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Impacts of Selected Technologies Refined

under NATP

Mruthyunjaya, Suresh Pal, L.M. Pandey and A.K. Jha'

Abstract

Efficiency impacts of research investments in a few projects under the

National Agricultural Technology Project (NATP) have been estimated

using the economic surplus approach. The model has been applied in a

closed economy framework with the assumption of no spillover effects.

The quantified economic pay-offs of these impacts in terms of NPV, IRR,

and benefit-cost ratio for most of the technologies have been found quite

attractive. Besides, there are indications of impacts on sustainability of

the production systems. It has been concluded that returns to investment

on dissemination of available technologies are enormous and therefore

should receive immediate attention.

Key words: Agricultural technology, research investment, economic

surplus, research impact, NATP.

1. Introduction

The main aim of the National Agricultural Technology Project (NATP)

was to strengthen the on-going research and extension efforts of the National

Agricultural Research System (NARS) for enhancing productivity,

sustainability and competitiveness of the Indian Agriculture. Wherever

possible, new research programs were initiated for the development and

dissemination of need-based technologies. Attention was focused on

improving flow and uptake of technologies in the marginal and fragile areas.

A sizeable amount of the resources was allocated to improve the household

food and nutrition-security as well as the living standards of rural people in

National Centre for Agricultural Economics and Policy Research (NCAP),

New Delhi 110012
1 We are grateful to the PIU-NATP for providing financial support for this study under

PME sub-project of NATP. Thanks are due to the PIs of the selected projects and

AEDs for providing the required information at various stages of impact assessment.
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the marginal areas. The research programs were organized under 14
production systems, besides the strategic research supp-ort under Mission
Mode (MM) and Team of Excellence (TOE).

As the first phase of the scheme is about to complete, it is important to
assess the impact of NATP with reference to its objectives. In view of the
intended objectives of research programs and priority research areas in
different agro-ecosystems, a few promising technologies only were selected
by the Project Implementation Unit (Pru) of NATP for assessment of their
socio-economic impact (Appendix I). These included integrated pest
management (IPM), new varieties and crop management practices for hill
and tribal areas, vegetable hybrids under the MM projects, conservation
tillage, intercropping system in sugarcane, rejuvenation of old mango
orchards in the Irrigated Agro-ecosystem, high-yielding varieties of cotton,
water harvesting and management, and improvement of the traditional Biasi
system of rice cultivation in the Rainfed Agro-ecosystem, plantation of
Aonla and intercropping of maize in Aonla in the Arid-ecosystem, and
mussel mariculture in the Coastal agro-ecosystem (for details, see Appendix
D). Beside these, three Technology Assessment and Refinement (TAR)
projects through Institute Village Linkage Program (TVLP), two projects
relating to vegetable technologies in Hill and Mountain Agro-ecosystem,
and one project relating to plantation crops in the Coastal agro-ecosystem
were also selected for the study. Since these technologies are being
disseminated and their adoption is picking up, the economic impacts
measured in this note are indicative from early evidences.

2. Methodology

Economic surplus model was used to estimate the economic benefits
of the technologies upgraded/developed under NATP (Appendix II). The
model was applied in a closed economy framework with the assumption of
no spillover effects on international market. It was assumed for ease of
analysis that the output supply function was unitary elastic and linear with
a parallel research-induced supply shift, and the demand function was
linearly inelastic. The assumptions of a simple case of linear supply and
demand functions with parallel shift have been applied in most of the earlier
studies on research benefits (Alston et al., 1995). It may be noted that it is
a realistic assumption in the absence of availability of reliable estimates of
economies of scale and size in agricultural production influenced by these
technologies. And, when a parallel supply shift was used, the functional
form was largely irrelevant and a linear model provided a good
approximation to the true (unknown) functional form of the supply and
demand functions (Alston and Wohlgenant, 1990).
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Limited research was being conducted on these issues even before the

implementation of NATP. But, in the absence of non-availability of

information, it might be difficult to quantify how much research was done,

and at what costs and benefits. Therefore, it is to be noted that, research

support provided under NATP sharpened/hastened the process of technology

development and adoption. In other words, incremental impact of NATP

has only been assessed in this study. Research benefits were computed

both 'with' and 'without' NATP and the difference in the benefits was

attributed to NATP. For the projects with multiple technologies or crops,

incremental benefits from each technology and crop were added to compile

the total benefits. Since the full adoption is yet to take place, the measured

benefits are ex-ante estimates. These incremental benefits were compared

with the research costs incurred under NATP. Only the average annual NATP

research costs for the project period were considered and these did not

include non-NATP research costs (for example, scientists' time and,

therefore, salaries, establishment costs, etc.) and the extension expenditure

incurred (if any). Net present value (NPV), internal rate of return (IIRR),
and benefit-cost ratio were then computed using the above estimates of

benefits and the NATP research costs. Our interactions with the investigators,

project authorities and our own information on these projects suggested
that about 25-40 per cent of the estimated costs in different technologies
were not accounted towards pre-NATP project development, non-NATP

research costs and extension expenditure. This fact was acknowledged in
the sensitivity analysis carried out in the study.

Data and Parameters

Estimation of the economic surplus generated by a technology requires
data on technological and economic parameters (Appendix II). The

technological data include yield and cost advantages, research and

development (R&D) lag, and adoption pattern. These data were collected
from the Principal Investigators (PIs) of the selected projects/technologies
with the help of a well-structured questionnaire. The estimates provided by
the PIs were discussed and modified, if necessary, at a meeting of the PIs,
senior researchers and research managers. The estimates were also

moderated in the light of past research achievements, if required. There
was a consensus that benefits of NATP research support accrued largely

through the reduction in R&D lag as NATP played a facilitating role by

Providing additional funding. A period of 17 years was considered for the

economic analysis for developing the cost-benefit stream.

The data on economic variables like elasticities, commodity prices,
and output quantities in the target domain were obtained from the published
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sources. A three-year average ending 1999-00 was used for fixing base
output and prices. Farm harvest prices were used for computing the value
of production. A discounting factor of 8 per cent was used for estimating
the present value of costs and returns. Various technological and economic
parameters used in the analysis are given in Table 1.

3. Economic Impact

(a) Technologies Involving Significant Research Costs

These projects were expected to deliver concrete outputs (e.g.
productivity, sustainability, etc.) in a short-to-medium timeframe. The NPV
of incremental benefits from these projects ranged from Rs 34 million for
hybrid vegetables to Rs 264 million for IPM (Table 2). The benefit-cost
ratios were 7.7 and 2.1, respectively for IPM and hybrid vegetables. The
IRR for these technologies ranged from 19 to 43 per cent.

(b) Technologies Sharpened, Modified and Taken to Field

It would be inappropriate to infer that all technologies emerging from
the production system research (PSR) were entirely due to NATP. It,
however, made small but catalytic contribution in terms of reducing R&D
lag, sharpening the focus of technologies through refinement and better
targeting, and accelerating the adoption process through large-scale on-
farm demonstrations.

As is evident from Table 1, most of the technologies selected for impact
assessment study established significant yield advantages. Interestingly,
the yield advantage was high in the marginal areas. As for example, weed
management in Biasi cultivation of upland paddy could increase the yield
by 15 per cent. It is also evident from Table 1 that the technologies with
high yield advantages increased the cost of cultivation considerably. The
B-C ratio ranged from 1.09 per cent in the mussel mariculture to 10.4 per
cent in the conservation tillage in wheat. Only a few technologies, viz.

• conservation tillage for wheat, mussel culture and rpm provided benefits
through cost reductions.

The R&D lag was found to be reduced by 2 years in a majority of the
technologies. Only in a few cases, where technologies were developed and
refined with considerable reinvestments in on-farm R&D, the lag was
reduced by 3 years. The notable examples of this category were IPM,
conservation tillage, and Biasi cultivation of paddy.



Table 1. Technology and its adoption related parameters

S1 Name of technology

No.

Yield
advantage

(%)

Change in
per ha
cost of

cultivation

(%)

Reduction in
R&D

lag (years)

Ceiling Supply shift Target domain

level of
adoption
(%)

(k value)

Base value of
production

(TE: 1999-00)
Rs million

Technologies involving significant research costs

1 Integrated Pest Management

Cabbage 2.7

3 Conservation tillage

in wheat
4 Intercropping with

sugarcane

5 Rejuvenation of old

mango orchards

6 High-yielding variety

of cotton

6
11
14
7

-4 3

2 -16

9 7.5

23 15

3.2 0

3
3
3
3

2
2

3

2

2

3

12 0.005

12 0.007
12 0.008
12 0.01
12 0.005

15 0.00003
15 0.006

12 0.013

15 0.002

10 0.115

25 0.004

Mirzapur, Varanasi,

Faizabad, and Jounpur
28

292
942

Rajasthan and Gujarat 7,682
2,868

Irrigated and rainfed 732
2,944

Rice-wheat system of 77,100

Uttar Pradesh and Punjab

Uttar Pradesh 15,428

and Uttaranchal
Rice-wheat system of 173

Uttar Pradesh
Karnataka and 22,141

Maharastra
Contd
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Table 1. Technology and its adoption related parameters — Contd

Si Name of technology Yield
No. advantage

(%)

Change in
per ha
cost of

cultivation
(%)

Reduction in
R&D

lag (years)

Ceiling Supply shift Target domain
level of (k value)
adoption

(%)

Base value of
production

(TE: 1999-00)
Rs million

7 Biasi cultivation of paddy 15 9

8 Drought alleviation, paddy 25 14

3

2

10

5

9 Intercropping of maize 29 30 2 3.5
with Aonla

10 Mussel mariculture 0 -34 2 60
Technologies disseminated with least research cost, but at service/ supplies cost
a) Small target domain
11 Cultivation of high-yielding varieties of vegetables

Cabbage 12 7.5

Pea
Tomato

b) Large target domain
12 Household food and nutrition security

Minor millet 15 0

12 0
12 7.5

Sheep 7 5
Fishery 25 3

2

2

30

20
30

0.004 Chhattishgarh and
Jharkhand

0.003 Chhattishgarh and
Jharkhand

0.01 Gujarat and Rajasthan

0.122

0.01

0.014
0.01

Coastal Kerala

Lahaul and Spiti
sub-division

3,175

6,973

602

41

8.4

28
20

0.003 Gujarat, Rajasthan, and
North-Eastern hills region 3,678

0.0005 782
2 5 0.0002 2,352

Contd

2

2 5

ltural Economics Research Review 
Vol. 

(
o
m
 ap

uo
ia
ju
oD
) 



1

Contd

Table 1. Technology and its adoption related parameters — Contd

Si Name of technology Yield Change in Reduction in Ceiling Supply shift Target domain Base value of
No. advantage per ha R&D level of (k value) production

(°(0) cost of lag (years) adoption (TE: 1999-00)
cultivation (%) Rs million

(%)
13 Cultivation practices for paddy, coconut, and banana

Medium duration paddy 7.4 5 2 30 0.005 Kerala 221
Intercropping of ginger 11.5 12 2 10 0.0004 1,431
with coconut
Banana tissue culture 11 10 2 10 0.001 476

14 Management of pest and diseases in wheat and vegetables
Tomato 9 5 2 20 0.005 Himachal Pradesh 16
Pea 7 5 2 20 0.002 175
Wheat 10 5 2 20 0.006 21
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Table 2. Costs and returns from NATP research

Name of technology Average Unacc- NPV of Internal Benefit
annual ounted incre. rate of cost
research costs benefits return ratio
cost (Rs (%) (Rs (%)
million) million)

Technologies involving significant research costs
1. Integrated pest management 12 40 264.1 43 7.7
2. Hybrid vegetables 9.5 30 , 34 19 2.1
Technologies sharpened, modified and taken to fields
3. Conservation tillage in wheat 3.9 40 121.4 74 10.4
4. Intercropping with sugarcane 3.1 30 12.3 31 2.2
5. Rejuvenation of old mango 3.9 30 4.4 12 1.3

orchards
6. High-yielding variety of 3.5 30 59.4 59 6.1

cotton
7. Biasi cultivation of paddy 2.6 25 8.9 24 2.3
8. Drought alleviation, paddy 3.3 30 8.3 21 1.8
9. Intercropping of maize with 1.6 40 0.6 9 1.14

Aonla
10. Mussel mariculture 2.5 40 0.6 10 1.09
Technologies disseminated with least research cost, but at service/supplies cost
12. Cultivation of high- 0.08 40 1.8 58 10.3

yielding varieties of
vegetables

11. Household food &, 20 40 1,167.2 65 18.6
nutrition-security

13. Cultivation parctices for 0.09 40 3 67 13.4
paddy, coconut, and banana

14. Management of pest and 0.05 40 1.5 57 13.3
diseases in wheat and
vegetables

(c) Technologies Disseminated with Least Research Costs, but at
Considerable Service/ Supplies Costs

These were the ready-to-be-used technologies (for popularization) but
entailed mostly service and supplies costs. The only research cost involved
here was related to the making of marginal refinements in the technology
on the basis of local needs and realities. As stated earlier, the cost of
development of the technology was not included for want of non-availability
of data. Only the impact of technologies being promoted under IVLP was
assessed. Since the efforts largely focused on a wider dissemination of
technology, the rate of return was very high. IRR was more than 50 per
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cent and benefit-cost ratio varied between 10:1 and 19:1. Since the target
domain defined by PIs significantly influenced the magnitude of economic
values, we categorized these technologies on the basis of target domain as
follows:

Small Target Domain

The adoption of technology, "Cultivation of HYVs of vegetable" was
being promoted only in the Lahaul and Spiti sub-division of Palampur district
of Himachal Pradesh. The NPV of this project was found as Rs 1.8 million
along with IRR of 58 per cent and benefit-cost ratio of 10:1.

Large Target Domain

Projects like 'Household food and nutrition-security' (HFNS) have five
major types of technological intervention and are being promoted in a larger
target domain with costs of Rs 20 million per annum. The NPV of a HFNS
project was found as about Rs. 1.2 billion with an IRR of 65 per cent and
benefit-cost ratio of 19:1. Similarly, cultivation practices for paddy, coconut,
and banana in Kerala, and management of pest and diseases in wheat and
vegetables in Himachal Pradesh have depicted high rates of returns —67
per cent for cultivation of plantation crops and 57 per cent for management
of pest and diseases in vegetables. The benefit-cost ratio was found as 13:1.

4. Sensitivity Analysis

The estimates of economic benefits clearly showed that the rates of
return from investments in research under NATP were high. These could
be attributed to the catalytic role played by the NATP and spill-over of
benefits to a relatively larger areas from the adoption of technologies. Also,
in many cases the yield gains from the improved technologies were relatively
high. As noted earlier, the benefits were higher on account of unaccounted
costs.

To find the effect of change (particularly reduction) in yield and adoption
parameters on the benefits and rates of return after adjusting for unaccounted
cots, sensitivity analysis was carried out. In the first and second scenarios,
yield gains were reduced by 10 per cent and 20 per, cent, respectively. The
reductions in yield parameters were combined with the reduction in the
rate of adoption differently in the third and fourth scenarios.

Results of the sensitivity analysis showed that the rates of return changed
Significantly with the reduction in yield and adoption parameters (Table 3).
The benefits were significantly affected in the case of intercropping with
sugarcane, drought alleviation, intercropping of maize with aonla, mussel



Table 3. Sensitivity analysis of returns from NATP research

Name of technology Reduction in yield 10% reduction in yield 20% reduction in yield
10% 20% and 20 % reduction in and 20 % reduction in

adoption parameter adoption parameter'

NPV IRR B-C NPV
(Rs (%) ratio (Rs

million) million)

IRR.
(%)

B-C NPV
ratio (Rs

million)

IRR
(%)

B-C NPV IRR B-C
ratio (Rs (%) ratio

million)

1. Integrated pest management 232.8 40 6.9 201.5 38 6.09 144.6 32 4.7 123.5 30 4.12
2. Hybrid vegetables 33.6 18 2.06 33.09 17 2.05 20.5 15 1.65 20.2 14 1.6
3. Conservation tillage in wheat 121 74 10.4 121 74 10.4 94.8 66 8.3 94.7 66 8.2
4. Intercropping with sugarcane 2.05 13 1.2 1.82 0.21 0.43 7 0.96 1.8 0.17
5. Rejuvenation of old mango 4.4 12 1.3 4.4 12 1.3 0.9 9 1.07 0.9 9 1.07

orchards
6. High-yielding variety of cotton 52.3 55 5.5 45.2 51 4.9 39.5 48 4.4 33.8 44 3.9
7. Biasi cultivation of paddy 5.4 19 1.8 1.9 13 1.3 2.98 15 1.45 0.19 8 1.03
8. Drought alleviation, paddy 4.5 s 16 1.4 0.76 9 1.07 1.5 11 1.14 0.75 5 0.86
9. Intercropping of maize with 0.5 8 1.0 0.02 8 0.99 0.45 6 0.8 0.013 5 0.74

Aonla
10. Mussel mariculture 0.5 5 0.9 0.4 1 0.72 0.39 0 0.7 0.35 -5 0.58
12. Cultivation of high-yielding 1.5 54 9.01 1.3 49 7.7 1.2 48 7.2 0.99 43 6.15

varieties of vegetables
11. Household food & nutrition- 766.3 54 12.5 365.2 40 6.5 599.7 49 10.03 365.2 40 6.5

security
13. Cultivation parctices for 1.8 -6.6 1.7 -5.7 _ 1.6 -6.92 1.56 -5.5

paddy, coconut, and banana
14. Management of pest and 0.9 48 9.4 0.52 36 5.35 0.77 43 7.5 0.39 32 4.3

diseases in wheat and vegetables
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mariculture and cultivation practices for paddy, coconut and banana
technologies because of reduction in the adoption rate. These results
revealed the importance of the rate of adoption in deciding the economic
benefits to farmers.

5. Other Impacts and Feedback to Research System

The feedbacks and experiences under NATP are highly valuable for
future research planning (Table 4). There are some important lessons that
could be learnt from the experiences of NATP. First, a greater focus be

Table 4. Sustainability impacts of research under NATP

Name of the
technology

Other impacts Feedback to research system

Integrated pest
management in
cabbage, tomato,
pigeonpea,
cotton and
groundnut

Conservation
tillage in wheat

Intercropping
with sugarcane

High-yielding
variety of
cotton

Mussel
mariculture

Cultivation of
high-yielding
varieties of
vegetables

Reduction in
use of chemical
pesticides by
7-33 per cent

• Energy/ fuel
saving by 54
per cent

• Irrigation saving
by 30-35 per cent
Increased soil
organic matter
by 45 per cent

Sixteen water- •
stress tolerant
and insect-pest •
resistant cotton
genotypes
identified under
farmer participatory
program

Reduction in
chemical-use
by 12 per cent

Mechanisms of joint working of ICAR, SAUs,
KVKs, NGOs and private industries and
interaction among the multi-disciplinary
team consisting of researchers from different
fields, extension workers, social workers,
private companies are crucial for dissemination
of location-specific and information-intensive
technologies needing farmers participation
There is a need to monitor long-term impact
of new tillage options on pest dynamics, soil
health and environmental consequences

Efforts should be made for long-term
allopathic investigations, multimicro-nutrient
deficiencies, and insect-pest and disease
dynamic in sugarcane-based multi-canopy
inter-cropping system
Research on natural colour high quality cotton
should be encouraged on a long-term basis
Development of long and extra long staple
diploid cotton to replace tetraploids to reduce
the cost of cultivation

Efforts on selection of eco-friendly and
sustainable culture site, better depuration
techniques (selfish sanitation), leasing
demarcated water body for promoting mussel
culture
Breeding for disease resistance in vegetables
should continue. Also, increasing efforts
should be made on development of bio-
pesticides
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laidon the on-farm research to help disseminate available technology rapidly
for generating impressive wide impacts. Second, an effective partnership
between research institutions, private sector, NG0s, etc. would pay rich
dividends, particularly in applied and adaptive research. Finally, some of
the technologies would significantly affect the sustainability of the system
in the long-run. The inferences on these impacts are at the present
impressionistic but data should be compiled and analyzed to quantify these
invaluable intangibles.

Conclusions

A number of promising technologies have been refined/ developed,
and are being disseminated for their wider adoption under NATP. The
contribution ofNATP has been largely in terms of reduction in R&D lag by
2 to 3 years due to increased research intensity, particularly for on-farm
research. The quantified economic pay-offs of these impacts in terms of
NPV, IRR, and benefit-cost ratio for most of the technologies have been
found quite attractive. Besides, there have been impacts on the sustainability
of the production systems, which are only descriptive at this stage due to
quantification problems. Most of the technologies being in the spreading
stage, the estimates of economic impact provided in this note are early
evidences only. This analysis has not considered all the extension costs
and has included only a part of the research cost (non-NATP research) due
to lack of data. The actual rate of returns to research investment may be
lower than those presented in this note. But, the sensitivity analysis has
shown that these apprehensions do not matter much. The estimates of
benefits provided in the note are based on some selected projects, which
have been doing well on farmers' fields, and therefore, these may not
represent the overall situation. The message however, is very clear that
returns to investment in the dissemination of available technologies are
enormous and therefore this dissemination process should receive immediate
attention. This responsibility lies with the public extension system, which
is very weak, particularly at the district and lower levels. The ATMA model
tried during NATP is perhaps a notable option for the large-scale use of
these technologies.
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Appendix I

-Profile of selected technologies being developed/ sharpened under NATP
financed research projects

Name of technology Intervention (s) Crops Production system

(a) Mission Mode
Integrated pest Seed selection,
management sowing time, spacing,

timely irrigation,
balanced fertilizers,
pheromones, botanical
pesticides, and
chemicals

Household food & • HYVs and cultivation
nutrition-security practices

• Vaccination and
health care
• Pen culture

Hybrid vegetables Disease-resistant
hybrid varieties

(b) Production System Research
Conservation tillage Crop management

with use of zero-till-
wheat seeder
Management of inter-
crops in sugarcane
Management of
pruned trees
Identification and
management of
suitable species/
genotypes
Improved implement Paddy
and management
practices for Biasi
cultivation
On-farm storage of Paddy
excess rainfall water
in series and
constructing dug wells
and ditches for use of
shallow groundwater
in rice fields

Intercropping system

Rejuvenation of old
orchards
High-yielding variety

Biasi cultivation

Drought alleviation

Cabbage Rice-wheat
Tomato
Pigeonpea Oilseed- based
Cotton Cotton- based
Groundnut

Minormillets Coarse cereal-
Sheep based
Fishery pearl millet-

oilseed-based,
Rice-maize-
fruit-based

Tomato Rice-wheat-based
Brinjal Oilseed-based

Wheat Rice-wheat-based

Sugarcane Sugarcane-
+ Maize wheat-based
Mango Rice-wheat-based

Cotton Coarse cereal-
based

Rainfed rice-based

Rainfed rice-based

Contd
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Appendix I

Profile of selected technologies being developed/ sharpened under NATP

financed research projects — Contd

Name of technology Intervention (s) Crops Production system

Intercropping of
maize with aonla
Mussel Mariculture

(c) TAR through IVL
High-yielding
varieties of
vegetables
Cultivation practices

Management of pest
& diseases

Water and nutrient
management
Cost-effective
management of mussel

culture

Aonla +
Maize
Mussel

• Cultivation of high- Cabbage,

• yielding and disease Pea,

resistant varieties Tomato

• Cultivation of medium Paddy

duration varieties

• Management of Coconut

intercrops
• Cultivation of tissue Banana

culture
• Management of pest Tomato, pea

and diseases
• Cultivation of resistant Wheat

varieties

Pearl millet-
oilseed-based
Coconut-rice-fruit-

based

Horticulture-based

Coconut-rice-
fruit-based

Rice-wheat-
fruit-based
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Appendix II

Economic Surplus Model

The Economic Surplus Model ofAlston etal. (1995) was used to measure the
rate of returns to the research under NATP in a close economy framework. Research
benefits were computed as change in economic surplus as follows:

Change in total surplus = Kt Po Q0(1 + 0.5 Zth)
where,

= K (e/ (e + h))
K = Vertical shift in supply function
e = Elasticity of supply
h = Elasticity of demand
Po = Base year output price
Qo= Base year output quantity

Economic Rates of Return
Using the above measure of total benefits from research, the different measures of
economic rates of returns were estimated as follows:

Net Present Value:

[(BL —Ct)/(l+rYJ
r=0

Internal Rate of Return (IRR):

kBt — C)/(1 + /RR Y 1=-- 0
t=o

Benefit Cost Ratio:

kl 3 t) I + 411 0 kt) I +

where, B, is benefit (changes in total surplus) in year t, C, is cost in year t, and r is
the discount rate.


