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Abstract | Through medium density almond cultivation, production of almond in world has increased many
folds from 1034 MT in 1995 to 3214 MT in 2019. The contribution of India to the total almond production
in 2019 was merely 2.45 per cent. However, domestic demand is increasing every year, with the result, the
country is importing almond to the tune of more than Rs.9.2/- billion annually. Varis is reported very produc-
tive and quality wise retains high score of consumer acceptability, accordingly efforts are being made to extend
its adoption in the union territory of Jammu and Kashmir. To formulate a policy for its adoption, ex-ante
evaluation was carried out by employing economic surplus model on the experimental data collected from
the technical expert group of scientists involved in its cultivation, assessment, evaluation and dissemination.
By adopting high advance impact assessment technologies and models, the study reveals that under medium
density plantation at 2x2.5m (2000 trees/ha) resulted in the productivity of at least 3 mt/ha, the average pro-
ductivity gain will shoot up from 0.96 M'T/ha to about 3.00 M'T/ha. thereby, improving the productivity by
3 fold, employability which went up from 260 to 810 man-days/ha. The results further revealed that with an
expected expansion of medium density almond orchards over 30 per cent of the target area will provide NPV
1348.5 Billion US $,IRR 70 per cent and BC ratio would amount to 107.74 respectively. The study concludes
that attention of people should be diverted towards the cultivation of almond which is a durable crop, having
long shell life and can fetch huge amounts through foreign exchange.
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Introduction

Imonds are native to Mediterranean region and

are considered as one of the oldest crop in the
world. The fruit is closely related to peach and plum
are believed to be evolved from the same ancestral spe-
cies in South-Central Asia and from there it spread
along the shores of the Mediterranean in Northern
Africa and Southern Europe by Egyptians, Greeks
and Romans (Reyaz and Sudhir, 2015). It was bought

to California in the 17* century by Spanish where the
industry progressed and production increased several
tolds due to cultivation of superior varieties accompa-
nied by prudent scientific production and protection
technologies making California the world leader in
almond production (Rayees ez a/., 2021). In India it
was first introduced in Kashmir during 16™ century
by Persian settlers but in spite of its great potential in
the region, the crop could not develop on commercial
scale as that of apple,because of being rainfed in anture.
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The almond production in the world has increased
many folds from 1034 MT (1995) to 2065 M'T (2007)
of shelled product. The main producing countries are
United States of America (40%), Spain (12.45%),
Syria (6.77%), Italy (6.38%), Iran (6.53%), Morocco
(4.70%), Uzbekistan (3.45t/ha), USA (3.04t/ha), Al-
geria (3.39%), Tunisia (2.67%), Greece (2.83%), Tur-
key (2.45 %) and India (2.01%). However, domestic
demand is increasing every year, with the result, the
country is importing almond to the tune of more than

Rs. 9.2 billion annually (Agristat, 2019).

Sustainable almond farming utilizes production prac-
tices that are economically viable and are based upon
scientific research, common sense and a respect for
the environment, neighbours and employees. The re-
sult is a plentiful, healthy and safe food product. The
conventional almond in the valley is based on seed-
ling rootstock resulting in very high variability in the
quality as well as productivity of this nut crop (Naseer
et al., 2013). From last one decade the area under al-
mond is decreasing and farmers are reluctant to go
for a new plantation in almond crop (Mukeet, 2012).
Number of almond varieties are available in the mar-
ket, but there are four major varieties of export qual-
ity viz. Non-Pereil, California paper Shell, IXL and
Merced. In addition to these exotic cultivars, Sher-
e-Kashmir University of Agricultural Sciences and
Technology of Kashmir (SKUAST-K) has released
four almond varieties namely; Shalimar, Makhdoom,
Parbat and Varis, which are at par with world ac-
claimed varieties in terms of production and quality
(Ishfaq, 2018). By adopting these varieties we could
lure our farmers to adopt almond farming as a viable
option. The productivity can be increased many fold if
high yielding varieties and scientific production and
protection technologies suited to the region are fol-
lowed. Under medium density plantation we could
plant almond trees as close as 2x2.5m (2000 trees/ha)
resulting in the productivity of at least 3mt/ha, there-
by, improving the productivity by six fold.

'The cultivation of medium density almond has trans-
formed the scenario of almond production in the
world in general and is also expected to give boost
to the almond economy in Jammu & Kashmir as
well. The adoption of medium density almond has
increased the yield of almond many folds compared
to the traditional almond varieties. Life cycle, devel-
opment period, creation level, pay procured, bene-
fits, and speculation productivity, Net Present Value

(NPV), Internal Rate of Return (IRR), and Payback
Period (PP) with high efficiency, high returns pre-
dominant organic product quality and increment em-
ployment man days of high density plantation is very
high compared to traditional plantation density across
the world (Cahn and Goedegebure, 1992; Robinson,
2007; Elkins, ez al., 2008; Seavert and Long, 2009;
Badiu ef al.,, 2015; Kerutagi ez al., 2017). In view of
the economic benefits accrued by the crop to farmers,
the study was conducted with an objective to amylase
the economic potentiality of the new almond varie-
ty Varis developed by Sher-e-Kashmir University of
Agricultural Sciences and Technology of Kashmir
(SKUAST-K). The study is en-ante in nature and will
help scientists and farmers to extend and adopt this
variety on commercial scale for betterment of farming
community in particular and for the agricultural Uni-
versity and scientists in general.

Materials and Methods

This study is based upon data of experimental farms
maintained by an expert group of SKUAST-K an
expert scientist group who are working exclusively
on the development of the varieties of almonds, its
management and dissemination was consulted dur-
ing conduct of economic analysis of the crop. Also a
few (17) progressive almond growers were consulted
during the survey to have an estimate about its adop-
tion and economy as well. The data and information
provided by the expert group of scientists and pro-
gressive growers has been utilized for the conduct of
ex-ante evaluation. The variety is newly introduced by
the University and is not yet grown on a large scale;
therefore, 30 per cent of the existing area is kept un-
der target zone. The economic surplus model was
used to estimate the social gains and economic viabil-
ity through estimating the net present value (NPV),
the internal rate of return (IRR), and the benefit-cost
ratio (BCR). Direct benefits get generated by the
adoption of new technologies in the target area. The
adoption of medium density almond technology have
both direct as well as indirect impact on farm econ-
omy. While the direct effects may translate in the
form of yield gains and increase in income level, its
indirect effects are widespread. The indirect effect of
medium density almond plantation may be that the
produce would fetch premium prices because of its
better quality and by achieving various economies of
scale. The economic surplus model is inclusive in that
it takes into consideration both direct and indirect ef-
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tect while capturing impact or outcome of investment
on research and extension in taking technology to the
field. Economic Surplus Model is better than Ordi-
nary Least Square Regression (OLS) Model because
unlike OLS it is not sensitivity to outliers and one
or two outliers cannot seriously skew the results of
a least squares analysis and unlike later it takes into
consideration price elasticities. The model was applied
in a closed economy framework with the assumption
of no spillover effects on international market as the
target area fixed for this analysis is only 30 per cent.
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 de-
mand function was linearly inelastic. The assumptions
of a simple case of linear supply and demand func-
tions with parallel shift have been applied in most of
the earlier studies on research benefits (Gopal, 1939;
Hicks, 1940; Boulding, 1945; Winch, 1965; Alston e#
al., 1995). This model has been employed by number
of scholars in India (Kumar, 2010; 2011) and abroad
(Catherine, 2006; Daniel, 2013) and was also used to
measure the rate of returns to the research investment
on development of elite germplasm of maize and rice
under various projects in J&K (Wani ez al, 2011,
2013a; 2013b). Research benefits were computed as
change in economic surplus as follows.

Estimation of Benefit
ACS =P Q.Z (1+0.5Zn)
APS = P Q, (K-Z) (1+0.5Zn)
ATS = ACS + APS = P QK (1+0.5Zn) (Kumar, 2010;
Kumar ez al., 2011)

Where; K: Vertical shift of supply function expressed
as a proportion of the initial price; H: Absolute value
of the elasticity of demand; Z = Ke / (e + h): Reduc-
tion in price, relative to its initial (i.e. pre-research)
value, due to the supply shift; E: Elasticity of supply;
ACS: Change in consumer surplus; APS: Change in
producer surplus; ATS: Change in total surplus.

Economic rates of return

Using the above measure of total benefits from re-
search, the different measures of economic rates of
returns were estimated (Wani ez a/., 2011; 2013a) as
follows:

Results and Discussion

'The assessments of cost and supply versatilities of in-
terest brought out by before considers (Kumar ez a.,
2010; 2011; Catherine and James, 2006) were utilized
to play out the utilitarian examination of the model.
The Economic Surplus Model assessed a critical im-
provement in yield levels of newly introduced almond
variety. Almonds have achieved a pivotal position in
nuts all-over the globe. Developing shopper request
has driven up costs and made it a productive year
crop. Farmers have planted a huge number of sections
of land of new trees in the previous three decades.
Dry season, be that as it may, has carried large issues
to the almond business, maybe more than some other
fragment of world horticulture. Almonds and other
lasting harvests require more water than most tem-
perate crops.

Impact of medium density on almond growers

The cultivation of medium density almond has
changed the scenario of almond production in the
world in general and in Jammu and Kashmir in par-
ticular. The adoption of medium density almond
cultivation by the farmers has increased the yield of
the almond more than double the produce under
traditional almond variety thus increasing gross and
net returns from Rs. 38,000/- to Rs. 240,000/- per
hectare and Rs. 36,400/~ to Rs. 137,000/~ per hec-
tare respectively in traditional and medium densi-
ty almond orchards, (Elkins ez 4/, 2008; Kerutagi ez
al., 2017) came with similar results for new cultivars.
'The marketable surplus increased significantly from
902 to 2820 kg/ha in traditional and medium density
orchards. The potential of the medium density could
be judged from the increase in the returns per rupee
invested which increased from 1.92 to 2.33, domestic
consumption from 58 to 180 kg and labour employ-
ment from 260 to 810 man days respectively in tradi-
tional and medium density. The biggest challenge for
medium density almond is that it demands very high
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investment of Rs.103,000/- per hectare against Rs.
20,000/~ per hectare in traditional variety, the results
are in consonance with (Meland, 2005; Manolova
and Kolev, 2007). However, the returns are far higher
than investment which has improved the standard of
living of farmers and provides them a reasonably bet-

ter livelihood security (Table 1).

Table 1: Ex-ante analysis of medium density almond in

Kashmir.

Particulars Medium Traditional (%)

density  Almond Change

Almond Yield (MT/ha) 3.00 0.96 213
Gross returns (Rs/ha) 240,000 38,400 525
Net returns (Rs/ha) 137,000 36,400 276
Cost of cultivation (Rs/ha) 103,000 20,000 415
Cost of production (Rs/kg) 34.3 20.8 64
Returns per rupee invested 2.33 1.92 21
(Rs/ha)

Marketable surplus(kg/ha) 2820 902 213
Employment (human days/ 810 260 211
ha)

Domestic consumption (kg) 180 58 210

Table 2: Returns from investment on medium density
plantation revealed through estimates of economic surplus

model (ESM).

Particulars Values

Yield change Kg/ha (%) 21.3

Variable cost change per ha (%) 41.5

Target area to be covered in 2020 (%) 30 % of the existing

Time to achieve maximum adoption (yrs) 25

Elasticity of supply 0.41

Elasticity of demand 0.31

Prob. Success 1

NPV (cr.) 1348.5

IRR 70%

BC Ratio 107.74
Aggregate benefits

Table 2 shows the economic surplus model estimates,
the price elasticities of demand and supply of medi-
um density almond were estimated through function-
al analysis employed on primary information collect-
ed on prices from the producers and consumers (of
various income groups) pertaining to various periods
of time in a year. The estimate of demand and supply
elasticity thus obtained was 0.41 and 0.31 respective-
ly. The analysis showed a significant improvement in

yield level in the new variety of almond. The estimates
of ESM reveal that on each rupee invested, the ben-
efit-cost ratio (BCR) was 107.74 and the IRR 70 per
cent under this study, the results are in conformity
with (Cahn and Goedegebure, 1992; Milosevic, 2008,
Badiu ez al., 2015).

Partial budget estimates

Partial budgeting is used to further assess the impact
of adoption of medium density in terms of net eco-
nomic gains. The results revealed that new technol-
ogy (medium density) will require more cost of Rs
83,000/- ha'. However, the credit side shows consid-
erable gains in the form of increased income to the
tune of Rs. 201,600/~ ha and increase in price for
almond yield to the tune of 2.04 MT ha, amount-
ing to the total credit of Rs 81,600/~ ha. The net
change in returns will led to an increased amount of
Rs 2,00,200/- ha™. Therefore, it could be concluded
that the adoption of medium density will improve the
livelihood security by generating additional employ-
ment and income (Table 3).

Table 3: Partial budgeting of medium density almond.
Debit Credit

Particulars Amount Particulars

(Rs/ha)

Increase in cost 83,000 Income Effect

per hectare Increase in income per ha 201,600
Price Effect
Increase in price for the
almond yield 2.04MT@ 81,600
Rs 40

Amount

(Rs/ha)

Decrease in 0.00 Decrease in cost per 0.00
income per hectare

hectare

Total (Rs) 83,000 283,200
Net change (Rs) 200,200

Conclusions and Recommendations

'The average productivity went up from 0.96 MT/ha
to about 3.00 MT/ha after the replacement of tradi-
tional almond with medium density almond cultivars,
so did the costs of new technology. Even though the
costs have increased compared to the traditional tech-
nology yet it has benefited adopters to a far greater
extent in the form of higher productivity besides in-
creasing the employability which went up from 260
to 810 man-days/ha for both skilled and unskilled
masses of the area. Private players were identified as
potential stakeholders who need encouragement to
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help almond growers for setting up such orchards
across Kashmir valley. Proper irrigation which is vital
for raising this type of plantation need bore well facil-
ity for which extending of soft loans by the local gov-
ernment over a longer period of time is proposed. This
will facilitate drip pattern of irrigation required for
increasing productivity of medium density almond.
'The role of institutions has to go long way with the
provision.
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