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ABSTRACT

The snow-receiving regions of Himachal Pradesh — Lahaul-Spiti, Kinnaur, upper 
Kullu and parts of Chamba, lying broadly above 2,000 m amsl — sustain agriculture 
under severe constraints: short growing seasons, snowmelt-dependent irrigation, 
fragmented holdings, steep erodible slopes and recurrent natural hazards. This paper 
reviews published literature, government statistical reports, and institutional 
assessments for the period 2000–2025 to asses crop types, productivity, investment cum 
developmental schemes, natural resources, hazard, and sustainability constraints 
having accessible intermittent and scattered evidences in the concerned and related 
regions. Reported snow season warming of about 1.2°C during1982 -2007 at Solang 
(2,500 m), nearly 50 percent reduction in seasonal snowfall, and earlier snowmelt have 
disrupted the kuhl-fed irrigation on which the region depends; only about 12 percent of 
Kullu's net sown area is irrigated. Yields remain well below national and international 

-1 -1benchmarks — wheat about 1.85 t ha  (State average, 2023), barley 1.5–2  t ha , seed 
-1 -potato 20–30  t ha  — while apple productivity has been declining at about 0.183  t ha

1per year. Public investment is substantial and rising, yet reported scheme progress for 
2010–2015 shows near-uniform annual increments that warrant independent 
verification, and no published study relates investment to measured productivity gain in 
snow-receiving tracts. The review concludes that drought-resistant cum cold-tolerant 
and high-value crops, micro-irrigation and kuhl restoration, soil, snow and water 
conservation, afforestation and hazard-sensitive planning together offer a workable 
adaptation pathway, but that altitude-stratified monitoring, controlled crop trials and 
independent scheme evaluation are prerequisites for sound policy. Limitations of the 
underlying data are stated explicitly throughout.
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Himachal Pradesh covers 55.67 lakh ha in the western 
Himalaya and spans several agro-climatic zones. 
Population density is 123 persons/km², one-third of the 
national average (2011 Census). Notified forest land 
accounts for 66.43% of the State, although only about 25% 
of its area carries actual tree cover (Section 1.2); glaciated 
terrain subject to freeze and thaw covers 13.32%, and desert 
or degraded mountain nearly 50%. About 95% of the 
population depends on some 9.51 lakh ha of cultivable land, 
of which 5.38 lakh ha is net sown; cropping intensity was 
reported at 176.6% for the early 2010s (Anand, 2015) and at 
about 169% more recently (MTD, 2022). Gross irrigated 
area is 1.87 lakh ha, leaving 81.5% of cultivated land rainfed 
(Anand, 2015). There is little scope for extending the 
cultivated area: steeper slopes degrade rapidly, while rural-
to-urban migration is increasing the extent of fallow land. 
Land holdings are small — marginal 70%, small 18%, semi-
medium 8.8%, medium 2.9% and large 0.3% of 9608 
holdings — which restricts the use of modern machinery.

,

The seasonal lowest-average snowline altitude (SLA) rose 
from about 1,400 m amsl in the 1980s to 1800 m in the 
2000s, while the maximum or equilibrium SLA rose from 
4,800 m to 5,100 m (Verdhen et al., 2015). Snow-receiving 
regions within the cold desert and dry temperate zones are 
accordingly taken here to extend from 2,000 to over 6,000 
m. Kulkarni (1991), from satellite imagery of Himachal 
glaciers, estimated a water equivalent of nearly 165 km³. 
Nijampurkar et al., (1993) found that snow and ice of the 
Chhota Shigri glacier, which feeds the R. Chandra, carry 
chloride at a concentration 1.9 times that of sodium by 
weight (402 mg/l in snow, 185 mg/l in ice), a ratio close to 
that of seawater. Notarnicola (2024) compiled a 23-year 
dataset of yearly snow cover area (SCA), snow cover 
duration (SCD), first snow day (FSD) and last snow day 
(LSD) from MODIS imagery at 500 m resolution over the 
global mountain regions delineated by the GMBA 
shapefile, allowing seasonal snow dynamics, land-use and 
vegetation change and streamflow to be tracked.



HIGHLIGHTS
Ÿ Solang Valley (2,500 m amsl) reveal snow-season 

climatic conditions typically over 25 years (1982-2007) 
showing warming by 1.2° C, snowfall decrease by 50% 
and early snow depletion.

Ÿ Farmers rely on barley; wheat and potato crops in snow 
dominated representable Lahail-Spiti district rather than 
market dependent pulses and mustered crops. Need to 
explore crop types in addition to Safron, heeng and 
vegetables. 

Ÿ Water supply schemes for household and micro-
irrigation are operational but snow and water 
conservation and storage are required taking lesson from 
Ladakh region.

Ÿ South of the Pirpanjal range having partial snow cover 
period, cloud burst and flooding than avalanche, damage 
control and state level crop productivity sustainability 
planning is warranted.

Ÿ Protection of forest in lower and plantation of traditional 
willow, Poplar and new cold resistant trees/bushes in 
higher snow receiving altitudes required for weather and 
soil protection. 

Ÿ Reported scheme progress for 2010-11 to 2014-15 rises 
in near-uniform annual steps, leaving investment 
unlinked to measured productivity or to soil loss of 

-1 -116–20 t ha  yr .

1.1  

1.2  

Agro-Climatic Characteristics of Snow-Receiv-

Forest Cover and Soil Erosion

ing Regions
|  

|  

The region receives heavy snowfall intermittently from 
November to February and up to May in higher altitudes, 
has a short growing season from April to October, and faces 
limited water availability as glaciers retreat and snowfall 
declines. Agriculture is the primary livelihood of 71% of the 
population and is constrained by soil erosion, natural and 
induced hazards, climate variability, and low soil fertility. 
Hazards affect the agricultural economy in two ways: 
through recurrent direct damage and through the 
uncertainty they impose on development. Rapid 
development is threatening heritage, agriculture, ecology 
and environment (Pandey, 2023).

Chowdhury et al., (1993) divided India into 15 agro-
climatic zones and identified crop varieties and durations 
suited to each zone, recommending multi-cropping, 
intercropping, and climate-resilient varieties to reduce the 
risk of extreme events. In the cold desert zone, temperatures 
range from −25°C in winter to 25°C in summer; irrigation 
depends critically on snowmelt, and the short growing 
season imposed by snow cover restricts cropping to quick-
maturing, for cold-tolerant species (Verma & Vashisth, 
2025). Steep high-altitude terrain is prone to landslides and 
avalanches; soils are rocky, acidic, low in fertility and 
erosion-prone, and only 2–10% of the geographical area is 
cultivable, so careful management is essential (ICAR, 2016; 
NITI, 2022). The terrain is highly vulnerable to natural and 
man-made disasters due to its hydro-geological setting, 
seismic activity, and hurried, unplanned construction, 
which together trigger avalanches, cloudbursts, and 
landslides and damage roads, buildings, cultivation, lives, 
and livelihoods (HPSDMA, 2025).  Yangchan et al., (2019) 
reported rise in temperature by 3 C during 1973-2008 in o

Ladakh and employed water scarcity management for 
snowy arid zone of Leh and Ladakh where even surface 
water quality has gone bad and localized water table gone 
down by 42 m due to tourists and camp.

 The exceptionally heavy rain spell of September 1988 
over north-west India matched the October 1955 rainstorm 
in magnitude and areal extent, crossed the Pirpanjal range, 
produced the heaviest rain depths in the Chenab basin and 
caused unprecedented flooding in Jammu and Kashmir 
(Dhar & Nandargi, 1991). Against this, Thapliyal and 
Kulshrestha (1991), analysing a century of rainfall, surface 
temperature, atmospheric pressure and total ozone data for 
India, found neither a systematic climate trend nor evidence 
of ozone depletion. Loukas and Quick (1993) showed, for 
1972–1995 in the coastal mountains north of Vancouver, 
that rainfall depth per event increases up to mid elevation 
and then decreases at higher elevations. Reduced snowfall 
and earlier snowmelt under a changing climate have led to 
water scarcity (Verdhen et al., 2011; Gupta, 2022). 
Kumbhar and Rastogi (1992) simulated peak runoff for the 
Ramganga mountain watershed using linear reservoir 
theory, and Eldho (2009) coupled a finite-element 
rainfall–runoff solution with remotely sensed land use and 

land cover and GIS-derived drainage, channel, elevation, 
and slope data. Hagg et al., (2006) predicted higher spring 
discharge from earlier and intense snowmelt, followed by 
water deficit once the snow cover has gone, in the hot dry 
summer months when irrigation and domestic demand 
peak. HEC-HMS and the SRM (Martinec) model are best 
suited to Himalayan snow conditions and to climate-change 
detection (Rao et al., 1989; Rango, 1992; Verdhen et al., 
2013; Poudel, 2021), while HEC-RAS produces flood maps 
and flood-range characteristics.

Water erosion and landslides reduce soil fertility and disrupt 
connectivity across Himachal Pradesh. Traditional 
conservation practices — terracing, contour farming and 
agroforestry — protect fertile soil and stabilize slopes. 
Although 66.43% of the State is classified as forest land, 
36.84% of that (with a further 2% unsurveyed) is pasture 
and alpine land above the tree line carrying no forest, so only 
about 29.5% of the State can be regarded as conventional 
forest and only 22.49–25% is actually under tree cover, 
against the 66% sought for hill areas by the National Forest 
Policy (DEST, 2025). Maurya et al., (2024), applying the 
RUSLE model to the Beas Valley, estimated the average soil 

-1 -1loss at 19.9 t ha  yr  in 2023. Kanwar et al., (2024) conclu- 
ded, based on a review of numerous area-specific soil-loss 
equations, that the universal soil loss equation (USLE) 
nomograph remains the most widely accepted and used. 
Soil erosion and landslides cause land degradation, loss of 
connectivity, debris deposition, and flash flooding, and pose 
a particular threat on mismanaged slopes with gradients
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1.3  Suitable Crops in Snow-receiving Regions|  steeper than 33%. Haldorsen and Kruger (1990) showed 
that the hydrological properties of tills depend on grain-size 
distribution, compaction, fracturing, particle orientation, 
and the occurrence of sorted sediments. Land-use planning 
that prevents degradation, desertification and erosion, and 
that reduces input costs, follows from matching use to slope: 
up to 30% for agriculture, 30–40% for horticulture and silvi-
pasture, and above 50% for forestry (Chowdhury et al., 
1993).

 Garkoti and Singh (1995) reported that with rise in 
Central Himalayas altitude, the forest biomass decreased 

-1 -1from 308.3 ha  to 308.3 t ha  in Acer Cappadocicum Forest 
-1 -1(2750 m altitude) to 40.5 ha  to 40.5 t ha  in Rhododendron 

Campanulatum forest (3300 m altitude). Adhikari and 
Rawat (2012) studied vegetation response to climate and 
found Deciduous-conifer or Blue Pine trees basal area at 

2 -13350 m altitude only 9 to 15 m  ha  and even more sparse 
tree density at 3650 m altitude basal area of Birch tree just 5 

2 -1m  ha . Gairola et al. (2025) envisaged that documentation 
of changes in the vegetation parameters can provide 
important insights on the impact of climate change but 
limited research has been conducted on the spatial patterns 
of vegetation along altitude in the sub-alpine zone of west 
Himalaya. While study should be encouraged to study vise-
versa, impacts of forest cover depletion on regional climate. 
In lack of vegetation soil conservation is important. Singh et 
al. (2019) assessed the procedures like check dams, 
terracing etc. being used for soil conservation and 
revegetation in high altitude zones of cold desert of Leh-
Ladakh and suggested biological measures viz., plantation 
of sea buckthorn and other existing plantations. 

 Singh and Sarkar (1994) framed soil conservation 
policy around the biotic and abiotic causes of biomass 
production. Kumari et al., (2024) examined traditional 
agroforestry and farmer socio-economics in Baijnath tehsil 
(998–1,525 m amsl), reporting an average family size of 
5.26, literacy of 89.3%, and a preference for government 
service alongside agriculture and cattle rearing; average 
holdings were 0.73 ha for marginal, 1.74 ha for small and 
2.57 ha for medium farmers. Addressing holding size and 
off-farm employment is essential to sustainable 
development. The agri-silvi-horticulture (ASH) system 

-1gave the highest biomass production potential at 25.3 t ha  
and the pastoral-silviculture (PS) system the lowest at 13.8 t 

-1ha ; such systems raise rural incomes by supplying 
fuelwood, fodder, timber, food grains, fibre, fruit, grasses 
and raw material for forest-based industry. Incomes would 
rise further with improved irrigation, replacing heavy 
dependence on rainfed cultivation. Uzoagba et al., (2024) 
assessed the feasibility of using crop residues for bioenergy, 
a process that requires careful selection, management, and 
processing of crops. Agroforestry policy must be matched to 
regional socio-economic context. Steep land accordingly 
requires vegetative and engineering conservation measures 
— trenching, terracing, drainage, soil treatment and water 
harvesting.

Barley is the traditional cereal of high altitudes: drought-
tolerant, undemanding of water and suited to cold, it is well 
matched to Lahaul and Spiti (Gupta, 2022). Wheat is also 
grown in the cold dry zone, benefiting from timely snowfall 
to retain soil moisture (NITI, 2022). The pseudo-cereals 
buckwheat and amaranth tolerate low-fertility soils and 
short seasons and carry nutritional and medicinal value. 
Local traditional potato varieties are adapted to high 
altitudes and require less water than commercial varieties. 
Black pea is a drought-tolerant pulse of high nutritional 
value and useful in rotations for maintaining soil health 
(Bahadur et al., 2022).

 Off-season vegetables such as peas, cauliflower, and 
cabbage are rewarding cash crops but are water-intensive 
and require careful water management (Gupta, 2022). 
Saffron, a low-water, high-value crop suited to cold 
climates, has been successfully trialed in Kinnaur, Lahaul-
Spiti, and Chamba under the Krishi Se Sampannta Yojana. 
Heeng is likewise a high-value, low-water spice crop for 
high altitudes (Kumar & Ramesh, 2018). Disease-free seed 
potato from Shimla, Kullu and Lahaul commands strong 
demand and good returns, and hops and chicory seed are 
viable with a growing market (Rawan, 2017).

 Stone fruits such as plums and apricots are less water-
intensive than apples and are well-suited for diversification 
(ICAR, 2016). Apple nevertheless remains the backbone of 
Himachal horticulture; it thrives in the snow belt but 
depends on consistent snow cover to meet its chilling 
requirement, and varieties such as Royal Delicious remain 
popular (ET, 2025). Olive, fig and pistachio are being 
promoted as emerging crops for their adaptability to cold, 
dry conditions and high market value (Rawan, 2017). With 
the Quality of seeds of suitable crops, integrated weed 
management (IWM) is also important for sustainable 
productivity, especially Phragmites weed, locally known as 
Dambu in cold arid zone of Ladakh (Raghuvanshi et al., 
2018 and 2023; Balihar and Dahiya, 2024). Meena et al., 
(2023) conducted survey and found farmers of Ladakh 
depend upon traditional knowledge. The cold arid tracts, 
spread over in the northern states J&K, HP, UK & Sikkim 
mostly practices identical tradition and facing similar 
problems of food-grains production (Raghuvanshi et al., 
2019).

 Mapfumo et al., (2025) attributed rising winter and 
spring air temperatures in the Canadian Prairie provinces to 
the conversion of snow precipitation to rain, and noted that 
the resulting increase in growing degree days and corn heat 
units has allowed corn cultivation to move northwards. 
Yield there depends on geographical, environmental (air 
and soil temperature), technological (machinery, fertilizer) 
and biological (disease, pest) factors, together with export 
markets and prices, transport costs, breeding and 
technological advance. Spring wheat (Triticum aestivum 
L.) accounted for 73% of Prairie wheat production in 2021,
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HIGHLIGHTS
Ÿ Solang Valley (2,500 m amsl) reveal snow-season 

climatic conditions typically over 25 years (1982-2007) 
showing warming by 1.2° C, snowfall decrease by 50% 
and early snow depletion.

Ÿ Farmers rely on barley; wheat and potato crops in snow 
dominated representable Lahail-Spiti district rather than 
market dependent pulses and mustered crops. Need to 
explore crop types in addition to Safron, heeng and 
vegetables. 

Ÿ Water supply schemes for household and micro-
irrigation are operational but snow and water 
conservation and storage are required taking lesson from 
Ladakh region.

Ÿ South of the Pirpanjal range having partial snow cover 
period, cloud burst and flooding than avalanche, damage 
control and state level crop productivity sustainability 
planning is warranted.

Ÿ Protection of forest in lower and plantation of traditional 
willow, Poplar and new cold resistant trees/bushes in 
higher snow receiving altitudes required for weather and 
soil protection. 

Ÿ Reported scheme progress for 2010-11 to 2014-15 rises 
in near-uniform annual steps, leaving investment 
unlinked to measured productivity or to soil loss of 

-1 -116–20 t ha  yr .

1.1  

1.2  

Agro-Climatic Characteristics of Snow-Receiv-

Forest Cover and Soil Erosion

ing Regions
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The region receives heavy snowfall intermittently from 
November to February and up to May in higher altitudes, 
has a short growing season from April to October, and faces 
limited water availability as glaciers retreat and snowfall 
declines. Agriculture is the primary livelihood of 71% of the 
population and is constrained by soil erosion, natural and 
induced hazards, climate variability, and low soil fertility. 
Hazards affect the agricultural economy in two ways: 
through recurrent direct damage and through the 
uncertainty they impose on development. Rapid 
development is threatening heritage, agriculture, ecology 
and environment (Pandey, 2023).

Chowdhury et al., (1993) divided India into 15 agro-
climatic zones and identified crop varieties and durations 
suited to each zone, recommending multi-cropping, 
intercropping, and climate-resilient varieties to reduce the 
risk of extreme events. In the cold desert zone, temperatures 
range from −25°C in winter to 25°C in summer; irrigation 
depends critically on snowmelt, and the short growing 
season imposed by snow cover restricts cropping to quick-
maturing, for cold-tolerant species (Verma & Vashisth, 
2025). Steep high-altitude terrain is prone to landslides and 
avalanches; soils are rocky, acidic, low in fertility and 
erosion-prone, and only 2–10% of the geographical area is 
cultivable, so careful management is essential (ICAR, 2016; 
NITI, 2022). The terrain is highly vulnerable to natural and 
man-made disasters due to its hydro-geological setting, 
seismic activity, and hurried, unplanned construction, 
which together trigger avalanches, cloudbursts, and 
landslides and damage roads, buildings, cultivation, lives, 
and livelihoods (HPSDMA, 2025).  Yangchan et al., (2019) 
reported rise in temperature by 3 C during 1973-2008 in o

Ladakh and employed water scarcity management for 
snowy arid zone of Leh and Ladakh where even surface 
water quality has gone bad and localized water table gone 
down by 42 m due to tourists and camp.

 The exceptionally heavy rain spell of September 1988 
over north-west India matched the October 1955 rainstorm 
in magnitude and areal extent, crossed the Pirpanjal range, 
produced the heaviest rain depths in the Chenab basin and 
caused unprecedented flooding in Jammu and Kashmir 
(Dhar & Nandargi, 1991). Against this, Thapliyal and 
Kulshrestha (1991), analysing a century of rainfall, surface 
temperature, atmospheric pressure and total ozone data for 
India, found neither a systematic climate trend nor evidence 
of ozone depletion. Loukas and Quick (1993) showed, for 
1972–1995 in the coastal mountains north of Vancouver, 
that rainfall depth per event increases up to mid elevation 
and then decreases at higher elevations. Reduced snowfall 
and earlier snowmelt under a changing climate have led to 
water scarcity (Verdhen et al., 2011; Gupta, 2022). 
Kumbhar and Rastogi (1992) simulated peak runoff for the 
Ramganga mountain watershed using linear reservoir 
theory, and Eldho (2009) coupled a finite-element 
rainfall–runoff solution with remotely sensed land use and 

land cover and GIS-derived drainage, channel, elevation, 
and slope data. Hagg et al., (2006) predicted higher spring 
discharge from earlier and intense snowmelt, followed by 
water deficit once the snow cover has gone, in the hot dry 
summer months when irrigation and domestic demand 
peak. HEC-HMS and the SRM (Martinec) model are best 
suited to Himalayan snow conditions and to climate-change 
detection (Rao et al., 1989; Rango, 1992; Verdhen et al., 
2013; Poudel, 2021), while HEC-RAS produces flood maps 
and flood-range characteristics.

Water erosion and landslides reduce soil fertility and disrupt 
connectivity across Himachal Pradesh. Traditional 
conservation practices — terracing, contour farming and 
agroforestry — protect fertile soil and stabilize slopes. 
Although 66.43% of the State is classified as forest land, 
36.84% of that (with a further 2% unsurveyed) is pasture 
and alpine land above the tree line carrying no forest, so only 
about 29.5% of the State can be regarded as conventional 
forest and only 22.49–25% is actually under tree cover, 
against the 66% sought for hill areas by the National Forest 
Policy (DEST, 2025). Maurya et al., (2024), applying the 
RUSLE model to the Beas Valley, estimated the average soil 

-1 -1loss at 19.9 t ha  yr  in 2023. Kanwar et al., (2024) conclu- 
ded, based on a review of numerous area-specific soil-loss 
equations, that the universal soil loss equation (USLE) 
nomograph remains the most widely accepted and used. 
Soil erosion and landslides cause land degradation, loss of 
connectivity, debris deposition, and flash flooding, and pose 
a particular threat on mismanaged slopes with gradients
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1.3  Suitable Crops in Snow-receiving Regions|  steeper than 33%. Haldorsen and Kruger (1990) showed 
that the hydrological properties of tills depend on grain-size 
distribution, compaction, fracturing, particle orientation, 
and the occurrence of sorted sediments. Land-use planning 
that prevents degradation, desertification and erosion, and 
that reduces input costs, follows from matching use to slope: 
up to 30% for agriculture, 30–40% for horticulture and silvi-
pasture, and above 50% for forestry (Chowdhury et al., 
1993).

 Garkoti and Singh (1995) reported that with rise in 
Central Himalayas altitude, the forest biomass decreased 

-1 -1from 308.3 ha  to 308.3 t ha  in Acer Cappadocicum Forest 
-1 -1(2750 m altitude) to 40.5 ha  to 40.5 t ha  in Rhododendron 

Campanulatum forest (3300 m altitude). Adhikari and 
Rawat (2012) studied vegetation response to climate and 
found Deciduous-conifer or Blue Pine trees basal area at 

2 -13350 m altitude only 9 to 15 m  ha  and even more sparse 
tree density at 3650 m altitude basal area of Birch tree just 5 

2 -1m  ha . Gairola et al. (2025) envisaged that documentation 
of changes in the vegetation parameters can provide 
important insights on the impact of climate change but 
limited research has been conducted on the spatial patterns 
of vegetation along altitude in the sub-alpine zone of west 
Himalaya. While study should be encouraged to study vise-
versa, impacts of forest cover depletion on regional climate. 
In lack of vegetation soil conservation is important. Singh et 
al. (2019) assessed the procedures like check dams, 
terracing etc. being used for soil conservation and 
revegetation in high altitude zones of cold desert of Leh-
Ladakh and suggested biological measures viz., plantation 
of sea buckthorn and other existing plantations. 

 Singh and Sarkar (1994) framed soil conservation 
policy around the biotic and abiotic causes of biomass 
production. Kumari et al., (2024) examined traditional 
agroforestry and farmer socio-economics in Baijnath tehsil 
(998–1,525 m amsl), reporting an average family size of 
5.26, literacy of 89.3%, and a preference for government 
service alongside agriculture and cattle rearing; average 
holdings were 0.73 ha for marginal, 1.74 ha for small and 
2.57 ha for medium farmers. Addressing holding size and 
off-farm employment is essential to sustainable 
development. The agri-silvi-horticulture (ASH) system 

-1gave the highest biomass production potential at 25.3 t ha  
and the pastoral-silviculture (PS) system the lowest at 13.8 t 

-1ha ; such systems raise rural incomes by supplying 
fuelwood, fodder, timber, food grains, fibre, fruit, grasses 
and raw material for forest-based industry. Incomes would 
rise further with improved irrigation, replacing heavy 
dependence on rainfed cultivation. Uzoagba et al., (2024) 
assessed the feasibility of using crop residues for bioenergy, 
a process that requires careful selection, management, and 
processing of crops. Agroforestry policy must be matched to 
regional socio-economic context. Steep land accordingly 
requires vegetative and engineering conservation measures 
— trenching, terracing, drainage, soil treatment and water 
harvesting.

Barley is the traditional cereal of high altitudes: drought-
tolerant, undemanding of water and suited to cold, it is well 
matched to Lahaul and Spiti (Gupta, 2022). Wheat is also 
grown in the cold dry zone, benefiting from timely snowfall 
to retain soil moisture (NITI, 2022). The pseudo-cereals 
buckwheat and amaranth tolerate low-fertility soils and 
short seasons and carry nutritional and medicinal value. 
Local traditional potato varieties are adapted to high 
altitudes and require less water than commercial varieties. 
Black pea is a drought-tolerant pulse of high nutritional 
value and useful in rotations for maintaining soil health 
(Bahadur et al., 2022).

 Off-season vegetables such as peas, cauliflower, and 
cabbage are rewarding cash crops but are water-intensive 
and require careful water management (Gupta, 2022). 
Saffron, a low-water, high-value crop suited to cold 
climates, has been successfully trialed in Kinnaur, Lahaul-
Spiti, and Chamba under the Krishi Se Sampannta Yojana. 
Heeng is likewise a high-value, low-water spice crop for 
high altitudes (Kumar & Ramesh, 2018). Disease-free seed 
potato from Shimla, Kullu and Lahaul commands strong 
demand and good returns, and hops and chicory seed are 
viable with a growing market (Rawan, 2017).

 Stone fruits such as plums and apricots are less water-
intensive than apples and are well-suited for diversification 
(ICAR, 2016). Apple nevertheless remains the backbone of 
Himachal horticulture; it thrives in the snow belt but 
depends on consistent snow cover to meet its chilling 
requirement, and varieties such as Royal Delicious remain 
popular (ET, 2025). Olive, fig and pistachio are being 
promoted as emerging crops for their adaptability to cold, 
dry conditions and high market value (Rawan, 2017). With 
the Quality of seeds of suitable crops, integrated weed 
management (IWM) is also important for sustainable 
productivity, especially Phragmites weed, locally known as 
Dambu in cold arid zone of Ladakh (Raghuvanshi et al., 
2018 and 2023; Balihar and Dahiya, 2024). Meena et al., 
(2023) conducted survey and found farmers of Ladakh 
depend upon traditional knowledge. The cold arid tracts, 
spread over in the northern states J&K, HP, UK & Sikkim 
mostly practices identical tradition and facing similar 
problems of food-grains production (Raghuvanshi et al., 
2019).

 Mapfumo et al., (2025) attributed rising winter and 
spring air temperatures in the Canadian Prairie provinces to 
the conversion of snow precipitation to rain, and noted that 
the resulting increase in growing degree days and corn heat 
units has allowed corn cultivation to move northwards. 
Yield there depends on geographical, environmental (air 
and soil temperature), technological (machinery, fertilizer) 
and biological (disease, pest) factors, together with export 
markets and prices, transport costs, breeding and 
technological advance. Spring wheat (Triticum aestivum 
L.) accounted for 73% of Prairie wheat production in 2021,
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durum (T. turgidum L. ssp. durum) 14% and winter wheat 
13%, on a total of 22.3 million t; barley (Hordeum vulgare 
L.), grown mainly in Alberta, British Columbia and 
Saskatchewan for malting and fodder, is affected like wheat 
by stem rust, while canola (Brassica napus L.), grown 
largely in Saskatchewan for oil, feed and biodiesel, makes 
Canada the leading exporter. The shallow winter snowpack 
over grain fields melts in spring and supplies soil moisture 
through the growing season, so any reduction in off-season 
precipitation, or a shift from snow to rain, alters soil 
moisture and can restrict later crop growth — the same 
mechanism that operates in the Himachal snow belt, and one 
that has led Prairie farmers to leave land unseeded in order 
to restore soil moisture, control disease and mineralise 
nutrients.

A systematic review of the status, farming activities, 
infrastructure, investment, and productivity is a 
precondition for expanding agriculture, improving 
sustainability, and raising farmers' incomes in snow-
receiving regions. Climate variability, natural and man-
made hazards, water availability for households and fields, 
market access, and training and support all bear directly on 
communities living in remote and harsh conditions. 
Quantitative study of investment impact and income trends 
is needed if development strategy is to rest on a sound 
footing, yet the available surveys, reports and literature 
show that the problems and potential of these regions have 
not been worked out comprehensively at State, national or 
international level, and local people meanwhile face 
recurrent hazards, cultivation problems and, in some 
instances, exploitation by visitors and government-
sponsored developers. The objective of this review is 
therefore to examine the agricultural systems, schemes, 
crop types, productivity, and marketing status of the snow-
receiving mountain regions under a changing climate, and 
to evaluate the natural and human-made problems and their 
corresponding solutions in relation to the region's potential 
for sustainable development. Meeting that objective 
requires assessment of snow and forest  cover, 
meteorological conditions, hazard mitigation, melt 
hydrology and opportunities for water resources 
development. The scope is confined to the snow receiving 
valleys of the Kullu and Lahaul-Spiti districts in the western 
Himalaya, drawing on adjacent states, globally available 
technologies and records.

The review covers the snow-receiving tracts of Himachal 
Pradesh lying broadly above 2,000 m amsl, with primary 
attention to Kullu district (including the Solang and Parvati 
valleys), Lahaul-Spiti and Kinnaur, and secondary 
reference to comparable tracts of Chamba. Two sub-zones 
are distinguished throughout: the lower snow-receiving belt 
between about 1,500 and 3,000 m, which is seasonally 
snow-covered and largely horticultural, and the cold-desert 
belt above 3,000m, where cropping is limited to quick-
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2.1  Study Area and Delineation|  

maturing, cold-tolerant species. Temperature, snowfall and 
its period varies with altitude and mountain ranges. 
Seasonal fresh snow annually during November to April of 
1980s experienced 4 and 15 m in about 15 spells and lowest 
weekly minimum temperature with elevation varies from -3 
o oC to -30 C. Over four decades climate variability with rise 
in temperature has affected snow and rain ratio of 
precipitation, snow cover duration and water resources, 
agriculture and energy due to drastic degradation of forest 
cover. Official record shows forest cover area as 66%, while 
at present being reported as 23-25%.

Snow receiving low and high altitude regions has been 
targeted to study the farming activities, crops, productivity, 
problems and damages faced due to hazards. Material was 
assembled during preparation of this review over years to 
2025 from four classes of source. First, peer-reviewed 
literature was located through Google Search/Scholar and 
Research Gate using combinations of the study relevant 
specific terms, supplemented by citation tracking from key 
papers. Second, official statistics were taken from the 
Directorate of Economics and Statistics, Government of 
Himachal Pradesh, the State Economic Survey series, and 
departmental scheme reports. Third, institutional 
assessments were drawn from ICAR, NITI Aayog, 
HPSDMA, NABARD, CWC and the State Department of 
Environment, Science, Technology and Climate Change. 
Fourth, the author's own published snow-hydrology work 
and field experience in the Beas and Chandra basins, gained 
during earlier service with SASE (DRDO) and NIH, 
Roorkee, have been used. Emphasis was placed on the 
period 2000–2025; earlier work was retained where it 
provided the only available baseline, as in the case of the 
1980s snowpack records.

Material was included where it referred to Himachal 
Pradesh, or to comparable high-altitude tracts of 
Uttarakhand, Jammu & Kashmir or Ladakh, and where it 
addressed crop productivity, climate variability, water 
resources, hazards, soil conservation, forestry or 
agricultural investment. Opinions pieces unsupported by 
data, and repeated secondary reportage of a figure already 
traced to its primary source, were excluded. Where a value 
could be obtained only at State level, this is stated explicitly 
in the text, because State aggregates combine altitudes from 
about 300 m to over 6,000 m and cannot be read as 
representative of snow-receiving tracts; such values are 
presented as indicative rather than definitive. Comparative 
international yields are quoted without adjustment for 
mechanization, input use, variety or holding size and are 
offered only for order-of-magnitude context. Where ever 
possible statistical pooling has been attempted, otherwise 
the underlying studies differ in period, station, method and 
spatial unit.

Generative artificial intelligence (Grok, X platform) was 
used with questions on crops, investment, disasters, water 
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security, and projects like the Gyspa Dam at the initial 
scoping stage, to locate candidate sources and to draft 
summary text. No factual statement, numerical value or 
citation in this paper rests on an AI-generated output: each 
was subsequently traced to, and is cited from, its primary 
source, and material that could not be so verified was 
removed. The author accepts full responsibility for the 
content of the paper.

Three limitations should be borne in mind. Instrumental 
records for the snow-receiving belt are project based or 
scattered with departmental heads and overall sparse 
spatially, so the period of warming realization and its impact 
on seasonal snow (1980s to 2007) and altitudinal duration 
have been presented which can be stabilized or reversed 
with effective measures. Crop productivity and damage 
figures for Districts and or states levels referred to visualize 
the situation and implication in higher altitudes, Reported 
progress under government schemes could not be 
independently verified in the field, and is therefore reported 
as claimed progress as this technical review article is 
systematic rather than scoping framework followed d by 
Arksey and O'Malley (2005) and Levac et al., (2010).

State and central governments are consistently making plan 
and policies for the farmers and agricultural development 
schemes, but farmers are facing uncertainties.

Investment in agriculture in the snow-receiving regions 

comes from three sources, of unequal weight. Farmers' own 
resources are severely limited: holdings average 0.59 ha, 
marginal farmers hold about 70% and small farmers 18% of 
the total, and on-farm capital formation is correspondingly 
small. Private credit is constrained by the tie between formal 
lending and land title, so that 41% of holdings below one 
hectare depend on informal sources such as moneylenders 
for seed and fertiliser; cooperative societies, 3,841 
statewide, supply short- and medium-term credit and 
market produce, covering 93% of the rural population of 
Kullu (Deshpandey, 2017; Rawan, 2017). Limited transport 
infrastructure and poor market access further deter private 
investment. Government schemes are therefore the 
dominant source, and the State's allocation of 12% of plan 
resources to agriculture, the highest of any Indian State, is 
intended to close the gap (Rawan, 2017). Because the 
beneficiaries are overwhelmingly marginal and small 
farmers, scheme design has to ensure that they are not 
trapped or exploited by intermediaries or by investors with a 
vested interest.

The principal schemes operating in the snow-receiving 
districts are set out in Table 1. They fall into four groups: 
production support, through natural farming, protected 
cultivation and fodder; water, through micro-irrigation and 
kuhl maintenance; risk cover, through insurance and anti-
hail netting; and enabling infrastructure, through soil-
testing and bio-control laboratories, packing and cold-chain 
facilities and winter water supply. What the table also shows 
is what is absent: for none of these schemes is there a 
published assessment of physical verification, functionality 
or outcome specific to the snow-receiving belt.

Scheme

Prakritik Kheti 
Khushhal Kissan 
Yojana (natural 
farming)

Mukhyamantri 
Nutan Polyhouse 
Pariyojana

Mukhyamantri 
Kisaan Evam 
Khetihar 
Mazdoor Jeevan 
Suraksha Yojana
Uttam Chaara 
Utpadan Yojana

Purpose and support offered

Chemical-free cultivation on 
low-cost organic inputs 
(FYM,  ve rmicompos t ) ; 
t ra in ing through KVKs 
(Krishi Vigyan Kendras)
Protected cultivation of high-
value off-season vegetables

Insurance against injury or 
death from farm machinery; 
supports safe mechanisation

Fodder production; subsidy 
on seed, cuttings and chaff 
cutters for SC, ST and BPL 
farmers

Outlay / subsidy

Not separately 
reported

₹150 crore total; 
₹78.57 crore Phase 1 
(2020-23); ₹22 crore 
2022-23; 85% subsidy
Cover of ₹10,000 to 
₹3 lakh

₹6 crore (2017-18) 
with subsidy on seeds, 
cutters and cuttings

Reported coverage

54,914 farmers on 2,451 ha by 
2019-20; >90,000 trained and 
>5,000 ha converted by Nov 
2020; target 20,000 ha and 
9.61 lakh families by 2025
5,000 polyhouses over 100 ha 
targeted; 2,522 reported built 
in Phase 1.  

Not reported by district

25,000 ha targeted

Source

NITI, 2022; 
Rawan, 2017; 
Chandel et al., 
2020

Himachalservic
es, 2022-23

Himachalservic
es, 2022-23

Himachalservic
es, 2022-23

TABLE 1 Principal government schemes bearing on agriculture in the snow-receiving districts of Himachal Pradesh.
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durum (T. turgidum L. ssp. durum) 14% and winter wheat 
13%, on a total of 22.3 million t; barley (Hordeum vulgare 
L.), grown mainly in Alberta, British Columbia and 
Saskatchewan for malting and fodder, is affected like wheat 
by stem rust, while canola (Brassica napus L.), grown 
largely in Saskatchewan for oil, feed and biodiesel, makes 
Canada the leading exporter. The shallow winter snowpack 
over grain fields melts in spring and supplies soil moisture 
through the growing season, so any reduction in off-season 
precipitation, or a shift from snow to rain, alters soil 
moisture and can restrict later crop growth — the same 
mechanism that operates in the Himachal snow belt, and one 
that has led Prairie farmers to leave land unseeded in order 
to restore soil moisture, control disease and mineralise 
nutrients.

A systematic review of the status, farming activities, 
infrastructure, investment, and productivity is a 
precondition for expanding agriculture, improving 
sustainability, and raising farmers' incomes in snow-
receiving regions. Climate variability, natural and man-
made hazards, water availability for households and fields, 
market access, and training and support all bear directly on 
communities living in remote and harsh conditions. 
Quantitative study of investment impact and income trends 
is needed if development strategy is to rest on a sound 
footing, yet the available surveys, reports and literature 
show that the problems and potential of these regions have 
not been worked out comprehensively at State, national or 
international level, and local people meanwhile face 
recurrent hazards, cultivation problems and, in some 
instances, exploitation by visitors and government-
sponsored developers. The objective of this review is 
therefore to examine the agricultural systems, schemes, 
crop types, productivity, and marketing status of the snow-
receiving mountain regions under a changing climate, and 
to evaluate the natural and human-made problems and their 
corresponding solutions in relation to the region's potential 
for sustainable development. Meeting that objective 
requires assessment of snow and forest  cover, 
meteorological conditions, hazard mitigation, melt 
hydrology and opportunities for water resources 
development. The scope is confined to the snow receiving 
valleys of the Kullu and Lahaul-Spiti districts in the western 
Himalaya, drawing on adjacent states, globally available 
technologies and records.

The review covers the snow-receiving tracts of Himachal 
Pradesh lying broadly above 2,000 m amsl, with primary 
attention to Kullu district (including the Solang and Parvati 
valleys), Lahaul-Spiti and Kinnaur, and secondary 
reference to comparable tracts of Chamba. Two sub-zones 
are distinguished throughout: the lower snow-receiving belt 
between about 1,500 and 3,000 m, which is seasonally 
snow-covered and largely horticultural, and the cold-desert 
belt above 3,000m, where cropping is limited to quick-

1.4  

2.2  

2.3  

2.4  

Objective and Scope of the Review

Sources Consulted and Search Approach

Inclusion-Exclusion and Treatment of Data

Declaration on the use of Artificial Intelligence

|  

|  

|  

|  

2  MATERIALS AND METHODS|  

2.1  Study Area and Delineation|  

maturing, cold-tolerant species. Temperature, snowfall and 
its period varies with altitude and mountain ranges. 
Seasonal fresh snow annually during November to April of 
1980s experienced 4 and 15 m in about 15 spells and lowest 
weekly minimum temperature with elevation varies from -3 
o oC to -30 C. Over four decades climate variability with rise 
in temperature has affected snow and rain ratio of 
precipitation, snow cover duration and water resources, 
agriculture and energy due to drastic degradation of forest 
cover. Official record shows forest cover area as 66%, while 
at present being reported as 23-25%.

Snow receiving low and high altitude regions has been 
targeted to study the farming activities, crops, productivity, 
problems and damages faced due to hazards. Material was 
assembled during preparation of this review over years to 
2025 from four classes of source. First, peer-reviewed 
literature was located through Google Search/Scholar and 
Research Gate using combinations of the study relevant 
specific terms, supplemented by citation tracking from key 
papers. Second, official statistics were taken from the 
Directorate of Economics and Statistics, Government of 
Himachal Pradesh, the State Economic Survey series, and 
departmental scheme reports. Third, institutional 
assessments were drawn from ICAR, NITI Aayog, 
HPSDMA, NABARD, CWC and the State Department of 
Environment, Science, Technology and Climate Change. 
Fourth, the author's own published snow-hydrology work 
and field experience in the Beas and Chandra basins, gained 
during earlier service with SASE (DRDO) and NIH, 
Roorkee, have been used. Emphasis was placed on the 
period 2000–2025; earlier work was retained where it 
provided the only available baseline, as in the case of the 
1980s snowpack records.

Material was included where it referred to Himachal 
Pradesh, or to comparable high-altitude tracts of 
Uttarakhand, Jammu & Kashmir or Ladakh, and where it 
addressed crop productivity, climate variability, water 
resources, hazards, soil conservation, forestry or 
agricultural investment. Opinions pieces unsupported by 
data, and repeated secondary reportage of a figure already 
traced to its primary source, were excluded. Where a value 
could be obtained only at State level, this is stated explicitly 
in the text, because State aggregates combine altitudes from 
about 300 m to over 6,000 m and cannot be read as 
representative of snow-receiving tracts; such values are 
presented as indicative rather than definitive. Comparative 
international yields are quoted without adjustment for 
mechanization, input use, variety or holding size and are 
offered only for order-of-magnitude context. Where ever 
possible statistical pooling has been attempted, otherwise 
the underlying studies differ in period, station, method and 
spatial unit.

Generative artificial intelligence (Grok, X platform) was 
used with questions on crops, investment, disasters, water 
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security, and projects like the Gyspa Dam at the initial 
scoping stage, to locate candidate sources and to draft 
summary text. No factual statement, numerical value or 
citation in this paper rests on an AI-generated output: each 
was subsequently traced to, and is cited from, its primary 
source, and material that could not be so verified was 
removed. The author accepts full responsibility for the 
content of the paper.

Three limitations should be borne in mind. Instrumental 
records for the snow-receiving belt are project based or 
scattered with departmental heads and overall sparse 
spatially, so the period of warming realization and its impact 
on seasonal snow (1980s to 2007) and altitudinal duration 
have been presented which can be stabilized or reversed 
with effective measures. Crop productivity and damage 
figures for Districts and or states levels referred to visualize 
the situation and implication in higher altitudes, Reported 
progress under government schemes could not be 
independently verified in the field, and is therefore reported 
as claimed progress as this technical review article is 
systematic rather than scoping framework followed d by 
Arksey and O'Malley (2005) and Levac et al., (2010).

State and central governments are consistently making plan 
and policies for the farmers and agricultural development 
schemes, but farmers are facing uncertainties.

Investment in agriculture in the snow-receiving regions 

comes from three sources, of unequal weight. Farmers' own 
resources are severely limited: holdings average 0.59 ha, 
marginal farmers hold about 70% and small farmers 18% of 
the total, and on-farm capital formation is correspondingly 
small. Private credit is constrained by the tie between formal 
lending and land title, so that 41% of holdings below one 
hectare depend on informal sources such as moneylenders 
for seed and fertiliser; cooperative societies, 3,841 
statewide, supply short- and medium-term credit and 
market produce, covering 93% of the rural population of 
Kullu (Deshpandey, 2017; Rawan, 2017). Limited transport 
infrastructure and poor market access further deter private 
investment. Government schemes are therefore the 
dominant source, and the State's allocation of 12% of plan 
resources to agriculture, the highest of any Indian State, is 
intended to close the gap (Rawan, 2017). Because the 
beneficiaries are overwhelmingly marginal and small 
farmers, scheme design has to ensure that they are not 
trapped or exploited by intermediaries or by investors with a 
vested interest.

The principal schemes operating in the snow-receiving 
districts are set out in Table 1. They fall into four groups: 
production support, through natural farming, protected 
cultivation and fodder; water, through micro-irrigation and 
kuhl maintenance; risk cover, through insurance and anti-
hail netting; and enabling infrastructure, through soil-
testing and bio-control laboratories, packing and cold-chain 
facilities and winter water supply. What the table also shows 
is what is absent: for none of these schemes is there a 
published assessment of physical verification, functionality 
or outcome specific to the snow-receiving belt.

Scheme

Prakritik Kheti 
Khushhal Kissan 
Yojana (natural 
farming)

Mukhyamantri 
Nutan Polyhouse 
Pariyojana

Mukhyamantri 
Kisaan Evam 
Khetihar 
Mazdoor Jeevan 
Suraksha Yojana
Uttam Chaara 
Utpadan Yojana

Purpose and support offered

Chemical-free cultivation on 
low-cost organic inputs 
(FYM,  ve rmicompos t ) ; 
t ra in ing through KVKs 
(Krishi Vigyan Kendras)
Protected cultivation of high-
value off-season vegetables

Insurance against injury or 
death from farm machinery; 
supports safe mechanisation

Fodder production; subsidy 
on seed, cuttings and chaff 
cutters for SC, ST and BPL 
farmers

Outlay / subsidy

Not separately 
reported

₹150 crore total; 
₹78.57 crore Phase 1 
(2020-23); ₹22 crore 
2022-23; 85% subsidy
Cover of ₹10,000 to 
₹3 lakh

₹6 crore (2017-18) 
with subsidy on seeds, 
cutters and cuttings

Reported coverage

54,914 farmers on 2,451 ha by 
2019-20; >90,000 trained and 
>5,000 ha converted by Nov 
2020; target 20,000 ha and 
9.61 lakh families by 2025
5,000 polyhouses over 100 ha 
targeted; 2,522 reported built 
in Phase 1.  

Not reported by district

25,000 ha targeted

Source

NITI, 2022; 
Rawan, 2017; 
Chandel et al., 
2020

Himachalservic
es, 2022-23

Himachalservic
es, 2022-23

Himachalservic
es, 2022-23

TABLE 1 Principal government schemes bearing on agriculture in the snow-receiving districts of Himachal Pradesh.
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Scheme

Micro and 
traditional 
irrigation

Soil health and 
organic promotion

Soil health and 
organic promotion

Risk cover and 
market 
infrastructure

NABARD 
climate-smart 
project, Parvati 
valley
Jal Jeevan 
Mission winter 
water schemes

Purpose and support offered

Drip and sprinkler systems 
saving 60–80% of water; 
kuhl maintenance; 
conjunctive use of snowmelt 
and perennial sources

Soil testing, bio-control, 
vermicomposting, organic 
certification, input 
distribution

Soil testing, bio-control, 
vermicomposting, organic 
certification, input 
distribution

Anti-hail netting for 
orchards; district input fund; 
packing house upgrade

Glacial lake outburst flood 
risk reduction; water 
harvesting; resilient crops

Round-the-clock supply at 
temperatures to −20°C using 
three-layer insulated pipe 
laid 4 ft below ground

Outlay / subsidy

₹1,000 crore State 
irrigation budget, 
2020-21; systems 
subsidized

Not separately 
reported

Not separately 
reported

50% subsidy on 
netting; ₹20 crore 
Kullu agriculture 
fund; ₹797.30 lakh 
from APEDA
₹20 crore by 
NABARD; ₹19.12 
crore released by 
December 2022
₹79.15 crore, of which 
₹56.13 crore for 
Lahaul

Reported coverage

Only 12% of Kullu net sown 
area irrigated mainly with 
Kuhls; 109,452 ha irrigated 
statewide

11 soil-testing laboratories; 
bio-control laboratories at 
Kangra and Mandi; 4 lakh 
vermicompost units; 7,200 t 
improved seed, 29,500 t 
fertiliser and 50,000 
implements distributed
11 soil-testing laboratories; 
bio-control laboratories at 
Kangra and Mandi; 4 lakh 
vermicompost units; 7,200 t 
improved seed, 29,500 t 
fertiliser and 50,000 
implements distributed
Patlikuhl packing house 
(Kullu) upgraded for fruit 
and vegetable processing

Parvati valley of Kullu, 
including Salang

24 schemes approved 
January 2024 — 11 in 
Lahaul valley including 
Jispa, 13 in Spiti, on the 
Chandra and Bhaga rivers 
and bore-wells

Source

Verma and 
Vashisth, 2025; 
Deshpandey, 
2017; ICAR, 
2016; MTD, 
2022
Rawan, 2017

Rawan, 2017

Himachalservic
es, 2022-23

Himachalservic
es, 2022-23

Bhandari, 2024

Table 1 continued

Outlays are as sanctioned or as reported by the implementing departments. Coverage figures are as claimed and, except where 
noted, have not been independently verified.

 The year-on-year record of seven schemes related to 
natural farming over 2010-11 to 2014-15 (5 years) is given 
in Table 2, totaling 1,879.5 ha (annual average standard 
deviation of 23%) treated against erosion, 6,486 (annual 
average SD =17%) rainwater harvesting tanks, micro-
irrigation over 15,652 ha (annual average SD =21%), 
634,280 (annual average SD = 3%) soil health cards, 5,229 
ha (with SD =11%) certified organic farm, 9,037 ha (with 
SD =26%) converted to organic and 83,275 (with SD 
=112%) vermicompost units (Anand, 2015; DEST, 2025). 
Two features of that series deserve comment. Soil health 
card issue is recorded as exactly 125,000 in each of three 
successive years, and organic conversion as exactly 2,000 
ha in each of three successive years, while rainwater 
harvesting and micro-irrigation show similarly narrow 
variation, while programs spread across districts of widely 

differing terrain, budget release and farmer uptake would 
not normally deliver such uniform annual increments. 
Standard deviation is high in case of setting Vermicompost 
units indicate satisfactory implementation of all the 7 
schemes in first two years and further require verification 
before investment. The same caution applies to the more 
recent reporting: Chandel et al., (2020) record the launch of 
a Sustainable Food Systems Platform for Natural Farming 
(SuSPNF) under PK3Y, with more than 90,000 farmers 
trained and over 5,000 ha converted by November 2020 
against a stated intention to reach 12,000 ha from 2018 to 
2021. The SuSPNF team during field visits was satisfied 
that farmers valued the disease resistance of playhouse 
protected cultivation and orchardists appraised an 
improvement in soil properties, and assured for market 
niche support in brand creation and in price setting. 
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Scheme / 
intervention

Treatment against 
erosion
Rainwater harvesting
Efficient use of 
irrigation water
Soil health 
management
Promotion of organic 
farming
Promotion of organic 
farming
Promotion of organic 
farming

Outcome measured 
(unit)

Area treated (ha)

Tanks constructed (no.)
Micro-irrigation 
installed (ha)
Health cards issued  
(no.)
Farms certified organic 
(ha)
Area converted to 
organic (ha)
Vermicompost units set 
up (no.)

2010-11

829.5

1,695
3,100

134,607

894

977

35,659

2011-12

500

1,145
4,252

124,673

1,035

2,060

38,616

2012-13

550

1,211
2,500

125,000

1,000

2,000

3,000

2013-14

0*

1,215
2,800

125,000

1,100

2,000

3,000

2014-15

0*

1,220
3,000

125,000

1,200

2,000

3,000

Total

1,879.5

6,486
15,652

634,280

5,229

9,037

83,275

TABLE 2 Reported progress of government agricultural schemes in Himachal Pradesh, 2010-11 to 2014-15 (compiled 
from Anand, 2015, for DEST, GoHP).

*Zero entries for 2013-14 and 2014-15 appear in the source as blanks and may indicate non-reporting rather than cessation of the 
program.

Three lines of practice underpin these schemes. Integrated 
nutrient management rests on soil testing to identify 
deficiencies and the balanced (combined organic and 
inorganic fertilizers) application of inputs through  
extension services to arrest soil degradation (Verma and 
Vashisth, 2025). Conjunctive use of fertilizers, manures and 
plant growth promoting rhizobacteria (PGPR) significantly 
influenced soil nutrient status and nutrient uptake pattern of 
cauliflower crop (Thakur et al., 2019). Agroforestry and 
perennial cropping reduce erosion improve water retention 
and enhance biodiversity: native willow and poplar planted 
alongside crops and roads stabilise slopes, while apple and 
stone fruit reduce soil disturbance (Bahadur et al., 2022); 
both willow and poplar have been tested in these tracts and 
wider planting could serve bioenergy security as well as 
erosion control. Traditional practice deserves updating 
rather than displacement — crop rotation, snowmelt 
harvesting, pre-winter irrigation to form a frozen surface 
layer that conserves moisture, jute bags tied around fruit 
trees against Indian gypsy moth, and clay-and-cow-dung 
slurry against apple canker (Verma & Vashisth, 2025).

Productivity means yield of crop depends on local variables 
like soil quality, altitude, climate conditions, irrigation/rain, 
seed varieties, market forces, farming practices. It is 
difficult to compare from region to region, especially in 
snow receiving areas. However, for insight available in 
government statistical records and online searches can give 
some picture and trends for snow receiving Sates within 
India and abroad. Crop productivity snow receiving regions 
are not available separately for Himachal as it matches with 
the state level records of 2023.

 State and National level average productivity available 

3.1.3

3.1.4

Management Practices and Knowledge Integr-

Productivity trends

ation
|  

|  

for HP, J&K and UK for the year 2020-21 (Agricultural 
Statistics at a glance, 2022) indicate almost half for wheat in 

-1HP with respect to national (3384Kg ha ) but UK yield is 
comparable. Barley productivity is almost double of UK 

-1(978 Kg ha ). Again, Maize productivity in HP is 145 to 200 
-1 -1Kg ha  higher to the National Value of 2582 Kg ha . 

Rice/Paddy is one-fifth times lower than the national. At 
international level wheat, Barley and Potato productivity 
can be compared. Although Russa, Canada and Switzerland 
are developed in their resources but national level wheat 

-1 -1(3384 Kg ha ) a slightly higher than Russia (3210 Kg ha  in 
-12025) and nearly 500 Kg ha  lower than Canada (3920 Kg 

-1ha ), while the Barley and wheat productivity of Russia and 
Canada are almost same and nearly double of HP. Potato 

-1productivity of HP is nearly 25000 Kg ha  lower than 
-1Switzerland (34700 Kg ha ) but almost double of Russia.

 The change in rate of yield over one and half decades 
(w.r.t year 2005-06 and year 2021) for the Wheat, Rice, 
Pulses and Oilseed (Agricultural Statistics at a Glance 2015 
and 2022) has rising trend for the states HP, J&K and UK. 
Himachal shows relatively high rate of growth in yield 
especially in case of pulses and oilseeds. Due to warming 
climate early snow cover depletion can give an opportunity 
to increase the availability of crop area and rise in liquid 
precipitation ratio, but there are so many other factors, 
motivation and inputs involved depending upon farmers 
resources. Consequently, without under controlled 
conditioned experiments nothing can be related with the 
change in climate, which is induced by cutting trees and 
energy intensive life style. Indian Council of Agricultural 
Research Institutions and universities should try their best 
for the crops seed and plants environmentally compatible 
and sustainable to the snow receiving rugged regions.  

 Cultivable land amounts to 5.6 lakh ha, about 10% of 
the State, and in Lahaul-Spiti and Kinnaur only 2–10% of 
the land is arable. The area under food grains fell from 
853.88 thousand ha in 1997-98 to 755.93 thousand ha in 

Indian J. Soil Cons. 2026; 54(2): 197-213 203Anand Verdhan



Scheme

Micro and 
traditional 
irrigation

Soil health and 
organic promotion

Soil health and 
organic promotion

Risk cover and 
market 
infrastructure

NABARD 
climate-smart 
project, Parvati 
valley
Jal Jeevan 
Mission winter 
water schemes

Purpose and support offered

Drip and sprinkler systems 
saving 60–80% of water; 
kuhl maintenance; 
conjunctive use of snowmelt 
and perennial sources

Soil testing, bio-control, 
vermicomposting, organic 
certification, input 
distribution

Soil testing, bio-control, 
vermicomposting, organic 
certification, input 
distribution

Anti-hail netting for 
orchards; district input fund; 
packing house upgrade

Glacial lake outburst flood 
risk reduction; water 
harvesting; resilient crops

Round-the-clock supply at 
temperatures to −20°C using 
three-layer insulated pipe 
laid 4 ft below ground

Outlay / subsidy

₹1,000 crore State 
irrigation budget, 
2020-21; systems 
subsidized

Not separately 
reported

Not separately 
reported

50% subsidy on 
netting; ₹20 crore 
Kullu agriculture 
fund; ₹797.30 lakh 
from APEDA
₹20 crore by 
NABARD; ₹19.12 
crore released by 
December 2022
₹79.15 crore, of which 
₹56.13 crore for 
Lahaul

Reported coverage

Only 12% of Kullu net sown 
area irrigated mainly with 
Kuhls; 109,452 ha irrigated 
statewide

11 soil-testing laboratories; 
bio-control laboratories at 
Kangra and Mandi; 4 lakh 
vermicompost units; 7,200 t 
improved seed, 29,500 t 
fertiliser and 50,000 
implements distributed
11 soil-testing laboratories; 
bio-control laboratories at 
Kangra and Mandi; 4 lakh 
vermicompost units; 7,200 t 
improved seed, 29,500 t 
fertiliser and 50,000 
implements distributed
Patlikuhl packing house 
(Kullu) upgraded for fruit 
and vegetable processing

Parvati valley of Kullu, 
including Salang

24 schemes approved 
January 2024 — 11 in 
Lahaul valley including 
Jispa, 13 in Spiti, on the 
Chandra and Bhaga rivers 
and bore-wells

Source

Verma and 
Vashisth, 2025; 
Deshpandey, 
2017; ICAR, 
2016; MTD, 
2022
Rawan, 2017

Rawan, 2017

Himachalservic
es, 2022-23

Himachalservic
es, 2022-23

Bhandari, 2024

Table 1 continued

Outlays are as sanctioned or as reported by the implementing departments. Coverage figures are as claimed and, except where 
noted, have not been independently verified.

 The year-on-year record of seven schemes related to 
natural farming over 2010-11 to 2014-15 (5 years) is given 
in Table 2, totaling 1,879.5 ha (annual average standard 
deviation of 23%) treated against erosion, 6,486 (annual 
average SD =17%) rainwater harvesting tanks, micro-
irrigation over 15,652 ha (annual average SD =21%), 
634,280 (annual average SD = 3%) soil health cards, 5,229 
ha (with SD =11%) certified organic farm, 9,037 ha (with 
SD =26%) converted to organic and 83,275 (with SD 
=112%) vermicompost units (Anand, 2015; DEST, 2025). 
Two features of that series deserve comment. Soil health 
card issue is recorded as exactly 125,000 in each of three 
successive years, and organic conversion as exactly 2,000 
ha in each of three successive years, while rainwater 
harvesting and micro-irrigation show similarly narrow 
variation, while programs spread across districts of widely 

differing terrain, budget release and farmer uptake would 
not normally deliver such uniform annual increments. 
Standard deviation is high in case of setting Vermicompost 
units indicate satisfactory implementation of all the 7 
schemes in first two years and further require verification 
before investment. The same caution applies to the more 
recent reporting: Chandel et al., (2020) record the launch of 
a Sustainable Food Systems Platform for Natural Farming 
(SuSPNF) under PK3Y, with more than 90,000 farmers 
trained and over 5,000 ha converted by November 2020 
against a stated intention to reach 12,000 ha from 2018 to 
2021. The SuSPNF team during field visits was satisfied 
that farmers valued the disease resistance of playhouse 
protected cultivation and orchardists appraised an 
improvement in soil properties, and assured for market 
niche support in brand creation and in price setting. 
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Scheme / 
intervention

Treatment against 
erosion
Rainwater harvesting
Efficient use of 
irrigation water
Soil health 
management
Promotion of organic 
farming
Promotion of organic 
farming
Promotion of organic 
farming

Outcome measured 
(unit)

Area treated (ha)

Tanks constructed (no.)
Micro-irrigation 
installed (ha)
Health cards issued  
(no.)
Farms certified organic 
(ha)
Area converted to 
organic (ha)
Vermicompost units set 
up (no.)

2010-11

829.5

1,695
3,100

134,607

894

977

35,659

2011-12

500

1,145
4,252

124,673

1,035

2,060

38,616

2012-13

550

1,211
2,500

125,000

1,000

2,000

3,000

2013-14

0*

1,215
2,800

125,000

1,100

2,000

3,000

2014-15

0*

1,220
3,000

125,000

1,200

2,000

3,000

Total

1,879.5

6,486
15,652

634,280

5,229

9,037

83,275

TABLE 2 Reported progress of government agricultural schemes in Himachal Pradesh, 2010-11 to 2014-15 (compiled 
from Anand, 2015, for DEST, GoHP).

*Zero entries for 2013-14 and 2014-15 appear in the source as blanks and may indicate non-reporting rather than cessation of the 
program.

Three lines of practice underpin these schemes. Integrated 
nutrient management rests on soil testing to identify 
deficiencies and the balanced (combined organic and 
inorganic fertilizers) application of inputs through  
extension services to arrest soil degradation (Verma and 
Vashisth, 2025). Conjunctive use of fertilizers, manures and 
plant growth promoting rhizobacteria (PGPR) significantly 
influenced soil nutrient status and nutrient uptake pattern of 
cauliflower crop (Thakur et al., 2019). Agroforestry and 
perennial cropping reduce erosion improve water retention 
and enhance biodiversity: native willow and poplar planted 
alongside crops and roads stabilise slopes, while apple and 
stone fruit reduce soil disturbance (Bahadur et al., 2022); 
both willow and poplar have been tested in these tracts and 
wider planting could serve bioenergy security as well as 
erosion control. Traditional practice deserves updating 
rather than displacement — crop rotation, snowmelt 
harvesting, pre-winter irrigation to form a frozen surface 
layer that conserves moisture, jute bags tied around fruit 
trees against Indian gypsy moth, and clay-and-cow-dung 
slurry against apple canker (Verma & Vashisth, 2025).

Productivity means yield of crop depends on local variables 
like soil quality, altitude, climate conditions, irrigation/rain, 
seed varieties, market forces, farming practices. It is 
difficult to compare from region to region, especially in 
snow receiving areas. However, for insight available in 
government statistical records and online searches can give 
some picture and trends for snow receiving Sates within 
India and abroad. Crop productivity snow receiving regions 
are not available separately for Himachal as it matches with 
the state level records of 2023.

 State and National level average productivity available 
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Management Practices and Knowledge Integr-

Productivity trends

ation
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for HP, J&K and UK for the year 2020-21 (Agricultural 
Statistics at a glance, 2022) indicate almost half for wheat in 

-1HP with respect to national (3384Kg ha ) but UK yield is 
comparable. Barley productivity is almost double of UK 

-1(978 Kg ha ). Again, Maize productivity in HP is 145 to 200 
-1 -1Kg ha  higher to the National Value of 2582 Kg ha . 

Rice/Paddy is one-fifth times lower than the national. At 
international level wheat, Barley and Potato productivity 
can be compared. Although Russa, Canada and Switzerland 
are developed in their resources but national level wheat 

-1 -1(3384 Kg ha ) a slightly higher than Russia (3210 Kg ha  in 
-12025) and nearly 500 Kg ha  lower than Canada (3920 Kg 

-1ha ), while the Barley and wheat productivity of Russia and 
Canada are almost same and nearly double of HP. Potato 

-1productivity of HP is nearly 25000 Kg ha  lower than 
-1Switzerland (34700 Kg ha ) but almost double of Russia.

 The change in rate of yield over one and half decades 
(w.r.t year 2005-06 and year 2021) for the Wheat, Rice, 
Pulses and Oilseed (Agricultural Statistics at a Glance 2015 
and 2022) has rising trend for the states HP, J&K and UK. 
Himachal shows relatively high rate of growth in yield 
especially in case of pulses and oilseeds. Due to warming 
climate early snow cover depletion can give an opportunity 
to increase the availability of crop area and rise in liquid 
precipitation ratio, but there are so many other factors, 
motivation and inputs involved depending upon farmers 
resources. Consequently, without under controlled 
conditioned experiments nothing can be related with the 
change in climate, which is induced by cutting trees and 
energy intensive life style. Indian Council of Agricultural 
Research Institutions and universities should try their best 
for the crops seed and plants environmentally compatible 
and sustainable to the snow receiving rugged regions.  

 Cultivable land amounts to 5.6 lakh ha, about 10% of 
the State, and in Lahaul-Spiti and Kinnaur only 2–10% of 
the land is arable. The area under food grains fell from 
853.88 thousand ha in 1997-98 to 755.93 thousand ha in 
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2021-22 as cultivation shifted to vegetables and fruit 
(Himachal Services, 2022-23), a shift most marked in 
Kullu, where apple and off-season vegetables have 
displaced cereals. State cropping intensity is about 169%, 
with 4.042 lakh ha sown more than once, although altitude 
limits double cropping in Salang's, the higher Parvati valley 
(MTD, 2022). Gains have come from high-yielding 
varieties, protected cultivation and organic practice: 
polyhouses raise pea and tomato yields by 20–30% over 
open fields; natural farming is reported to lower input costs, 
raise profit by 22% and reduce apple scab incidence to 9.2% 
against 14.2% under chemical farming, with 25,000 farmers 
engaged and 4 lakh vermicompost units in support by 2021-
22 (NITI, 2022; Rawan, 2017); and India's 5.71 million ha 
under organic certification by 2015-16, with Himachal 
among the leading States, brings premium prices to high-
altitude growers (KSPB, 2016). Working against these gains 
are a decline in chill units of 14.98 units/yr and an associated 

fall in apple productivity of about 0.183 t  yr  over the -1 -1ha
decade preceding publication (Chandel et al., 2013), 
together with the tribal economic structure and exposure to 
landslides, cloudbursts, and avalanches. Quality seeds are 
an important input necessary for agricultural productivity, 
and good quality seeds account for 20%-25% of increased 
crop productivity. Seeds are regulated by the Seeds Act, 
1966. The Act regulates the quality, production, and sale of 
seeds. Although, due to cold climate pest control is not much 
warranted but weeds control persists. The Economic Survey 
2015-16 noted an increase in pesticide and fertilizer residue 
impact being found in food products and water bodies.

Table 3 brings together the yield and return figures for the 
principal crops, along with the comparators against which 
they are usually judged and the basis for each estimate. Read 
together rather than crop by crop, three things follow.

3.1.5 Crop yields and returns per hectare|  

Crop

Wheat

Barley

Red rice

Off-season 
vegetables 
(pea, 
cauliflower, 
cabbage, 
tomato)

Seed potato

Apple

Saffron

Heeng

Principal tracts

Statewide; Kullu, 
Shimla, Lahaul

Salang, Shimla, 
Lahaul

High hills of 
Kullu, as in 
Salang
Kullu;
Lahaul-Spiti;
Statewide

Lahaul; 
Salang of Kullu 
Dist.

Kinnaur, Shimla, 
Kullu

Kinnaur, Lahaul-
Spiti

Kinnaur, Lahaul-
Spiti

Reported yield

-11,853 kg ha  (2023); 
1,714 (2022); peak 
2,033 (2017); 
1,500–1,800 long-term

-11,500–2,000 kg ha

-10.8–1 t ha ; 1,100 ha 
-1statewide; 992.6 t yr

20–25 t/ha under 
protected cultivation; 
7.85 lakh t on 41,500 

-1ha (18.92t ha ); 16.53 
lakh t on 76,947 ha 

-1(21.49 t ha ) statewide 
(2014-15)

-120–30 t ha

Belt averages 8–12 t 
-1ha  (Kullu 8–10; 

Salang 6–8); State 
-1average c. 5.6 t ha , 

-1 -1falling 0.183 t ha  yr

-11–2 kg ha

-10.5–1 kg ha

Comparator

Haryana and 
Punjab 

-1>4,500 kg ha

-

-

+20–30% 
under 
polyhouse 
over open 
field

-

World 
average 
20–25 t 

-1ha

-

-

Basis of estimate and source

State average across all 
altitudes; Kullu 1,800–2,000 
kg ha  extrapolated (CEIC -1

data, 2000-2023)
District estimate; cold and 
drought tolerant (Himachal 
services, 2022-23)
District record; scope for 
more with a GI tag (HT, 
2020)
Aggregates altitudes and 
methods (MTD, 2022; 
Kumar, 2017; Chandel et al., 
2013)

District record; premium 
reflects disease-free quality; 
Hamta development station 
(Rawan, 2017; Karun, 2021)
Belt averages and State 
aggregate are not 
comparable (Chandel et al., 
2013; Drishti, 2024; Karun, 
2021; DEST, 2025;Wiki, 
2007)
Trial plots under Krishi Se 
Sampannta Yojana; not yet 
commercial (H.P., 2022)
Trial plots; not yet 
commercial (Kumar and 
Ramesh, 2018; H.P., 2022; 
Drishti, 2024)

Gross return (₹ ha )-1

-1MSP ₹25.85 kg   as 
ston 1  Oct. 2025 for 

year 2026-27

Not separately 
reported

30,000–50,000

50,000–1,00,000 
(2014-15);
Increased cost 
declines profitability 

1,00,000–2,00,000

2,00,000–4,00,000; 
c. ₹3,500 crore to the 
State economy

5,00,000–10,00,000 
-1at ₹2–3 lakh kg

2,00,000–5,00,000
Post-harvest loss and 
rising input costs

TABLE 3 Reported yields, comparators and gross returns for the principal crops of the snow-receiving districts.

Returns are gross and refer to the periods covered by the cited sources; they are not adjusted for input costs, post-harvest losses, or 
transport. MSP = minimum support price; GI = Geographical Indication.
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 First, Wheat cultivation dominates in snow free zone 
and rest on State averages and the saffron and heeng entries 
come from trial plots. Any altitude-specific productivity 
drawn from the remaining rows is either related to 
concerned districts or an extrapolation with unknown error. 
Second, the ranking by return is close to the inverse of the 
ranking by area. The crops that pay best — saffron, heeng, 
seed potato and apple — occupy the smallest area, while the 
cereals that occupy most of the cultivated land return least, 
wheat yielding under half what the neighboring plains 
achieve. This explains both the shift away from food grains 
and the water and climate situation that creates shifting. 
Third, the returns in Table 3 are gross, and net income is 
falling across every category under rising fertiliser and 
labour costs, post-harvest losses of 15–20% in horticulture, 
transport costs from remote tracts, and inefficient 
distribution (Kumar, 2017; Drishti, 2024). Minimum 
support price covers mostly non-snowy region products: 
wheat, paddy, gram and masoor, at ₹ 25.85, ₹ 21.50, ₹ 58.75 
and ₹ 70.00 per kg respectively as notified on 1 October 

2025 for the year 2026-27, so precisely those high-value 
crops on which the region's prospects rest carry no price 
floor. Growth in income to farmers, facing investments and 
losses are unexplained. The cost to the consumer is roughly 
above double the farm-gate price, and the difference accrues 
to wholesale and retail trade rather than to the grower.

2 Out of largest District area of 13835 km  Lahaul-Spiti 
(Chandra, Bhaga and Spiti basins) in HP about 36% (4980 

2km ) area is cultivable but its nearly 6 % land under 
foodgrain cultivation getting terrain surface snow-ice melt 
water, having glacier compartments nearly above 4500 m 

-1altitude. The area (ha), production (tonnes) and yield (t ha ) 
from 2000-01 to 2022-23 for major Rabi crops, Barely, 
Rapeseed/Mustard, Wheat, Pulses and Potato grown in 
Lahaul & Spiti district as per national records reveal 
(Figures1A to 1E) entry of pulses from 2005-06, covering 
just 769 ha in 2000-01 by first three crops  and 2312 ha in 
2005-06 without presence of potato and all five crops only 
in 2018-19 /2019-20 covers 1689 ha only. 

FIGURE 1 Rabi major crops area coverage, production and yield pattern and trends over two decades in Lahaul and Spiti 
district of HP (Excell data, Government Statistical Portal).
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2021-22 as cultivation shifted to vegetables and fruit 
(Himachal Services, 2022-23), a shift most marked in 
Kullu, where apple and off-season vegetables have 
displaced cereals. State cropping intensity is about 169%, 
with 4.042 lakh ha sown more than once, although altitude 
limits double cropping in Salang's, the higher Parvati valley 
(MTD, 2022). Gains have come from high-yielding 
varieties, protected cultivation and organic practice: 
polyhouses raise pea and tomato yields by 20–30% over 
open fields; natural farming is reported to lower input costs, 
raise profit by 22% and reduce apple scab incidence to 9.2% 
against 14.2% under chemical farming, with 25,000 farmers 
engaged and 4 lakh vermicompost units in support by 2021-
22 (NITI, 2022; Rawan, 2017); and India's 5.71 million ha 
under organic certification by 2015-16, with Himachal 
among the leading States, brings premium prices to high-
altitude growers (KSPB, 2016). Working against these gains 
are a decline in chill units of 14.98 units/yr and an associated 

fall in apple productivity of about 0.183 t  yr  over the -1 -1ha
decade preceding publication (Chandel et al., 2013), 
together with the tribal economic structure and exposure to 
landslides, cloudbursts, and avalanches. Quality seeds are 
an important input necessary for agricultural productivity, 
and good quality seeds account for 20%-25% of increased 
crop productivity. Seeds are regulated by the Seeds Act, 
1966. The Act regulates the quality, production, and sale of 
seeds. Although, due to cold climate pest control is not much 
warranted but weeds control persists. The Economic Survey 
2015-16 noted an increase in pesticide and fertilizer residue 
impact being found in food products and water bodies.

Table 3 brings together the yield and return figures for the 
principal crops, along with the comparators against which 
they are usually judged and the basis for each estimate. Read 
together rather than crop by crop, three things follow.

3.1.5 Crop yields and returns per hectare|  

Crop

Wheat

Barley

Red rice

Off-season 
vegetables 
(pea, 
cauliflower, 
cabbage, 
tomato)

Seed potato

Apple

Saffron

Heeng

Principal tracts

Statewide; Kullu, 
Shimla, Lahaul

Salang, Shimla, 
Lahaul

High hills of 
Kullu, as in 
Salang
Kullu;
Lahaul-Spiti;
Statewide

Lahaul; 
Salang of Kullu 
Dist.

Kinnaur, Shimla, 
Kullu

Kinnaur, Lahaul-
Spiti

Kinnaur, Lahaul-
Spiti

Reported yield

-11,853 kg ha  (2023); 
1,714 (2022); peak 
2,033 (2017); 
1,500–1,800 long-term

-11,500–2,000 kg ha

-10.8–1 t ha ; 1,100 ha 
-1statewide; 992.6 t yr

20–25 t/ha under 
protected cultivation; 
7.85 lakh t on 41,500 

-1ha (18.92t ha ); 16.53 
lakh t on 76,947 ha 

-1(21.49 t ha ) statewide 
(2014-15)

-120–30 t ha

Belt averages 8–12 t 
-1ha  (Kullu 8–10; 

Salang 6–8); State 
-1average c. 5.6 t ha , 

-1 -1falling 0.183 t ha  yr

-11–2 kg ha

-10.5–1 kg ha

Comparator

Haryana and 
Punjab 

-1>4,500 kg ha

-

-

+20–30% 
under 
polyhouse 
over open 
field

-

World 
average 
20–25 t 

-1ha

-

-

Basis of estimate and source

State average across all 
altitudes; Kullu 1,800–2,000 
kg ha  extrapolated (CEIC -1

data, 2000-2023)
District estimate; cold and 
drought tolerant (Himachal 
services, 2022-23)
District record; scope for 
more with a GI tag (HT, 
2020)
Aggregates altitudes and 
methods (MTD, 2022; 
Kumar, 2017; Chandel et al., 
2013)

District record; premium 
reflects disease-free quality; 
Hamta development station 
(Rawan, 2017; Karun, 2021)
Belt averages and State 
aggregate are not 
comparable (Chandel et al., 
2013; Drishti, 2024; Karun, 
2021; DEST, 2025;Wiki, 
2007)
Trial plots under Krishi Se 
Sampannta Yojana; not yet 
commercial (H.P., 2022)
Trial plots; not yet 
commercial (Kumar and 
Ramesh, 2018; H.P., 2022; 
Drishti, 2024)

Gross return (₹ ha )-1

-1MSP ₹25.85 kg   as 
ston 1  Oct. 2025 for 

year 2026-27

Not separately 
reported

30,000–50,000

50,000–1,00,000 
(2014-15);
Increased cost 
declines profitability 

1,00,000–2,00,000

2,00,000–4,00,000; 
c. ₹3,500 crore to the 
State economy

5,00,000–10,00,000 
-1at ₹2–3 lakh kg

2,00,000–5,00,000
Post-harvest loss and 
rising input costs

TABLE 3 Reported yields, comparators and gross returns for the principal crops of the snow-receiving districts.

Returns are gross and refer to the periods covered by the cited sources; they are not adjusted for input costs, post-harvest losses, or 
transport. MSP = minimum support price; GI = Geographical Indication.
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 First, Wheat cultivation dominates in snow free zone 
and rest on State averages and the saffron and heeng entries 
come from trial plots. Any altitude-specific productivity 
drawn from the remaining rows is either related to 
concerned districts or an extrapolation with unknown error. 
Second, the ranking by return is close to the inverse of the 
ranking by area. The crops that pay best — saffron, heeng, 
seed potato and apple — occupy the smallest area, while the 
cereals that occupy most of the cultivated land return least, 
wheat yielding under half what the neighboring plains 
achieve. This explains both the shift away from food grains 
and the water and climate situation that creates shifting. 
Third, the returns in Table 3 are gross, and net income is 
falling across every category under rising fertiliser and 
labour costs, post-harvest losses of 15–20% in horticulture, 
transport costs from remote tracts, and inefficient 
distribution (Kumar, 2017; Drishti, 2024). Minimum 
support price covers mostly non-snowy region products: 
wheat, paddy, gram and masoor, at ₹ 25.85, ₹ 21.50, ₹ 58.75 
and ₹ 70.00 per kg respectively as notified on 1 October 

2025 for the year 2026-27, so precisely those high-value 
crops on which the region's prospects rest carry no price 
floor. Growth in income to farmers, facing investments and 
losses are unexplained. The cost to the consumer is roughly 
above double the farm-gate price, and the difference accrues 
to wholesale and retail trade rather than to the grower.

2 Out of largest District area of 13835 km  Lahaul-Spiti 
(Chandra, Bhaga and Spiti basins) in HP about 36% (4980 

2km ) area is cultivable but its nearly 6 % land under 
foodgrain cultivation getting terrain surface snow-ice melt 
water, having glacier compartments nearly above 4500 m 

-1altitude. The area (ha), production (tonnes) and yield (t ha ) 
from 2000-01 to 2022-23 for major Rabi crops, Barely, 
Rapeseed/Mustard, Wheat, Pulses and Potato grown in 
Lahaul & Spiti district as per national records reveal 
(Figures1A to 1E) entry of pulses from 2005-06, covering 
just 769 ha in 2000-01 by first three crops  and 2312 ha in 
2005-06 without presence of potato and all five crops only 
in 2018-19 /2019-20 covers 1689 ha only. 

FIGURE 1 Rabi major crops area coverage, production and yield pattern and trends over two decades in Lahaul and Spiti 
district of HP (Excell data, Government Statistical Portal).
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The true statistics can't be achieved with missing 
information but it shows evidently an interesting, clear and 
eye-opening trend towards farming uncertainty. The Barley 
crop cultivation remained consistent within 636 and 410 ha 

-1 -1with improved yield from 1.2 t ha  to 1.8 t ha  (1.5 times) 
-1with an average of 1.27 t ha .  Mustard crop takes periodical 

-1varying from 101 ha to 3ha with yield above 3 t ha  to below 
-1 -10.5 t ha  (average 1.25 t ha ) may be due to market and 

locals' issues. Wheat is second regular crop with decreased 
trend of area (142 ha to 49 ha with an average of 74 ha) and 
area regained since 2017while yield since 2010s from 1 to 

-1 -12.3 t ha  (average 1.49 t ha ), may be due to adaptation of 
Natural farming and further motivation. Farmers might 
have been motivated towards pulse during 2010s with larger 
area (1574 to 6 ha, an average 791 ha) with high yield of 3t 

-1 -1ha  (varying between 0.5 and 6 t ha ) incoherently 
encroaching wheat and potato. The potato cultivation area 

-1and yield remained nearly 650 ha and 22 t ha , respectively 
as reported after 2018.

 Overall area wise participation of Barely, Mustard, 
Wheat, Pulse and Potato is 24.7, 2.5, 3.5, 38.1 and 31.1 
percent, respectively with an average yield of 1.27, 1.25, 

-11.49, 3.15 and 22 t ha , respectively.  Raghuvanshi et al. 
(2018a&b) surveyed under  ICAR-CAZRI,  Leh  
Programme during 2013-15 in Saboo Village of Ladakh, 
located within 3500 and 3745 m altitude and utilized 75 % 
area under vegetable compared to cereals (wheat and 
barley) in 25% only, where weed control alone enhanced 
productivity by 10 to 20%. Total energy input was highest 
for potato but the staple crops barley and wheat had lowest 

5 -1 -1(29.2 and 25.4×10  kcal ha  year , respectively) avoiding 
man, machine and labour input for weeding and considered 
energy efficient crops at the cost of growth in production. 
The energy Output/Input Ratio computed as 2.5, 3.5, 0.6, 
0.3, 0.3, 0.2, 0.7 for Barley, Wheat, Tuber (Mainly Potato), 
Pea, Vegetables, Onion, & Alfalfa, respectively. The produ-

ctivity of Barely, Wheat and Potato in Saboo Village as per 
-1table (Raghuvanshi et al., 2018) is 0.53, 0.82 and 12.9 t ha  

(half of the Lahaul-Spiti), respectively but an average yield 
in Leh and Ladakh for Barley and Wheat is 1.94 and 2.17 t 

-1ha  (1.5 times of Lahaul-Spiti), respectively. Goyal and 
Gaur (2025) report that traditional technologies (zings, 
kuhls) increase irrigation coverage by 20-30%, while 
modern innovations (artificial glaciers, ice stupas, 
polyhouses) extend growing seasons and boost yields by 
20-40%. Consequently, there are potentials for 
enhancement of cropping area due to early retreating snow 
cover and productivity with research based agro-technology 
development integrating with seed, weed, water, hazard, 
accessibility management.

Challenges are due to various natural or manmade hazards 
as well as challenges posed by deforestation and uncertainty 
of sustainable water supply for irrigation and drinking 
purposes.

Beyond productivity and income, the region's agriculture is 
shaped by hazard. The State is exposed to avalanche in the 
high tracts of Lahaul-Spiti and Chamba, where unstable 
snowpack rests on critical slopes with poor anchorage; to 
glacial lake outburst flood and to the risk of failure of 
hydropower structures; to periodic drought, aggravated by 
shifting rainfall and reduced snowmelt; to earthquake, the 
State lying in seismic Zones III and IV with 53–98.6% of the 
area of Chamba, Hamirpur, Kangra, Kullu and Mandi 
susceptible and over 80 events of magnitude 4 or above on 
record; and, most frequently, to landslide, cloudburst and 
flash flood on deforested and poorly drained slopes 
destabilised by unregulated road and building construction 
(HPSDMA, 2025; IWP, 2023; ET, 2023). Mean surface 
temperature has risen by about 1.6°C over the last century, 
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Hazards, Forest Cover and Water Resources

Hazards Profile and recorded losses
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Year

2020

2021

2023

2024

2025 
(July to 
August)

Recorded events

16 landslides

35 landslides (more than 
double 2020); cloudbursts 
up 121%
113 landslides, 58 
cloudbursts, 72 flash 
floods; three heavy spells 
(7–11 Jul, 11–14 Aug, 
21–23 Aug). In Kullu 
dist., Mandi by R.Beas

Floods, landslides and 
cloudbursts in State

Cloudbursts and flooding 
in Mandi and Kullu

Human loss

Not systematically 
recorded
75 buried in Mandi; 
19 bodies recovered, 
56 missing
404 dead, 38 missing, 
377 injured

408 dead — the 
highest of any Indian 
State
85 dead in Mandi

Agricultural and livestock loss

Not recorded

215 animals lost; 470 families 
displaced; 34 bridges collapsed

10,140 livestock killed; 5,644 
cowsheds destroyed; 2,546 
houses destroyed and 10,853 
damaged; 317 shops damaged

Not disaggregated

Not disaggregated

Economic loss

Not availiable

Not documented 
statewide

Over ₹12,000 
crore; ₹50.34 
crore spent from 
the State 
calamity relief 
fund

Not available

Not available

Source

IWP, 2023

Mongabay, 
2021

IWP, 2023; 
Kumar et al., 
2025; Singh 
and Chand, 
2023; Kumar, 
2022; Rediff, 
2025
Manral, 2025

News Media

TABLE 4 Recorded disaster events and losses in Himachal Pradesh, 2020 to 2025.
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and glacial retreat and earlier snowmelt now contribute to 
flooding in the Satluj, Vipasa and Chenab. Table 4 sets out 
the recorded losses of the last five years.

Two things are apparent. The frequency of recorded 
events has risen sharply, landslides sevenfold between 2020 
and 2023, although part of that rise may reflect improved 
reporting rather than incidence alone, since the earlier years 
carry no systematic record. More important for the purposes 
of this review, agricultural loss is captured only where it 
takes the form of dead livestock or destroyed cowsheds. 
Damage to standing crops, to kuhls and to link roads is 
recurrent and cumulative but is nowhere quantified, to 
integrate with agricultural planning. Relief flows through 
the State and National Disaster Response Funds after the 
event, while expenditure on removing the causes — above 
all unregulated construction against the science, technology 
and natural setting — remains small or biased. The 
measures most consistently recommended in the literature 
are: (i) enforcement of zoning that prohibits construction in 
active sliding zones, as warned in respect of Joshimath in 
the 1976 Mishra Committee report (Mongabay, 2021); (ii) 
sector-specific strategies for agriculture, housing, health 
and t ranspor t  to  mi t igate  d isas ter  ra ther  than 
undifferentiated relief (Kumar et al., 2025); (iii) 
engineering and bioengineering slope stabilisation, 
including retaining walls and vegetative treatment (Singh 
and Chand, 2023); (iv) revision of District Disaster 
Management Plans to incorporate multi-hazard, human 
mentality and climate risk, with expanded training 
(HPMandi, n.d.; HPShimla, n.d.); and (v) strengthened 
meteorological, geological and hydrological monitoring, 
with building codes suited to mountain terrain and 
preservation of traditional architecture (Pandey, 2023). 
Involvement of agriculturists, geologists, hydrologists, 
government and local communities at the planning stage 
may ensure safety and compliance with environmental 
standards.

The snow-receiving western Himalaya is sensitive to 
climate change because forest cover above 3,500 m is 
negligible and deforestation at lower elevations has been 
extensive. Tree and herbs/bushes protect climate and 
control soil erosion hence forest conservation requires 
appropriate afforestation together with climate-resilient 
practice — moisture-stress-tolerant tree and crop varieties 
and improved water management. Interesting study on tree 
with elevation:- Trees diversity and basal area decrease with 
rise in elevation due to severity of the climate but root:shoot 
ratio increases, as elevation increases. In Rhododendron 
campanulatum species attaining maximum altitude of 
alpine climates has ratio of 0.62 to 0.70, much deeper root in 
order to capture more nutrients and water from soils often 
frozen (Garkoti and Singh, 1995; Adhikari and Rawat, 
2012). Consequently, trees and climate are interacting each 
other and impacting vice-versa. Root goes deeper in arid 
cold and warming alarms snowline to go up which indicates 
that sustainability of climate lies with trees conservation. 

The principal gaps are inconsistent data on snow cover 
change, weak integration of traditional knowledge, inadeq-
uate technical and financial support to farmers, and limited 
community participation in conservation, particularly in 
raising biomass production and protecting trees from 
commercial felling. DEST (2025) sets out a comprehensive 
plan and policies integrating the concerned departments and 
the public for conservation of forest, ecology and the 
regional social economy, but implementation has yet to 
begin on the ground. The following steps deserve priority:

Ÿ Forest conservation is a national issue and requires close 
coordination between the concerned departments.

Ÿ Local communities should be informed, empowered and 
rewarded for conserving forest.

Ÿ Felling or timber marketing of healthy and protected 
trees, other than those naturally damaged or personal, 
should be stopped and treated as a serious offence.

Ÿ Afforestation research and plant protection programmes 
need continuity.

Ÿ Herbs, vegetables, flowers, fruit trees and grasslands 
should be regenerated.

Sustainable water supply is critical for irrigation, drinking 
water and hydropower, and is being disrupted by reduced 
snowfall and earlier snowmelt; the corrective measures are 
water harvesting, micro-irrigation and climate-resilient 
varieties (Gupta, 2022; ET, 2025). Quantitative data on the 
effect of climate change on local food security in these 
regions are lacking. Where steep slopes and intensive 
cultivation accelerate erosion, agroforestry and terracing 
can stabilise soils (Bahadur et al., 2022); where warming 
increases pest prevalence, as with aphids and tuber moth, 
bio-pesticides and traditional methods give control (Verma 
and Vashisth, 2025; Pinto, 2018).

 Snow-met seasonal average analysis at Solang Valley 
(2,500 m) of Kullu Dist. highlights the effect of warming 
since 1980s for two and half decades. Figure 2 shows 
seasonal (November to April) minimum temperature rising 
0.032°C/yr higher than seasonal maximum temperature. 
Figure 3 shows annual snowfall reduced by 50%, at close to 
20 cm/yr. Figure 4 shows a marked reduction in standing 
snow, although the average melt rate has remained uniform 
at 1 cm snow water equivalent (SWE) per degree-day. 
Figure 5 shows location specific snow cover growth and 
decay in 1985-86 at different altitudes 2,200, 2,500 and 
3,100 m south of the Pirpanjal range and at 3,300 and 3,800 
m north of it, snow cover disappearing in mid-February, 
end-February, mid-March, end-March and end-April, 
respectively. The regional changes or variability is 
reversible if adequate counter measures are taken against 
the unnatural human activities.

 Ground Report Desk (2024), reporting findings of the 
State Centre on Climate Change, recorded an 11% fall in 
snow cover across the river basins in 2022-23 relative to 
2021-22, the basin-wise reductions being 0.39% in the 
Chenab, 6.9% in the Beas, 22.42% in the Ravi and 14.61% 
in the Sutlej. Sediment carried by erosion, avalanche and
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The true statistics can't be achieved with missing 
information but it shows evidently an interesting, clear and 
eye-opening trend towards farming uncertainty. The Barley 
crop cultivation remained consistent within 636 and 410 ha 

-1 -1with improved yield from 1.2 t ha  to 1.8 t ha  (1.5 times) 
-1with an average of 1.27 t ha .  Mustard crop takes periodical 

-1varying from 101 ha to 3ha with yield above 3 t ha  to below 
-1 -10.5 t ha  (average 1.25 t ha ) may be due to market and 

locals' issues. Wheat is second regular crop with decreased 
trend of area (142 ha to 49 ha with an average of 74 ha) and 
area regained since 2017while yield since 2010s from 1 to 

-1 -12.3 t ha  (average 1.49 t ha ), may be due to adaptation of 
Natural farming and further motivation. Farmers might 
have been motivated towards pulse during 2010s with larger 
area (1574 to 6 ha, an average 791 ha) with high yield of 3t 

-1 -1ha  (varying between 0.5 and 6 t ha ) incoherently 
encroaching wheat and potato. The potato cultivation area 

-1and yield remained nearly 650 ha and 22 t ha , respectively 
as reported after 2018.

 Overall area wise participation of Barely, Mustard, 
Wheat, Pulse and Potato is 24.7, 2.5, 3.5, 38.1 and 31.1 
percent, respectively with an average yield of 1.27, 1.25, 

-11.49, 3.15 and 22 t ha , respectively.  Raghuvanshi et al. 
(2018a&b) surveyed under  ICAR-CAZRI,  Leh  
Programme during 2013-15 in Saboo Village of Ladakh, 
located within 3500 and 3745 m altitude and utilized 75 % 
area under vegetable compared to cereals (wheat and 
barley) in 25% only, where weed control alone enhanced 
productivity by 10 to 20%. Total energy input was highest 
for potato but the staple crops barley and wheat had lowest 

5 -1 -1(29.2 and 25.4×10  kcal ha  year , respectively) avoiding 
man, machine and labour input for weeding and considered 
energy efficient crops at the cost of growth in production. 
The energy Output/Input Ratio computed as 2.5, 3.5, 0.6, 
0.3, 0.3, 0.2, 0.7 for Barley, Wheat, Tuber (Mainly Potato), 
Pea, Vegetables, Onion, & Alfalfa, respectively. The produ-

ctivity of Barely, Wheat and Potato in Saboo Village as per 
-1table (Raghuvanshi et al., 2018) is 0.53, 0.82 and 12.9 t ha  

(half of the Lahaul-Spiti), respectively but an average yield 
in Leh and Ladakh for Barley and Wheat is 1.94 and 2.17 t 

-1ha  (1.5 times of Lahaul-Spiti), respectively. Goyal and 
Gaur (2025) report that traditional technologies (zings, 
kuhls) increase irrigation coverage by 20-30%, while 
modern innovations (artificial glaciers, ice stupas, 
polyhouses) extend growing seasons and boost yields by 
20-40%. Consequently, there are potentials for 
enhancement of cropping area due to early retreating snow 
cover and productivity with research based agro-technology 
development integrating with seed, weed, water, hazard, 
accessibility management.

Challenges are due to various natural or manmade hazards 
as well as challenges posed by deforestation and uncertainty 
of sustainable water supply for irrigation and drinking 
purposes.

Beyond productivity and income, the region's agriculture is 
shaped by hazard. The State is exposed to avalanche in the 
high tracts of Lahaul-Spiti and Chamba, where unstable 
snowpack rests on critical slopes with poor anchorage; to 
glacial lake outburst flood and to the risk of failure of 
hydropower structures; to periodic drought, aggravated by 
shifting rainfall and reduced snowmelt; to earthquake, the 
State lying in seismic Zones III and IV with 53–98.6% of the 
area of Chamba, Hamirpur, Kangra, Kullu and Mandi 
susceptible and over 80 events of magnitude 4 or above on 
record; and, most frequently, to landslide, cloudburst and 
flash flood on deforested and poorly drained slopes 
destabilised by unregulated road and building construction 
(HPSDMA, 2025; IWP, 2023; ET, 2023). Mean surface 
temperature has risen by about 1.6°C over the last century, 

3.2

3.2.1

Hazards, Forest Cover and Water Resources

Hazards Profile and recorded losses
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Year

2020

2021

2023

2024

2025 
(July to 
August)

Recorded events

16 landslides

35 landslides (more than 
double 2020); cloudbursts 
up 121%
113 landslides, 58 
cloudbursts, 72 flash 
floods; three heavy spells 
(7–11 Jul, 11–14 Aug, 
21–23 Aug). In Kullu 
dist., Mandi by R.Beas

Floods, landslides and 
cloudbursts in State

Cloudbursts and flooding 
in Mandi and Kullu

Human loss

Not systematically 
recorded
75 buried in Mandi; 
19 bodies recovered, 
56 missing
404 dead, 38 missing, 
377 injured

408 dead — the 
highest of any Indian 
State
85 dead in Mandi

Agricultural and livestock loss

Not recorded

215 animals lost; 470 families 
displaced; 34 bridges collapsed

10,140 livestock killed; 5,644 
cowsheds destroyed; 2,546 
houses destroyed and 10,853 
damaged; 317 shops damaged

Not disaggregated

Not disaggregated

Economic loss

Not availiable

Not documented 
statewide

Over ₹12,000 
crore; ₹50.34 
crore spent from 
the State 
calamity relief 
fund

Not available

Not available

Source

IWP, 2023

Mongabay, 
2021

IWP, 2023; 
Kumar et al., 
2025; Singh 
and Chand, 
2023; Kumar, 
2022; Rediff, 
2025
Manral, 2025

News Media

TABLE 4 Recorded disaster events and losses in Himachal Pradesh, 2020 to 2025.
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and glacial retreat and earlier snowmelt now contribute to 
flooding in the Satluj, Vipasa and Chenab. Table 4 sets out 
the recorded losses of the last five years.

Two things are apparent. The frequency of recorded 
events has risen sharply, landslides sevenfold between 2020 
and 2023, although part of that rise may reflect improved 
reporting rather than incidence alone, since the earlier years 
carry no systematic record. More important for the purposes 
of this review, agricultural loss is captured only where it 
takes the form of dead livestock or destroyed cowsheds. 
Damage to standing crops, to kuhls and to link roads is 
recurrent and cumulative but is nowhere quantified, to 
integrate with agricultural planning. Relief flows through 
the State and National Disaster Response Funds after the 
event, while expenditure on removing the causes — above 
all unregulated construction against the science, technology 
and natural setting — remains small or biased. The 
measures most consistently recommended in the literature 
are: (i) enforcement of zoning that prohibits construction in 
active sliding zones, as warned in respect of Joshimath in 
the 1976 Mishra Committee report (Mongabay, 2021); (ii) 
sector-specific strategies for agriculture, housing, health 
and t ranspor t  to  mi t igate  d isas ter  ra ther  than 
undifferentiated relief (Kumar et al., 2025); (iii) 
engineering and bioengineering slope stabilisation, 
including retaining walls and vegetative treatment (Singh 
and Chand, 2023); (iv) revision of District Disaster 
Management Plans to incorporate multi-hazard, human 
mentality and climate risk, with expanded training 
(HPMandi, n.d.; HPShimla, n.d.); and (v) strengthened 
meteorological, geological and hydrological monitoring, 
with building codes suited to mountain terrain and 
preservation of traditional architecture (Pandey, 2023). 
Involvement of agriculturists, geologists, hydrologists, 
government and local communities at the planning stage 
may ensure safety and compliance with environmental 
standards.

The snow-receiving western Himalaya is sensitive to 
climate change because forest cover above 3,500 m is 
negligible and deforestation at lower elevations has been 
extensive. Tree and herbs/bushes protect climate and 
control soil erosion hence forest conservation requires 
appropriate afforestation together with climate-resilient 
practice — moisture-stress-tolerant tree and crop varieties 
and improved water management. Interesting study on tree 
with elevation:- Trees diversity and basal area decrease with 
rise in elevation due to severity of the climate but root:shoot 
ratio increases, as elevation increases. In Rhododendron 
campanulatum species attaining maximum altitude of 
alpine climates has ratio of 0.62 to 0.70, much deeper root in 
order to capture more nutrients and water from soils often 
frozen (Garkoti and Singh, 1995; Adhikari and Rawat, 
2012). Consequently, trees and climate are interacting each 
other and impacting vice-versa. Root goes deeper in arid 
cold and warming alarms snowline to go up which indicates 
that sustainability of climate lies with trees conservation. 

The principal gaps are inconsistent data on snow cover 
change, weak integration of traditional knowledge, inadeq-
uate technical and financial support to farmers, and limited 
community participation in conservation, particularly in 
raising biomass production and protecting trees from 
commercial felling. DEST (2025) sets out a comprehensive 
plan and policies integrating the concerned departments and 
the public for conservation of forest, ecology and the 
regional social economy, but implementation has yet to 
begin on the ground. The following steps deserve priority:

Ÿ Forest conservation is a national issue and requires close 
coordination between the concerned departments.

Ÿ Local communities should be informed, empowered and 
rewarded for conserving forest.

Ÿ Felling or timber marketing of healthy and protected 
trees, other than those naturally damaged or personal, 
should be stopped and treated as a serious offence.

Ÿ Afforestation research and plant protection programmes 
need continuity.

Ÿ Herbs, vegetables, flowers, fruit trees and grasslands 
should be regenerated.

Sustainable water supply is critical for irrigation, drinking 
water and hydropower, and is being disrupted by reduced 
snowfall and earlier snowmelt; the corrective measures are 
water harvesting, micro-irrigation and climate-resilient 
varieties (Gupta, 2022; ET, 2025). Quantitative data on the 
effect of climate change on local food security in these 
regions are lacking. Where steep slopes and intensive 
cultivation accelerate erosion, agroforestry and terracing 
can stabilise soils (Bahadur et al., 2022); where warming 
increases pest prevalence, as with aphids and tuber moth, 
bio-pesticides and traditional methods give control (Verma 
and Vashisth, 2025; Pinto, 2018).

 Snow-met seasonal average analysis at Solang Valley 
(2,500 m) of Kullu Dist. highlights the effect of warming 
since 1980s for two and half decades. Figure 2 shows 
seasonal (November to April) minimum temperature rising 
0.032°C/yr higher than seasonal maximum temperature. 
Figure 3 shows annual snowfall reduced by 50%, at close to 
20 cm/yr. Figure 4 shows a marked reduction in standing 
snow, although the average melt rate has remained uniform 
at 1 cm snow water equivalent (SWE) per degree-day. 
Figure 5 shows location specific snow cover growth and 
decay in 1985-86 at different altitudes 2,200, 2,500 and 
3,100 m south of the Pirpanjal range and at 3,300 and 3,800 
m north of it, snow cover disappearing in mid-February, 
end-February, mid-March, end-March and end-April, 
respectively. The regional changes or variability is 
reversible if adequate counter measures are taken against 
the unnatural human activities.

 Ground Report Desk (2024), reporting findings of the 
State Centre on Climate Change, recorded an 11% fall in 
snow cover across the river basins in 2022-23 relative to 
2021-22, the basin-wise reductions being 0.39% in the 
Chenab, 6.9% in the Beas, 22.42% in the Ravi and 14.61% 
in the Sutlej. Sediment carried by erosion, avalanche and
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landslide obstructs stream flow. During July-August, 1987 
the Chhota Shigri glacier stream of the River Chandra, 
sediment transport varies between 103 and 2,040 ppm by 
weight or 0.2 to 1.8 g/l by concentration, at daily discharges 
of 7 to 12 m³/s (Figure 6; NIH, 1987). Sediment yield 
remains lowest during winter in avalanche free zone. 
Designed annual sediment yields for the Trans- and Greater 
Himalayan regions are estimated at 1,600 and 3,2 00 t/km² 
respectively, means higher reaches yield higher sediment. 
In avalanche- and landslide-prone reaches, anchorage, 
reinforcement and control structures such as rakes and snow 
bridges are required to limit bed load (Verdhen et al., 2012). 
Storage and hydropower structures in snow-bound terrain 

need particular care against avalanche run-out and icing 
over the spillway crest (Verdhen, 2012), and freeboard 
should be set by the greater of avalanche debris depth and 
the depth arising from wind and seismic effects. Ice 
conditions are themselves changing: Mladenova (2022) 
observed difficulty in detecting ice crusting remotely but 
using meteorological data Nalbant and Sharma (2022) 
estimated reductions of 13–35% in river ice thickness over 
the first half of this century and 30–57% over the second in 
northern USA rivers, so ice-jam flooding may decline. 
Transportation, logistics, settlement and rehabilitation 
remain the governing constraints for any such structure in 
sub-zero conditions.

FIGURE 2 Winter season temperature anomaly during 
years 1982 to 2007 at Solang in southern 
slope of Pirpanjal range of Himachal (After 
Verdhen et al., 2011).

FIGURE 4 Spring snow depth weekly in 1983 and 2009 
at Solang (After Verdhen et al., 2011).

FIGURE 3 Snowfall trend in two and half decades at 
Solang (After Verdhen et al., 2011).

FIGURE 6 Sediment load transport with glacier melt 
flow through Chhota Shigri glacier of the 
river Chandra in Himachal Pradesh (After 
NIH, 1987 and Verdhen, 1991).
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FIGURE 5 Localized snowpack growth and decay profile along Manali-Leh axis at Bhang, Solang, Dhundi, Jespa and 
Patseo during winter and spring of 1985-86 (After Rao et al., 1987 and Verdhen, 2022).

The proposed Gyspa dam brings these constraints together 
in one project, and is summarized in Table 5. Cropping 
intensity in Lahaul and Spiti is low because of climatic 
constraint, water scarcity and soil erosion of about 16.4 t  -1ha
annually, compounded by tribal economic structure and 
hazard exposure (Next-ias, 2024). The 2011 Census 
recorded Gyspa 's population at 202 in 51 households, 
dependent on farming and on cattle and sheep, growing 
barley, potato, peas, vegetables and saffron — the crops best 
suited to cold-tolerant, drought-resistant cultivation 
(Prashar, 2024). Assured water supply with micro-irrigation 
could raise cropping intensity by 10–15% and permit 

double cropping, potato reaching 25–35 t/ha, peas 20–30 t 
-1 -1ha ha and barley stabilising at 2,000–2,500 kg , with a 

further 20–30% from polyhouses; these are projections 
from comparable sites, not measured local outcomes.

 Gyspa lies on the Manali–Leh highway and has clear 
eco-tourism potential under Swadesh Darshan 2.0, which 
could fund water infrastructure while conserving the local 
ecosystem. The case nonetheless illustrates the central 
difficulty of this review: a scheme of this scale has been 
contested for more than fifteen years without an agreed 
baseline of hydrological, sediment and agricultural data on 
which either side could rely.

3.2.4 Case study: the Gypsa dam|  

Item

Location and status

Structure

Storage and power

Hydrological setting

Claimed benefits

Principal risks

Opposition

Description

Keylong tehsil, Lahaul and Spiti; Gyspa valley, c. 3,200 m amsl. Designated a project of national 
importance (CWC, 2018); no recorded progress since 2018 and effectively in abeyance.
200 m high storage dam; 14.964 km headrace tunnel; 20 m diameter surge shaft; underground 
powerhouse (HPPCL, 2018).
0.65 million acre-feet (MAF); 300 MW installed; 894.86 million units in a 90% dependable year 
(HPPCL, 2018; Wiki, 2024a).
Cold desert; dry summers, long freezing winters; negligible rainfall in rain shadow; glacial and snowmelt 
dependent. Winter flow 100–150 m³/s, monsoon flow 700–2,500 m³/s.
An additional 5,000–10,000 ha irrigated; crop yields up 20–30%; flood attenuation for cropland and 
infrastructure in the Gyspa valley; power for irrigation pumps and polyhouses; sediment trapping 
downstream.
Seismic Zone V; tunnel-induced slope destabilisation; drying of springs; reservoir sedimentation; 
avalanche run-out and spillway icing; displacement and rehabilitation; disruption of traditional kuhls 
(Chaudhary, 2016; Verdhen, 2012; Verdhen et al., 2012; Uniyal and Rawat, 2018; Iyer, 2023)
Opposed since 2009 by the Gyspa Bandh Sangarsh Samiti on grounds of displacement, submergence of 
Darcha, Sumdo and Linkyum, and loss of kuhl-based water rights; soil testing not permitted.

TABLE 5 The Gyspa dam project: salient features, claimed benefits and constraints.
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landslide obstructs stream flow. During July-August, 1987 
the Chhota Shigri glacier stream of the River Chandra, 
sediment transport varies between 103 and 2,040 ppm by 
weight or 0.2 to 1.8 g/l by concentration, at daily discharges 
of 7 to 12 m³/s (Figure 6; NIH, 1987). Sediment yield 
remains lowest during winter in avalanche free zone. 
Designed annual sediment yields for the Trans- and Greater 
Himalayan regions are estimated at 1,600 and 3,2 00 t/km² 
respectively, means higher reaches yield higher sediment. 
In avalanche- and landslide-prone reaches, anchorage, 
reinforcement and control structures such as rakes and snow 
bridges are required to limit bed load (Verdhen et al., 2012). 
Storage and hydropower structures in snow-bound terrain 

need particular care against avalanche run-out and icing 
over the spillway crest (Verdhen, 2012), and freeboard 
should be set by the greater of avalanche debris depth and 
the depth arising from wind and seismic effects. Ice 
conditions are themselves changing: Mladenova (2022) 
observed difficulty in detecting ice crusting remotely but 
using meteorological data Nalbant and Sharma (2022) 
estimated reductions of 13–35% in river ice thickness over 
the first half of this century and 30–57% over the second in 
northern USA rivers, so ice-jam flooding may decline. 
Transportation, logistics, settlement and rehabilitation 
remain the governing constraints for any such structure in 
sub-zero conditions.

FIGURE 2 Winter season temperature anomaly during 
years 1982 to 2007 at Solang in southern 
slope of Pirpanjal range of Himachal (After 
Verdhen et al., 2011).

FIGURE 4 Spring snow depth weekly in 1983 and 2009 
at Solang (After Verdhen et al., 2011).

FIGURE 3 Snowfall trend in two and half decades at 
Solang (After Verdhen et al., 2011).

FIGURE 6 Sediment load transport with glacier melt 
flow through Chhota Shigri glacier of the 
river Chandra in Himachal Pradesh (After 
NIH, 1987 and Verdhen, 1991).
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FIGURE 5 Localized snowpack growth and decay profile along Manali-Leh axis at Bhang, Solang, Dhundi, Jespa and 
Patseo during winter and spring of 1985-86 (After Rao et al., 1987 and Verdhen, 2022).

The proposed Gyspa dam brings these constraints together 
in one project, and is summarized in Table 5. Cropping 
intensity in Lahaul and Spiti is low because of climatic 
constraint, water scarcity and soil erosion of about 16.4 t  -1ha
annually, compounded by tribal economic structure and 
hazard exposure (Next-ias, 2024). The 2011 Census 
recorded Gyspa 's population at 202 in 51 households, 
dependent on farming and on cattle and sheep, growing 
barley, potato, peas, vegetables and saffron — the crops best 
suited to cold-tolerant, drought-resistant cultivation 
(Prashar, 2024). Assured water supply with micro-irrigation 
could raise cropping intensity by 10–15% and permit 

double cropping, potato reaching 25–35 t/ha, peas 20–30 t 
-1 -1ha ha and barley stabilising at 2,000–2,500 kg , with a 

further 20–30% from polyhouses; these are projections 
from comparable sites, not measured local outcomes.

 Gyspa lies on the Manali–Leh highway and has clear 
eco-tourism potential under Swadesh Darshan 2.0, which 
could fund water infrastructure while conserving the local 
ecosystem. The case nonetheless illustrates the central 
difficulty of this review: a scheme of this scale has been 
contested for more than fifteen years without an agreed 
baseline of hydrological, sediment and agricultural data on 
which either side could rely.

3.2.4 Case study: the Gypsa dam|  

Item

Location and status

Structure

Storage and power

Hydrological setting

Claimed benefits

Principal risks

Opposition

Description

Keylong tehsil, Lahaul and Spiti; Gyspa valley, c. 3,200 m amsl. Designated a project of national 
importance (CWC, 2018); no recorded progress since 2018 and effectively in abeyance.
200 m high storage dam; 14.964 km headrace tunnel; 20 m diameter surge shaft; underground 
powerhouse (HPPCL, 2018).
0.65 million acre-feet (MAF); 300 MW installed; 894.86 million units in a 90% dependable year 
(HPPCL, 2018; Wiki, 2024a).
Cold desert; dry summers, long freezing winters; negligible rainfall in rain shadow; glacial and snowmelt 
dependent. Winter flow 100–150 m³/s, monsoon flow 700–2,500 m³/s.
An additional 5,000–10,000 ha irrigated; crop yields up 20–30%; flood attenuation for cropland and 
infrastructure in the Gyspa valley; power for irrigation pumps and polyhouses; sediment trapping 
downstream.
Seismic Zone V; tunnel-induced slope destabilisation; drying of springs; reservoir sedimentation; 
avalanche run-out and spillway icing; displacement and rehabilitation; disruption of traditional kuhls 
(Chaudhary, 2016; Verdhen, 2012; Verdhen et al., 2012; Uniyal and Rawat, 2018; Iyer, 2023)
Opposed since 2009 by the Gyspa Bandh Sangarsh Samiti on grounds of displacement, submergence of 
Darcha, Sumdo and Linkyum, and loss of kuhl-based water rights; soil testing not permitted.

TABLE 5 The Gyspa dam project: salient features, claimed benefits and constraints.
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Remote sensing, notably MODIS snow cover data, 
combined with suitable hydrological models can be used to 
estimate snowmelt flow and its timing for irrigation 
planning (Aparna and Shahnawaz, 2022). The need is 
pressing: a weekly-average temperature increase of 1.2°C 
over 1985–2009, the 1990s being the warmest decade, has 
accelerated snowmelt, disturbed irrigation schedules and 
dried springs; snowfall fell by 14.05% between 2021-22 and 
2022-23; and the 845 glaciers of Lahaul and Spiti, some 
covering 100 km², are retreating at 1–2% a year, reducing 
flow to snowmelt-fed kuhls and raising the risk of crop 
failure (Sherpa, 2024). Farmers are meanwhile shifting 
from barley to water-intensive but more remunerative crops 
such as pea and cauliflower, increasing demand as supply 
contracts (Shashni & Sharma, 2022) — part of a longer 
decline in district wise crop diversification found by Mohan 
et al. (2025) between 1972-75 and 2012-15, as food grains 
gave way to fewer superior cereals and to more 
remunerative fruit and vegetables. Indigenous water 
conservation systems merit modernisation rather than 
replacement (Sharma & Kanwar, 2009); micro-irrigation 
and kuhl restoration cost ₹10,000–₹50,000/ha and are 
affordable at an 85% subsidy, though private investment 
remains limited by an average holding of 0.59 ha.

 Crop monitoring technology is well established 
elsewhere but barely applied here. Becker-Reshef et al., 
(2023) showed that crop calendars and crop-type maps 
allow crop-specific signals to be extracted from satellite 
data through the growing season, so that development can 
be tracked and yields forecast before harvest; the 
GEOGLAM and AMIS initiatives, launched by the G20 
agriculture ministers after the food price crises of 2007/08 
and 2013, provide a globally harmonised dataset for 
monthly crop condition assessment of wheat, maize, rice 
and soybean, but the Indian component has yet to be 
updated and monitored for Himachal Pradesh. At field 
scale, Nashir (2024) integrated IoT sensors and wireless 
networks for real-time monitoring of crop health, soil 
condition and environment in support of online agricultural 
markets, with an F1-score of 0.83, and Padhiary et al., 
(2025) reported 85% accuracy for GIS in handling 
geographical data, 92% detection accuracy for remote 
sensing of crop and environmental condition, and a 40% 
reduction in workforce cost from all-terrain vehicles and 
automated systems using machine learning, the internet of 
things, targeted sensors and drones — gains that depend on 
collaboration, investment and training.

 Securing a reliable price remains the harder problem. 
Remoteness impedes marketing, a constraint that 
warehousing, safe road connectivity and institutional 
support would substantially reduce; improved roads, cold 
storage to cut post-harvest losses and farmer-friendly 
institutions are therefore priorities (Sharma, 2011; Sati, 
2005). Farmers should be engaged in identifying adaptation 
measures so that solutions are culturally appropriate and

3.3 Emerging Technologies and Market Access|  supported by agro-advisory services that provide reliable 
weather forecasts and pest alerts (Rana et al., 2021), 
alongside bio-pesticides and traditional pest control (Pinto, 
2018). Energy demand in this cold climate is far higher than 
in the plains, yet above 3,000 m, forest cover is negligible, 
and icing and overcast snowy days limit hydro and solar 
generation, respectively. Development projects undertaken 
under such conditions require time-and-work studies, 
current technology, and realistic monitoring if they are to be 
hazard-free, sustainable, and of benefit to local people, 
culture, environment, and ecology.

Agriculture in the snow-receiving Himachal mountains 
requires an approach tailored to the terrain, balancing 
economic viability against environmental sustainability. 
Cold-tolerant crops — barley, wheat, potato and the pseudo-
cereals — alongside high-value saffron, heeng and apple, 
are best suited. Practices used in comparable conditions in 
Canada, the United States and Russia can be assessed 
alongside traditional knowledge to raise productivity and 
resilience. An inventory and assessment of the resources of 
the State's alpine zone, nearly 36.84% above the tree line, is 
needed to frame strategies and research for extending land 
use, selecting type of  vegetation that zone can support.

 Agricultural investment in snow-receiving regions 
flows through government schemes for erosion control, 
rainwater harvesting, polyhouses, and natural farming, but 
the reported annual rate of progress is nearly constant at the 
State level, casting doubt on the figures. Productivity is 

-1 -1moderate: wheat 1.85 t ha , vegetables 20–25 t ha , seed 
-1 -1potato 20–30 t ha , and apple 8–12 t ha  in the better orchard 

-1belts against a State average of about 5.6 t ha , all 
constrained by climate and soil. Returns are highest for 

-1 -1saffron (₹5–10 lakh ha ), seed potato (₹1–2 lakh ha ), apple 
-1 -1(₹2–4 lakh ha ) and vegetables (₹50,000–₹1 lakh ha ) over 

the periods covered by the sources cited, but profitability is 
falling under rising costs and market inefficiency. The 
average yield of the major crops, barely, mustard, wheat, 
pulse and potato in Lahaul-Spiti is 1.27, 1.25, 1.49, 3.15 and 
22 t/ha, respectively.

 Hazards, climate variability, water scarcity and market 
access must be addressed together, through policy support, 
research and infrastructure development. Infrastructural 
development has facilitated mobility but earthquakes, 
landslides, avalanches, floods and cloudbursts have been 
aggravated by local climate variability, deforestation and 
hurriedly unchecked construction which resulted in losses 
and socio-economic-cultural disruption. 

 The response required combines immediate relief with 
science- and technology-based development policy that 
conserves snow, soil, water, and forests, and strengthens 
markets, minimum support prices, transport, tradition, 
tourism, and the environment, to the benefit of farmers and 
consumers alike. The State possesses the resources for a 
thriving tourism sector — geographical and cultural diversi-

4 CONCLUSIONS|  

Indian J. Soil Cons. 2026; 54(2): 197-213210 Anand Verdhan

ty, and a clean and peaceful environment.

 The Gyspa dam, with a storage capacity of 0.65 MAF, 
is designed to supply water and generate power and could 
raise crop yields in its command by 20–30%, but local 
opposition, in the absence of credible assurances on 
sustainability and rehabilitation, has left its future uncertain.

 The data used here come from the Directorate of 
Economics and Statistics, other Himachal Pradesh 
government reports and published research, and are notably 
short of current, dynamic information for the snow-
receiving higher altitudes. The region's traditions of 
straightforward dealing, local cooperation and the hard 
work of its women are its principal strength; village 
institutions, working with government, will be decisive in 
realizing its potential and conserving a fragile Himalayan 
ecosystem.

 District and tehsil offices should observe, compile and 
analyse local hydro-meteorological data for planning, and 
share it with villagers. Growers need better advice on 
suitable varieties of vegetables, flowers, and fruits. Further, 
multidisciplinary study is needed of micro-irrigation 
designed to keep pipes free from icing, snow-ice melt 
harvesting, hazard mitigation, sheep and cattle 
management, climate-resilient quick-maturing crops, GIS-
based erosion modelling and afforestation, and of 
ecotourism, if a sustainable water supply, crop productivity 
and economic resilience are to be secured.

The author is thankful to the Chief Editor, the editorial board 
and the publication team of the Indian Journal of Soil 
Conservation for a series of critical reviews and valuable 
suggestions, and to the Secretary, IASWC, Dehradun, for 
permitting an extension of time.

Figures 2, 3 and 4 are reproduced from Verdhen et al., 
(2011); Figure 5 is after Rao et al., (1987) and Verdhen 
(2022); Figure 6 is after NIH (1987) and Verdhen (1991). 
Written permission / no-objection from the respective 
copyright holders have been obtained by the author and are 
available with the Editorial Office.
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This review received no specific grant from any funding 
agency.

Data can be made available on request.
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Remote sensing, notably MODIS snow cover data, 
combined with suitable hydrological models can be used to 
estimate snowmelt flow and its timing for irrigation 
planning (Aparna and Shahnawaz, 2022). The need is 
pressing: a weekly-average temperature increase of 1.2°C 
over 1985–2009, the 1990s being the warmest decade, has 
accelerated snowmelt, disturbed irrigation schedules and 
dried springs; snowfall fell by 14.05% between 2021-22 and 
2022-23; and the 845 glaciers of Lahaul and Spiti, some 
covering 100 km², are retreating at 1–2% a year, reducing 
flow to snowmelt-fed kuhls and raising the risk of crop 
failure (Sherpa, 2024). Farmers are meanwhile shifting 
from barley to water-intensive but more remunerative crops 
such as pea and cauliflower, increasing demand as supply 
contracts (Shashni & Sharma, 2022) — part of a longer 
decline in district wise crop diversification found by Mohan 
et al. (2025) between 1972-75 and 2012-15, as food grains 
gave way to fewer superior cereals and to more 
remunerative fruit and vegetables. Indigenous water 
conservation systems merit modernisation rather than 
replacement (Sharma & Kanwar, 2009); micro-irrigation 
and kuhl restoration cost ₹10,000–₹50,000/ha and are 
affordable at an 85% subsidy, though private investment 
remains limited by an average holding of 0.59 ha.

 Crop monitoring technology is well established 
elsewhere but barely applied here. Becker-Reshef et al., 
(2023) showed that crop calendars and crop-type maps 
allow crop-specific signals to be extracted from satellite 
data through the growing season, so that development can 
be tracked and yields forecast before harvest; the 
GEOGLAM and AMIS initiatives, launched by the G20 
agriculture ministers after the food price crises of 2007/08 
and 2013, provide a globally harmonised dataset for 
monthly crop condition assessment of wheat, maize, rice 
and soybean, but the Indian component has yet to be 
updated and monitored for Himachal Pradesh. At field 
scale, Nashir (2024) integrated IoT sensors and wireless 
networks for real-time monitoring of crop health, soil 
condition and environment in support of online agricultural 
markets, with an F1-score of 0.83, and Padhiary et al., 
(2025) reported 85% accuracy for GIS in handling 
geographical data, 92% detection accuracy for remote 
sensing of crop and environmental condition, and a 40% 
reduction in workforce cost from all-terrain vehicles and 
automated systems using machine learning, the internet of 
things, targeted sensors and drones — gains that depend on 
collaboration, investment and training.

 Securing a reliable price remains the harder problem. 
Remoteness impedes marketing, a constraint that 
warehousing, safe road connectivity and institutional 
support would substantially reduce; improved roads, cold 
storage to cut post-harvest losses and farmer-friendly 
institutions are therefore priorities (Sharma, 2011; Sati, 
2005). Farmers should be engaged in identifying adaptation 
measures so that solutions are culturally appropriate and

3.3 Emerging Technologies and Market Access|  supported by agro-advisory services that provide reliable 
weather forecasts and pest alerts (Rana et al., 2021), 
alongside bio-pesticides and traditional pest control (Pinto, 
2018). Energy demand in this cold climate is far higher than 
in the plains, yet above 3,000 m, forest cover is negligible, 
and icing and overcast snowy days limit hydro and solar 
generation, respectively. Development projects undertaken 
under such conditions require time-and-work studies, 
current technology, and realistic monitoring if they are to be 
hazard-free, sustainable, and of benefit to local people, 
culture, environment, and ecology.

Agriculture in the snow-receiving Himachal mountains 
requires an approach tailored to the terrain, balancing 
economic viability against environmental sustainability. 
Cold-tolerant crops — barley, wheat, potato and the pseudo-
cereals — alongside high-value saffron, heeng and apple, 
are best suited. Practices used in comparable conditions in 
Canada, the United States and Russia can be assessed 
alongside traditional knowledge to raise productivity and 
resilience. An inventory and assessment of the resources of 
the State's alpine zone, nearly 36.84% above the tree line, is 
needed to frame strategies and research for extending land 
use, selecting type of  vegetation that zone can support.

 Agricultural investment in snow-receiving regions 
flows through government schemes for erosion control, 
rainwater harvesting, polyhouses, and natural farming, but 
the reported annual rate of progress is nearly constant at the 
State level, casting doubt on the figures. Productivity is 

-1 -1moderate: wheat 1.85 t ha , vegetables 20–25 t ha , seed 
-1 -1potato 20–30 t ha , and apple 8–12 t ha  in the better orchard 

-1belts against a State average of about 5.6 t ha , all 
constrained by climate and soil. Returns are highest for 

-1 -1saffron (₹5–10 lakh ha ), seed potato (₹1–2 lakh ha ), apple 
-1 -1(₹2–4 lakh ha ) and vegetables (₹50,000–₹1 lakh ha ) over 

the periods covered by the sources cited, but profitability is 
falling under rising costs and market inefficiency. The 
average yield of the major crops, barely, mustard, wheat, 
pulse and potato in Lahaul-Spiti is 1.27, 1.25, 1.49, 3.15 and 
22 t/ha, respectively.

 Hazards, climate variability, water scarcity and market 
access must be addressed together, through policy support, 
research and infrastructure development. Infrastructural 
development has facilitated mobility but earthquakes, 
landslides, avalanches, floods and cloudbursts have been 
aggravated by local climate variability, deforestation and 
hurriedly unchecked construction which resulted in losses 
and socio-economic-cultural disruption. 

 The response required combines immediate relief with 
science- and technology-based development policy that 
conserves snow, soil, water, and forests, and strengthens 
markets, minimum support prices, transport, tradition, 
tourism, and the environment, to the benefit of farmers and 
consumers alike. The State possesses the resources for a 
thriving tourism sector — geographical and cultural diversi-
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ty, and a clean and peaceful environment.

 The Gyspa dam, with a storage capacity of 0.65 MAF, 
is designed to supply water and generate power and could 
raise crop yields in its command by 20–30%, but local 
opposition, in the absence of credible assurances on 
sustainability and rehabilitation, has left its future uncertain.

 The data used here come from the Directorate of 
Economics and Statistics, other Himachal Pradesh 
government reports and published research, and are notably 
short of current, dynamic information for the snow-
receiving higher altitudes. The region's traditions of 
straightforward dealing, local cooperation and the hard 
work of its women are its principal strength; village 
institutions, working with government, will be decisive in 
realizing its potential and conserving a fragile Himalayan 
ecosystem.

 District and tehsil offices should observe, compile and 
analyse local hydro-meteorological data for planning, and 
share it with villagers. Growers need better advice on 
suitable varieties of vegetables, flowers, and fruits. Further, 
multidisciplinary study is needed of micro-irrigation 
designed to keep pipes free from icing, snow-ice melt 
harvesting, hazard mitigation, sheep and cattle 
management, climate-resilient quick-maturing crops, GIS-
based erosion modelling and afforestation, and of 
ecotourism, if a sustainable water supply, crop productivity 
and economic resilience are to be secured.
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