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Economic impact assessment and technology adoption of okra variety Kashi Kranti
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Abstract

Okra variety ‘Kashi Kranti’, developed by Indian Institute of Vegetable Research, Varanasi, is an early-maturing, medium-tall variety
(100-115 cm) with dark green fruits (8-10 cm long), high yield potential (140-150 g/ha), and resistance to yellow vein mosaic virus (YVMV)
and okra enation leaf curl virus (OELCV). Using an ex-post and ex-ante assessment framework based on the economic surplus approach
(Alston et al. 1995), the study quantified the benefits of its adoption. Adoption rates were estimated using breeder seed data and an
S-shaped logistic function, reaching approximately 3.71% by 2024 and projected to approach 4.95% by 2030. Two yield gain scenarios
(15 and 25% over prevailing varieties) were analyzed based on multi-year field data. Results showed substantial welfare gains. Under
Scenario-1 (15% yield gain), total economic surplus from 2012-2024 was ¥373.45 crore (annualized ¥28.73 crore), rising to ¥596.39 crore
by 2030. Under Scenario-Il (25% yield gain), the surplus reached ¥624.00 crore (2012-2024) and ¥997.08 crore by 2030. Producer surplus
constituted the major share, reflecting higher productivity and profitability for farmers. The findings highlight Kashi Kranti’s significant
contribution to yield enhancement, cost efficiency, and overall economic returns for producers, consumers, and society. Accelerated
adoption of such improved varieties can strengthen vegetable production sustainability and support smallholder livelihoods in India.
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Introduction

Vegetable crops are a cornerstone of India’s agriculture,
nutrition, and economy. They provide essential
micronutrients such as vitamins A, C, and K, minerals like
iron and potassium, dietary fiber, and antioxidants that
are critical for human health. Regular consumption of
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largest producer of vegetables globally, after China. As per
the final estimates for 2024-25 released by the Department
of Agriculture & Farmers Welfare, vegetable production
reached 217.797 million tonnes, marking a 5.11% increase
over the previous year. Economically, vegetable crops are
high-value, short-duration commodities that offer higher
returns per unit area compared to many field crops. Their
cultivation generates significant employment, particularly
for small and marginal farmers and rural women, as they
require intensive labor for sowing, weeding, harvesting, and
post-harvest handling.

© The Author(s) 2026. Open Access. This article is Published by the Indian Society of Vegetable Science, Indian Institute of Vegetable Research, Jakhini,
Varanasi-221305, Uttar Pradesh, India; Online management by www.isvsvegsci.in



Sanwal et al.: Economic impact of Kashi Kranti variety of okra

191

Okra (also known as bhindi or lady’s finger) is an important
vegetable crop, valued for its nutritional richness and health
benefits. It is low in calories but packed with fiber, vitamins
(A, C, K, folate), minerals (magnesium, potassium, calcium),
and antioxidants. Its soluble fiber (mucilage) promotes
healthy pregnancy and detoxification. Globally, okra holds
economic and dietary significance in tropical/subtropical
regions, with world production reaching around 13.26
million tonnes in 2024 and India ranked first with 57.99%
to global okra production. In India, okra covers an area of
approximately 0.563 million hectares, with production at
7.69 million tonnes (2024-25 final estimates) and average
productivity of 13.65 tonnes per hectare. Leading states
include Gujarat (top in production and area), Madhya
Pradesh, West Bengal, Bihar and Odisha. Productivity varies
by region, variety, and practices, with potential for higher
yields through improved hybrids and management.

This paper evaluates the impact of the okra variety
Kashi Kranti, developed by the Indian Institute of Vegetable
Research, Varanasi, in 2012. The variety enables farmers to
achieve higher per-unit productivity and greater economic
returns. The present study adopts an ex-post assessment
framework using the economic surplus approach to quantify
the economic surplus generated by the research outputs.
These estimates are then used to calculate key indicators,
including the internal rate of return (IRR), and net present
value (NPV). Overall, the study contributes to the discourse
on the benefits of Kashi Kranti by highlighting yield gains,
cost reductions, and the resulting monetary advantages for
producers, consumers, and society.

Okra variety Kashi Kranti has been developed through
hybridization between VRO-6 x 67-10-02 followed by
pedigree selection at Indian Institute of Vegetable Research
(IIVR), Varanasi. It was evaluated in All India Coordinated
Research Project on Vegetable Crops at different agroclimatic
zones of India. Performing as a superior genotype, it has
been released by Central Subcommittee on Crop Standard,
Notification and Release of Varieties for Zone IV (Uttar
Pradesh, Bihar, Jharkhand and Punjab) as Kashi Kranti
through notification no. 2363(E), dated October 4, 2012.
It is an early, medium tall (100-115 cm) variety with short
internodes along with single or double branch attached
in narrow angle with main branch and resistant to yellow
vein mosaic virus (YVMV) and okra enation leaf curl virus
(OELCV) under field condition. It will take 38 to 42 days for
first flowering. Flowering starts after 5 to 6 nodes. Each
plant has18 to 20 fruits of dark green colour. The length and
diameter of the fruit is 8 to 10 cm and 1.8 cm, respectively
at marketable stage. The fruits are available from 45 to 95
days after sowing and total yield is 140 to 150 g/ha. Hence,
an attempt has been made to evaluate the economicimpact
assessment of okra variety Kashi Kranti.

Material and Methods
Using method given by Bisen et al. (2024 and 2025), first,
the present rate of the adoption was estimated using the

following equation

Area(ha)= %*{BS*SMF) +(Output,, ,*Output,.,*1-(SRR))}.......(1)
Where,

BS is breeder seed supplied by the technology developer (Q),
which is taken as 0.55 q per ha); SMF is seed multiplication
factor of breeder seed, which taken as 100*100; SR stands for
seed required for planting one hectare of land (Q/ha); SRR
is Seed replacement rate in the domain region (%), which is
assumed as 90%; SCL is Supply chain loss (45%); output Gen-I
is first generation output of technology (tonnes), which
product of the domain area and yield and output Seed is
output kept as seed (%).Using equation 1, the present rate
of the adoption can be computed as given the equation 3
as follows.

Arca (ha)

Domainarea ( ha)

Present rate of adoption (%)= *100 2)
After estimation of the present rate of adoption (%), and
assuming the initial rate of adoption as 0.001%, we traced
the path of adoption using the following formula.
To trace the adoption rate of STOVs, we have used S-shaped
logistic function

p— Amax
At —_ He_w ........ (3)
A, is the adoption rate in t™ year after the release of the
technology. 4,, is the technology’s maximum adoption
rate, which is assumed, as per expert’s opinion being an
ex-ante analysis, to be around 5% by 2030. It was assumed
B, and B are the parameters defining the adoption path as
it approaches 4,,.. Further, to elicit the values of  and p,
two points on the curve are needed. For this analysis, one
point was the initial year’s adoption rate, which we assumed
to be as close to zero as possible, as 0.001%. Furthermore,
based breeder seed production data the present rate of
adoption, as discussed above, was estimated as 3.71%. The
B can be estimated using the equation 3 for each pointand
then setting them equal using Solver function in MS excel.
Then, putting the value S in either of the equation, the value
of B, can be estimated.

Economic surplus model

we assumed that demand and supply curves are linear.
Following Alston et al. (1995) the incremental changes in
producer surplus (APS) and consumer surplus (ACS) in the
closed economy case can be computed using the following
equations 13 and 14, respectively.

APS = PyQ,(K — Z) (1+ 0.5¢,7) @

ACS = ZPoQ,(1 + 0.5¢47) 5)
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In equation (4) and (5), P, is the pre-adoption price of okra;
0, is the pre-adoption level of production of okra in the
domain area; g, is the price elasticity of demand; 7 is the
relative change/reduction in price, which can be computed
as follows.

7= K&

& teg, ©)
K-shift parameter i.e., shift in the supply function of
producers (Alston et al. 1995. This can be estimated using
following equation.

RN .

e, 1+E(Y)
Where, E(Y) = the expected proportionate yield change;
E(C) is the expected proportionate cost change; ¢ is the
elasticity of supply; § is the probability that research will
achieve the expected yield change (Alston et al. 1995), which
is usually taken as unit. Where, ¢, and ¢, is the absolute value
of the price elasticity of supply and demand, respectively.
The Total economic surplus can be computed using the
equation 8:

ATS = PyQoK (1 + 0.5¢4Z) (8)

The parameters used in economic surplus model are given
in Table 1.

Results and Discussion

Yield advantage of Kashi Kranti over prevailing
varieties

The comparative yield advantage of the Kashi Kranti
variety over other prevailing varieties across different
states 2007-08 to 2009-10 is depicted in Figure 1. In Uttar
Pradesh, the yield advantage of Kashi Kranti showed a
gradual increase over years. Evidently, the yield gain was
approximately 9% in 2007-08, which increased to around
20.5 and 22.6%, respectively in 2008-09 and 2009-10. In
Bihar, the highest yield advantage (46.3%) was observed
during 2007-08. Despite the decline after the first year, the
variety continued to maintain a considerable productivity
advantage over the existing cultivars. In Jharkhand, it
exhibited relatively moderate but stable gains, on average
14.9%, during the assessment period. Moreover, in the state
agradualrise in the yield gain was recorded, demonstrating
the consistency in performance even under comparatively
resource-constrained production environments.

Punjab state recorded the highest yield advantage
among all the states. The yield gain was approximately 25%
in 2007-08, which increased dramatically to nearly 80% in
2008-09 before moderating to around 47% in 2009-10. The
exceptionally high yield response in Punjab state suggests

Table 1: Value of the parameters used in estimating of adoption rate
and economic surplus

Base year Q (2011-12, 000'ton) 1435 Gol (2018)
Base price P (2012, Rs per ton) 15070 NHB (2012)
Demand elasticity -0.515  Kumaretal. (2011)
Price elasticity of supply 0.817 Vanitha et al. (2022)
Expected yield change (Scenior-1) 0.15 Field survey
Expected yield change (Scenior-2) 0.25 Field survey
Expected cost change 0.01 Field survey
Technology success probability 1.0 Authors
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Figure 1: Yield advantage Kashi Kranti over other prevailing varieties

that Kashi Kranti performed particularly well under intensive
cultivation systems characterized by better irrigation
access, higher input use, and improved crop management
practices. The overall domain-level (Uttar Pradesh, Bihar,
Jharkhand and Punjab) yield advantage demonstrated a
positive trend over time. The overall yield gain increased
from approximately 15% in 2007-08 to around 20 and 25%
in 2008-09 and 2009-10, respectively. This increasing trend
indicates the broad-based superiority of Kashi Kranti over
prevailing varieties and reflects its increasing acceptance
and adaptability across different production ecologies.
Considering the above discussion, and to avoid the over-
estimate, for estimation of economic surplus, two scenarios
of yield gains were assumed, scenario-1 and scenario-2 with
yield gains as 15 and 25%, respectively.

Adoption rate of Kashi Kranti variety

The adoption trend of the Kashi Kranti variety exhibited
a clear sigmoid growth pattern during the study period
from 2012 to 2030. In the initial years from 2012 to 2016, the
adoption rate remained low, indicating limited awareness
among farmers during the introductory stage. Between 2017
and 2020, the adoption rate increased steadily from nearly
0.15% to about 1.00%. This phase reflects the early diffusion
stage where progressive farmers and initial adopters started
accepting the technology after observing its potential
benefits (Figure 2). The pace of adoption accelerated
considerably after 2020, indicating improved awareness,
demonstration effects, institutional support, and greater
confidence among farming communities. During the period



Sanwal et al.: Economic impact of Kashi Kranti variety of okra

193

Table 2: Estimated value of generated economic surplus from Kashi Kranti variety of okra

Scenario-I (~15%)

Scenario-Il (~25%)

Particular

2012-2024 2012-2030 2012-2024 2012-2030
Consumer surplus 33.65 (2.59) 53.74 (2.83) 56.23 (4.33) 89.84 (4.73)
Producer surplus 339.80 (26.14) 542.65 (28.56) 567.77 (43.67) 907.24 (47.75)
Economic surplus (ES) 373.45(28.73) 596.39 (31.39) 624.00 (48.00) 997.08 (52.48)

Note: Figures in parentheses are annualized value of the estimates.

Adoption Rate (3¢)

012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Figure 2: Present and projected rate of adoption of okra variety
Kashi Kranti

from 2021 to 2024, the adoption curve showed rapid growth.
The adoption rate increased from nearly 1.5% in 2021 to
approximately 3.61% by 2024. This stage represents the
expansion phase of diffusion where a substantial proportion
of farmers adopted Kashi Kranti variety. The sharp rise in
adoption during these years suggests that the innovation
reached a critical acceptance level among users, possibly
due to visible economic advantages, higher productivity,
or successful extension interventions. Following this, the
adoption level reached around 4.5% by 2026 and further
increased to approximately 4.95% by 2030. The projected
maximum adoption level of nearly 4.95% by 2030 suggests
that the technology is expected to achieve near complete
diffusion within the target population under the prevailing
conditions.

Under different yield gain scenarios, the estimated economic
surplus generated from the adoption of the Kashi Kranti
variety of okra indicates substantial welfare gains for both
producers and consumers. Keeping the wider variation in
yield gains in the domain area of the variety, the analysis
was carried out under two scenarios representing 15%
and 25% yield advantages over the other prevailing okra
varieties, respectively (Table 2). As a part of the ex-post
analysis, the estimates were generated for period 2012-2024
and, further projected up to 2030 under ex-ante analysis.
Under scenario-l, the estimated consumer surplus during
2012-2024 was %33.65 crore with an annualized value of
%2.59 crore. The producer surplus was considerably higher
at ¥339.80 crore with an annualized contribution of ¥26.14
crore. Consequently, the total economic surplus generated

during the same period was estimated at ¥373.45 crore
with an average gain of 28.73 crore per annum. The higher
share of producer surplus in total economic surplus shows
that farmers derived the major proportion of benefits from
the adoption of the Kashi Kranti variety through increased
productivity, and thereby enhanced profitability. The
projected estimates up to 2030 under the same scenario
further revealed that a substantial increase in benefits, and
the total economic surplus is expected to reach ¥596.39 crore
with an annualized benefit of ¥31.39 crore. These projections
indicate the long-term positive impact of sustained varietal
adoption, particularly in the domain area. Under Scenario-ll,
the estimated benefits are markedly higher because of
higher productivity gains as compared to scenario-I. During
2012-2024, consumer surplus was estimated at ¥56.23 crore
with an annualized value of ¥4.33 crore, whereas producer
surplus reached ¥567.77 crore with an annualized gain
of %43.67 crore. The overall economic surplus generated
during this period was estimated at ¥624.00 crore with an
annual average benefit of 348.00 crore. The projections
up to 2030 under scenario Il show that consumer surplus
may increase to ¥89.84 crore with an annualized value of
%4.73 crore, while producer surplus is likely to reach ¥907.24
crore with an annualized gain of ¥47.75 crore. Consequently,
the total economic surplus is projected at ¥997.08 crore with
an annualized benefit of ¥52.48 crore. Overall, the findings
suggest that accelerated adoption of the Kashi Kranti variety
can generate substantial economic gains, improve farmer
welfare, and contribute significantly to the growth and
sustainability of vegetable production in the domain areas.
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