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Strengthening the Indian Agricultural
Research and Extension Systems: Funding
and Institutional Imperatives

Suresh Pal and Alka Singh*

INTRODUCTION

Historically, agricultural research and extension in India has been in the public domain.

Agricultural research (hereafter research) is conducted in government funded and admin-

istered institutions. At the Centre: there is the Indian Council of Agricultural Research

(ICAR) to promote, co-ordinate and execute research with its network of research

institutions. The State Agricultural Universities (SAUs) cater to research needs of their

respective states, besides manpower training. In addition to ICAR and SAUs, there are some

government departments like the Department of Biotechnology and Department of Science

and Technology, and general (non-agricultural) universities who also support or conduct

research in the field of agriculture directly or indirectly. Agricultural extension (hereafter

extension) is largely funded and executed by the line department of the states.

Accumulating body of evidence shows that the national agricultural research system

(NARS) has successfully addressed research and development (R&D) needs of the country

and generated impressive rates of returns (see Pal and Singh, 1997). However, recent changes

in cconomic and scientific scenario at the national as well as international level pose a new

set of challenges to the research and extension systems. Diversification towards high value

products, increasing demand for quality products, trade, sustainable use of natural resources.

development of marginal areas, etc., are some of the new R&D challenges, besides con-

tinuing priority for food and nutrition security and alleviation of poverty. These new,

complex R&D challenges have to be addressed in a competitive environment with the

performance-based government funding. On the scientific front, developments in biotech-

nology, capital intensive research methods and the regime of intellectual property rights

have far reaching implications for R&D strategy, funding levels and institutional structure

of research and extension systems.

With this background, this paper assesses research and extension funding vis-a-vis new

R&D agenda, and examines the appropriate institutional mechanism for efficient provision

of research and extension services. The paper argues for enhanced funding support and

diversification of research and extension institutions.

* National Centre for Agricultural Economics and Policy Research (NCAP), New Delhi-110 012 and Division of

. Agricultural Economics. Indian Agricultural Research Institute. New Delhi, respectively.

This paper is drawn from the NCAP Policy Paper 'Agriculture Research and Extension in India: Institutional

Structure and Investments' by the authors. Thanks are due to Dayanatha Jha, Director, IVCAP for providing necessary

support and comments. 
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II

INTENSITY OF RESEARCH, EXTENSION AND EDUCATION EXPENDITURE

In India, research, extension and education are funded by the Union and State Govern-
ments and the contribution of private sector is at the margin, albeit growing over time. The
ICAR is funded by the Union Government and the SAUs are largely funded by the State
Governments. Expenditure data (revenue and capital accounts) since 1960-61 were compiled
from various publications of the Comptroller and Auditor General (CAG), Ministry of
Finance (MOF), Government of India, and Reserve Bank of India (RBI).

Research and Education Expenditure Intensity: All-India

Table 1 shows the trends in the intensity of government expenditure on research .and
education at 1981-82 prices in the country since 1960-61. The real expenditure made by the
Union and State Governments in 1994-95 registered about five-fold increase since the 1960s.

TABLE 1. AGRICULTURAL RESEARCH, EXTENSION AND EDUCATION
EXPENDITURE INTENSITY: ALL-INDIA

Intensity indicator

(1)

1. Expenditure
(Rs. million)

(i) At 1981-82 prices
(ii) At current prices
2. Growth rate"
(per cent)

3. Expenditure (at
1981-82 prices)
per ha of GCA (Rs.)

Government expenditure on Total
research and education research

expenditure'
1960- 1970- 1980- 1992- 1992- 1960- 1970- 1980-
62
(2)

729
142

6.52

4.77

4. Expenditure (at
current prices)
per worker (Rs. 000) N.A.

5. Expenditure as
per cent of AgGDP 0.2.1

6. Share of the Union
Government
(percent) 20.1

7. Share of the State
Government
(per cent) 79.9

Government expenditure
on extension

Total
extension

expenditure'
1992- 1992-

72
(3)

82
(4)

94
(5)

94
(6)

62
(7)

72
(8)

82
(9)

94
(10)

94
(11)

1,081 1,887 3.831 3,273 306 645 524 1,201 1,579
409 1.858 9,617 8,216 59 243 513 3,008 3,955

9.51 6.29 10.74 -0.07 7.02

6.57 10.65 20.65 17.64 2.0 3.89 2.96 6.48 8.31

N.A. N.A. 432 595' - N.A. N.A. N.A. 25.58 N.A.

0.23 0.39 0.49 0.42 0.09 0.14 0.11 0.15 0.20

3.3 46.9 .44.6 45 2.1 02 5.7 7.2 14..1

96.1 53.1 55.4 35 97.9 99.8 94.3 92.8 76.1

Notes: 1. Except growth rates, figures are three-year averages.
a. Total expenditure includes expenditure from all sources like government and public and pilvate industries.
h. Growth rate indicated against 1960-62 is for the decade of 1960s and so on,
c. The figure corresponds to ICAR and SAUs expenditure.
N.A.: Number of workers (scientists or extension workers) not available.
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The phases of change in the real expenditure correspond to organisational changes in the
NARS. The low and declining central expenditure during the late 1960s coincides with the
shift from multi-channel research funding (various commodity committees, ICAR, etc.) to
a centralised funding to the ICAR. The establishment of the SAUs accelerated the states
funding, contributing almost all the growth in the total expenditure in the 1960s. Reorga-
nisation of the ICAR in 1973 and substantial increase in the expenditure in the Fifth Plan
(1974-78) set a sharp uptrend in the central funds. Efforts to strengthen the decentralised
research capacity with the implementation of the World Bank funded National Agricultural
Research Project (NARP) and much higher allocations in the Eighth Plan have further
accelerated the growth in the total expenditure. The decadewise growth rates indicate that
the total expenditure, in real terms, grew at the rate of 5.4 per cent since the 1960s and the
growth was highest (9 per cert.) in the 1970s.

Research and education intensity, as measured by the expenditure as percentage of
agricultural (excluding forestry) gross domestic product (AgGDP), rose from 0.23 in the
early seventies to 0.39 in the early eighties and to 0.49 in the early nineties. Also, the real
expenditure per hectare of gross cropped area (GCA) increased over time, reaching Rs.
20.65 in the early nineties. These intensity ratios indicate that the expenditure on research
and education is growing since the sixties, but the major jump came in the eighties, almost
doubling research intensity in the country.

Another important indicator is the number of scientists, which is not readily available.
Recent data compiled by the ICAR (ICAR, 1995-96) and Rao and Muralidhar (1994) indicate
that there are about 22,249 scientists engaged in research and teaching in the ICAR/SAU
system. With these data annual nominal expenditure per scientist during the early nineties
works out be Rs. 0.4 million.

Apart from governments, industries in public and private sectors also invest in research
on seeds, fertilisers, pesticides, machinery, drugs, sugar, and food and leather processing.
Adding this industrial expenditure' to the government expenditure gives aggregate 'research'
intensity (net of education) in the country. Government 'research' expenditure was obtained
by taking out education expenditure from the total. The share of 'research' is 86.9 per cent
in the ICAR and 53.5 per cent in SAUs.2 In the total ̀ researcli' expenditure during 1992-94
(three-year average), the governments' share was 80 per cent and the contribution of public
sector industries was 5 per cent, raising the share of public expenditure to 85 per cent. The
remaining 15 per cent was contributed by the private sector. Altogether the country spends
0.42 per cent of AgGDP on 'research', which is quite low as compared to other countries.
It is about 0.5 per cent for developing countries and 2.4 per cent for developed countries
(Alston et al., 1997). Efforts should be made to raise the intensity to at least a commonly
described norm of 1 per cent of AgGDP.3

Apart from low research intensity, there are imbalances in factor shares in the total
expenditure. The ICAR expenditure data reveal that salary or establishment cost cornered
46 per cent of the total funds and 37 per cent went to meet operating and equipment costs
in the 1980-81. The share of salary rose to 63 per cent in the mid-nineties, whereas the share
of operating and equipment costs decreased to 23 per cent (Pal and Singh, 1997). The share
of 'operating expenses' is even lower (about 20 per cent) in the SAUs.4 Furthermore,
infrastructure maintenance constitutes a large part of operating cost, leaving operating funds
for research projects at the margin. Thus the share of operating expenses in India is much
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lower than that in other developing countries which is 25 per cent of total expenses and 30
per cent of total recurring expenses. The corresponding figures for the US are 23 per cent
and 25 per cent respectively (Pardey et al., 1991). Given the comparatively higher prices
of capital goods in India, there is a strong case for correcting the current factor shares by
raising operating and capital expenses.

Government Research and Education Expenditure by States

Since statewise time-series data are available only for the government expenditure which
dominates the total expenditure, statewise analysis is done for the government expenditure.
Statewise annual compound growth rates and the intensity ratios are presented in Table 2.

TABLE 2. STATEWISE GROWTH RATES AND INTENSITY RATIOS OF GOVERNMENT
EXPENDITURE ON RESEARCH AND EDUCATION

States

(1)

Growth rate (per cent) of
real expenditure

1960s 1970s 1980s

(2) (3) (4)

Expenditure as
per cent of
AgGDP

1980 1992
-82 -94
(5) (6)

Expenditure (Rs.)/ha) Expenditure
per scientist

At 1981-82 At current prices (Rs.000 at
prices . current

prices)
1980 1992 1980 1992 199/
-82 -94 -82 -94 -94
*(7) (8) (9) (10) ( 1 1 ).

Andhra Pradesh -0.09 12.18 7.48 0:27 0.26 5.40 12.90 5.32 32.23 357
Assam 7.49 -0.09 6.25 0.30 0.41 11.19 20.88 11.12 51.81 291
Bihar 1.37 12.30 6.26 0.14 0.16 4.60 9.94 4.50 24.93 222
Gujarat 12.33 -0.01 7.17 0.21 0.38 5.94 13.34 5.84 33.41 355
Haryana - 31.25 4.69 0.30 0.31 11.52 17.91 11.31 44.86 227
Himchal Pradesh -0.12 9.39 0.67 1.23 21.59 51.88 21.21 130.16 225
Jammu and
Kashmir 18.34 -0.12 6.85 @ @ 12.87 69.93 12.64 68.70 152

Karnataka -0.15 13.75 7.79 0.20 0.29 4.99 10.88 4.90 - 27.34 240
Kerala 2.06 21.12 7.42 0.33 0.49 18.10 42.94 17.77 107.50 488
Madhya Pradesh -0.08 -0.08 13.32 0.07 0.14 1.08 3.36 1.06 8.35 145
Maharashtra 16.62 -0.01 5.65 0.42 0.46 9.27 16.16 9.11 40.57 453
Orissa -0.05 7.19 7.01 0.11 0.21 2.40 4.67 2.36 11.64 196
Punjab -0.01 4.70 7.16 0.26 0.30 10.62 20.57 10.42 51.66 262
Rajasthan -0.02 4.46 9.32 0.13 0.21 1.92 4.45 1.90 11.16 241
Tamil Nadu 1.37 3.68 12.28 0.23 0.42 7.67 24.57 7.56 61.62 329
Uttar Pradesh 12.19 -0.11 4.88 0.14 0.16 4.78 7.42 4.68 18.73 316
West Bengal 5.58 13.52 2.35 @ @ 8.31 9.68 8.19 24.53 545
All-India
(Centre+States) 6.52 9.51 6.29 0.39 0.49 10.65 20.65 10.49 51.85 432

Note: Except growth rates, data are three-year averages. @ Consistent AgGDP data were not available.

It is revealed that only the state of Tamil Nadu maintained steady growth in the
expenditure since the sixties. The real expenditure growth rate became negative in the
seventies in some states, notably, Assam, Himachal Pradesh, Jammu and Kashmir, Madhya
Pradesh and Uttar Pradesh. All the states showed impressive expenditure growth in the
eighties, and in a majority of the states the growth rate was more than 6 per cent. The growth
was remarkably high in the states of Madhya Pradesh (13.3 per cent) and Tamil Nadu (12.3
per cent), whereas the growth was moderate in West Bengal (2.35 per cent). The impressive
growth maintained during the eighties can be attributed to the expenditure made under the
NARP. However, in spite of appreciable expenditure growth, the expenditure intensity
remained well below 1 per cent of AgGDP in all the states, except Himachal Pradesh. Only
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five states, namely, Assam, Himachal Pradesh, Kerala, Tamil Nadu and Maharashtra have
achieved an intensity which is comparable with or higher than that for the country as a whole
(0.49 per cent). Large and less developed-states of Madhya Pradesh, Uttar Pradesh, Bihar,
Rajasthan, and Orissa have very low research and education intensity (less than 0.2 per
cent). Although the'expenditure in Punjab was increasing about 7 per cent per annum, its
intensity was still low. The low intensity in Punjab may be because of specialised cropping
system (rice-wheat) of the state which, to some extent, provides economy of size to research
efforts. In contrast, the establishment of four. SAUs in Maharashtra, mainly on socio-political
grounds, and two SAUs in Himachal Pradesh have raised their research and education
intensity.

The increased intensity was also reflected in terms of research and education expenditure
per hectare. Real expenditure per hectare increased in the nineties over the eighties in all
the states, with a marked increase in the states of Jammu and Kashmir, Himachal Pradesh;
Kerala, and Tamil Nadu. On the other hand, a marginal increase in the expenditure gave
very low intensity on per hectare basis in the states of Bihar, Madhya Pradesh, Orissa,
Rajasthan, Uttar Pradesh and West Bengal.

Table 2 further shows that there are wide variations in the annual expenditure per scientist
across the states and the expenditure ranged from Rs. 145 thousand in Madhya Pradesh to
Rs. 545 thousand in West Bengal. Only in three states, viz., West Bengal, Kerala and
Maharashtra, the expenditure per scientist is close to that for the country as a whole.
Interestingly, none of the states has per scientist annual expenditure equal to that in the
ICAR (Rs. 0.9 million), indicating that the scientists in ICAR institutes are better funded.
As seen earlier, low per scientist expenditure also indicates low operating expenses in the
SAUs, reducing overall research efficiency.

Regional congruence: Another important aspect of research investment is the congruence
between actual and normative allocation of research resources across states. Normative
resource allocation suggested by Jha etal. (1995) considers efficiency, equity, sustainability
and export as research objectives. The actual expenditure by the states is arrived at by pooling
the State and ICAR expenditure. Expenditure on ICAR institutes was added to the state
in which they are located.5 This is a weak assumption as it implies that technologies
originating from ICAR institutes have equal regional spillover effects. Expenditure for seven
institutes with national mandates of strategic research was allocated among all the states.

The Congruence Index (CI) was computed to assess the closeness of existing allocation
pattern with the normative one,, assuming equal per unit pay offs. The index is derived as:
CI = 1-E, (R1-V,)2; where Ri is the actual share of i-th state in the national expenditure, and

V, is the normative share of i-th state. The value of CI is 0.99, indicating high congruency
in regional expenditure pattern. But, the last two columns of Table 3 indicate that the actual
expenditure pattern differed with the normative one in some ,states. For instance, the share
of Bihar, Madhya Pradesh, Orissa, Uttar Pradesh and West Bengal in the national expenditure
is much lower. Interestingly, in these low intensity states except Bihar, the share of the state
in the total expenditure is comparatively lower. On the other hand, the actual share is
comparatively higher than the desired in the states of Haryana, Himachal Pradesh, Kerala
and Maharashtra. In contrast to general belief, the share of small states comprising north
eastern states, except Assam, is not less than the normative one. The deviations between the
actual and normative shares appear to be small in percentage points, but in nominal terms,
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one per cent change in current expenditure level implies a reallocation of Rs. 66 million.
Therefore, an enhanced research investment in the low research intensity states would
maximise research benefits in the country. However, there is hardly any visible attempt in
the planning process to increase research investment in the low intensity states. The share
of these states in the total Plan investment and ICAR grants and expenditure is comparatively
lower. The state of Maharashtra, which has four SAUs claimed about 14 per cent of the total
ICAR grants, indicating that states with higher research expenditure were also getting higher
ICAR financial support. Similarly, the states of Andhra Pradesh, Haryana, Kerala and
Maharashtra received higher ICAR expenditure (Table 3). This strategy may not optimise
research benefits. A judicious approach would be to develop regional research capacity
which can maximise overall research benefits, avoiding problems of research overlapping
and 'free riding'. The ICAR can temporarily bridge the gap, but a lasting solution would be
to allocate higher Plan funds to those states which have low research intensity and a share
lower than the desired one in the national expenditure. Assam, Bihar, Madhya Pradesh,
Orissa, Uttar Pradesh and West Bengal are in this category.

TABLE 3. ACTUAL AND NORMATIVE SHARE OF STATES IN THE NATIONAL
RESEARCH AND EDUCATION EXPENDITURE

States

(1)

ICAR
grants

to SAUs'

(1992-96)*
(2)

ICAR insti-
tutes expen-

diture
(Rs. million)

(1993-94)
(3)

Total
(States
+ ICAR)

(4)

Agricultural
research
intensiity
as per cent
of AgGDP

(1991-94)**
(5)

Per cent
share of
State
funds

in the total

(6)

Per cent
share in
Plan
funds'

(1993-94)
(7)

Per cent share
in national
expenditure

Actual Optimal'
(1992-94)**

(8) (9)

Andhra Pradesh 4.8 (3.8) 307 (10.7) 723 0.46 56.8 3.5 8.7 9.8
Assam 5.4 (4.3) 20 ( 0.7) 223 0.46 88.6 8.9 2.7 3.6
Bihar 5.0 (4.0) 82 ( 2.8) 320 0.22 72.8 2.6 3.8 7.1
Gujarat 5.7 (4.5) 71 ( 2.4) 444 0.46 82.7 5.8 5.3 4.8
Haryana 6.3 (5.0) 286 (10.0) 555 0.65 47.3 3.0 6.6 2.8
Himachal
Pradesh 9.8 (7.8) 64 ( 2.2) 200 1.94 63.1 5.1 2.4 0.5
Jammu and
Kashmir 4.2 (3.4) 10 ( 0.3) 89 @ 84.0 3:6 1.1 0.7
Karnataka 10.4 (8.3) 134 ( 4.6) 484 0.42 70.2 12.9 5.8 6.8
Kerala 7.0 (5.5) 242 ( 8.4) 576 0.86 56.8 5.3 6.9 3.9
Madhya Pradesh 8.5 (6.8) 179 ( 6.2) 386 0.27 51.4 7.2 4.6 8.8
Maharashtra 13.7 (10.9) 271 ( 9.4) 1138 0.61 74.9 4.5 13.7 7.6
Orissa 5.1 (4.1) 141 ( 4.9) 256 0.49 42.9 2.9 3.1 4.7
Punjab 4.9(3.9) 40( 1.4) 435 0.34 89.6 6.2 5.2 4.4
Rajasthan . 7.09(5.6) 240 ( 8.4) 472 0.43 47.6 4.2 5.6 5.8
Tamil Nadu 9.1 (4.8) l00( 3.5) 545 0.53 80.0 14.7 6.5 6.5
Uttar Pradesh (10.8) 450 (15.7) 945 0.32 50.9 3.9 11.3 12.8
West Bengal

.13.5
5.2 (4.1) 140 ( 4.9) 355 @ 59.1 2.9 4.2 7.3

Others 89 ( 3.1) 171 @ 47.9 2.5 2.1 1.9

Source: a. Education Division, ICAR: b. Based on data in ICAR Budget Book (1994-95); c. Data compiled from
Planning Commission; d. Jha et al. (1995).

- Five-year average. ** Three-year average. @ AgGDP data were not available.
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Extension Expenditure Intensity: All-India

The primary responsibility of transfer of technology rests with the line departments of
the State Governments, and ICAR and SAUs are involved only in front-line extension. This
fact is clearly visible from the sources of extension expenditure, indicating that more than
90 per cent expenditure is made by the states. Most of the expenditure was channelled
through the Department of Agriculture of the State Governments. As shown in Table 1,
government extension expenditure, in real terms, maintained steady growth during the sixties
and eighties. The decade of the seventies, however, witnessed some abrupt changes in the
expenditure; it increased in the early seventies and recovered in the late seventies. The
extension intensity increased from 0.09 per cent of AgGDP in the early sixties to 0.14 per
cent in the early seventies, which further rose marginally to 0.15 per cent in the early nineties
after a slight fall in the early eighties. Annual extension expenditure of governments during
the triennium 1992-94, in nominal terms, is Rs. 3,008 million, giving an expenditure of Rs.
16.22 per hectare. Annual expenditure per extension worker is 26 thousand. Even making
allowances for high proportion of low qualified extension workers (70 per cent of the total
workers are intermediate or below, see Misra, 1990), there are hardly any operational funds
which are essential for mobility of extension workers. Macklin (1992) estimated that the
share of non-salary component in total extension expenditure in Tamil Nadu decreased from
48 per cent in 1981-82 to 4 percent in 1990-91.

Like research, private and public sector companies also undertake extension work to
promote sales of their products, however, their extension expenditure data are not available.
The private companies spend slightly higher amount on publicity and on an average they
spend about 4 per cent of their turnover on research and 1 per cent on publicity (Singh et

al., 1995 and Pray and Ribeiso, 1990). We have, therefore, taken 20 per cent and 25 per cent

of research expenditure of the public and private companies respectively as extension
expenditure. This is very crude, under-estimation of private expenditure on extension, as

private companies also spend on marketing of inputs and maintaining of field staff. Adding
the private expenditure to the government expenditure • gives an extension intensity of 0.2

per cent of AgGDP and Rs. 21.32 per hectare in the country (Table 1). This level of extension
intensity in India is much lower than that in developing and developed countries (0.4 per
cent and 0.9 per cent respectively, Judd et al., 1986) in the early eighties. Of the total
expenditure, 92 per cent is public expenditure and the rem 8 per cent is made by the private
sector. Among the public funds, about 76 per cent of the national expenditure is spent by

the state departments, 14 per cent by the ICAR/SAU system and 2 per cent by the public

sector companies. Thus unlike researc,h, extension is the major responsibility of the State
Governments.

Government Extension Intensity by States

The trends in the intensity of government or public expenditure on extension by states

are given in Table 4. The statewise intensity is presented since 1974-75 as uniformity in

accounting of expenditure data across states was observed since 1974-75. The growth in

extension expenditure during the period 1974-75 to 1994-95 was negative in the high
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productivity states of Haryana and Punjab. These states were joined by the states of Kar-
nataka, Kerala, Orissa and West Bengal during the period 1984-85 to 1994-95. In contrast,
the states of Uttar Pradesh, Tamil Nadu, Jammu and Kashmir, Gujarat and Assam registered
an impressive growth in the expenditure during the second period. Although the nominal
expenditure per hectare increased in all the states in the early nineties, it declined in real
terms in the states of Haryana, Orissa, Punjab and West Bengal. The proportion of AgGDP
spent on extension also declined in Bihar, Haryana, Karnataka, Kerala, Orissa and Punjab,
and this decline is serious because the intensity was already very low (0.06 per cent or less)
in these states, except Bihar. Extension intensity in Himachal Pradesh and Tamil Nadu was
more than twice that for the country as a whole (0.15 percent). These results, thus, underscore
the need for increasing extension intensity in low productivity states, particularly in Andhra
Pradesh, Kerala, Karnataka, Madhya Pradesh and Orissa. Even in Punjab and Haryana, there
is a need for intensive extension work as there would be greater role of crop and resource
management technologies for raising crop productivity.

TABLE 4. GROWTH AND INTENSITY OF GOVERNMENT EXPENDITURE ON EXTENSION BY STATES

States

(1)

Expenditure per 000 ha
(Rs. at 1981-82 prices)

1980-82 1992-94
(2) (3)

Nominal
expenditure
(Rs.000)
1992-94
(4)

Growth rate (per cent)
of real expenditure

1974-94 1984-94
(5) (6)

Expenditure as per cent
of AgGDP

1980-82 1992-94
(7) (8)

Andhra Pradesh 645 1,045 33,876 5.30 4.00 0.02 0.02Assam 4,043 11,155 1,06,080 11.30 5.70 0.11 0.11Bihar 12,421 16,469 3,89,462 7.40 4.40 0.37 0.27Gujarat 3,777 8,002 2,21,042 11.50 5.80 0.13 0.23Haryana 1,895 1,634 24,222 -0.90 -0.03 0.05 0.03Himachal Pradesh 3,430 22,961 55,321 14.50 1.90 0.11 0.54Jammu and Kashmir 4,520 26,500 70,854 17.20 7.50
Karnataka 1,200 1,330 41,798 2.90 -0.01 0.05 0.04Kerala 2,627 3,253 24,965 2.40 -0.01 0.05 0.04Madhya Pradesh 734 1,527 87,185 3.20 2.60 0.05 0.06Maharas htra 1,396 8,005 4,22,141 12.90 1.70 0.06 0:23Orissa 1,681 1,274 • 29,812 5.60 -0.05 0.08 0.06Punjab 1,817 823 15,552 -3.50 -0.09 0.04 0.01Rajasthan 3,353 5,326 2,69,811 12.20 4.00 0.23 0.25Tamil Nadu 9,022 24,195 8,30,267 11.60 8.30 0.27 0.42I tar Pradesh 257 6,436 4,13,421 18.70 24.50 0.01 0.14V. •st Bengal 6,423 4,354 91,923 6.20 -0.06
At India 2,958 6,475 30,08,317 9.14 4.37 0.11 0.15

Note: Except growth rates, figures are three-year averages. @ Consistent AgGDP data were not available.

The wide variations in extension intensity across the states are rather puzzling. These
variations can partly be attributed to inter-state differences in the funding under the National
Agricultural Extension Project (NAEP). Nevertheless, these differences need further dis-
cussion. For instance, the case of Punjab and Haryana is interesting in the sense that these
states have high technology adoption levels, despite very low extension intensity. The
plausible reason could be the dominance of homogeneous irrigated production environment
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in these states which is conducive for rapid farmer-to-farmer spread of tec
hnology. More-

over, these states have very high levels of inputs use, inviting gre
ater attention of private

input companies which also undertake transfer of technology activi
ties.

It is difficult to suggest some desired level of extension intensity, howev
er, one can judge

the current extension intensity vis-a-vis the task ahead. Given th
e current stock of tech-

nologies, there is tremendous scope for yield increase. It is estim
ated that excepting few

states, there is untapped yield potential of 40 to 94 per cent in most
 important crops of the

states (Jha et al., 1995). This, coupled with the complexity of second
 generation technologies

and heterogeneity of production environments, warrant much 
more intensive extension

efforts. Extension services should be strengthened by increasing ope
rating funds and training

of extension workers. This is especially important for the low ex
tension intensity states like

Andhra Pradesh, Kerala, Karnataka, Madhya Pradesh and Orissa.

111

DETERMINANTS OF GOVERNMENT RESEARCH AND EX
TENSION EXPENDITURE

Model Specification and Estimation

Considering the planning process in India, it is realistic to ass
ume that both economic

and political factors influence allocation of public resources 
across various investment

options and states. We have, therefore, used a political econo
my model to study the deter-

minants of government research and extension expenditures
. In this model three sets of

variables, viz., economic, economic-political and political ar
e used. The most important

economic variable is per capita AgGDP which shows the d
emand for agricultural com-

modities. It is expected that an increase in the demand for ag
ricultural commodities will

induce more expenditure on research and extension. Per ca
pita AgGDP also captures the

induced innovation hypothesis effect as high demand for a 
commodity, reflected through

higher commodity prices, will induce more research and e
xtension. Similarly, as alternate

sources of agricultural growth, notably land, become scarce, t
here will be more demand for

research to save scarce land by developing new land-sav
ing technologies. Thus per capita

GCA was used to capture the effect of alternative sourc
es of growth. Irrigation expansion

is another possible source of growth. But this is also reflect
ed by GCA as irrigation expansion

increases GCA through higher cropping intensity. Besides
 alternate source of growth, an

increase in irrigated area may decrease the demand for e
xtension because of high farmer-

to-farmer spread of technologies. Therefore, per capita 
irrigated area (GCA) was included

in the extension model as one of the explanatory var
iables.

Another important economic variable included in the mod
el is agricultural terms of trade

which is defined as the ratio of implicit deflators of agr
icultural to non-agricultural GDP.

It is expected to have positive effect on research and
 extension expenditures as favourable

terms of trade will increase the returns to research an
d extension expenditures compared to

other expenditures. Agricultural diversification is ano
ther important variable. It is expected

that the more diversified agricultural production the 
more will be the demand for research.

The diversification may not be so important for ex
tension as critical minimum extension

efforts can cater to diversified extension needs. The 
diversification index was computed as

1/ES; where Si is the share of i-th crop area in total GCA.
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Economic-political variables included in the model are the share of agriculture expen-
diture in total government expenditure and per capita government revenue. Per capita
government revenue is expected to have positive effect on research and extension
expenditures. An increase in per capita government revenue indicates that more resources
are available with government to spend and therefore the government is likely to invest
more. The share of government expenditure on agriculture can affect research and extension
expenditures both ways. It can have positive effect if higher agriculture allocations are also
going to research and extension. On the other hand, if other expenditure options in agriculture
get high priority, an increase in total allocations for agriculture may not increase research
and extension expenditure.

Some researchers have also included other economic-political variables like share of
agricultural exports in total exports or share of exports in total agricultural production. Since
statewise data on agricultural exports are not readily available, this variable was not included
in the model.

Rural population (per cent of total population) was included in the model to indicate
influence of rural interest groups. A high proportion of rural population shows strong rural
constituency, influencing public expenditure decision in their favour. For extension, positive
influence of higher rural population is also expected because more resources are needed to
contact a large number of farmers. Rural literacy, a proxy for farmers' education, is expected
to accelerate adoption of new technology. Educated farmers who are more informed about
research benefits, can form interest groups to influence resource allocations in favour of
research and extension.

Apart from above-mentioned variables, technology spill-in effects also influence
research expenditure decisions. This is best captured by research expenditure in the regions
with similar agro-climatic conditions. Given the agro-climatic variability within states, it
was difficult to find out groups of states with homogeneous agro-climatic conditions. The
same was true for international agricultural research. Therefore, variables capturing the
'free-riding' behaviour or the effect of technology spillin possibilities were not included in
the model.

Model estimation: The model was estimated using state level cross-section and time-
series data from 1981-82 to 1993-94. The dependent variable was the per capita expenditure.
For research it includes expenditure made by State Governments and ICAR on research and
education. In the case of extension, only State Governments' expenditure is considered as
it constitutes almost the entire extension expenditure in the country. All monetary variables
in the model were deflated using implicit GDP deflator with 1980-81 as base year. Means
and standard deviations (SD) of data set are given in Table 5.

Pooling of cross-section and time-series data poses some estimation problem. Two
methods, namely, dummy variables model and error components model can be used for the
estimation. The relative sizes of N (14) and T (13) do not satisfy the condition of applying
error component model as N-K is less than 9 where K is the number of parameters excluding
dummy variables (Judge et al., 1988, pp. 489-490). Also, we suspect some association
between non-measurable state attributes and explanatory variables, supporting the use of
dummy variable model. We have, therefore, used dummy variable model taking Andhra
Pradesh as base.
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TABLE 5. MEANS AND STANDARD DEVIATIONS OF DATA SET

Sr.
No.

Variable Mean SD

(1) (2) (3) (4)

1. Per capita real research and education expenditure (Rs.) 4.41 3.29

2. Per capita real extension expenditure (Rs.) 0.99 0.90

3. Per capita real AgGDP (Rs.) 804.94 376.47

4. Per capita GCA (ha) 0.27 0.11

5. Per capita irrigated area (ha) 0.10 0.09

6. Diversification index 5.89 2.26

7. Terms of trade (per cent) 95.74 10.73

8. Share of agricultural expenditure (per cent) 11.01 6.15

9. Per capitdreal government revenue (Rs.) 539.19 199.03

10. Rural literacy (per cent) 44.99 14.75

II. Share of rural population (per cent) 74.80 11.66

Data Sources: AgGDP:-National Sample Survey Organisation; Crop area: Directorate of Economics and Statistics,

Ministry of Agriculture; Government expenditure: CAG and CMIE; Population: CMIE.

The second problem in the estimation was one of simultaneity bias. It is reasonable to

expect the problem of simultaneity between per capita AgGDP and research and extension

expenditures. This problem was overcome by taking per capita AgGDP as lagged variable

(one year). We may also expect simultaneity bias between  research and extension equations.

The Hausman Specification test was used to test the simultaneity between research and

extension equations, which confirmed the presence of simultaneity bias. Under this situation,

both the equations were estimated simultaneously using Two-Stage Least Squares (2SLS)

estimation procedure.

Results

The results, given in Table 6, show that the model is successful in explaining inter-state

.differences in research and extension expenditures. With some exceptions, the variables

included in the model have the expected signs. The presence of endogeneity in research and

extension model is consistent in view of concomitant effort's made to strengthen the research

and extension systems under the NARP and NAEP. Among the economic variables, per

capita AgGDP and per capita irrigated area have significant impact. The negative and sig-

nificant effect of per capita AgGDP on extension expenditure is contrary to our expectations.

This perhaps indicates economies of scale in the provision of extension services. The

negative and significant coefficient of per capita irrigated area in the extension model is

consistent with our expectations. This supports our hypothesis that low extension efforts

are required in irrigated areas as there is rapid farmer-to-farmer spread of technologies. Also,

expansion of irrigation is an alternate source of growth in agricultural production, reducing

the need for higher extension expenditure. However, this negative effect of alternate sources

of growth was not found in the research model. Surprisingly, neither diversification index 1

nor agricultural terms of trade has significant coefficient. 1

The share of agricultural expenditure in total government expenditure has positive and

significant coefficient for research, and negative and significant for extension. This shows

that increased expenditure for agriculture was also allocated to research, but extension was
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not given high priority. Extension expenditure increased only when there was increase in
government resources as shown by positive and significant coefficient of per capita gov-
ernment revenue.

TABLE 6. 2SLS ESTIMATES OF GOVERNMENT RESEARCH AND EXTENSION EXPENDITURE MODELS

Sr. Variables
No.

(1) (2)

1. Per capita real research and education
expenditure (Rs.)

2. Per capita real extension expenditure (Rs.)
Economic variables
3. Lagged per capita real AgGDP (Rs.)
4. Per capita GCA (ha)
5. Per capita irrigated area (ha)
6. Diversification index
7. Terms of trade (per cent)
Economic-political variables
8. Share of agricultural expenditure in total

government expenditure (per cent)
9. Per capita real government revenue (Rs.)
Political variable

10. Rural literacy (per cent)
11. Share of rural population (percent)
12. State dummy

Bihar
Gujarat
Haryana
Himachal Pradesh
Karnataka
Kerala
Madhya Pradesh
Maharashtra
Orissa
Punjab
Rajasthan
Tamil Nadu
Uttar Pradesh

13. Constant
Adjusted R2
'F' value
N = 14, T = 13

Per capita real research
and education expenditure

Per capita real
extension expenditure

Coefficient 't' value Coefficient T value
(3) (4) (5) (6)

0.976*** 2.65
0.487*** 6.30

0.002*** 2.56 -0.001*** 3.84
-0.684 0.27 1.183 0.65

19.571** 1.96
-0.090 0.73
-0.002 0.26 -0.005 1.20

0.030** 2.39 -0.014* 1.72
-0.0004 0.54 0.0008** 2.14

0.146*** 2.51
-0.069 0.73 0.123*** 2.99

-2.052** 2.26 -0.011 0.02
-3.942*** 7.05 2.017*** 4.72
5.643*** 6.47 0.141 0.06
2.803 1.11 -4.852*** 4.52
-2.099*** 2.93 0.401 1.01
-5.380* 1.69 -2.610*** 3.85
-1.310** 1.96 -0.062 0.18
-4.727** 1.93 3.631*** 2.53
-1.808 1.09 -0.974*. 1.77
-2.064** 2.27 5.806** 2.06
0.052 0.06 .1.364** 2.22
-5.861*** 9.65 2.741*** 5.05
-0.895 1.55 0.447 1.13
2.960 0.35 -8.011** 2.27
0.97 0.79

273.65*** 34.26***

***, **, * Significant at 1, 5 and 10 per cent level respectively.

Consistent to our expectations, rural literacy has very strong positive effect on research
expenditure. It was difficult to estimate the extension model with rural literacy variable
because of multicollinearity problem and therefore the model was estimated excluding rural
literacy. Rural population has significant coefficient only in the extension model and the
coefficient was positive, indicating that the farmers were able to lobby for higher extension
expenditure through extension system which is in direct touch with the farmers. Also, higher
rural population requires more extension efforts in the Training and Visit System which
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works through contact farmers and therefore the
 coefficient is positive. The coefficient of

rural population was not significant for research
 as stronger farmers' organisations which

can lobby for specialised activities like researc
h are absent in India.

The coefficients of nine state dummy variables
 are significant in both the models,

.ndicating the importance of unmeasurable st
ate attributes. These coefficients can be

explained taking Andhra Pradesh as base. Most of
 the coefficients are negative in the research

model, indicating higher levels of per capita resea
rch expenditure in Andhra Pradesh because

of higher expendi.ture on ICAR institutes.

Both the models were also estimated using trend a
s one of the explanatory variables

(results not reported here). The trend variable di
d not make any change in the extension

model, whereas it was significant and negative in th
e research model, and rural population

has negative and significant coefficient, which is r
ather unexpected.

IV

STRENGTHENING THE RESEARCH AND EXTENSI
ON SYSTEMS

_Funding Imperatives

Research and extension expenditure intensities ar
e highly inadequate in view of

expanding R&D agenda and increasing capital inten
sity of research and extension methods.

Efforts should be made to achieve a research intensi
ty of one per cent of AgGDP through

higher allocation of government funds. A concomita
nt growth in private research investment

would help attain a research intensity comparable to 
that in the developed countries. Given

the high rates of returns to past investments (Evens
on and Mckinsey, 1991, Rosegrant and

Evenson, 1992 and Feder et al., 1987), higher invest
ment is justified on economic grounds.

Increased investments should be used to raise op
erational expenses and upgrade infra-

structure facilities. Secondly, enhanced funding shou
ld give priority to correct the regional

imbalances by allocating more funds to the low inten
sity states. The priority states are Assam,

Bihar, Madhya Pradesh, Orissa, Uttar Pradesh a
nd West Bengal for research, and for

extension priority states are Andhra Pradesh, Karn
ataka, Kerala, Madhya. Pradesh and

Orissa. Finally, more resources should be allocat
ed to strengthen the hitherto neglected

programmes like livestock and social sciences rese
arch and transfer of natural resource

management technologies.

Institutional Imperatives

Institutional imperatives for strengthening research 
and extension systems cover the

issues of institutional structure, management of publ
ic institutions and regulations. Given

the diversity of R&D needs, it would be inadequate
 to rely solely on public research and

extension institutions. Moreover, bureaucratic set-u
p and top-down approach make public

institutions inefficient. Following discussions sugges
t some of the ways to address these

issues.
Research: There is a strong case for participation of

 private (for profit and non-profit)

organisations in research. Moderate to high degree
 of subtractability (extent to which a

product or service can be used by one person) and e
xcludability (exclusion of non-authorised

users) of embodied technologies like hybrids offe
rs opportunity of appropriating research
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benefits and thereby attracting private research investment (Umali, 1992). Similarly, there
is scope for non-profit organisations to develop technologies which require group action in
their use. Availability of trained manpower, expanding market for new technologies, tax
incentives and recent economy-wide reforms would continue to encourage private research
investment. Thus more diversified institutional arrangements restricting the role of public
research institutions to basic and strategic research, crop and resource management research
and manpower training should be encouraged. A synergy in research efforts can be obtained
by fostering inter-institutional linkages. Public research institutions can continue to provide
basic research support and collaborate with private research institutions for some of the
applied research areas. In fact, effective linkages can lead to innovate research funding and
execution arrangements like private funding of public research programmes, public funding,
of private research or joint research programmes of public and private sectors.

In order to improve the efficiency of public research institutions, decentralisation,
bottom-up planning approach and improved management information system are indis-
pensable. The decentralisation and bottom-up planning process_ would help make scientists
more empowered and accountable, on the one hand and set demand-driven research agenda,
on the other. This coupled with objective monitoring and evaluation process in place would
improve research efficiency. Management information system is essential for developing
decision support system and bringing more objectivity and transparency in decision-making
process.

Extension: Like research, extension services can also efficiently be provided by diver-
sified institutions (Umali-Deininger, 1997). Private organisations have incentives in transfer
of embodied technologies developed by them. Public sector can provide or fund those
extension services like mass information on seed, weather and prices, and crop and resource
management practices which are unlikely to be taken up by the private organisations.
Village-level institutions can undertake transfer of those technologies which require group
actions like natural resource management, integrated pest management, etc. These diver-
sified arrangements suggest, to some extent, separation of two essential components of
extension, viz., transfer of information and skills. Information has low subtractability and
excludability, inviting the role of public sector. On the other hand, skills like grafting
technique have acceptable degree of subtractability and excludability in the short-run,
attracting private extension organisations. With the commercialisation of agriculture, it is
expected that the demand for private extension services would expand in future.

Regulations governing research and extension also determine the system's efficiency.
Any efforts to micro-manage research and extension would be counter-productive. A rational
regulatory framework should help reduce transaction cost and increase incentives. Rich
dividends in terms of developing a competitive seed industry, paid by the New Policy for
Seed Development of 1988 (Singh et al., 1995) suggest consolidation of such efforts in
future.
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CONCLUSIONS

This paper has examined the intensity and determinants of research and extension
expenditure in India. It is shown that research and extension intensities in the country are
about one-fourth of that in the developed countries. The share of operating expenses is
declining over time, impairing the systems efficiency. There are imbalances in inter-state
allocation of resources which partly could be attributed to the strategy of developing
minimum infrastructure in place rather than according high priority to research and extension
investments. It is argued that research and extension intensities should be at least doubled,
and much of the increased allocations should augment operating expenses and correct
regional imbalances in investments.

Unlike in the past, diversified arrangements involving public, private and voluntary
sectors for funding and execution of research and extension should be encouraged. Private
(profit and non-profit) organisations have strong incentives to participate in research and
extension activities. There are all necessary conditions for attracting private investments,
which can be further consolidated by enacting regulations protecting proprietary research
products, and developing inter-institutional linkages. The public institutions should improve
their efficiency and accountability through decentralisation, bottom-up planning, institu-
tionalisation of monitoring and evaluation and developing information system. Some of the
steps in this direction are on the anvil but the success would depend largely upon the resources
committed and motivation of various interest groups for these reforms.

NOTES

1. Source: CMIE (1994) and Pray and Umali-Deininger (1997).
2. Arrived at by charging all and half of administrative expenses to research for the ICAR and SAUs respectively.
3. Previously the World Bank followed a norm of 2 per cent, but now a goal of 1 per cent of AgGDP is suggested

for low-income developing countries (Derek Byerlee, personal communication).
4. ICAR/World Bank National Agricultural Technology Project documents, personal communication.
5. Expenditure on ICAR institutes can also be allocated on the basis of the state's share in total area under mandate

crops. But this crop area share basis allocation would bias the analysis as crop area is one of the criteria for computing
normative allocation. Further, in the absence of well-established priority setting mechanism at institute level, institutes
largely focus on regional problems.
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