. 2000. Rice-wheat system in Haryana: prioritizing
production constraints and implications for future research. Indian
Journal of Agricultural Economics. 55(4).

Ryan, J. G. and D. Spencer. 2000. Challenges and opportunities shaping
the future of the semi-arid tropics and their implications.

Saxena, R., S. Pal and P. K. Joshi. 2001. Delineation and characterization
of agro-ecoregions, PME Notes 6. New Delhi: National Centre for
Agricultural Economics and Policy Research.

Seckler, D., U. Amarasinghe, D. Molden, R. de Silvaand R. Barker. 1998.
World water demand and supply, 1990 to 2025: scenarios and issues.
Research report 19. Colombo, Sri Lanka: International Water
Management Institute.

Sehgal, J. L., D. K. Mandal, C. Mandal and V. Vadivelu. 1992. Agro-
ecological regions of India, Nagpur: National Bureau of Soil Survey
and Land Use Planning.

UNDP. 2000. Human devel opment report.

World Bank (2001). World development report 2000/2001. Washington,
D.C.

50



Annexure 1. Commodity Priorities by country

Commaodity Bangla Bhutan India Ma- Nepal  Paki- Sri South
group desh dives stan Lanka Asa
Wheat 2.79 103 967 000 847 1415 000 978
Rice 5757 1271 2190 000 3600 656 2009 2213
Barley 001 09 025 000 033 014 000 022
Maize 000 6.49 118 000 899 080 0.16 117
Millets 0.07 101 09 000 161 012 002 0.78
Sorghum 0.00 0.00 122 000 000 018 000 09
Potato 156 424 206 000 492 061 015 1.85
Sweet potatoes 047 000 012 000 000 001 024 013
Cassava 000 000 053 000 000 000 105 042
Beans 035 0.00 139 000 049 023 024 112
Dry peas 006 000 025 000 000 016 000 021
Chickpeas 024  0.00 211 000 027 135 0.00 1.83
Lentil 070 000 033 000 256 008 000 035
Other pulses 068  0.00 104 000 000 035 000 0.89
Soybean 000 015 o061 000 009 001 000 047
Groundnutinshell 012 000 202 000 000 016 0.07 157
Castor beans 000 000 023 000 000 001 000 018
Sunflower seed 000 000 042 000 000 023 000 036
Rapeseed 081  0.00 164 000 000 046 0.00 1.37
Sesame seed 025 000 029 000 000 010 013 025
Linseed 012 000 006 000 029 001 000 006
Safflower seed 000 000 015 000 000 000 000 012
Copra 008 000 032 000 000 000 000 025
Cabbage 011 000 036 000 000 003 017 029
Tomatoes 013 000 065 000 000 022 019 054
Cauliflower 008 000 043 000 000 009 000 035
Pumpkins, squash, 025 000 039 000 000 016 092 035
Gourds

Cucumbers and 003 000 002 000 000 001 018 002
Gherkins

Eggplants 000 000 059 000 000 004 038 046
Greenchilliesand 0.00 846 003 000 000 0.00 191 005
Peppers

Dry onions 025 000 075 000 0.00 100 042 074
Garlic 018 000 019 000 000 018 000 018
Green beans 005 000 004 000 000 001 012 003
Green peas 000 000 018 000 000 004 000 015
Carrots 000 000 012 000 000 039 040 015
Watermelons 000 000 002 000 000 017 000 004
Cantaloups & 014 000 008 000 000 029 000 012
Oth melons

Other vegetables 0.00 000 224 000 000 0.00 0.00 171
Grapes 000 000 024 000 000 014 000 020
Raisins 000 000 000 000 000 000 000 0.00
Apples 0.00 115 017 000 000 044 000 0.20
Pears 000 000 002 000 000 003 000 002
Peaches 000 000 001 000 000 003 000 o001
Plums 000 000 001 000 000 006 000 001
Oranges 004 3851 091 000 000 370 006 1.28
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Annexurel. Contd....

Commaodity Bangla Bhutan India Ma- Nepa  Paki- Sri South
group desh dives stan Lanka Asa
Tang.mand 0.00 0.00 0.00 0.00 0.00 0.45 0.00 0.07
Lemonsandlimes 002 000 015 000 000 007 013 012
Grapefruit and 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.01
pomelos

Citrus fruit nes 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01
Apricot 000 000 000 000 000 014 000 002
Mangoes 0.33 0.00 1.84 0.00 0.00 0.80 0.64 1.55
Pineapples 022 000 014 000 000 000 037 013
Banana 3.61 0.00 5.50 0.00 0.00 0.27 0.00 4.46
Plantains 000 000 000 000 000 000 1344 0.11
Papayas 0.06 0.00 0.06 0.00 0.00 0.01 0.00 0.05
Strawberry 000 000 000 000 000 000 000 0.00
Almonds 0.00 0.00 0.00 0.00 0.00 0.47 0.00 0.07
Pistachios 000 000 000 000 000 000 000 0.00
Cashewnuts 0.00 0.00 0.11 0.00 0.00 0.00 0.18 0.09
Walnuts 000 000 001 000 000 006 000 002
Dates 0.00 0.00 0.00 0.00 0.00 1.36 0.00 0.20
Other fruits 045 000 0.89 175 253 115 317 095
Seed cotton 0.36 0.00 3.49 0.00 0.00 12.62 0.00 4.55
Sugarcane 180 041 589 000 217 6.00 107 554
Sugarbeets 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
Green coffee 000 000 052 000 000 0.00 106 041
Cocoa beans 0.00 0.00 0.01 0.00 0.00 0.00 0.27 0.01
Tea 156 000 212 000 044 000 3323 1.98
Tobacco leaves 141 0.00 212 0.00 0.74 1.82 1.40 2.00
Jute & jute-like 299 000 052 000 023 000 000 059
fibres

Natural rubber 003 000 043 000 000 000 35 036
Beef and veal 346 15.66 2.50 0.00 4.84 3.80 2.03 2.80
Buffalo meat 0.01 000 029 000 135 068 004 034
Mutton and lamb  0.09 0.00 0.58 0.00 0.44 431 0.00 1.09
Goat meat 364 0.00 118 000 519 762 023 236
Pigmeat 0.00 0.46 0.15 0.00 0.23 0.00 0.03 0.12
Poultry meat 186 000 076 000 093 334 376 124
Cow milk, 1.13 5.48 4.35 0.00 2.33 3.40 127 3.9
whole fresh

Buffalo milk 0.03 0.57 4.83 0.00 530 1181 0.41 553
Sheep milk 007 000 000 000 022 009 000 002
Goat milk 1.93 0.00 0.41 0.00 0.42 0.59 0.04 0.53
Hen eggs 050 000 055 000 039 053 074 055
Wool, greasy 0.03 0.00 0.12 0.00 0.15 0.84 0.00 0.22
Cattle & 0.61 2.48 161 000 355 139 039 154
buffalo hides

Sheepskins 002 000 009 000 010 067 000 017
Goat skins 0.75 0.00 0.22 0.00 0.58 133 0.00 0.42
Inland fish 503 024 120 054 068 053 0.65 134
Marine fish 0.81 0.00 115 9771 3.18 1.09 4.99 1.19
Tota 100 100 100 100 100 100 100 100
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Annexurell. Major production constraints and growth opportunitiesin various agro-ecor egions of South Asia

Agro-ecoregion

Major production constraints

Natural resources-related

Technical constraints

Socio-economic constraints

Opportunities

Production Systems

Hot Arid
Agro-ecoregion

Semi-Arid
Agro-ecoregion

Sub-Humid to Cold
Arid Mountain
Agro-ecoregion

Irrigated Sub-Humid
Agro-ecoregion

High Rainfall Humid
Agro-ecoregion

Sub-Humid to Humid
Coastal Agro-
ecoregion

Coarse cereals-based; cotton-
based; oilseed (groundnut and

very low rainfall, frequent

groundwater

Deterioration of soil and
groundwater resources, erratic

Diverse production
environments, highly
fragmented small holdings

Deteriorating soil and water
resources, salinity and
water logging

Adverse soils, soil erosion by

environment, Soil Salinity,
arsenic contaminated groundwater
Deterioration of land and

water resources, il

sdlinity, frequent cyclones

Rice-wheat; cotton-whest;
sugarcane-wheat; maize-
soybean)-based; rice and wheat;

Desert soil, soil erosion by wind,  Saline and alkaline soil in
coastal areas, shortage of
droughts, acute shortage of fodder

Biotic stresses, moisture
stress, low to poor soil
rainfall, soil erosion dueto water ~ fertility, low yields, limited
use of crop products

High post-harvest losses, root
stock susceptible to biotic
and abiotic stresses

Stagnant crop yields, late
planting of crops, pest buildup,
inefficiency in input/resource
use, nutrient depletion, poor
plant stand, low productive
efficiency in livestock

High incidence of biotic
water, submergence, drought and  stresses, low sail fertility,
flood prone, Diverse production  and nutrient deficiency high
mortality in livestock

Low soil fertility, diseasesin
inland fisheries, biotic stresses  of plantation crops

Unfavourable, rainfed, flooded:
Rice-pulses/oil seeds/minor grains;

High risk, resource poor farmers

High risk, resource poor farmers,
threats from opening of markets,
declining consumption of coarse
cereals, high incidence of poverty,
weakening of traditional institutions
for management of natural resources

Resource poor farmers, poor
infrastructure and institutional
development, high incidence of
poverty, labor migration

Shortage of Iabour, high population
pressure, unstable prices of
commercial crops, deceleration

in total factor productivity

High risk, low input use, poor
infrastructure and institutional
development, high incidence of
poverty, low non-farm employment
opportunities

High risk, competitive export market

Low (3000-5000 feet) and mid
(5000-8000 feet) heights:

Arid horticulture, livestock

Diversification towards high
value crops, scope for rainwater
water harvesting and use

Rich biodiversity, value addition
through processing, Horiculture
and off-season vegetabl es,
ecoturism

Favorable production
environment, developed
infrastructure and institutions

High rainfall, scope for
diversification, boro rice, rich
biodiversity, inland aguaculture

Expansion of inland aguaculture

Source: Compiled from various published and other sources.
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