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Abstract

The Kashmir Valley's temperate climate presents unique challenges and opportunities for Rabi crop cultivation. This study
investigates how local farmers are adapting to the region's extended cold spells and unpredictable weather by adopting
cold-resistant crop varieties and optimized cultivation practices. Key Rabi crops, including wheat, mustard, oats, peas,
and saffron, are analyzed for their resilience to frost and their contributions to food security and economic stability in
the valley. Improved mustard and oat varieties exhibit high resistance to freezing temperatures, while saffron and peas
demonstrate significant economic and nutritional importance. These adaptive strategies underscore the Valley's
agricultural resilience, ensuring sustainable yields under harsh conditions. Agriculture in the Kashmir Valley encounters
severe winter challenges, including prolonged frost, sub-zero temperatures, and heavy snowfall, all of which disrupt crop
and livestock productivity. These harsh conditions delay germination, stifle plant growth, and restrict nutrient uptake,
while extended snow cover limits sunlight exposure, essential for early crop development. Cold temperatures also strain
livestock management, raising feed demands and increasing health issues. To combat these adverse effects, local
agricultural initiatives promote cold-resistant and frost-tolerant crop varieties such as Sabzar and SFO-1 oats, and
mustard varieties like SS-1l and COS 101. These improved varieties are bred for resilience, faster growth cycles, and higher
yields, enabling more reliable agricultural returns even in extreme winter conditions. By adopting these cold-adaptive
varieties, farmers can enhance productivity, economic stability, and the sustainability of agricultural practices within the
Valley’s challenging environment.
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The Kashmir Valley, known for its stunning landscapes
and temperate climate, faces unique challenges when it comes
to agricultural activities [1]. As the autumn leaves fall and the
air turns crisp, farmers across the region begin the vital task of
sowing Rabi crops, which are grown during the winter season
and harvested in spring. Despite the valley's natural beauty,
cultivating crops in this region is far from easy, particularly due
to the harsh climatic conditions and prolonged chilling periods
that the region experiences [2-3]. However, through
perseverance and the adoption of improved crop varieties, the
farmers of Kashmir continue to sow the seeds of prosperity,
ensuring both food security and economic returns [4-5].

The Kashmir Valley, situated in the northwestern tip of
Jammu and Kashmir, India, spans an elliptical, bowl-like area
covering 15,948 square kilometers between latitudes 32°22'—
34°43" N and longitudes 73°52'-75°42" E, at an elevation of
approximately 1,577 meters above sea level. Enclosed by the
Himalayan ranges, the valley forms a semi-closed ecosystem
that is drained by the Jhelum River, a significant tributary of the
Indus. The temperate climate here is ideal for diverse
horticultural and agricultural crops, supported by an annual
precipitation pattern with 60% of the rainfall and snowfall
concentrated in December and January. Temperatures vary
notably with altitude, creating distinct meso and microclimatic

conditions across the valley that influence crop diversity and
ecosystem characteristics [6].

Agriculture is the cornerstone of livelihoods in the
Kashmir Valley, with most residents depending on it for
sustenance and income. Given the region’s environmental
fragility and high susceptibility to climate change, especially in
mountainous zones, any agricultural shifts can profoundly
impact local livelihood patterns. Rice serves as the staple crop,
while maize, apples, and pears also form essential parts of the
agricultural landscape [7].

The Rabi season in Kashmir typically spans from
October to December, aligning with the onset of cooler autumn
and early winter months. During this period, winter crops are
sown, taking advantage of the valley’s temperate climate, which
supports crops requiring cooler conditions for optimal growth.
The season is critical for agriculture in Kashmir, as it enables
the cultivation of a variety of food and cash crops that thrive in
low temperatures and meet local food demands [8]. Key Rabi
crops include wheat, mustard, oats, and barley, each adapted to
the region's climate and soil types. Wheat, a staple food grain,
benefits from the mild winter and is widely cultivated across the
valley. Mustard is another significant crop, especially with the
adoption of cold-tolerant varieties, offering farmers a source of
oilseed even in frosty conditions. Similarly, oats are grown as
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both a grain and fodder crop, particularly cold-tolerant varieties
like Sabzar and SFO-1, which withstand freezing temperatures
and snow cover, thus ensuring adequate winter fodder for
livestock [9]. The agricultural landscape of the Kashmir Valley,
with its unique temperate climate, faces numerous challenges,
particularly during the Rabi season. Despite adverse conditions,
farmers in this region have adopted a range of resilient practices
and crop varieties to mitigate the impacts of chilling
temperatures, frost, and limited water resources. Through a
targeted selection of crops and varieties adapted to cold
weather—such as mustard, oats, and peas—alongside timely
agricultural practices, they manage to optimize productivity,
ensuring both food security and economic stability.

The valley’s unique climatic conditions during the Rabi
season contribute to steady yields, as the cool weather reduces
pest pressure and slows disease progression. The moisture from
winter precipitation in the form of rain and snow further aids
crop establishment and growth, supporting the valley’s
agricultural productivity [10.

Innovative use of improved crop varieties like cold-
tolerant oats (Sabzar and SFO-1), resilient mustard types (SS-II
and COS 101), and frost-resistant pea strains demonstrates the
adaptability and resourcefulness of Kashmir's farming
communities. The integration of these high-yielding, stress-
tolerant cultivars is pivotal to overcoming the climatic
constraints of the region, which historically hinder agricultural
productivity during the winter season. Additionally, the
application of key nutrients, such as sulphur for oilseeds, further
amplifies yield and quality, helping farmers achieve substantial
economic gains and sustainable agriculture [11]. The ongoing
focus on modernizing agriculture in Kashmir, through
government support and farmer-driven innovation, signifies a
promising future for the region. These adaptive strategies not
only strengthen the resilience of the agricultural sector but also
support the cultural and economic fabric of Kashmir. As climate
uncertainties continue, fostering these practices will remain
crucial in maintaining the valley's agricultural heritage while
securing the livelihoods of its people.

Key aspects of rabi season in Kashmir

Sowing period: Crops are usually sown from October to
December. The sowing process begins right after the Kharif
crops (like paddy and maize) are harvested.

Climatic conditions

Cool temperatures: Kashmir experiences chilly winters,
and many Rabi crops benefit from the cold and frost. However,
excessive snowfall or prolonged cold spells can sometimes
delay sowing or harm early-stage crops.

Irrigation dependence: Unlike Kharif crops that rely
heavily on monsoons, Rabi crops depend more on irrigation
from rivers, canals, and tube wells since precipitation is
relatively lower during this time.

Major rabi crops

Oilseeds: Mustard is widely cultivated.

Fodder: Crops like Oats are also grown during this
season.

Vegetables: Various winter vegetables, such as Peas,
Saag (Khanyari and G. M. Dari), spinach, garlic etc. are grown
extensively.

Saffron: Though cultivated in autumn, saffron is
harvested during the Rabi season, particularly in districts like
Pulwama (Pampore). Pampore, located in the Pulwama district
of Kashmir, holds the distinction of being the saffron capital of

the region and is globally recognized for its high-quality
Kashmiri saffron (Crocus sativus Kashmirianus) [12]. This
unique spice, famed for its deep red color, potent aroma, and
rich flavor, is harvested here annually during a short window
from late October to mid-November. During this period, saffron
flowers bloom on the cold, well-drained soils of Pampore,
producing vibrant crimson stigmas that are carefully
handpicked, dried, and processed to produce saffron threads
[13].

Out of Kashmir's total 5,707 hectares dedicated to
saffron cultivation, Pampore alone accounts for over 90 percent
[14]. This concentration is due to Pampore's unique climate and
soil composition, which are particularly conducive to saffron
cultivation. The sandy, loamy soil of the area, combined with
the cool, dry autumn climate, provides ideal conditions for
saffron crocus growth. These factors contribute to the high-
quality stigmas that distinguish Kashmiri saffron from other
types grown globally, making it among the most prized varieties
in the world [15].

The cultivation of saffron in Pampore is not only
economically significant but also deeply embedded in the local
culture. Saffron farming supports thousands of families in
Pampore and surrounding villages, with the spice fetching
premium prices due to its labor-intensive harvest process and
exceptional quality. The importance of saffron to the region has
also led to government initiatives aimed at supporting and
modernizing saffron cultivation, with schemes designed to
improve irrigation, processing, and market access for local
farmers [16].

Harvesting

The harvesting of Rabi crops begins in March-May,
depending on the crop and local conditions. By this time,
temperatures gradually rise, signaling the end of winter and
providing favorable conditions for crop maturity.

Challenges

Frost and snowfall: Extreme cold and heavy snowfall
can damage tender plants or delay sowing.

Limited irrigation resources: Due to lower precipitation
in winter, water management becomes critical.

The Rabi season in Kashmir provides a critical window
for growing food crops that support the region’s agrarian
economy and ensure food security during the winter months.

Sowing rabi crops in temperate conditions

The temperate climate of the Kashmir Valley presents
both opportunities and challenges for Rabi farming. Crops like
oilseeds (mustard), oats (fodder), peas, and garlic are
commonly sown during this season. However, the valley’s cold
winters and frost conditions demand precise timing and careful
crop selection to ensure successful growth and productivity [17-
18].

Mustard (Oilseeds)

Mustard (Brassica spp.), a significant oilseed crop in
Kashmir, is usually sown in Mid-October or Late October. This
crop thrives in the valley's cold winters, but its growth is often
hampered by frost and cold waves that persist throughout the
winter months. To mitigate the challenges of frost and chilling
injuries during the Rabi season, farmers in Kashmir are
adopting improved mustard varieties such as SS-Il and COS
101 [19]. These varieties offer greater resistance to cold stress,
helping ensure better crop survival, improved yields, and higher
economic returns. This shift to more resilient mustard varieties
is part of the farmers' strategy to adapt to the region's harsh
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winter conditions while maintaining agricultural productivity.
The prolonged cold in the valley means that sowing must be
done with precision to avoid crop damage from early frosts.
Additionally, mustard plants benefit from cold weather during
their early stages, but extreme cold can stunt growth. By using
high-yield, frost-resistant mustard varieties, farmers can
achieve robust yields even under challenging conditions [20].
In the temperate climate of Kashmir, mustard cultivation
requires varieties that can withstand cold temperatures, frost,
and chilling injuries while delivering good yields. Below are
some mustard varieties well-suited for Kashmir's conditions:

SS-11

Characteristics: Known for its resistance to chilling
injuries and frost damage, SS-11 is one of the improved varieties
that farmers in Kashmir are increasingly adopting. It is also
known for higher oil content and yield stability.

Maturity: Medium-duration.

Use: Primarily grown for oilseed production, with good
potential for high returns.

COs 101

Characteristics: COS 101 is another cold-resistant variety
gaining popularity in Kashmir. It performs well under cold and
frost conditions, ensuring higher yields and more reliable crop
survival.

Maturity: Medium-late duration.

Use: Cultivated for its oil content and resistance to frost.

PM-21

Characteristics: A cold-tolerant variety with high seed and
oil yield, Pusa Mustard-21 is a preferred option for temperate
climates. It has a strong resistance to frost and provides
consistent yields.

Maturity: Early-maturing (85-90 days).

Use: Grown for oil extraction and suitable for cultivation
in the colder regions of Kashmir.

RH-30

Characteristics: A variety that shows good adaptability to
Kashmir's climatic conditions, RH-30 is moderately resistant to
frost and offers good yields under temperate conditions.

Maturity: Medium duration.

Use: Preferred for oil production due to its high oil content.

These mustard varieties help ensure that farmers in
Kashmir can secure better yields and returns while mitigating
the risks posed by cold temperatures, frost, and chilling injuries
during the Rabi season.

Fig 1 Sowing of seeds in rabi season: Preparing fields for a
productive harvest in Kashmir

Table 1 Key Characteristics of cultivated rapeseed-mustard species (Cruciferous crops)

Common name Botanical name

Days to maturity (Days)

Yield potential (Qtl/ha) Qil content (%)

Indian mustard Brassica juncea 120-150 12-20 40-44

Brown sarson Brassica campestris 110-160 9-15 42-45

Yellow mustard Brassica rapa var. 120-140 9-15 45-48
yellow sarson

Black mustard Brassica nigra 90-110 10-12 40-42

Gobhi sarson Brassica napus 140-180 12-17 40-45

Impact of rapeseed-mustard species (Cruciferous crops)

Sulphur (S) is an essential nutrient for oilseed crops like
mustard, playing a critical role in enhancing both yield and oil
quality. Sulphur contributes to the synthesis of amino acids,
proteins, and oil compounds in mustard, and deficiencies can
significantly affect crop health and productivity [21]. Here’s a
summary of Sulphur’s application in mustard and its impact on
crop yield and oil content:

1. Role of Sulphur in mustard growth and development

Protein and amino acid formation: Sulphur is a key
component of amino acids such as cysteine and methionine,
which are vital for protein synthesis.

Enzyme activation: It activates enzymes involved in
various metabolic pathways, enhancing the growth and vigor of
mustard plants.

Chlorophyll  formation: Essential for chlorophyll
synthesis, promoting photosynthesis, which directly impacts
yield.

2. Impact on crop yield

Improved plant growth: Sulphur application has been
shown to improve plant height, leaf size, and the number of
branches, which collectively increase photosynthesis and
biomass.

Enhanced flowering and pod formation: Adequate
Sulphur supports flower development and pod formation,
resulting in a higher number of seeds per pod and an overall
increase in seed yield.

Yield increase: Studies indicate that Sulphur application
at the rate of 20-40 kg/ha can increase mustard seed yield by
15-30%, depending on soil Sulphur levels and environmental
conditions [22].

3. Impact on oil content and quality

Increased oil percentage: Sulphur promotes the
synthesis of oils and fats, and mustard crops supplemented with
Sulphur often show a 1-3% increase in oil content compared to
Sulphur-deficient crops [23].

Enhanced oil quality: It contributes to improved oil
quality by increasing the concentration of beneficial fatty acids.
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Sulphur and oil stability: Sulphur supports antioxidants,
contributing to the stability and shelf life of the oil extracted
from the seeds.

4. Recommended application rates and methods

Soil application: Generally applied at 20-40 kg/ha as
elemental Sulphur or sulphate forms. The soil application
before sowing allows for Sulphur availability throughout the
crop cycle.

Foliar application: Foliar sprays of Sulphur can be used
at critical growth stages, like flowering, to boost Sulphur uptake
and enhance oil production further.

5. Considerations for optimal use

Soil testing: Testing soil for Sulphur levels can help
determine the appropriate application rate and form, ensuring
the crop’s specific Sulphur requirements are met.

Integration with NPK fertilization: Applying Sulphur
along with the recommended dose of nitrogen, phosphorus, and
potassium (NPK) can maximize its impact on yield and oil
content.

Stage-specific application: Applying Sulphur during
early growth stages and before flowering can maximize its
positive effects on mustard growth and oil accumulation [24].

Overall, Sulphur fertilization is a cost-effective practice
that significantly impacts mustard yield and oil content,
contributing to better returns and higher-quality oil production
for farmers [25]. Sulphur’s role in mustard is indeed
multifaceted, impacting essential biochemical processes, from
chlorophyll and oil synthesis to the formation of seed proteins,
amino acids, enzymes, and glucosinolates. Its application can
lead to substantial yield increases, ranging from 12-48% in
irrigated and 17-124% in rainfed conditions, making it
invaluable for optimizing mustard production [26-28].

Oats (Fodder)

Oats (Avena sativa) is another important Rabi crop in the
Kashmir Valley, primarily grown for fodder to feed livestock.
Oats are well-suited to the valley’s cold environment, but
prolonged frost periods and snowfall often pose challenges
during the growing season. To ensure adequate fodder supply,
farmers in Kashmir are adopting cold-tolerant oat varieties such
as Sabzar, SFO-1 that are better equipped to withstand freezing
temperatures and snow cover. Farmers in Kashmir are indeed
turning to cold-tolerant oat varieties like Sabzar and SFO-1 to
secure an adequate supply of fodder during the harsh winter
months [29]. These varieties are specially bred to handle
freezing temperatures and can thrive even under snow cover.
This adaptation ensures that the farmers not only have a reliable
fodder source during the cold season but also benefit from good
yields, making these varieties a practical choice for sustaining
livestock in the region's challenging winter conditions. Oats
require good soil moisture for proper germination, and since the
valley experiences periodic snowfall, it provides the necessary
water. However, the intense cold can delay germination and
limit the availability of fresh fodder. Improved oat varieties
with frost tolerance are crucial for maintaining healthy fodder
production and keeping livestock well-fed during the harsh
winter months [30].

For the temperate conditions of Kashmir, oat (Avena
sativa) varieties are selected for their adaptability to cold
temperatures, frost resistance, and high fodder or grain yields.
Oats are primarily grown for fodder in the region due to their
ability to thrive in the colder climate. Here are some oat
varieties well-suited for temperate Kashmir:

Sabzar

Characteristics: A popular oat variety in Kashmir,
Sabzar is cold-tolerant and capable of withstanding freezing
temperatures and snow cover. It provides high-quality fodder
with good biomass yield.

Use: Primarily cultivated for fodder due to its nutritious
forage.

SFO-1

Characteristics: This is another cold-tolerant variety
favored by farmers in Kashmir. SFO-1 can withstand frost and
is known for its high green fodder and dry matter production,
making it a reliable option for livestock feed.

Use: Grown for fodder, especially during the winter
months.

Kent

Characteristics: A well-known variety for its cold
tolerance, Kent is widely grown in temperate climates. It is a
high-yielding variety, producing both grain and fodder, with
good resistance to cold and frost.

Use: Suitable for both grain and fodder production.

0sS-6

Characteristics: This variety is highly adaptable to
colder regions and can withstand frost. OS-6 produces high
green fodder and dry matter yields, making it a good choice for
Kashmir's climate.

Use: Primarily cultivated for fodder.

HFO-114

Characteristics: A high-yielding variety with good
tolerance to cold temperatures, HFO-114 is known for
producing high-quality forage. It can handle the cold, snowy
winters in Kashmir.

Use: Grown for fodder.

KO-1

Characteristics: KO-1 is an oat variety that is well-suited
for colder regions. Released for its adaptability to the local
agro-climatic conditions, KO-1 offers good resistance to
common diseases.

Use: Provides high nutritional value for livestock.

These oat varieties are chosen by farmers in Kashmir to
ensure a reliable supply of fodder during the harsh winter
months. Their ability to thrive in cold, frost-prone conditions
while providing high yields makes them essential for sustaining
livestock in the region.

Peas

Peas (Pisum sativum) are a popular Rabi crop grown in
the Kashmir Valley due to their high nutritional value and
market demand. However, like other crops, peas are vulnerable
to the valley’s prolonged cold spells. Frost-resistant varieties of
peas have become essential in mitigating the damage caused by
extended frost periods, ensuring higher yields and preventing
crop loss [31]. Peas are typically sown in mid to late October,
but unpredictable weather, such as sudden frost or snowfall, can
severely impact their growth. The development of high-yield
pea varieties that can flourish even under low temperatures is a
game-changer for farmers in the valley, helping them maximize
returns despite the region’s cold climate [32]. In temperate
conditions like those found in Kashmir, certain pea (Pisum
sativum) varieties are well-suited for cultivation, especially
during the Rabi season. These varieties are selected for their
adaptability to the cooler climate, frost tolerance, and high
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yields [33-35]. Some of the commonly recommended pea
varieties for Kashmir include:

Arkel

Maturity: Early maturing (about 60-65 days).

Characteristics: It is a dwarf variety with high yields and
sweet, tender pods. Arkel is preferred for early sowing in
temperate climates and has good tolerance to cold.

Use: Mainly grown for fresh market and Kkitchen
gardening.

AP-3

Maturity: Medium duration (65-70 days).

Characteristics: AP-3 is a widely grown variety in
Kashmir known for its high yield potential and good quality
pods. It is moderately resistant to frost.

Use: Suitable for fresh consumption and canning
purposes.

Bonneville

Maturity: Mid-season (75-80 days).

Characteristics: This variety produces large, smooth
peas with good flavor and is relatively cold-tolerant, making it
ideal for Kashmir's temperate conditions.

Use: Primarily grown for fresh market and processing.

Azad P-1

Maturity: Early maturing (55-60 days).

Characteristics: This is an early-maturing pea variety
with high yields and good cold tolerance. It is suitable for early
sowing in cold conditions.

Use: Primarily for fresh market.

VL Matar-42

Maturity: Medium duration (60-65 days).

Characteristics: This variety is suitable for cold climates
and has good resistance to frost. It produces high yields with
uniform, well-filled pods.

Use: Fresh market and processing.

PB-89

Maturity: Late maturing (80-85 days).

Characteristics: It has good tolerance to low
temperatures and provides excellent yields of large, high-
quality peas.

Use: Fresh market and suitable for canning.

These varieties help farmers in Kashmir meet the
demands of both fresh consumption and processing industries
while ensuring good productivity under cold conditions.

Garlic

Garlic (Allium sativum), a principal crop in the region, is
widely cultivated during the Rabi season due to its high demand
both locally and in markets across India. However, the freezing
temperatures and frost conditions prevalent in the Kashmir
Valley during winter make garlic cultivation a challenging
endeavor. Frost-resistant garlic varieties are essential for
ensuring that the crop can survive the harsh winter and develop
properly by the time spring arrives [36]. Garlic is typically sown
in late September or early October to give it enough time to
establish before the severe cold sets in. Despite the challenges,
garlic is one of the most lucrative crops for farmers in the valley,
especially when grown using improved varieties that are more
resilient to frost and low temperatures [37]. In temperate
regions like Kashmir, garlic is widely grown due to its

adaptability to cooler climates. SKUAST-Kashmir (Sher-e-
Kashmir University of Agricultural Sciences and Technology)
has released several garlic varieties suitable for temperate
conditions in Kashmir. Here are some notable ones:

Kashmir local garlic

This variety is well-adapted to the local agro-climatic
conditions and is known for its good flavor and storage
qualities.

KG-1

Released for its high yield potential and good bulb
quality, KG-1 is adapted to the temperate climate of Kashmir
and is known for its disease resistance.

KG-2

This variety offers improved yield and quality traits
compared to traditional local varieties. It is suitable for
cultivation in the temperate regions of Kashmir.

SKUAST-K garlic

This variety was developed specifically for the hilly and
temperate regions, focusing on yield, bulb size, and resistance
to common garlic diseases.

These varieties have been developed through extensive
research and breeding programs to ensure they meet the specific
climatic and agronomic conditions of temperate Kashmir,
providing farmers with options that enhance yield and quality.

Fig 2 Sowing seeds: Farmers begin cultivation for the rabi season
in Kashmir Valley

Challenges of harsh climatic conditions

The Kashmir Valley faces some of the harshest winter
conditions, posing significant challenges to its agriculture. With
winter temperatures dropping well below freezing, the region
undergoes long spells of chilling and frost, lasting several
months and affecting both crop and livestock management.
Heavy snowfall, which can reach several feet in some areas,
blankets fields, restricting access to arable land and often
delaying sowing and transplanting of cold-tolerant crops. These
prolonged freezing temperatures cause critical issues for crop
growth and development. Seed germination is often delayed or
halted as the soil remains too cold, preventing seeds from
breaking dormancy. Even if germination occurs, seedlings may
grow stunted due to insufficient warmth and sunlight, leading
to slow and uneven crop establishment. Reduced growth rates
and poor root development mean plants struggle to absorb
nutrients effectively, ultimately impacting yields [38-40].
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The intense cold also affects livestock health and
productivity. Animals are kept indoors for extended periods,
increasing the need for feed and forage, which becomes scarce
as pastures are inaccessible or covered with snow. Dairy
production often declines as the animals expend more energy
maintaining body temperature, and respiratory illnesses become
more common in the damp, cold environment [41].
Consequently, farmers in the Kashmir Valley require additional
resources, knowledge, and support to adopt winter-resistant
crop varieties and efficient livestock management practices,
making it possible to maintain productivity even under these
challenging conditions [42-43]. Enhancing training programs
and providing necessary inputs, such as cold-hardy crop
varieties and tailored livestock management solutions, can help
maintain productivity even during harsh winter months.

Frost damage: Frost is one of the most common threats
to Rabi crops, particularly during the early stages of growth. If
not properly managed, frost can kill young plants or severely
stunt their growth.

Prolonged snow cover: The valley often receives heavy
snowfall, which can cover the crops for extended periods,
reducing the amount of sunlight they receive and delaying their
growth. This prolonged soil freeze creates a nutrient uptake
issue as well. Even though the soil may contain ample nutrients,
the low temperatures slow down microbial activity, reducing
the breakdown of organic matter into plant-available forms.
Thus, plants are deprived of both water and nutrients, critical
for early growth stages, leading to delayed development,
weakened root systems, and reduced resilience against
environmental stresses [44].

Soil moisture issues: While snowfall helps maintain soil
moisture, excessive cold can cause the soil to freeze, making it
difficult for roots to absorb water and nutrients. Snowfall in the
Kashmir Valley serves as a natural reservoir for soil moisture,
which becomes particularly valuable during the growing
season. As snow melts gradually in spring, it replenishes
groundwater and keeps the soil moist, providing essential water
to crops as they resume growth after winter dormancy [45].
However, the extreme winter cold can cause issues that
complicate this otherwise beneficial process. When
temperatures drop significantly, the soil can freeze deeply,
especially in open fields exposed to chilling winds. Frozen soil
forms a hard crust that restricts root activity, as the roots are
unable to penetrate the hardened soil layers or absorb water
effectively. In this frozen state, moisture, although present,
becomes inaccessible to plants, as it remains locked within the
soil structure [46].

When thawing finally begins, the sudden influx of water
from melting snow can lead to oversaturation of the soil. This
excess moisture may increase the risk of root rot or other soil-
borne diseases, further challenging the recovery and
productivity of crops. To address these challenges, agricultural
practices in Kashmir increasingly focus on selecting cold-
resistant crop varieties, employing soil amendments, and using
protective mulches to mitigate the adverse effects of freezing
temperatures on soil and crop health [47-49].

Need for improved varieties for higher returns

In the Kashmir Valley, agriculture faces an intense set of
challenges due to extended periods of frost, sub-zero
temperatures, and heavy snowfall that can stretch across several
months. These harsh winters often hinder crop growth by
delaying germination, stunting plant development, and

reducing overall productivity. Traditional crop varieties, while
resilient in many ways, often lack the genetic adaptations
necessary to withstand prolonged cold spells, resulting in lower
yields and increased risk of crop failure [50].

To address these conditions, agricultural research
institutions and local agricultural departments are focusing on
the development and promotion of cold-tolerant and frost-
resistant crop varieties specifically suited for the Valley’s
extreme climate. These improved varieties are bred to adapt to
frigid environments and have a genetic resistance to chilling
injuries, frost damage, and even sub-zero temperatures. For
instance, cold-tolerant oat varieties such as Sabzar and SFO-1
and improved mustard varieties like SS-11 and COS 101 are
already gaining traction among farmers. These crops not only
endure low temperatures but also maintain their growth cycle,
enabling them to germinate, mature, and yield despite adverse
winter conditions [51-52].

Additionally, these enhanced varieties are often designed
to mature within a shorter growing season, which is crucial in
the Valley where the viable cultivation period is limited. Their
faster development rate enables them to establish strong root
systems and initiate flowering before the onset of peak winter,
thus optimizing their yield potential [53].

Adopting these improved varieties has benefits beyond
yield stability. Cold-resistant and frost-tolerant varieties reduce
the need for supplementary interventions, such as artificial frost
protection and greenhouse cultivation, which can be costly and
labor-intensive. With resilient crop varieties, farmers in
Kashmir are better able to secure reliable harvests, improve
food security, and achieve greater economic stability in the face
of increasingly variable winter climates [54].

This shift toward improved varieties aligns with broader
goals in sustainable agriculture, allowing for higher
productivity per unit area without overburdening the
environment or increasing dependency on costly inputs.
Embracing these advancements is crucial for enhancing the
resilience of the Valley's agriculture sector and ensuring that
crop production remains viable even in the face of challenging
winter conditions [55]. To combat the challenges posed by the
valley's frost conditions and harsh winters, there is an
increasing need for the adoption of improved crop varieties.
These varieties are bred to be frost-resistant, cold-tolerant, and
capable of producing higher yields despite the region’s extreme
weather.

Frost-resistant varieties: Crops like mustard, oats, peas,
and garlic can thrive in the valley's conditions when farmers
utilize varieties that are specifically designed to withstand
prolonged frost and freezing temperatures.

High-yielding varieties: Improved varieties not only
resist the cold but also offer higher yields, ensuring that farmers
can achieve better economic returns even when faced with
difficult growing conditions.

Shorter growing cycles: Many of these improved
varieties have shorter growing cycles, allowing them to mature
faster and reduce the risk of being exposed to extreme cold for
prolonged periods.

CONCLUSION

The cultivation of Rabi crops in the Kashmir Valley
exemplifies the resilience and adaptability of local agriculture
in response to the region’s temperate challenges. Despite facing
prolonged winters, frost, and heavy snowfall, Kashmiri farmers
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have progressively adapted by selecting cold-resistant varieties,
employing precise sowing techniques, and optimizing nutrient
applications, such as sulfur for mustard. Improved mustard
varieties, like SS-11 and COS 101, alongside cold-tolerant oats
such as Sabzar and SFO-1, demonstrate significant yield
stability and resilience under Kashmir’s distinct winter
conditions, ensuring both food security and economic stability.
Saffron cultivation in Pampore continues to hold a unique
cultural and economic importance, adding another layer of
complexity and value to the Rabi season. The continued
adaptation in crop variety selection, nutrient management, and
cultivation techniques has allowed the Kashmir Valley to
maintain agricultural productivity while addressing the
vulnerabilities posed by its challenging climate. These practices
not only contribute to sustainable agricultural development but
also secure local livelihoods and fortify the region’s agrarian
economy, offering a model of adaptation in temperate agro-
ecosystems. Future efforts to enhance irrigation resources,
refine cold-resistant crop varieties, and integrate climate-
resilient practices will further strengthen Rabi crop cultivation

in the Kashmir Valley, ensuring its sustainability and economic
viability amid evolving climatic conditions. Harsh winters with
prolonged frost, deep snow cover, and freezing temperatures
present significant challenges to agriculture, often hindering
crop germination, growth, and yield. Traditional crop varieties
struggle under these conditions, limiting productivity and
increasing vulnerability to crop failure. However, the
development of frost-resistant, cold-tolerant, and high-yielding
varieties, such as specific mustard and oat strains, offers
promising solutions. These improved varieties are tailored to
withstand the valley’s extreme climate, supporting reliable
harvests, enhanced food security, and higher economic returns.
By adopting these resilient crops, Kashmir’s farmers can
optimize productivity and sustain agriculture despite the
region’s challenging winter conditions. The resilient cultivation
of Rabi crops, marked by the adoption of cold-tolerant varieties,
tailored cultivation techniques, highlights local agriculture's
capacity to adapt and thrive amid harsh winter conditions,
ensuring food security, economic stability, and a model for
sustainable farming in temperate agro-ecosystems.

LITERATURE CITED

1. Sharma M, Singh 1J, Gupta S. 2023. Horticulture in Kashmir valley: Opportunities and challenges. Current Agri. Research 11(3):
1057-1067.

2. Faroog M, Singh SK, Kanga S, Meraj G, Mushtaq F, Purin B, Pham QB, Hunt J. 2024. Assessing future agricultural vulnerability
in Kashmir Valley: Mid- and late-century projections using SSP scenarios. Sustainability 16(17): 7691.

3. Mushtag F, Lala MGN. 2017. Assessment of climatic variability in the catchments of Himalayan Lake, Jammu & Kashmir.
Geocarto International 32: 1090-1104.

4. Rashid I, Majeed U, Aneaus S, Pelto M. 2020. Linking the recent glacier retreat and depleting streamflow patterns with land
system changes in Kashmir Himalaya, India. Water 12: 1168.

5. Romshoo SA, Bashir J, Rashid I. 2020. Twenty-first century-end climate scenario of Jammu and Kashmir Himalaya, India, using
ensemble climate models. Climate Change 162: 1473-1491.

6. Shafig MU, Rasool R, Ahmed P, Dimri AP. 2018. Temperature and Precipitation trends in Kashmir valley, North Western
Himalayas. Theoretical and Applied Climatology 135(7066): 293-304.

7. Dahal KR, Dahal P, Adhikari RK, Naukkarinen V, Panday D, Bista N, Helenius J, Marambe B. 2023. Climate change impacts
and adaptation in a hill farming system of the Himalayan region: Climatic trends, farmers’ perceptions and practices. Climate
11(1): 11.

8. Zargar SA, Islam T, Magray JA. 2021. Agricultural crop diversity of Kashmir Valley. Biology and Life Sciences Forum 2(1): 30.

9. Kaloo MJ, Choure T. 2015. Present status and future prospectus of agriculture in Jammu and Kashmir. IOSR-JHSS 20: 62-67.

10. Nageswararao MM, Dhekale BS, Mohanty UC. 2016. Impact of climate variability on various Rabi crops over Northwest India.
Theor. Applied Climatology 131: 503-521.

11. Ahmad L, Qayoom S. 2019. Precipitation and rainy-day trends in Kashmir valley, Jammu & Kashmir, India. Indian Jr. Ecology
46: 83-87.

12. Ganaie DB, Singh Y. 2019. Saffron in Jammu & Kashmir. Int. Jr. Res. Geography 5: 1-12.

13. Shah AA, Hakim AH, Ahmad MF, Hussain T. 2010. Exploring medicinal potential of golden condiment. Indian Horticulture
55(1): 35-36.

14. Shah AA. 2007. In blazing fields of saffron. Greater Kashmir (GK plus edition) 20(339): 2.

15. Jain PK, Bhagla K, Rana A. 2020. Saffron production technology in Kashmir -North India. Journal of Medicinal Plants Studies
8(3): 118-126.

16. Shah AA, Tripathi RB. 2009. Economics analysis of saffron production in Kashmir valley. Agriculture Update 4(3/4): 277-279.

17. Dar GH, Khuroo AA. 2020. An introduction to biodiversity of the Himalaya: Jammu and Kashmir State. In: Biodiversity of the
Himalaya: Jammu and Kashmir State; Springer: Singapore, 2020. pp 3-26.

18. Singh S, Singh N, Pandey Y. 2020. Water productivity of vegetables crop under temperate condition of Kashmir Valley. Int. Jr.
Curr. Microbiol. App. Science 9: 3152-3168.

19. Shekhawat K, Rathore SS, Premi OP, Kandpal BK, Chauhan JS. 2012. Advances in agronomic management of Indian mustard
(Brassica juncea (L.) Czernj. Cosson): An overview. International Journal of Agronomy 2012: Article 1D 408284,
doi:10.1155/2012/408284

20. Ahmad M, Waraich EA, Skalicky M, Hussain S, Zulfigar U, Anjum MZ, Habib ur Rahman M, Brestic M, Ratnasekera D,
Lamilla-Tamayo L, Al-Ashkar I, EL-Sabagh A. 2021. Adaptation strategies to improve the resistance of oilseed crops to heat
stress under a changing climate: An overview. Front. Plant Science 12: 767150.

21. Katiyar AK, Jat AS, Singh S. 2014. Response of Sulphur fertilizers on the yield and oil content of mustard in sandy loam soils
of Uttar Pradesh. The Journal of Rural and Agricultural Research 14(1): 52-54.

22. Khalid R, Khan KS, Yousaf M, Subhani A. 2009. Effect of Sulphur fertilization on rapeseed and plant available Sulphur in
soils. Sarhad Jr. Agriculture 25(1): 65-71.

23. Singh MK, Sirothia P, Singh J, Upadhya PK. 2018. Effect of Sulphur levels on mustard crops. Int. Jr. Curr. Microbiol. App.

Science 7(10): 481-490.
1225



24.

25.

26

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Verma CK, Prasad K, Yadav DD. 2012. Studies on response of Sulphur, zinc and boron levels on yield, economics and nutrients
uptake of mustard (Brassica juncea L.). Crop Research, 44(1/2): 75-78.

Kumar R, Trivedi SK. 2012. Effect of levels and sources of Sulphur on yield quality and nutrient uptake by mustard. Progressive
Agriculture 12(1): 69-73.

. Arshad J, Moon YS; Malik ZA. 2010. Sulphur - a general overview and interaction with nitrogen. Australian Journal of Crop

Science 4(7): 523-529.

Gangwar TV, Patel MV, Jadav NJ. 2011. Effect of phosphorus, Sulphur and phosphate solubilizing bacteria on yield, nutrient
uptake and soil fertility after harvest of mustard. Indian Journal of Fertilizers 7(8): 32-40.

Piri 1, Rahimi A, Tavassoli A. 2012. Effect of Sulphur fertilizer on Sulphur uptake and forage yield of Brassica juncea in
condition of different regimes of irrigation. African Journal of Agricultural Research 7(6): 958-963.

Barsila SR. 2018. The fodder oat (Avena sativa) mixed legume forages farming: Nutritional and ecological benefits. Journal of
Agriculture and Natural Resources 1(1): 206-222.

Jehangir 1A, Khan HU, Mubarak T, Mahdi SS, Rasool F. 2013. Productivity of fodder oat (Avena sativa) under different sowing
times, fertility levels and cutting management in temperate environment. Indian Journal of Agronomy 58 (4): 119-122.

Laidlaw AS, Teuber N. 2001. Temperate forage grass-legume mixtures: Advances and perspectives. In International Grassland
Congress 19: 85-92.

Chen C, Miller P, Muehlbauer F, Neill K, Wichman D, McPhee K. 2006. Winter pea and lentil response to seeding date and
micro-and macro-environments. Agronomy Journal 98(6): 1655-1663.

Majid A, Dar SA, Waza SA, Bhat MA. 2022. Interaction studies of field pea (Pisum sativum L.) genotypes in temperate
conditions of Kashmir valley. Journal of Food Legumes 35(2): 89-94.

Sharma D, Chauhan A, Jarial K. 2020. Performance of pea varieties in different altitude ranges under North-Western Himalayan
Region. Int. Jr. Curr. Microbiol. App. Science 9(06): 3292-3302.

Agarwal A, Gupta, S. and Ahmed, A. 2006. Performance of garden pea (Pisum sativum L.) cultivars in high altitude cold desert
of Ladakh. Indian Jr. Agric. Sciences 76(12): 713-715.

Dufoo-Hurtado MD, Huerta-Ocampo JA, Barrera-Pacheco A, Barba de la Rosa AP, Mercado-Silva EM. 2015. Low temperature
conditioning of garlic (Allium sativum L.) "seed" cloves induces alterations in sprouts proteome. Front Plant Science 6: 332.

Amme S, Matros A, Schlesier B, Mock HP. 2006. Proteome analysis of cold stress response in Arabidopsis thaliana using
DIGE-technology. Jr. Exp. Botany 57: 1537-1546.

Zahoor ZU, Khan RLA. 2013. Climate change scenario in Kashmir Valley, India, based on seasonal and annual average
temperature trends. Disaster Advances 6(4): 30-40.

Bhutiyani MR, Kale VS, Pawar NJ. 2007. Long-term trends in maximum, minimum and mean annual air temperatures across
the Northwestern Himalaya during the twentieth century. Climate Change 85: 159-177.

Dad JM, Muslim M, Rashid I, Rashid, Reshi ZA. 2021. Time series analysis of climate variability and trends in Kashmir
Himalaya. Ecological Indicators 126: 107690.

Cheng M, McCarl B, Fei C. 2022. Climate change and livestock production: A literature review. Atmosphere 13(1): 140.

Das R, Sailo L, Verma N, Bharti P, Saikia J, Imtiwati, Kumar R. 2016. Impact of heat stress on health and performance of dairy
animals: A review. Veterinary World 9(3): 260-268.

Melissa Rojas-Downing M, Nejadhashemi AP, Harrigan T, Woznicki SA. 2017. Climate change and livestock: Impacts,
adaptation, and mitigation. Climate Risk Management 16: 145-163.

Sanmiguel-Vallelado A, Camarero JJ, Moran-Tejeda E, Gazol A. 2021. Snow dynamics influence tree growth by controlling
soil temperature in mountain pine forests. Agricultural and Forest Meteorology 296(2021): 108205.

Pan M, Zhao F, Ma J, Zhang L, Qu J, Xu L, Li Y. 2022. Effect of snow cover on spring soil moisture content in key agricultural
areas of Northeast China. Sustainability 14(3): 1527.

Fu Q, Hou RJ, Wang ZL, Li TX. 2015. Soil moisture thermal interaction effects under snow cover during freezing and thawing
period. Trans. Chin. Soc. Agric. Engineering 31: 101-107.

Panth M, Hassler SC, Baysal-Gurel F. 2020. Methods for management of soilborne diseases in crop production. Agriculture
10(1): 16.

Bhattacharyya R, Ghosh BN, Mishra PK, Mandal B, Rao CS, Sarkar D, Das K, Anil KS, Lalitha M, Hati KM. 2015. Soil
degradation in India: Challenges and potential solutions. Sustainability 7(4): 3528-3570.

Nuruzzaman MSM, Georgina P, Geoffrey D, Brian F, Sergey S, Meixue Z. 2019. Soil and crop management practices to
minimize the impact of waterlogging on crop productivity. Frontiers in Plant Science 10: 140.

Shah H, Hellegers P, Siderius C. 2021. Climate risk to agriculture: A synthesis to define different types of critical moments.
Climate Risk Management 34: 100378.

Hossain M, Biswas P, Islam MR. 2023. Cold-tolerant and short-duration rice (Oryza sativa L.) for sustainable food security of
the flash flood-prone Haor wetlands of Bangladesh. Sustainability 15(24): 16873.

Vernooy R. 2022. Does crop diversification lead to climate-related resilience? Improving the theory through insights on practice.
Agroecology and Sustainable Food Systems 46(6): 877-901.

Wasson AP, Richards RA, Chatrath R, Misra SC, Sai Prasad SV, Rebetzke GJ, Kirkegaard JA, Christopher J, Watt M. 2012.
Traits and selection strategies to improve root systems and water uptake in water-limited wheat crops. Journal of
Experimental Botany 63(9): 3485-3498.

Bacelar E, Pinto T, Anjos R, Morais MC, Oliveira I, Vilela A, Cosme F. 2024. Impacts of climate change and mitigation
strategies for some abiotic and biotic constraints influencing fruit growth and quality. Plants 13(14): 1942.

Siebrecht N. 2020. Sustainable agriculture and its implementation gap- Overcoming obstacles to implementation. Sustainability
12(9): 3853.


https://www.researchgate.net/profile/Alba-Sanmiguel-Vallelado?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Jesus-Camarero?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Enrique-Moran-Tejeda?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Antonio-Gazol?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

