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Abstract !
This study examines the changes in the production and cultivation areas of
perennial fruit crops (apple, walnut, pear, cherry) and paddy in Anantnag district,
Kashmir Valley, from 2001 to 2020. The focus is to analyze the relationship between Article History
these changes and rainfall patterns by incorporating the Theil-Sen estimator and Received: 25 May 2025
confidence intervals. Using Landsat imagery and ArcMap, land use and land cover Accepted: 11 August

2025
(LULC) changes were analysed, particularly in the Lidder Valley, a traditionally
fertile region for both paddy and apple cultivation. The findings show that in 2001, Keywords
rice was cultivated on 38,893 hectares with an average yield of 2.96 tonnes per Agriculture;
hectare. By 2020, both the cultivation area and yield had decreased to 21,730 Food security;
. . . Horticulture;
hectares and 2.04 tonnes per hectare, respectively. In contrast, perennial fruit crops LULC.

area increased from 29,248 hectares (producing 203,558 metric tonnes) in 2001 to
31,790 hectares (producing 254,192 metric tonnes) in 2020. Satellite analysis of the
Lidder Valley confirmed this trend, revealing a reduction in rice cultivation from 118
sg. kmin 2001 to 50.5 sq. km in 2020, while perennial fruit crops areas expanded by
92 sqg. km. Rainfall data showed a decline of 5.2 mm per year at Pahalgam and 10.4
mm per year at Kokernagh, highlighting the impact of decreasing rainfall on water-
intensive paddy cultivation. A survey found that 50% of respondents attributed the
shift to climate change and water scarcity, while 40% cited economic and 10%
mentioned other factors. While the growth of apple orchards has improved farmer’s
socio-economic conditions, the decline in paddy production raises concerns
about food security, health, and environmental sustainability. The study underscores
the urgent need for sustainable land-use planning to ensure economic resilience,
food sustainability, environmental protection, and public health in the region.
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Introduction

The global agricultural landscape is undergoing rapid
transformations, driven by a combination of climate
change, technological innovation, socio-economic
demands, and policy interventions." One of the most
critical manifestations of these transformations is the
alteration in cropping patterns, mainly the spatial
and temporal distribution of crops cultivated across
different regions. Cropping pattern changes, whether
driven by market incentives, water availability, or
climate shifts, have far-reaching consequences
not only for agricultural productivity but also for the
overall economy, environmental sustainability, and
public health outcomes.? While certain transitions
have resulted in increased income and food
availability, others have led to severe ecological
degradation, nutritional imbalances, and health
vulnerabilities. Understanding the multidimensional
impacts of cropping pattern shifts is thus, critical to
informing sustainable agricultural policy, particularly in
ecologically fragile and socio-economically vulnerable
regions.® Globally, the transition from traditional,
diversified cropping systems to high-value, input-
intensive monocultures has become a defining trend
of modern agriculture. In many developing countries,
including those in Sub-Saharan Africa and Southeast
Asia, farmers have increasingly adopted commercial
crops such as oilseeds, fruits, and biofuels in
response to market liberalization and export-oriented
agricultural policies.* Economically, such changes
can improve profitability and integration into global
markets, but they also expose farmers to higher
levels of income volatility due to price shocks and
climatic risks. Many scientific studies and empirical
research have highlighted the negative impact of
climate change and global warming on agriculture®®
emphasizes that extreme weather events can lead
to reduced crop yields and increased fluctuations
in staple food prices, posing serious threats to food
security and poverty reduction efforts. Changes
in climate conditions are expected to influence
agriculture by affecting both farm income and
food prices, ultimately impacting food security and
livelihoods.” Without suitable adaptation strategies,
agriculture may no longer remain a reliable source
of livelihood, especially in regions heavily dependent
on farming. This challenge is particularly concerning
for smallholder farmers in developing countries
like India, where limited infrastructure and reliance
on rainfall make them more vulnerable to climate-
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induced risks. Research also suggests that rainfall
plays a crucial role in determining crop acreage and
farmers decisions regarding crop selection.® Crops
grown during the autumn season are especially
sensitive to rainfall variations. In areas with lower
rainfall, farmers tend to prefer irrigated Boro rice
over rain-fed Aman rice, whereas in regions with
higher rainfall, the preference is reversed. Due to
this sensitiveness to rainfall enlarges the diverse
cropping probability and cropping decisions by
farmers.® Conditions of the extreme drought causing
by the climate change results reduction in the
productivity of the crops due to the immobilization of
the nutrients and salt build up in the soil which in turn
affects the soil health and leads soil infertility.”® These
lands become barren and are abandoned by the
farmers with the passage of time that creates many
social and economic problems. It has been observed
that in upcoming future decades, productivity of the
major crops will sharply reduce due to the challenges
of the global warming, water scarcity and other
environmental ramifications.”'2 In recent years,
India’s cropping patterns have continued to evolve
in response to climate variability, government
incentives, and changing consumer preferences.
Cash crops such as cotton, sugarcane, soybean,
and perennial fruit crops produce have gained
prominence, especially in semi-arid and rainfed
regions of Maharashtra, Madhya Pradesh, and
Andhra Pradesh.™ While these shifts can increase
household income during normal years, they
also make farming systems more vulnerable to
erratic monsoon patterns and prolonged droughts,
both of which are becoming more frequent
under climate change. Moreover, these crops
require intensive use of pesticides and synthetic
inputs, raising serious environmental and health
concerns. Empirical studies have reported elevated
rates of pesticide-related illnesses, including
neurological disorders and cancer, particularly
in regions with poor regulatory oversight.'*s
Additionally, the economic risks associated with
these shifts especially in the absence of price
support or crop insurance have contributed to
indebtedness and farmer suicides, indicating a deep-
seated agrarian distress fueled by unsustainable
cropping decisions. 61"

In the context of the Indian Himalayan region,
particularly Jammu and Kashmir (J&K), the impacts
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of cropping pattern changes are both under
studied and critically important. Traditionally, J&K’s
agricultural systems were characterized by
subsistence farming of climate-resilient crops
like barley, millets, pulses, and indigenous rice
varieties.'® However, in recent decades, the region
has witnessed a gradual but persistent shift toward
cash-oriented cropping, especially in the form of
large-scale apple cultivation.'® This shift has improved
farmer incomes and contributed significantly to
the state’s GDP (Gross Domestic Product), with
horticulture alone accounting for over 9% of GDP.3#
Yet, the environmental trade-offs are concerning.
Expansion of orchards into ecologically sensitive
zones has led to deforestation, soil erosion,
and altered hydrological cycles. Moreover, the
heavy reliance on chemical pesticides in apple
orchards poses significant health risks to both
farmers and consumers, including pesticide
poisoning and long-term exposure effects.?’ This
underscores the urgent need to assess cropping
pattern changes in J&K not only from an economic
standpoint but through an integrated lens that
includes ecological sustainability and public health.

Thus, this study aims to comprehensively examine
the underlying causes as well as the socio-economic,
environmental, and health-related impacts of the
changing cropping patterns in Anantnag district,
of the Kashmir Valley. By analysing shifts in land
use from traditional paddy cultivation to perennial
fruit crops, particularly apple, walnut, pear and
cherry farming, the study throws light on the
broader implications of these cropping transitions.
It investigates not only the drivers behind these
changes but also explores how these shifts have
influenced farmer’s livelihoods, food security,
ecological balance, and public health in the region.

Materials and Methods

Study Area and Data Description

The Anantnag district is located in the southern
part of the Jhelum Valley, situated at an elevation
of approximately (1,600 m) above sea level. It lies
about 53 kilometres from Srinagar, the capital city.
The southern portion of the district shares its borders
with the Tehsils of Reasi, Banihal, and Kishtwar
in the Jammu region, while the eastern boundary
adjoins the Kargil Tehsil of the Ladakh division.
These southern and eastern areas are characterized
by dense forests and rugged mountainous terrain.
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To the north and west, the district is bordered by
Pulwama, while Kulgam lies to its immediate west.?'

Anantnag district is renowned for its thriving
horticulture industry in South Kashmir. The region's
favourable agro-climatic conditions support the
cultivation of a wide range of fresh fruits, including
apples, pears, apricots, peaches, plums, and
cherries, as well as dry fruits such as walnuts and
almonds. Over the past two decades, horticulture
has experienced significant growth, increasingly
replacing traditional agricultural practices like paddy
cultivation. In addition to horticulture, tourism also
plays a vital role in the local economy, serving
as another major source of livelihood for the
residents.?2-24

This study employs a mixed-methods approach,
integrating both primary and secondary data to
analyse shifting cropping patterns in the Anantnag
district. Primary data was collected through structured
surveys from 200 randomly selected farmers, on the
primary reasons for changing in cropping patten,
and its socio-economic impacts. Secondary data
on agricultural (e.g., rice) and perennial fruit crops
(apple, walnut, pear, cherry) was sourced from
official repositories.**#? Historical rainfall data was
obtained from the IMD (Indian Meteorological
Department), Srinagar, focusing on Pahalgam and
Kokernagh stations to assess climatic trends. For
rainfall trend analysis, the non-parametric Theil-Sen
estimator was implemented in Spyder 6 (Python 3.9)
using scipy.stats.theilslopes to calculate median
slope, intercept, and 95% confidence intervals,
providing robust trend quantification. The Theil-Sen
estimator is a non-parametric technique used to
determine the slope of a trend line in time series
data by computing the median value from all possible
slopes formed between pairs of data points.

To estimate the slope (3) using the Theil-Sen method

B = median (u

j i

) foralli<j
Where,

o (xiyi)(x_i, y_i)(xi,yi) and (xj,yj)(x_j, y_j)(x},yj) are
pairs of observations

*  PB\betap is the estimated slope of the trend line

*  The median is taken over all combinations of
i<ji <ji<j
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To evaluate land-use changes, Landsat satellite
imageries (2001-2020) were acquired from the (United
States Geological Survey)® and processed in
ArcGIS 10.8.2. On-screen digitization was employed
for precise LULC classification on a scale of 1:30000
for analysing the changes under areas of agriculture
and horticulture. Google Earth Pro was incorporated
for the ground observation of 2001 because of the
unavailability of the field data, whereas in the case
of 2020, field visits along with the Google Earth Pro
application were used. The investigators randomly
selected 100 sample points of each year, and after
comparing with the ground observation, it was found
that the “overall accuracy and kappa coefficient” for
the maps of 2001 and 2020 were 81% and 0.78%
and 80% and 0.79%, respectively.

Results

Dynamics in the Area and Production

In the year 2001, the area under rice cultivation
was 38,893 ha, which increased to 40,927 ha by
2005. By 2010, this area had reduced to 24,480 ha,
further declining to 23,860 ha in 2015 and 21,730
ha by 2020. However, it is important to note that the
adoption of modern fertilizers improved production
per hectare. In 2001, rice production was 1.46 tonnes
per ha, rising to 2.12 tonnes per ha in 2010 before
decreasing slightly to 2.00 tonnes per ha by 2020.
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This trend in rice productivity over time is depicted
in table 1. Problems of food insecurity have been
observed in the district, as this marginal increase
fails to meet the growing demand for rice driven by
population growth, as noted by Lone et al.,?® Satellite
data pertaining to the Lidder valley confirms this
trend, revealing a reduction in rice fields from 118
km? in 2001 to 50.5 km? in 2020. This significant
decline is illustrated in figure 1. In contrast, perennial
fruit crops crops showed significant growth in both
cultivated area and production. The area under
perennial fruit crops expanded from 31,016 hectares
in 2001 to 42,995 hectares by 2005 - a gain of 11,979
hectares. However, population growth and urban
expansion??” subsequently converted much of this
land to built-up areas, reducing perennial fruit crops
land to 36,617 hectares in 2020. Figure 2 shows t
he significant expansion of horticulture in the Lidder
valley, where the area increased from 17 sq. km to
109 sqg. km., a net increase of 92 sq. km over 19
years (2001-2020The production of perennial fruit
crops increased consistently over the years, driven
by extensive pesticide and fungicide application, the
introduction of new apple cultivars, and advance-
ments in technological inputs. As shown in Table 1,
production rose from 203,558 metric tonnes in
2001 to 254,192 metric tonnes in 2020, reflecting a
sustained upward trend.
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Fig. 1: Agricultural Land use of the Lidder Valley (2001-2020), Anantnag District
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Fig. 2: Perennial fruit crops Land use of the Lidder Valley (2001-2020), Anantnag District
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Table 1: Year-wise Area and Production of Rice and Major Perennial
Fruit Crops in Anantnag District
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Year Rice Area Rice Production  Perennial Fruit Perennial Fruit Crop
(Ha) (Tonnes/Ha) Crop Area (Ha) Production (MT)
2001 38893 1.46 31016 203558
2002 39013 2.05 36984 203705
2003 39904 2.43 38496 204778
2004 40375 2.62 42238 216835
2005 40927 2.88 42995 224017
2006 39595 2.82 45756 237907
2007 25086 2.59 28464 151856
2008 24450 2.3 29248 214073
2009 24440 2.19 30643 165338
2010 24480 212 31362 205047
2011 25147 2.15 34256 178553
2012 25147 2.22 27165 209214
2013 25133 21 36617 214886
2014 23904 0.81 28884 206793
2015 23860 3.08 33343 269124
2016 23074 3.02 33483 237120
2017 22829 3.01 31274 269031
2018 21668 238 23450 265512
2019 21811 2.97 31713 310146
2020 21730 2 31790 254192

Socio-Economic Impact

Primary data on the socio-economic impacts of
shifting cropping patterns reveals a marked improve-
ment in farmers’ economic condition. Analysis of

200 surveyed farmers indicated that apple orchards
generated an average gross income of 4.5 lakh/
year, with net profit of 3 lakh/year after accounting
for labour, pesticides, and maintenance costs



WAZA, Curr. Agri. Res., Vol. 13(2) 521-533 (2025)

(%1.5 lakh). This represents a 6—15 times increase
in the net income compared to paddy farming,
which barely met subsistence needs (%0.2-0.5 lakh/
year). The high profit margin (66.6%) underscores
the economic viability of perennial fruit crops
especially apples enabling 57.5% of respondents
(115 farmers) to construct concrete houses, 29.5%
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(59 farmers) to purchase four-wheelers, and 15%
(30 farmers) to acquire two-wheelers (Table 02). All
200 respondents emphasized that their children now
attend reputed private schools within the district, a
shift directly attributed to enhanced financial stability
from apple cultivation.

Table 2: Comparative Analysis of Economic and Socio-Economic Outcomes:
Paddy vs. Apple Cultivation

Parameter Paddy Cultivation Apple Cultivation
Gross Income (R/year) Subsistence (1.2 lakh) %4.5 lakh

Net Profit (X/year) %0.2-0.5 lakh %3.0 lakh

Profit Margin 15-40% 66.60%

Socio-Economic Gains

Minimal subsistence

115 concrete houses,
59 four-wheelers,
100% private schooling

Impact on Food security

Rice (paddy) is the staple food across the entire
Kashmir Valley, and it holds a central place in the
daily diet of its people, with rice being preferred
during both lunch and dinner. However, the changing
land use pattern, particularly the conversion of
paddy fields into apple orchards, has impacted the
self-sufficiency of many households in terms of rice
production. The J&K produces only 30% of its food
needs and imports about 70% from the other states
of India.?® Agricultural land in the valley had shrunk
from 4,67,700 ha (2015) to 389,000 ha (2025) — a
loss of 78,700 ha in just 10 years. A primary survey
of 200 farmers in the study region revealed that 44%
(88 respondents) are now exclusively dependent
on government-supplied rice through the Public
Distribution System (PDS), having abandoned
paddy cultivation entirely as they no longer possess
any paddy or cultivated land. Meanwhile, 34% (68
respondents) reported that they still obtain a year’s
supply of rice from their remaining, unconverted
paddy fields. However, due to the insufficiency of their
harvest, they are also dependent on ration stores for
about seven months of the year. Additionally, 22%
(44 respondents) indicated that they are able to
meet their rice requirements from their paddy lands
for only seven months, and for the remaining five
months, they too rely on the ration stores. This shift
suggests a growing dependence on external food

supply sources, highlighting a significant trade-off
between economic prosperity from horticulture and
the region’s traditional food security.

Health & Environmental Impacts

In the Kashmir Valley, approximately nine sprays
of pesticides and fungicides are applied in apple
orchards annually. While the extensive use of high-
quality pesticides has significantly boosted apple
production, it has also led to a range of serious health
and environmental concerns. The most commonly
used chemicals include Mancozeb, Bitertanol,
Chlorpyrifos, Captan, Dodine, and Carbendazim.
Notably, Mancozeb, Captan, and Chlorpyrifos
have been classified as carcinogenic substances.
Several studies 22% have linked these chemicals
to life-threatening diseases such as cancer among
farmers in the region.

Primary data collected from farmers in newly
established apple orchards reveal significant health
risks associated with prolonged agrochemical
exposure as shown in figure 3. Among 200 respon-
dents, 44.5% (89 farmers) reported symptoms
such as skin/eye irritation, severe headaches,
restlessness, and vomiting following pesticide and
fungicide application. Specific ailments included
29% (58 farmers) with eye/skin irritation and 26.5%
(53farmers) experiencing nausea, vomiting, hair
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loss, or nail disorders. Alarmingly, respondents
also noted exacerbated pre-existing endocrine
disorders (e.g., thyroid imbalances, diabetes) linked
to sustained pesticide use. Additionally, 19.5% (39
female respondents) actively involved in spraying
operations reported menstrual cycle irregularities,
underscoring gendered health vulnerabilities.

The period from March to May sees the highest
frequency of pesticide and insecticide spraying,
coinciding with the peak rainfall season in the valley.
This overlap results in the runoff of pesticides into
nearby rivers and canals, severely impacting water
quality and posing a significant threat to aquatic
ecosystems. According to our primary survey, all 200
respondents identified water contamination as the
most severe environmental impact of pesticide use.
Additionally, respondents also reported noticeable
levels of air and soil pollution resulting from continuous
and excessive spraying practices.

e
Fig. 3: Some of the common Health Impacts

of Pesticide sprays facing by the Farmers in
the Study area

Eye & Skin
Irritataion

Restlessness

Common Health
Impacts of
Pesticide sprays

Nail disorder

Drivers for Changing Pattern

Rainfall changing trends and cropping pattern shifts
are closely interlinked in the Kashmir Valley.%'-3®
Diverse trends in rainfall within the study area were
recorded as shown in figures 10 and 11. For the
Pahalgam dataset, the Theil-Sen estimator yielded an
estimated slope of -5.2 mm/year, indicating a declining
trend in annual rainfall, as depicted in figure 5,
where blue dots represent observed rainfall and
the red line denotes the estimated trend. Similarly,
for the Kokernagh dataset, the Theil-Sen estimator

revealed an increasing trend from 2001 to 2010
(64.85 mm/year), followed by a declining trend from
2011 to 2020 (-10.40 mm/year). Figure 6, illustrates
these trends, with green and red lines representing
the respective periods. Both Figures 7 and 8 highlight
substantial rainfall variability, with notable peaks in
2014 and 2015 and relatively lower values in 2016
and 2020. The 95percent confidence intervals
for both datasets reinforce the observed trends,
underscoring fluctuations in rainfall patterns over
time. According to primary survey data from 200
farmers, 50% (100 respondents) identified climate
change-induced water scarcity as the primary driver
for converting paddy fields to perennial fruit crops,
particularly apple orchards. Economic incentives,
such as higher profitability and market demand,
were cited by 40% (80 respondents) as their
key motivation. Only 10% (20 respondents) attri-
buted the shift to other factors, including labour
availability, land fragmentation, or policy influences.
Figure 4 presents this distribution, emphasizing the
dominance of climatic stressors and economic
aspirations in reshaping agricultural practices.
Declining water resources emerging as the most critical
catalyst for land-use transformation in the region.

Climate

-~

Economic Reasons

Fig. 4: Factors Responsible for Changing
Cropping Pattern in the Study area

Discussion

The present study highlights a notable transition in
land use patterns in the Kashmir Valley, particularly
the shift from subsistence-based paddy farming to
commercially driven horticulture. This transformation
is shaped by a combination of climatic, economic,
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and socio-cultural factors. The observed decline in
rice cultivation aligns with broader patterns reported
in Himalayan agrarian zones, where traditional
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crops are increasingly abandoned due to rainfall
irregularities, erratic water availability, and changing
thermal profiles.?231
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Horticulture, particularly apple cultivation, has
emerged as a dominant land use due to its higher
economic returns, market demand, and compatibility
with changing agro-climatic conditions. Similar
trends have been documented by Khursheed et al.,?®
who observed significant perennial fruit crops
expansion in Southern Kashmir driven by favourable
government policies and evolving farmer aspirations.
The shift is not merely agronomic but also socio-
economic in nature, contributing to improved income
levels, housing conditions, and access to private
education. These developments reflect a reconfi-
guration of rural livelihoods from subsistence to
semi-commercial models.

However, this shift has raised serious concerns
around food self-sufficiency. With nearly half of
the respondents fully dependent on the Public
Distribution System for rice, the study underscores
a growing disconnection between land use and
local food production. A study of Jamal and Sheikh?®
cautioned that such dependence, when combined
with climate vulnerability and logistical disruptions,
could significantly undermine food security in the
region. The current findings reinforce these concerns
and call for a re-evaluation of land use strategies that
prioritize short-term economic gain over long-term
food resilience.

The health impacts reported in this study further
complicate the sustainability of this transition.
Intensive pesticide use in horticulture has led to

reported cases of skin irritation, nausea, reproductive
irregularities, and fatigue issues also found by the
study of Riyaz et al.,?° who linked orchard chemical
exposure to rising health risks in Kashmir’s rural
districts. The gendered nature of these health
impacts, particularly among women involved in
spraying operations, calls for urgent attention to
occupational safety, education, and the promotion
of non-chemical alternatives.

Climatic variability especially declining rainfall trends
observed at Pahalgam and Kokernagh appears
to be both a cause and consequence of shifting
agricultural practices. Rain-fed paddy farming,
traditionally widespread, is no longer viable under
the present conditions. The expansion of horticulture,
though adaptive in one sense, brings with it new
ecological pressures, including increased use of
inputs, water stress, and reduced biodiversity.*’

Overall, this study provides spatial and socio-
economic evidence of rural land transformation that
has significant policy implications. It suggests that
future planning in Kashmir must strike a balance
between income diversification, food security, and
environmental health. Integrating sustainable
perennial fruit crops practices (such as bio-pesticides
and integrated pest management), promoting in-situ
rice preservation zones, and regulating unplanned
land conversion through village-level land use plans
could offer a holistic pathway forward. Furthermore,
raising farmer awareness regarding the safe handling
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and appropriate use of pesticides is essential,
particularly in tourism-driven areas where short-term
economic interests may overshadow long-term health
and environmental considerations. The findings
contribute to broader discourses on agrarian change,
resilience, and development in fragile mountain
ecosystems.

Conclusion

This study highlights a major shift in Anantnag’s
cropping patterns, with paddy cultivation declining
and horticulture expanding significantly between
2001 and 2020. Driven by water scarcity and the
pursuit of higher economic returns, this transition has
improved livelihoods but also increased dependency
on external food support and raised concerns about
environmental degradation and human health due
to excessive agrochemical use. These findings
call for integrated land use planning that balances
economic benefits with food security, environmental
protection, and public health. Perennial fruit crops
expansion should be guided toward ecologically
suitable areas, while productive paddy lands must
be preserved. Promoting farmer education, the use
of biopesticides, and integrated pest management
is essential to minimize health and ecological risks.
The future of agriculture in the region depends on
a sustainable and inclusive approach that supports
economic growth, ensures food and health security,
and safeguards environmental integrity.
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