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Production system in Himalayan region 

A. Pattanayak, J.K. Bisht and Renu Sanwal 

ICAR-Vivekananda Parvatiya Krishi Anusandhan Sansthan, 

Almora 263 601, India 

 

Introduction 

The Himalayan region of India covers about 16.4 and 4% of the geographical area and 

population of the country, respectively. Hills and mountains are the most fragile 

environments, but have an important agro-ecosystem, which are the providers of ecosystem 

goods and services to communities residing in hills and also the downstream. Farmers of 

hills face the constraints of difficult accessibility, small and fragmented land holdings, poor 

and shallow soils, erratic rainfall, damage caused by the wild animals, inadequate market 

infrastructure, meager input availability and poor dissemination of the knowledge, that’s 

why agriculture in hills has been a challenging task. Food and fodder security are the two 

most important facets of agriculture in hills, and a major emphasis on agricultural research 

has been put to develop suitable improved varieties with associated production and 

protection technologies. However, low input and varied situations does not allow the 

production to go beyond a certain limit, resulting in low agricultural productivity. Thus, 

majority of the hill farmers still follow the age-old practices, and the area fails to realize the 

full potential. 

Crop yields in general are low in hills and there is a lack of effective marketing infrastructure 

including all post-harvest activities such as threshing and collection of the farm produce 

from the fields, transportation, storage, processing and packaging etc. Infrastructural 

facilities in hills are generally poor. Farmers in low-hills have better access to various 

infrastructural facilities compared with the farmers in higher hills. Farmers specifically the 

women in hills are excessively burdened with work loads that lead to extreme drudgery. 

Therefore, it is important to understand and characterize the silently women dominated hill 

agricultural system and accordingly design suitable devices, tools and machines to reduce 

human drudgery. Ergonomic interventions are essential to facilitate faster absorption of 

engineering inputs in agricultural operations, and for better work efficiency and human 

health. 

Crop failures due to extreme weather changes such as drought prolonged dry spell, excess 

rain in short spells impart impact in agriculture. Erratic rainfall and delay in onset of 

monsoon are noticed due to climate change. Rainfall during maturity or harvest causes 

significant crop loss and delayed crop leads to yield reduction. The trend analysis of last 45 

years annual rainfall data from mid hills of Uttarakhand showed an increasing trend in 

annual rainfall observed till 1986, thereafter, decreasing trend prevails. An increasing trend 

in frequency of drought years was observed, as there were 16 drought (5 severe) years 

during 1964-2000 whereas 7 drought (3 severe) years were observed in subsequent nine 

years, at a mid hill location. Under such situations, improved drought tolerant varieties of 

climate resilient crops are required to be developed with suitable agro-technologies.  
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Population pressure; difficult accessibility; erratic rainfall; low temperature; fluctuating 

weather; major shift in climate; poor and shallow soils with high degree of erosion; small, 

fragmented and scattered land holdings; damage by wild animals; biotic stress; poor 

technical knowledge; inadequate market infrastructure; meager input availability are the 

major constraints in attaining the desired level of agricultural development in hills. 

Improvement in animal productivity according to local requirements, adaptability to 

multiple altitudinal zones, health management, including nutritional disorders, and deficit 

of feed and fodder are the major challenges to make livestock rearing a profitable venture. 

In aquaculture sector, limited candidate species for fish farming, habitat destruction, 

aquatic pollution, and conservation and management policies are the major problems. 

There is a huge gap between the productivity at research stations and farms. Hence, taking 

the technology to the farms and development of related infrastructure, like strengthening 

the inputs supply system, conservation and judicious utilization of natural resources and 

marketing network, will be the key to bridge the gap. 

Land use pattern 

From sustainable environment point of view, land use in Himalayan region is better than 

that of the country. Forest cover is very high in Himalayas as compared to whole of India 

(Fig. 1). In NE and NW hills the net area sown is only 10 and 15%, which is low in 

comparison to that for All India (46%). In NW Himalayas, the area under permanent 

pastures is 13%, which is a great support to livestock. The NW states are way ahead of NE 

states and quite ahead of All India in terms of cropping intensity. 

NE Hills NW Hills All India 

   

 
Fig.1. Major land use patterns in NEH and NWH vis-à-visall India. 

* - Permanent pastures and other grazing lands;  Source - Fertilizer Statistics 2009-10 

Except HP, forests enjoy the lion’s share in land use and NEH, with 75% forests, is far ahead 

of NWH (48%). Net area sown constitutes the second largest land use in Manipur, Nagaland 

and Tripura in NEH and J&K and Uttarakhand in NWH. In Sikkim, Tripura and HP 10% or 

more area has been put to non-agricultural uses. Sikkim and HP have 15% barren land, 

which is much higher compared to other states. HP is the only state which has a sizeable 

area under permanent pastures and grazing lands. Culturable waste is highest in 

Meghalaya. Meghalaya is way ahead of other states in terms of culturable waste. Meghalaya, 

Mizoram and Nagaland have 10% or more fallow area (Table 1). 
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Table 1. Land utilization (% of total reporting area) pattern in Himalayan states (2007-08) 

State Forest Non-
agri-

cultural 
use 

Barren Perma-
nent 

pasture 
& other 
grazing 
lands 

Trees 
etc. 

Cultu-
rable 
waste 

Total 
fallow 

Net 
area 
sown 

Cropping 
intensity 

(%) 

Arunanchal 
Pradesh 

91 0 1 0 1 1 2 4 130 

Manipur 86 1 0 0 0 0 0 12 100 

Meghalaya 42 4 6 0 7 19 10 11 120 

Mizoram 76 6 0 0 3 0 10 4 103 

Nagaland 53 5 0 0 7 4 11 20 127 

Sikkim 44 20 15 1 1 0 5 15 109 

Tripura 58 12 0 0 3 0 0 27 104 

NEH 75 4 2 0 3 4 5 10 110 

Himachal 
Pradesh 

24 10 15 33 2 3 1 12 179 

Jammu and 
Kashmir 

54 8 8 3 2 4 3 19 154 

Uttarakhand 61 3 6 4 5 6 2 13 165 

NWH 48 7 9 13 3 5 2 15 162 

Total 

Himalayas 

61 5 5 6 3 4 4 12 140 

All India 23 8 6 3 1 4 8 46 139 

Source - Fertilizer Statistics 2009-10. 

Crop productivity 

In general, the productivity of rice is almost at par in most of the Himalayan states and low 

in Sikkim and Himachal Pradesh, whereas it is more in Jammu & Kashmir as compared to 

that of the country. In case of wheat and maize, all the states have less productivity than 

the national productivity. In millets, all the states except J&K have more productivity than 

national productivity and in Uttarakhand it is more than double of the national average 

(Table 2). 

Table 2. Productivity of cereals and millets in Himalayan states vis-à-vis All India (2012-13) 

State Rice Wheat Maize Small millets 

Arunanchal Pradesh 2,086 1,498 1,436 1,032 

Manipur 2,100 2,500 2,304 Not sown 

Meghalaya 2,125 1,806 1,554 768 

Mizoram 2,088 Not sown 1,314 Not sown 

Nagaland 2,211 1,801 1,961 1,120 

Sikkim 1,790 1,058 1,700 969 

Tripura 2,800 2,000 1,295 Not sown 

Himachal Pradesh 1,629 1,671 2,233 683 

Jammu and Kashmir 3,126 1,595 1,648 494 

Uttarakhand 2,206 2,396 1,437 1,258 

All India 2,461 3,177 2,566 578 

Source - Fertilizer Statistics (2013-14). 
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Production vis-à-vis requirement  

All the Himalayan states, except Arunanchal, Nagaland & Tripura in NEH and Uttarakhand 

& Himachal in NWH, are not self-reliant in terms of foodgrains (Table 3). The deficiency in 

Sikkim is marginal, whereas other deficient states have sizeable deficiency.  

Table 3. Surplus-deficit in foodgrains in Himalayan states (2012-13) 

State Population 

('000) 

Requirement 

('000 t) 

Production 

('000 t) 

Surplus/deficit 

('000 t) 

Arunanchal 1,383 243.7 369.6 125.9 

Manipur 2,722 479.6 336.7 -142.9 

Meghalaya 2,964 522.3 265.0 -257.3 

Mizoram 1,091 192.2 41.8 -150.4 

Nagaland 1,981 349.1 600.6 251.5 

Sikkim 607 107.0 106.0 -1.0 

Tripura 3,671 646.8 725.2 78.4 

NEH 14,419 2540.6 2444.9 -95.7 

Himachal 6,857 1208.2 1480.7 272.5 

J&K 12,549 2211.1 1831.9 -379.2 

Uttarakhand 10,117 1782.6 1827.7 45.1 

NWH 29,523 5202.0 5140.3 -61.7 

Total Himalayas 43,942 7742.6 7585.2 -157.4 

All India 1,210,193 213236.0 257124.7 43888.7 

Requirement @ 176.2 (kg/apita/annum)  

In NEH, out of 7 states 4 are self sufficient in cereals and millets production, as a result of 

which on the whole NEH has sufficient cereals and millets. In NWH, Himachal and 

Uttarakhand are self sufficient whereas J&K has deficiency. But as a whole, the Himalayan 

region has enough production of cereals & millets (Table 4).  

Table 4. Surplus-deficit in cereals and millets in Himalayan states (2012-13) 

State Population 

('000) 

Requirement 

('000 t)* 

Production 

('000 t) 

Surplus/deficit 

('000 t) 

Arunanchal 1,383 218.5 382.4 163.9 

Manipur 2,722 430.1 308.3 -121.8 

Meghalaya 2,964 468.3 263.1 -205.2 

Mizoram 1,091 172.4 38.5 -133.9 

Nagaland 1,981 313.0 566.6 253.6 

Sikkim 607 95.9 106.5 10.6 

Tripura 3,671 580.0 719.2 139.2 

NEH 14,419 2278.2 2384.6 106.4 

Himachal 6,857 1083.4 1438.2 354.8 

J&K 12,549 1982.7 1820.4 -162.3 

Uttarakhand 10,117 1598.5 1870.5 272.0 

NWH 29,523 4664.6 5129.1 464.5 

Total Himalayas 43,942 6942.8 7513.7 570.9 

All India 1,210,193 191210.5 239218.0 48007.5 

Requirement @ 158 (kg/capita/annum). 
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All the Himalayan states, except for Nagaland, which has a borderline surplus of pulses, 

are deficient in terms of pulses as well as oilseeds and the NW states are much worse hit 

(Tables 5 and 6).  

Table 5. Surplus-deficit in pulses in Himalayan states (2012-13) 

State Population 

('000) 

Requirement 

('000 t)* 

Production 

('000 t) 

Surplus/deficit 

('000 t) 

Arunanchal 1,383 25.2 10.6 -14.6 

Manipur 2,722 49.7 28.4 -21.3 

Meghalaya 2,964 54.1 3.7 -50.4 

Mizoram 1,091 19.9 3.3 -16.6 

Nagaland 1,981 36.2 43.6 7.4 

Sikkim 607 11.1 5.8 -5.3 

Tripura 3,671 67.0 6.0 -61.0 

NEH 14,419 263.1 101.4 -161.7 

Himachal 6,857 125.1 46.0 -79.1 

J&K 12,549 229.0 14.2 -214.8 

Uttarakhand 10,117 184.6 51.3 -133.3 

NWH 29,523 538.8 111.5 -427.3 

Total Himalayas 43,942 801.9 212.9 -589.0 

All India 1,210,193 22086.0 18342.5 -3743.5 

Requirement @ 18.25 (kg/capita/annum)  

Table 6. Surplus-deficit in oilseeds in Himalayan states (2012-13) 

State Population 

('000) 

Requirement 

('000 t)* 

Production 

('000 t) 

Surplus/deficit 

('000 t) 

Arunanchal 1,383 50.5 29.3 -21.2 

Manipur 2,722 99.4 32.1 -67.3 

Meghalaya 2,964 108.2 6.9 -101.3 

Mizoram 1,091 39.8 2.2 -37.6 

Nagaland 1,981 72.3 67.5 -4.8 

Sikkim 607 22.2 7.1 -15.1 

Tripura 3,671 134.0 2.4 -131.6 
NEH 14,419 526.3 147.5 -378.8 

Himachal 6,857 250.3 6.9 -243.4 

J&K 12,549 458.0 51.1 -406.9 

Uttarakhand 10,117 369.3 39.7 -329.6 
NWH 29,523 1077.6 97.7 -979.9 

Total Himalayas 43,942 1603.9 245.2 -1358.7 

All India 1,210,193 44172.0 30939.7 -13232.3 

Requirement @ 36.5 (kg/capita/annum) @ 40 g oil/capita/day. 

Arunanchal Pradesh, Manipur, Nagaland and Tripura in NEH and Uttarakhand in NWH are 

deficient in respect of vegetables (Table 7). The respective All India figures show that India 

has surplus of foodgrains, cereals and millets and deficiency of pulses and oilseeds. 

Major production systems in hills 

The crop production systems prevailing in NW Himalayas are based on agriculture, 

vegetables, horticulture or agri-horticulture, and agroforestry/agri-horti-silvi-pastoral 

system. In NE Himalayas, sericulture is embedded with the agriculture and horticulture-
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cum-plantation crops based production system such as agri-seri-horticulture or agri-horti-

sericulture system. Livestock is the integral part of the systems in almost all the places. 

However, fisheries and floriculture are also the parts of production systems in certain areas.  

Table 7. Surplus-deficit in vegetables in Himalayan states (2012-13) 

State Population 

('000) 

Requirement 

('000 t)* 

Production 

('000 t) 

Surplus/deficit 

('000 t) 

Arunanchal 1,383 150.7 37.6 -113.1 

Manipur 2,722 296.7 219.8 -76.9 

Meghalaya 2,964 323.1 403.4 80.3 

Mizoram 1,091 118.9 236.7 117.8 

Nagaland 1,981 215.9 207.7 -8.2 

Sikkim 607 66.2 132.5 66.3 

Tripura 3,671 400.1 754.1 354.0 

NEH 14,419 1571.7 1991.8 420.1 

Himachal 6,857 747.4 1521.5 774.1 

J&K 12,549 1367.8 1395.5 27.7 

Uttarakhand 10,117 1102.8 1059.6 -43.2 

NWH 29,523 3218.0 3976.6 758.6 

Total Himalayas 43,942 4789.7 5968.4 1178.7 

All India 1,210,193 131911.0 162186.6 30275.6 

Requirement @ 109 (kg/capita/annum), Source (Tables 3-7) - Fertilizer Statistics (2013-14) 

Census 2011 from Wikipedia 

* - The normative per capita requirements are based on the recommendations of Indian Institute of Nutrition, 

Hyderabad. 

NEH are warm sub-humid to humid whereas NWH are conducive for growth of a large 

variety of plants, therefore, almost all the sub-tropical as well as temperate crops are grown. 

Rice is the staple cereal in the north east whereas rice and wheat both are staple for majority 

of the population in north west. Rice is the main crop in NEH, except in Sikkim where maize 

is the main crop. Rice and wheat are the main crops in NWH besides maize in Himachal 

and J&K and millets in Uttarakhand. Besides, vegetables, pulses and oilseeds are also 

grown in the Himalayan region. Growing of a number of different crops, known as Baranaja 

(twelve crops), is a practice of cultivation in certain areas of Uttarakhand, and mixed 

cropping is common traditional practice in view of food security. The crops like potato, 

ginger, French bean etc. are grown as cash crops. Amaranth is grown in high altitude areas 

and small millets are rich source of minerals in Uttarakhand. Jhum is practiced in NEH 

alone. The main crops grown by the jhumias are rice, soybean, sesame, vegetables, tapioca, 

spices, turmeric and coriander.  

Among vegetables, cole crops, cucurbits, capsicum, tomato, radish, peas, french bean, 

potato and onions are the major crops. The indigenous varieties of some of these crops are 

peculiar to the area in the region. These are known by the prefix of the area, viz., Basmati 

from Dehradun, rajmash from Munshyari, Harsil and Kashmir, radish from Dunagiri and 

ginger from Alchona. Vegetable production has increased substantially by introduction of 

off-season vegetables, especially after the development of facilities under poly-house 
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conditions. Floriculture is also catching up in the hilly region with the production of variety 

of flowers by exploiting diverse agro-climate conditions and great market demand. 

Mushroom cultivation has also become popular. 

Several agroforestry systems are common in the region. Growing trees on the field bunds 

and around the fields is an age-old practice. The most common agroforestry systems, viz., 

agri-silvi, agri-silvi-horti and silvi-horti-systems, in NWH are crop based agroforestry 

systems, in which popular fodder trees are found on the sides of the agricultural fields and 

sloping land. Studies conducted for about a decade at VPKAS have evolved several 

appropriate technologies for the development of grasslands and other forage production 

systems for hilly region. These technologies include introduction of improved grasses and 

legumes through suitable methods. In hilly areas, the degraded pastures and very poor 

quality grasslands under pine and deodar trees are a common sight. Under horticulture 

based agroforestry systemfruit trees and field crops are being grown in various ways in the 

hills. As per pattern and configuration, their companion crops are known as intercrop, 

under planting, hedgerow planting or alley cropping. In NE hills, the common agroforestry 

systems are plantation crop based farming systems. These include agri-horti, agri-horti-

fisheries, agri-horti-animal husbandry, agri-horti-sericulture.  

Constraints 

Food and fodder security are the two most important aspects for hills, and a major emphasis 

on agricultural research has been given to develop varieties with associated production and 

protection technologies. However, low input and varied situations does not allow the 

production to go beyond a certain limit. In the foothills, the inputs of green revolution, viz., 

improved varieties, chemical fertilizers and water, has helped in increasing the productivity 

as well as profitability to a great extent. Population pressure, difficult accessibility, erratic 

rainfall, low temperature, fluctuating weather with shift in climate, small, fragmented and 

scattered land holdings, soil erosion and degradation, unsound cultivation practices, 

nutrient losses, toxicity, biotic and abiotic stresses, inadequate/poor technical knowledge, 

inadequate market infrastructure, meager input availability, limited mechanized farming, 

lack of irrigation in most of the areas and low risk bearing capacity of the farmers are the 

major constraints in attaining the desired level of agricultural development in the region. 

Though the use of pesticides is minimal in hilly areas, but if used indiscriminately, it would 

be hazardous, leading to environmental pollution locally and downstream and affect the 

pollinators to adversely influence the seed production significantly in some crops. In recent 

years, the damage caused by wild animals, like monkeys and boars, has assumed menacing 

proportions. One or more of these reasons shatter the enthusiasm and interest of the 

farming community in agriculture, which has been one of the main reasons of migration of 

rural youths to urban and plain areas.  

The region has complex physiographic settings where climate is one of the dominant factors 

that govern crop geography at micro as well as macro levels. Climate change results in crop 

failures due to cloud burst, flood, water logging, drought and prolonged dry spell. Erratic 

rainfall and delay in onset and early withdrawal of monsoon have been noticed due to 

climate change in recent past more frequently. Bhatt (2010) reported that rainfall during 
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maturity or harvest time causes significant crop loss and delayed crop leads to yield 

reduction (Table 8). Area under apple cultivation has been shifting due to lack of 

vernalization which adversely affects flowering and fruit set.  

Table 8. Yield reduction in different crops due to delayed sowing 

Crop Yield (q ha-1) % Reduction 

Normal sown crop Late sown crop 

Wheat 49.8 40.0 19.7 

Soybean 13.0 6.7 48.5 

Lentil 19.2 13.7 28.6 

Garden pea 25.9 14.2 45.2 

Field pea 31.9 20.2 36.7 

Climate changehas changed the crop pest spectrum in the hills. Increase in temperature is 

reported to influence the fecundity and the life span of insect pests, e.g., increase in 

maximum temperature and cessation of rainfall has increased the incidence of sucking 

pests in the region. Increase in relative humidity increases the chances of fungal epidemics. 

Pests of minor importance for hills may become the major pests and new pests may infect 

the crops. Heavy incidence of brown plant hopper (Nilaparvata lugens) was noticed for the 

first time in some rice growing areas of Uttarakhand during 2010 and high yellow rust 

severity has been recorded during late-February to mid-March in wheat crop this year. 

Ved Prakash et al. (2004) documented the huge gap between the productivity of farmers’ 

practices and improved technologies developed at research stations and farms (Table 9). 

This may be attributed to lack of knowhow about improved technologies, poor extension 

infrastructure, proper input supply system (particularly, quality seed and planting 

material), conservation and judicious utilization of natural resources and inadequate 

marketing network.  

According to a study conducted at VPKAS, the major factors resulting in high cost of off-

season vegetables to the consumer are lack of infrastructural facilities and middlemen 

based marketing system. Further, the producer’s, i.e., cultivator’s, share in consumer’s 

money is around 30% only, which is counter to the interests of producer and consumer, 

both. 

Potentials 

A sizeable network of ICAR institutes, agricultural universities, different departments of 

states and their zonal/regional stations exist to cater the agricultural research needs of the 

hills. In addition, state governments have different departments responsible for different 

component of developments. 

A large number of suitable agricultural technologies have been developed by the research 

institutions for increasing the productivity. The low volume high value crops and large 

number of high yielding varieties of field and horticultural crops are available for the region. 

Fortunately, some of the high yielding cultivars are also rich in different nutritional traits. 

Development of QPM is a luminous example resulting in enhancement of two essential 

amino acids, viz., lysine and tryptophan. Cultivation of such varieties will, thus, go a long 

way in food and nutritional security of the region.  
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Table 9. Yield increase over the local practices at farmers’ fields 

Crop Grain Yield (q ha-1) 

in local practices 

Grain yield (q ha-1) through 

improved practices 

% increase 

over local 

Wheat 

Varieties  25.3 (Local) 38 (VL 616) 50.20 

Balanced fertilizer use 35.1 (FYM @10 t ha-

1 + N20) 

41.1 (Recommended NPK+ 

 FYM 10 t ha-1) 

17.10 

Method of sowing 25.6 (Broadcasting) 32.8 (Line sowing with seed 

drill) 

28.13 

Weed control 30.1 (Manual 

weeding) 

41.1 (Isoproturon @1.0 kg a.i. 

ha-1 

 spray) 

36.55 

Transplanted Rice 

Varieties  42.5 (Local) 62.1 (Pant Dhan 10) 46.12 

Balanced fertilizer use 40 (Local FYM  

@10t ha-1) 

54.7 (Recommended NPK + 

FYM@ 10 t ha-1) 

36.75 

Method of sowing 46.45 (5-7 thin 

seedlings 

per hill at close 

spacing) 

52.40 (2-3 healthy 
seedlings/hill at proper 

spacing) 

12.81 

Weed Control 43.8 (Manual 

weeding) 

45.7 (Butachlor @ 2.0 kg a.i. 

ha-1 + one hand weeding) 

4.34 

Soybean 

Varieties  15.9 (Local) 24.8 (VLS 47) 55.98 

Balanced fertilizer use 18 (No fertilizer) 21.5 (Recommended NPK) 19.45 

Weed Control 18.0 (Manual 

weeding) 

21.8 (Alachlor  @ 2.0 kg a.i. 

ha-1) 

21.12 

In hills, the use of inorganic fertilizers is very low, thus, there is a huge potential for organic 

farming. Besides, hills have the advantage of being capable of producing off-season 

vegetables because of cooler climate during summer. Cultivation of European vegetables 

also holds great promise. The crop sequences involving vegetables are capable of increasing 

productivity per unit area and time and offer nutritional and economic security. Protected 

cultivation of vegetables and growing of nurseries in the poly tunnels/houses have proven 

to be remunerative. 

LDPE film lined tank is a less expensive water conservation device, compared to concrete 

tank that can be used to store the rain water for subsequent life saving irrigation in crops. 

This has an added advantage of being earthquake tolerant. 

Small tools and machines are available for hilly situations which reduces the drudgery. 

Millet thresher for easy and efficient threshing and power tiller for narrow terraces are good 

examples of such machines. 

The conventional breeding strategies coupled with genetic engineering and marker 

techniques hold promise to develop crop varieties tolerant to biotic and abiotic stresses, 

and, possibly to combat climate change. Similarly, micro-propagation of horticultural crops 
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would help in ensuring supply of disease-free planting materials. Bio-fortification of crop 

varieties will help in alleviating the malnutrition in hills. 

Agroforestry system, as an alternative to jhum, bears a great potential in the NEH region, 

where incorporation of different systems increases the income of the farmers. However, in 

NWH hills, agri-horti, silvi-horti and silvi-pastoral and their combinations are the suitable 

agroforestry system for proper land utilization. Dual purpose varieties of cereals, like VL 

Gehun 616 and VL Gehun 829 of wheat, are good source for food as well as fodder. Growing 

of Hybrid Napier on sloping and marginal lands, under pine/deodar trees enhances the 

fodder production. 

Elimination of fallow period by cultivation of toria/lentil in the traditional system in 

Uttarakhand, viz., spring rice/barnyard millet-wheat-finger millet-fallow, has a potential of 

getting an additional crop. Similarly, in rice-fallow-potato cropping system in irrigated valley 

areas, the introduction of toria/radish/cabbage can obviate the fallow period. 

Reduced tillage can be adopted without affecting productivity on a short term basis. It 

reduces the cost, improves soil organic matter and water retention. Soybean-lentil and 

soybean-wheat are better options under reduced tillage. Wheat grown in rice field under 

zero tillage has been found to yield at par with normal tillage, which shows zero tillage saves 

time as well as resources without sacrificing yield. 

Suitable crop varieties fitting in different crop rotations, inter and mixed cropping etc. have 

been identified as suitable practice for enhancing the production and profitability. 

Steps taken to enhance crop productivity in hills  

The institute was established by Professor Boshi Sen in 1924. This is a pioneer Institute to 

cater to the agricultural research needs for the development of North-western Himalayan 

states of Uttaranchal, Himachal Pradesh and Jammu & Kashmir. The institute works with 

the mission of enhancing the productivity and ecological sustainability of hill agriculture 

through niche-based diversification. The institute is working with the following mandates - 

basic and strategic research for improving productivity and quality of important hill crops; 

development of ecologically sound and economically viable agro-production, protection and 

post-harvest processing technologies for different growing conditions of hills; basic and 

strategic research on conservation and efficient utilization of natural resources; transfer of 

technology, research on extension methodology, organization of specialized training 

programs and consultancy on hill agriculture. As a result of institute’s research, the farmers 

of the region are becoming self-sufficient.  

Varietal development  

One of the outstanding contributions of the institute is the development of crop varieties 

with high yield potential and resistance or tolerance to biotic and abiotic stresses. Till date, 

the institute has developed and released more than 140 improved varieties and hybrids in 

25 crops. The most popular varieties among the farmers and recently released ones are as 

follows: 

 Variety released for different parts of the country by ICAR-VPKAS 

S.No.  Varieties  Area of Adaptation  
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1  VL Dhan 208  UP Hills (Spring season)  

2  VL Dhan 209  UP Hills (Spring season)  

3  VL Dhan 85  Uttarakhand  

4  Vivek Dhan 62  Hills of UP, HP, Manipur and West Bengal (upto 1200 m)  

5  VL Dhan 65  Medium Irrigated conditions in Uttarakhand hills  

6  VL Dhan 81  UP, HP, Meghalaya hills (up to 1300 m) (rainfed, 

transplanted)  

7  Vivek Dhan 82  UK, HP and Meghalaya hills  

8  VL Dhan 86  Irrigated transplanted conditions of high altitude areas of 

UK & HP  

9  VL Gehun 616  Hills of UP, HP and J&K  

10  VL Gehun 738  Hills of UP, HP and J&K  

11 VL Gehun 804 Hills of UK, HP, J&K, Manipur & WB 

12  VL Gehun 829  Hills of UK, HP and J&K  

13  VL Gehun 892  Northern Hills Zone (LS Restricted IR)  

14  VL Gehun 907  Northern Hills Zone (TS RF & IR)  

15  VL Barley 85  UK Hills organic conditions  

16  Vivek Hybrid 15  Himalayan region, AP, Maharastra, T N and Karnataka  

17  Vivek Maize Hybrid 21  Zone 1 (UK, HP, J&K and NEH), II (Delhi, Punjab, Haryana 

& West UP) & IV (Mah, AP, Karnataka & TN)  

18  Vivek Maize Hybrid 25  Zone I (UK, HP, J&K and NEH)  

19  Vivek QPM 9  UK Hills & Zone 1 (UK, HP, J&K and NEH), IV (Maharastra, 

AP, Karnataka & TN)  

20  Vivek Maize Hybrid 33  Himalayan Region (UK, HP)  

21  Vivek Sankul Makka 35  Zone I: Himalayan Region (UA, HP, J&K and NEH)  

22  Vivek Maize Hybrid 39  Zone I: Northern Hills Zone (UK, HP, J&K and NEH Region)  

23  Vivek Maize Hybrid 43  Zone-III: Eastern UP, Bihar, Bangal, Orissa,Chhatisgar, 

Jharkhand                   

24 VL Mandua 149 All millet growing areas except Tamil Nadu & A.P. 

25  VL Mandua 315  UK hills organic condition  

26  VL Madira 207  All the states of India except Gujrat and Tamil Nadu.  

27  VL Masoor 126  Northern Hill Zone (UK, HP, J&K and NEH)  

28  VL Masoor 507  Northern Hills Zone (J&K, HP, UK, NE hills)  

29  VL Rajma 125  UK Hills  

30  VL Gahat 15  Northern & Central India  

31  VL Soya 47  N.W. Hills  

32  VL Arhar 1  UK hills  

33  VL Ageti Matar 7  UP Hills, Plains of UP & Bihar  

34  Vivek Matar 8  UK Hills, HP and J&K  

35  Vivek Matar 10  UK Hills, HP and parts of UP  

36  VL Bauni Bean 1  U.P., H.P. and J&K  

37  VL Garlic 1  UK, HP, J&K, UP, Bihar and Punjab  

38  VL Lahsun 2  J&K, HP and UK  
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Varieties popular in Uttarakhand 

S.No.  Crop  Popular Varieties  Recent Releases  

1  Wheat  VL Gehun 616, VL Gehun 
738, VL 804, VL Gehun 

829 

VL Gehun 907, VL Gehun 892  

2  Rice  VL Dhan 206, Vivek Dhan 

62, Vivek Dhan 82  

VL Dhan 157, VL Dhan 68  

3  Maize  Vivek Sankul Makka 31, 
VL Babycorn 1, VQPM 9, 

VL Amber Popcorn  

Vivek Maize Hybrid 39, Vivek Maize 
Hybrid 43, Vivek Maize Hybrid 45, 

Vivek Maize Hybrid 47, Vivek Maize 

Hybrid 51, Vivek Maize Hybrid 52  

4  Small Millets & 

Under Utilized Crops  

VL Mandua 149, VL 

Madira 172, VL Ugal 7  

VL Mandua 347, VL Mandua 352, 

VL Madira 207  

5  Vegetables  VL Ageti Matar 7, VL 

Matar 10, VL Matar 11, VL 

Piaz 3, VL Garlic 1  

VL Tamatar 4, VL Lehsun 2  

6  Pulses  VL Masoor 103, VL 
Masoor 507, VL Masoor 

125, VL Masoor 126, VL 
Matar 42, VL Rajma 63, 

Gahat 8, VL Gahat 10  

VL Masoor 514,VL Masoor 129, VL 
Masoor 133,VL Rajma 125, VL 

Arhar 1, VL VL Gahat 15, VL Gahat 

19, VL matar 47  

7  Oilseeds  VL Soya 47  VL Toria 3, VL Soya 59, VL Soya 

63, VL Soya 65  

8  Barley  VL Barley 56  VL Barley 85, VL Jau 118  

Biotechnology  

Research work on molecular breeding with special reference to marker-assisted selection 

(MAS) led to conversion of inbred lines of maize into QPM versions through transfer of 

opaque 2 gene. These QPM parental lines were further used to produce QPM version of Vivek 

Maize Hybrid 9, which contains 30% and 40% higher the amount of lysine and tryptophan, 

respectively coupled with 10% higher yield than Vivek Maize Hybrid 9.  

Seed production  

Availability of quality seed is one of the fundamental inputs of agriculture, and majority of 

the hill farmers use their own saved seed of local varieties and landraces. In view of this, 

seed production is an important component of the institute’s activities. During the last five 

years, the institute produced 1,131.47 q breeder seed, 82.77 q nucleus seed and 249.12 q 

truthfully labeled seeds of improved crop varieties and supplied to different state 

government and other indenting agencies for further multiplication and distribution to the 

farmers. This has resulted in increased availability of the quality seeds to the hill farmers. 

Quality seed production of vegetables and planting material may be one of the potential 

ventures in hills. By this activity farmers can enhance their income. During last six years, 

apart from the seed produced at the institute’s farm and KVKs, quality seeds and planting 

material were produced by the farmers, who were adopted under Horticulture Technology 

Mission Project. More than 16 lakh planting materials of fruit plants, 1.75 lakh kg vegetable 

seeds and 370 kg seed and 2.3 lakh plants of flowers have been produced in the last six 

years.  
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Genetic resources  

More than 11,000 native and exotic accessions of wheat, rice, maize, small millets, pulses, 

oilseeds and vegetables are being maintained at the institute. Besides, valuable donors of 

resistance for major biotic (blast in rice and finger millet, loose smut and yellow rust in 

wheat, turcicum blight in maize, powdery mildew in pea, leaf spot in soybean, stem borer 

in rice) and abiotic (low temperature, low moisture, seed dormancy) stresses have been 

identified and they are being used by the institute as well as other research centers in the 

country.  

Crop physiology  

High relative water content, leaf temperature depression and chlorophyll stability have been 

found to be associated with drought tolerance in rice, wheat and millets. Foliar spray of 

salicylic acid alone or in combination with phytohormones enhances the yield of soybean 

and pea by 15-20%.  

Production technology, cropping systems and organic farming  

For harnessing the full potential of improved varieties, matching agricultural production-

techniques, viz., optimum time of sowing, seed rate, planting geometry, fertilizer dose and 

weed management have been worked out for most of the crops both under rainfed as well 

as irrigated conditions. Technologies have been developed for enhancing productivity under 

moisture stress conditions.  

Total production and monetary returns can be enhanced manifold under rainfed as well as 

irrigated condition by adopting remunerative intensive sequential cropping, intercropping 

and relay intercropping systems which have been identified for both the situations. 

Diversification to vegetables and high value crops add economic viability to hill agriculture. 

Integrated farming system modules have been evolved for different productivity conditions. 

Production technologies including suitable varieties, nutrient and pests management have 

been developed for organic cultivation of wheat, small millets, lentil, French bean, garden 

pea and okra.  

Soil fertility  

Long term fertility experiments conducted since 1973 with soybean-wheat sequence 

revealed that use of 10 t FY Mha-1 along with the recommended doses of inorganic fertilizers 

rectified many nutritional problems of crops and the deteriorating soil physical conditions. 

The existing soil fertility levels have been worked out. Optimum fertilizer requirements of 

various hill crops, integrated nutrient/weed management package of major cropping 

systems and techniques for pine needle-based quality vermicompost have been developed.  

Water resource development and protected cultivation  

Low cost water storage LDPE film-lined tanks have been designed and standardized. Micro-

irrigation system has been integrated and demonstrated in large scale on farmers‟ fields. 

Structural design of green houses has been standardized. Suitable off-season vegetable 

sequences have been identified for green house cultivation.  

Improved and small agricultural tools & machines  
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For reducing drudgery of hill farmers especially of women, the institute has developed 

machines like Vivek thresher for finger millet and barnyard millet, VL Paddy Thresher, seed-

cum-ferti drill, which are suitable to carry in hills. To reduce deforestation and to protect 

our environment, the institute has developed VL Shyahi Hal. Besides this, small improved 

tools have also been developed. To make availability of these machines and tools to farmers, 

the institute has signed MoU with different companies.  

Protection technology  

Diseases and insect-pests of hill crops, epidemiology and management practices including 

integrated pest management (IPM) techniques have been studied. Efficient techniques have 

been standardized for creation of artificial epiphytotics of major diseases. IPM modules for 

inorganic and organic conditions developed for economically important crops like tomato 

and garden pea. Biopesticides based on indigenous strains of Bacillus cereus, B. 

thuringiensis and Trichoderma harzianum are being developed for management of major 

pests. Low cost insect trap has been designed for trapping beetles of white grub (Anomala 

dimidiata, Holotrichia spp.). White button and Dhingri mushroom cultivation has been 

popularized amongst hill farmers and Daulaghat near Almora has been developed as a 

mushroom village.  

Fodder and grassland management  

Suitable species of fodder grasses, legumes and trees have been identified and agro-

techniques for production of fodders on terrace risers, degraded sloping lands, forest floor 

and wetland sites have been developed. Technology for fodder production from dual-

purpose wheat has been developed.  

Transfer of technology  

Integrated farming system comprising of water, nutrient resources, farm implements and 

protected cultivation of off-season vegetables, food crops, fruits, fisheries on micro-

watershed scale has been successfully demonstrated in several clusters. This has resulted 

in attaining food, nutrient, economic and environmental security. 

Conclusion  

Hills have enormous potential of growth in agriculture and other allied sectors with the 

development and refinement in the technologies. Here household food and nutritional 

security is very important due to its peculiar geographical conditions. Though the 

agricultural productivity in hills has remained low due to a variety of reasons including 

rainfed farming and low input usage, the suitable and location specific improved 

technological interventions, if disseminated to different areas in a proper way, agricultural 

productivity is certain to attain a quantum jump. If this is once attained, it needs to be 

made sustainable and profitable to enhance economic status of hill farmers and create a 

renewed interest in hill agriculture and reduce migration of younger generation.  
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Agricultural production in Asia mainly emphasizes intensive rice and wheat production in 

multiple cropping systems. Available arable land in most of the countries is utilized to the 

maximum and, in some cases, this has led to degradation. Irrigated agriculture is well 

developed in high potential areas, but most countries are still heavily dependent on rain-

fed production systems. The importance of rain-fed agriculture is evident from the large net 

sown area and low production (Table 1). 

Table 1. Importance of rain-fed agriculture in Asia 

Country 

South Asia 

 

Total rain-

fed area 

(106 ha) 

Rain-fed area as 

proportion of total 

arable land (%) 

Rain-fed production 

as proportion of 

agricultural GDP (%) 

Population 

dependent on rain-

fed agriculture (%) 

Bangladesh 7.7 81.6 40.5 41.0 

Bhutan 0.07 81.0 28.9 93.0 

India 100.0 69.5 25.7 42.2 

Nepal 2.6 84.0 40.9 74.8 

Pakistan 5.4 26.7 4.6 11.5 

Sri Lanka 0.5 49.4 20.1 29.1 

Sources: ADB (1989); Devendra et al., 1997; Devendra et al., 2000. 

In south Asian countries the percentage of rainfed area is much larger than irrigated area 

except Pakistan and Sri Lanka which have 26.7 and 49.4% rainfed agriculture, respectively. 

The Table 2 shows about the facts of production human population, food demandand land 

use shows that 35.7% of total population of Asia lives in arid and semi arid zones which is 

dependent on the 31.5% of the total food production of Asia. These areas contribute a large 

acreage of land under arable cultivation out of which more than 50% area comes under 

rainfed. 

Table 2.Human populations, food demand and land use in arid/semi-arid zones of Asia 

Parameters Amount/number % of Asia 

Human populations in 2010 (106) 1311.4 35.7 

Food demand in 2020 (106 tGE) 358.6 33.4 

Production of food crops (106 tGE) 230.9 31.5 

Production of cash crops (106 tGE) 79.6 33.6 

Land area (106 ha) 327.6 16.1 

Arable land (106 ha) 191.9 41.5 

Rain-fed arable land (106 ha) 126.8 38.8 

Irrigated arable land (106 ha) 65.2 48.8 

          Source: TAC (1992). tGE = tonnes of grain equivalent. 

http://www.sciencedirect.com/science/article/pii/S0308521X01000336#TBL1
http://www.sciencedirect.com/science/article/pii/S0308521X01000336#BIB1
http://www.sciencedirect.com/science/article/pii/S0308521X01000336#BIB4
http://www.sciencedirect.com/science/article/pii/S0308521X01000336#BIB5
http://www.sciencedirect.com/science/article/pii/S0308521X01000336#BIB21
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Indian hot arid zone is situated between 24°and 29° N latitude and 70° and 76°E longitude 

and covers an area of 31.70 million ha which is spread over 6 states i.e. Rajasthan,Gujarat, 

Punjab and Haryana (Table 3). The cold arid zone in India covers an area of 7.8 Mha (Table 

3, Fig. 1). The Thar Desert accounts for 89.6% area of total hot arid zone of India. Western 

Rajasthan alone carries the onus of nearly 61% of hot 

arid lands in India. In general climatic and edaphic 

condition of hot desert is inhospitable, frazil, 

unexpected and very difficult for agriculture, however 

it has been characterized one of the most highly 

populated desert (101 persons km-2) of the 

world(average 6-8 persons km-2). According to the 

world atlas of desertification mapped by United 

Nations Environment Program (UNEP) the ratio of 

precipitation (P)/Potential evapotranspiration (PET) 

has been used for determining the aridity Index (AI). 

The Aridity index when values of P/PET is less than 

0.05 comes underhyper arid and the values in between 

0.05-0.2 the environment is considered as arid. 

Table 3. Area under Indian arid and semi-arid zone 

States Arid 

(km2) 

Semi-arid 

(km2) 

Percentage 

Arid Semi-arid 

Hot 

Rajasthan 19.62 12.1 61.0 13 

Gujarat 6.22 9.05 19.6 9 

Punjab and Haryana 2.74 5.86 9.0 6 

Maharashtra 0.13 18.96 0.4 19 

Karnataka 0.85 13.94 3.0 15 

Andhra Pradesh 2.16 13.87 7.0 15 

Tamilnadu - 9.53 - 10 

Uttar Pradesh - 6.42 - 7 

Madhya Pradesh - 5.95 - 6 

Total 31.72 95.68  - 

Cold 

Jammu and Kashmir 7.8 1.38 - - 

Grand Total 37.36 97.06 - - 

 

The arid region has high biotic pressure but basicresource base both in terms of soil and 

rainfall is poor. The mean annual rainfall varies more than 50% (Rao and Singh, 1998). 

Much of the rainfall (78 to 96%) is received during July to September by south-west 

monsoon, while the remaining is received during winter (December- February) through 

north-east disturbances. The total rainy days are 8-10 days per year. The mean annual 

rainfall of the region varies from 100-800 mm in the western arid region (arid and semi-

arid). Besides air temperature, soil temperature reaches beyond 62°C during May and June. 
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The diurnal range of surface soil temperatures in dune areas vary between 25 and 40°C 

during monsoon period (Ramakrishna et al., 1990). The arid region is characterized by hot 

and high velocity winds with peak in the months of May and June (14.6-18.5 km h-1). Dust 

storms are frequent due to lack of vegetation. The dust storm causes severe soil erosion, 

besides increasing the evaporative demand of the crop.  

Soils: The soils of arid region are generally coarse-textured with sand content varying from 

90% in dunes to 60% in comparatively heavy textured soils. These soils are deficient in 

organic matter as well as N content (Joshi, 1993). Mean organic C content in the arid soil 

ranges from 0.05% to 0.2% in coarse, 0.2-0.37% in medium and 0.3-0.4% in fine-textured 

soils. Low clay content, hot climate and low rainfall are mainly responsible for low organic 

C in the arid soils. The sandy soils generally have low productivity because of the sandy 

nature (clay 1.5-4.5%, silt 1.2-5.5% and sand 90-97%) coupled with poor moisture retention 

and storage capacity (50 to 80 mm water/m soil depth). These soils contain total N in the 

range of 0.002 to 0.005% and available P varies from 5.4 to 8.5 kg ha-1 (Aggarwal and Lahiri, 

1981).  

The human and livestock population in the region is increasing by leaps and bounds. The 

human population of arid zone of Rajasthan has increased from 5.87 million in 1951 to 

22.50 million in 2001. Similarly, the livestock increased from 13.80 million in 1956 to 27.55 

million in 2003. The increase in human population led to decrease in land holding size (from 

6.1 ha per person in 1907 to 1.0 ha in 2001) and over-exploitation of the natural resources 

(Table 4). Besides biotic and abiotic problems, many traditional and socio-economical 

problems are also prevailing in the region. Under such circumstances, realizing sustainable 

crop production is a major task. Efforts have been made to discuss the technologies 

developed for obtaining sustainable crop production in the arid zone of India.  

Table 4. Human and livestock resource in arid districts of western Rajasthan 

Districts Human 

population (M) 

Human density 

(No ha-1) 

Livestock ACU 

(M) 

Livestock density 

(No ha-1) 

Churu  1.54 0.92 1.19 0.71 

Jhunjhunu 1.58 2.68 0.92 1.55 

Nagaur 2.15 1.21 1.74 0.98 

Jodhpur 2.15 0.94 1.49 0.65 

Sikar 1.84 2.39 1.23 1.59 

Jalore 1.14 1.07 1.08 1.02 

Pali  1.49 1.20 1.47 1.19 

Ganganagar 2.62 1.27 2.49 1.21 

Jaisalmer 0.35 0.09 0.40 0.10 

Bikaner 1.21 0.44 1.20 0.44 

Barmer 1.44 0.51 1.66 0.58 

Average 1.59 1.16 1.35 0.91 

Source : Census, 2003. 

In arid areas, the productivity of crops is low not only because of climatic, biotic and abiotic 

stresses, but also owing to traditional methods of cultivation The soil fertility is quite low 
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for crop production considering the nutrient status of the soil and nutrient requirement of 

the crops. The suitability of the crop in the region depends on many factors like soil type, 

rainfall pattern and socio-economic conditions. As the arid zone has been endowed with 

variety of soils (Dhir, 1977), the choice of crops should be based on nutrient and moisture 

requirement vis-à-vis soil type. The productivity of crops does not depend on the rainfall 

intensity but it depends on the rainfall distribution. 

Constraints 

The arid climate itself is a major constraint in crop production. Besides adverse climatic 

and poor soil conditions the farmers adherence to subsistence and security oriented farming 

systemare primarilyresponsible for the poor crop yields. The cause and effects relationship 

analysis can help in understanding the predominant melodies affecting crop production the 

region which are given in Table 5. 

Table 5. Cause and effect under arid crop production 

Major cause Intensity Effects 

Moisture Un-sufficient, less period 

availability 

Restricted choice of crop varieties 

Low cropping intensity 

Inefficient utilization of inputs 

Rainfall pattern Lack of crops fitting to the 

exiting rainfall pattern 

Lack of soil moisture 

conservation practices 

Low and unstable crop yields 

 

Removal of natural 

vegetation 

Uncontrolled grazing 

Use of tree shrubs for fuel 

Inadequate vegetal cover 

Soil and nutrient loss through 

wind erosion and water erosion 

Population 

pressure 

Large human and animal 

population 

Extension of cultivated area on 

marginal and sub-marginal lands, 

Reduced soil productivity of 

pasture and crop lands 

Soil erosion 

Wind erosion is another major problem in which movement and deposition of sand is one 

of the most important factors for degradation ofproductive land. In India out of 175 Mha of 

degraded land, 60 Mha is affected by wind erosion alone. About 58% of western Rajasthan 

is occupiedby moving and semi stabilized sand dunes. The wind erosion is harmful because 

the areaswhere the soil removedand where it is deposited can lose their productivity. 

Grasses plays an important role in arid zone production systembeing a perennial in nature 

(Gupta et al., 1994). The main problem of soil erosion through winds during cropping season 

as well as in fallow fields from February to June. The study has resulted that a soil loss of 

1499 t ha-1 per season (April-June) occur onlythrough wind erosion in a bare sandy soil of 

Bikaner (Table 6). In contrast there was no loss from pasture land and negligible loss of 

22.5 t ha-1 from a crop land. The loss of 5560 t ha-1 soil from sand dune without vegetative 

cover wasenormously high (Gupta and Raina, 1994). 

Arid Rainfed Ecosystem has high vulnerability adverse climatic situation with poor and 

erratic rainfall, extreme temperatures, high wind velocity, high annual evapotranspiration 
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(1411-1527 mm), leading to drought and soil erosion ultimately reduces the production and 

productivity of crops. The land forms of the region have sandy plains, inter-dune plains, 

sand dunes which again a majoradversity for agriculture. The region is dominated by 

rainfed cropping and animal based economy which require the major thrusttohigh quality 

fodder production. But most of the farmers of the arid rainfed areas have the crop 

cultivation zone in between the spaces of inter-dunal plains. Therefore the crop and grass 

production have same zone of cultivation. The mechanization in agriculture again restricted 

the mixed cropping of grasses and crops which was the most popular traditional system in 

the region. The perennial grasses due tothe mechanization have been destroyed from long 

ago. The situation results in the downfall of fodder production and even during drought the 

farmers gets no grass and no crop (grain and fodder both).This require an urgent need for 

development of suitable farming system for the region which can be able to feed the human 

and livestock population of the area. The alternate land use systems may be a suitable 

option for stabilizing the soil and crop yield of the region. 

Table 6. Sand drift under different land use conditions 

Land use conditions Sand drift (-)/deposition (+)  (t ha-1 /season) 

Bare sandy plain -1449.0 

Pasture land +13.5 

Crop land -22.5 

Bare sand dune -5560.0 

Sand dune with vegetative cover +151.5 

               Source : Gupta & Raina, 1994). 

The local survival system of crop production have been proved inadequate and insufficient 

to fulfill the ever increasing need of food and fodder (Yadava, 2001). The major desert 

(Western Rajasthan) characteristics keeping in view the climate, landform, soil and water 

are given as under. 

1. The climate although has a well-defined monsoon season as compared to other dried 

zones of world but very low and erratic rainfall, high temperature, high evapo-

transpiration, high winds and solar radiations. 

2. The area has duny or rocky landforms with poor derbies and hence scarce vegetation 

with unconsolidated nature of deposits. 

3. Soils are poor in water holding capacity, organic carbon and nitrogen but sufficient 

nutrient reserves are found to support the rainfed crops and natural vegetation. 

4. Ground water is available only in pockets, deep, poor in quality saline/sodic in nature 

with low discharge. 

5. In cropping and land use the area has highly adopted crops with well-developed 

traditional farming systems with low acceptability oftechnological advancement. 

Agricultural production system 

The region supports a population dependent on agriculture livestock. Pastoralists who move 

seasonally, Settlement patternsregion covers an areavariable rainfall rainfed crops, 

livestock, mainly sheep and goats, many farming system, extensive pastoralism to feedlots 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

22 
 

in peri-urban agriculture, irrigation practices, limited resources available, livelihood source 

Land ownership. 

Today's agriculture sector faces a complex series of challenges: i) to produce more food of 

better quality while using less water per unit of output; ii) to provide sustainability of diets 

and to reduce malnutrition; iii) to provide rural people with resources and opportunities to 

live a healthy and productive life; iv) to apply clean technologies that ensure environmental 

sustainability; v) to cope with possible impacts of climate change; and vi) to contribute in a 

productive way to the local and national economy, from producer to consumer. Under these 

circumstances the option to stabilize and increase production in rainfed areas and adopt 

the proper technology under farming system approach in integrated manner. 

Farming system is a natural resource management unit operated by a farm household, and 

includes the entire range of economic activities of the family members (on-farm, off-farm 

agricultural as well as off-farm non-agricultural activities) to ensure their physical survival 

as well as their social and economic well-being. This broad definition is of importance, as 

the farm family takes decisions considering not only the farming possibilities, but also the 

off-farm employment opportunities. Within an agro-ecological zone, several farming systems 

will typically be found, with variations in resource endowment, preferences and socio-

economic position of the respective family. In India, the majority of farmers hold less than 

two hectares of land. These farmers generally practice subsistence farming where they need 

to produce a continuous, reliable and balanced supply of foods, as well as cash for basic 

needs and recurrent farm expenditure. 

Farming system is a natural resource management unit operated by a farm household, and 

includes the entire range of economic activities of the family members (on-farm, off-farm 

agricultural as well as off-farm non-agricultural activities) to ensure their physical survival 

as well as their social and economic well-being. This broad definition is of importance, as 

the farm family takes decisions considering not only the farming possibilities, but also the 

off-farm employment opportunities. An integrated farming system allows us to use some of 

the advantages of nature, and ecology, as opposed to relying on chemistry to solve all our 

production issues. Some major advantages are as under: 

• In an integrated system, livestock and crops are produced within a coordinated 

framework. The waste products of one component serve as a resource for the other.  

• The outcome of this cyclical combination is the mixed farming system, which exists in 

many forms and represents the largest category of livestock systems in the world in 

terms of animal numbers, productivity and the number of people it serves. 

• Integration of allied activities will result in the availability of nutritious food enriched 

with protein, carbohydrate, fat, minerals and vitamins 

• Integrated farming will help in environmental protection through effective recycling of 

waste from animal activities like piggery, poultry and pigeon rearing 

• Animals play key and multiple roles in the functioning of the farm, and not only because 

they provide livestock products (meat, milk, eggs, wool, and hides) or can be converted 

into prompt cash in times of need.  
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Criteria for farming systems for arid (Desert) lands: It is imperative to identify and adopt 

improved farming systems for the desert, to reclaim its sandy soils and improve agricultural 

productivity. In develop such system, the following guidelines are recommended.  

• Adoption of an integrated approach including technological, biological, socioeconomic 

aspects.  

• An appropriate blend and balance of traditional and improved technologies  

• Optimum use of land, water, nutrients, and energy are major goals.  

• The fodder-animal-biogas system as well as improving desert soils. 

• In evaluating alternative approaches, considerations such as technical feasibility, 

financial and economic viability, and social acceptability should be stressed.  

• The need for more applied research into alternative, integrated approaches should be 

recognized and supported.  

Major farming systems 

Major farming systems of the arid areas are generally mixed farming system including crop 

livestock fodder based system. As per the resource availability and economic status of the 

farmers the farming system varies from place to place. The main cropping season the rainy 

season after the onset of the monsoon which accounts of a cropping intensity of 100%. 

Livestock rearing including sheep and goat is the main basis of the sustainability ofeconomy 

of the farmers. The most common traditional farming system was the mixed cropping of all 

the crops on same piece of land at same time during the monsoon season. The sowing of 

mixing the seeds of pearl millet/kharif legume/oilseed/grasses on same land was the main 

tradition which was able to reduce the risk of complete crop failure at the onset of drought 

which is very common in these areas. The crop based sole cropping was very rare under 

rainfed condition. 

Tree/shrub/grass-based agroforestry under alternate land use system is also followed up 

to a large area the main tree was the khejari (Prosopis cineraria) and Accacia tortilis. 

Livestock-based farming system was having the grassland or cultivation of sewan and 

dhaman grasses as the main componentin the region. The livestock were generally reared 

on grazing and very less were put at cut and carry basis. Stall feeding livestock management 

system was veryless. Now days under theIrrigated agriculture, after the commencement of 

India Gandhi canal command and installation of tube wells in general all the crops are 

grown with high yields. Specially the groundnut crop is emerging as a pioneer crop with 

very high yields in the region. Fruit based agri-horti system is also coming up among the 

farmers but it requires further search for advanced economically feasible technologies 

which is not available with farmers. Some of the most unique farming systems are briefly 

given as under. 
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a) Irrigated farming system: Large and small-scale irrigation schemes perennial surface 
water resources deep drilling and pumping technologies, high population densities and 
generally very small farm sizes. Small-scale Irrigated Sub-System small-scale irrigation 
areas are mixed cereals, fodder and vegetables 

b) Highland mixed farming system: Rainfed Mixed Farming System, land area, resulting 
in high population densities protected cropping with supplementary irrigation, cattle 
population 

c) Dry land mixed farming system: Found in dry sub humid areasPopulation density 
tendsarable systems and average farm sizes are larger, risk of drought is high poor 
market linkages. Poverty is extensive among small farmers. 

d) Pastoral farming system: involving sheep and goats, some cattle and camels, is found 
across almost more densely populated areas around irrigated settlements. Strong 
linkages exist to other farming systems.Seasonal migration, which is particularly 
important as a risk minimization measure depends on the availability of grass, water 
and crop residues in neighboring arable systems. 

e) Sparse (arid) farming system: The sparse (arid) farming system covers more than 60% 
vast desert zones opportunistic grazing for the herds of pastoralists, between pastoral 
grazing and sparse agriculture systems. 

Rainfed production Technologies: 

• Rainfed cropping: Water conservation and water harvesting; Irrigated agriculture: Sole 

cropping; Mixed/Inter cropping; System approach.  

• Alternate land use system: Agro-forestry; Agri-Pasture; Silvi-pasture; Agri-silvi; 

pasture; Horti-pasture system; Agri-horti system. 

Integrated farming system for arid Zone 

1. Grass based strip-cropping system 

Desert grasses provide a permanent cover to the land surface with reducing the substantial 

reduction in wind erosion hazards during the kharif season under rainfed cropping and 

also in summers where there is no crop in the field (fallow). These grasses being in perennial 

in nature requires only one time sowing and sustained for 10 years or more. The strip 

cropping of grasses and crops provide an alternate land use system of agri-pasture that can 

give an insurance against complete crop failure during unfavorable weather conditions. 

In strip cropping of crops with grasses, the grasses and crops are grown in different width 

of strips as per the soil characteristics and rainfall situation of the region. The protective 

strips of perennial grasses are grown in the strips at right angles to the general directions 

of the prevailing winds. The different experiment conducted at Central Arid Zone Research 

Institute, Regional Research Station, Bikaner for more than 5 years with different grass 

strips of 3, 6 and 9 meter strips of grasses with a left space of 6, 12, and 18 m strips for 

cultivation of rainfed crops it was found that the strip ratio of 1:4 (3 m: 12 m) was found 

the most protective and productive system under Bikaner climatic situation. This system 

was found to be more economical in terms of yield and monetary benefits as well as checking 

the soil erosion up to a greater extent. The cluster bean crop grown in between the left strip 

produced 1.04 q ha-1 more yield than their sole cropping. The grass (Cenchrus ciliaris) yield 

of 34.04 q ha-1 was also recorded in normal rainfall (275 mm/annum) situation. In grass + 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

25 
 

pearl millet strip cropping pearl millet produced 3.0 q ha-1 of grain yield as compared to its 

sole cropping (Singh, 1989).The alternate strips of Sewan (Lasiurus sindicus) + cluster bean 

in 1:3 ratio (3 m: 12 m) strips gave the highest dry matter of 70 q ha-1 of grassalong with 

the cluster bean yield of 7.09 q ha-1 over 1:1 and 1:4 ratios strips. 

Strip cropping of Cenchrus ciliaris with kharif crops significantly reduced the soil loss in 

comparison to their sole cropping. The average soil loss was 67.5 and 33.0 t ha-1 in sole 

cropping during 2006 and 2007, respectively which was 9.0 and 4.5 fold more as compared 

tostrip cropping system (7.5 t ha-1). This system protects the soil via direct cover, trapping 

the soil and reducing the movement of soil (Wolfe and Nickling, 1993). Sole grass completely 

checked the soil erosion and resulted in a net soil deposition. 

A net loss of 108, 105 and 88.2 kg ha-1 soil organic carbon (SOC) in 2006 and 51.7, 52.5 

and 49.4 kg ha-1 during 2007 was observed in sole cropping of clusterbean, moth bean and 

pearl millet, respectively which can be reduced 3-6 fold under strip cropping system. The 

increased soil erosion in arable cropping system removed an average of 4.7 and 2.4 kg 

available N, 0.47 and 0.25 kg available P and 9.0 and 4.6 kg available K ha-1 season-1 during 

2006 and 2007 respectively which was 5-7 fold more as compared to strip cropping systems. 

After five years of cropping, SOC was recorded highest in sole Cenchrus ciliaris (1.7 g kg-1) 

followed by strip cropping (1.2 g kg-1). Minimum SOC (0.9 g kg-1), available N (74.0 kg ha-1), 

available P (8.7 kg ha-1) and available K (194 kg ha-1) was recorded in sole pearl millet.  

 

In a field experiments conducted during 2006 and 2007 at the research farm of Central Arid 

Zone Research Institute (CAZRI), Regional Research Station, Bikaner, Soni et al. (2013) 

observed the higher system productivity in strip cropping systems of C. ciliaris + clusterbean 

in 5:15 m row width ratio. Bhati et al. (2008) observed the highest benefit: cost ratio of 1.87 

in strip-cropping system of grass and crops. The main advantage of the strip cropping is 

that grass strips reduce the speed of prevailing wind, trap the saltating sand particle and 

reduced wind erosion. During both the years, GEY of C. ciliaris + clusterbean were higher 

than the other sole cropping and strip cropping systems because the clusterbean crop was 
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able to produce some yield even under drought situation. The clusterbean yield (accounted 

in 25% area) compensated the fodder production upto some extent, whereas in case of C. 

ciliaris + moth bean and C. ciliaris + pearl millet, due to complete failure of crops, only grass 

yield contributed in terms of grass equivalent yield (GEY). The sole C. ciliaris was benefitted 

from whole area resulting highest GEY in both the years. This results that the grasses can 

compensate the loss occurred due to crop failure under drought.  

 

Fig. 2. System productivity (Grass equivalent yield) under sole and strip  

cropping system at Bikaner region of western Rajasthan  
B = Clusterbean; MB = Moth bean; PM = Pearl millet; G = Grass (Cenchrus ciliaris). 

Mixed cropping vs agri-pasture system 

Mixed sowing of various dry land crops is a common practice by the farmers of arid zone 

which hampers efficient management of the crops right from the sowing to harvesting and 

threshing. This problem can be overcome by sowing the crops/perennial grasses in strips 

of 2:1 or 3:1 or 4:1 ratio. The perennial grass components, besides imparting stability to 

crop Cenchrus ciliaris/Cenchrus setigerus and Dichanthium anulatum were compatible 

(Daulay and Bhati, 1989). These crops, besides giving full yield of grass component gave 

the bonus yield of grain (130-280 kg ha-1) and crop straw fodder (350-600 kg ha-1). However, 

the inter cropping of grasses and dry lands crops is sometimes not feasible in farmers micro 

farming situation and under these conditions strip copping of grasses and kharif legumes 

in 1:2 ratio is recommended with a strip width of 5 m (Bhati,1997).The strip cropping of 

grasses and kharif legume may help in increasing the quantity and quality of fodder. Singh 

(1992) suggested moisture conservation by re-sowing improved varieties of grasses 

(Lasiurus sindicus, Cenchrus ciliaris, Cenchrus setigerus, Dichanthium anulatum and 

Panicum antidotale), introducing legumes (S. hammata) in pasture, growing guar 

(Cyamopsis tetragonoloba) with grass strips established at right angle to the prevailing wind 

direction. 

Growth performance of crops under agri-pasture system: Soni et al. (2007) reported that 

the plant height of clusterbean and moth bean in strip cropping with grass (5:15 m grass 

crop ratio) did not vary significantly but number of pods of both the crops was significantly 

higher in agri-pasture system over their sole cropping.  
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Productivity of crops under agri-pasture system: Grain and straw yield of clusterbean and 

moth bean was observed more in strip cropping system as compared to sole cropping 

(Table1). There was an increase of 47.2% grain yield in clusterbean and 32.0% in Moth bean 

under strip cropping system over sole cropping (Soni et al., 2007). The main advantage of 

the strip cropping is that erosion resistant strip reduces the speed of prevailing wind, traps 

the saltating sand particle and reduced wind erosion. The strip of Sewan (Lasiurus sindicus) 

and castor (Ricinus communis) established at right angle to prevailing wind direction 

controlled the wind erosion effectively (Mishra, 1971).  

2. Grass based Intercropping  

Growing of two crops together in between the spaces left by main crop provide increased 

productivity per unit area and time. The row alteration in case of perennial main crop have 

the same advantages with the additional benefits of reducing the cost of cultivation. In case 

of intercropping ofannual rainfed crops with the sewan (Lasiurus sindicus) and Dhaman 

(Cenchrus ciliaris) in arid and semi arid areas provide increased per unit area 

productivityand also checks the soil erosion during the off cropping season from February 

to June. During winters the grasses are benefited bywinter rains and also reduces the 

surface runoff from field at the time of heavy rainfall situation. 

The intercropping system in arid and semi-arid ecosystem not only produced higher 

fodderyieldof high nutritive value but also generated higher income. It also provides 

additional employment opportunities to the farm families. The intercropping of Cenchrus 

ciliaris with moth bean (grain) registered higher employment generation over grass + moth 

bean (fodder)(Singh and Singh, 1995). 

3. Agri-horti system 

The growing of fruit trees with limited water under drip system and taking rainfed intercrops 

in between the spaces left by fruit trees will provide the income during the period when fruit 

crops are not under production and add the extra income when they are under fruiting. But 

with the increase in age of the trees, the tree crop competition for light space nutrient and 

water also increases which affects the yield adversely. Different rainfed intercrops have also 

affected significantly the growth of all the fruit trees. Highest plant height of citrus and bael 

was recorded with the intercropping of moth bean whereas Gonda highest plant height was 

recorded with the intercropping of cluster bean (Yadava et al., 2011). 

The stem girth and tree canopy of all the fruit trees were approximately at par with inter 

cropping of moth bean and cluster bean but it was significantly higher over no 

intercropping. Intercropping of sonamukhi gave 24.8% lower plant height of citrus over no 

intercropping whereas the bale and gonda gave lowest plant height under no 

intercropping.Average highest fruit yield of citrus (248.28 kg ha-1) was recorded (40% 

fruiting) with intercropping of moth bean with a maximum fruit yield (387.75 kg ha-1) at 

80% ETc irrigation level which was 13.77 and 55.41% higher over intercropping of cluster 

bean and sonamukhi, respectively (Table 7). 

4. Agri-horti-silvi system 
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The inclusion of perennials in existing cropping system may sustain the agricultural 

productivity on a long term basis. Dwivedi (2002) stated that status of agroforestry 

extension perspectives in agroforestry research in India is determined by the very character 

of the problems to be solved by the land-use technologies. Agri-horticulture land use is an 

important component of agroforestry that involves deliberate retention, introduction, or 

mixture of trees or other woody perennials in crop/animal production fields to benefit from 

the resultant ecological and economic interactions (Nair, 1992). 

Table 7. Mean System productivity of sonamukhi (kg ha-1) under agri-horti system 

Trees/crops Total produce (kg ha-1) Leaf yield (kg ha-1) Seed yield (kg ha-1) 

Citrus + sonamukhi  2483.47 322.72 53.99 

Bael + sonamukhi 2329.37 300.83 65.10 

Gonda+ sonamukhi 1241.73 191.17 53.89 

Mean 2018.19 271.57 57.66 

CD (5%) 38.52 

Source: Yadava et al., 2011 

The experiment was conducted at Research Farm of CAZRI, Regional Research Station, 

Bikaner during 2009-10 under agri-hoti-silvi system showed that highest seed yield (421 

kg ha-1) of green gram was recorded at 80% ETC irrigation level under the intercropping 

with citrus which was 60.5 and 22.8% higher over the intercropping with mopane and 

shisham, respectively. The system productivity in terms of MEY was highest with the 

intercropping of mustard. The highest mustard equivalent yield (MEY) of 3115 kg ha-1 was 

recorded with the intercropping of only mustard with citrus which was 41.52 and 66.67% 

higher over intercropping of Isabgol and cumin with citrus, respectively (Table 8).  

Table 8. System productivity, MEY and CEY under  

agri-horti-silvi system with sprinkler irrigation 

Agri-horti-silvi system Total system MEY (citrus-mustard-green gram)) 

80% ETC 60% ETC 40% ETC Mean 

Citrus - green gram - mustard 4290.53 4618.69 2060.80 3656.68 

Mopane - green gram - mustard 543.71 398.44 295.93 412.69 

Shisham - green gram - mustard 1173.43 747.40 501.68 807.51 

Mean 2002.56 1921.51 952.80   

  Total system CEY (kg ha-1) 

Citrus - green gram - mustard 1730.08 1933.50 974.22 1545.93 

Mopane - green gram - mustard 463.48 337.07 190.26 330.27 

Shisham - green gram - mustard 569.30 490.95 301.69 453.98 

Mean 920.95 920.50 488.72   

The CEY was highest with the intercropping of mustard with citrus under Agri-horti system 

with sprinkler irrigation. At different irrigation levels the highest MEY (3207.46 kg ha-1) and 

CEY (1411.28 kg ha-1) was recorded at 80% ETC irrigation level which was 9.64 and 53.26% 

higher over 60 and 40% ETC irrigation level, respectively.  

Yadava et al. (2012) working at Bikaner found that under agri-silvi -horti system all the 

trees showed significantly higher plant height over no intercropping which was 15.38,9.5 
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and 11.67% higher over their sole planting. Highest stem girth and canopy of citrus and 

mopane was observed with the intercropping of green gram which was 45.24,18.18% higher 

of stem girth and 39.48,19.54% higher in canopy, respectively over no intercropping. 

Highest total biological yield of green gram (1412.5 kg ha-1) and cluster bean (1352 kg ha-1) 

was recorded under intercropping with citrus which was higher by 9.70, 172.5% in green 

gram and 21.31, 161.3% in cluster bean over intercropping with shisham and mopane, 

respectively.  

Highest seed yield of green gram (471.3 kg ha-1) and cluster bean (419.8 kg ha-1) was 

recorded with citrus, which was 50.81, 84.82 and 54.2, 184.0% higher over intercropping 

with shisham and mopane, respectively (Yadava et. al. 2012). Again highest leaf water 

potential in cluster bean (-3.18 MPa) and green gram (-3.28 MPa) was recorded in 

intercropping with mopane which was 18.65, 24.22 and 41.40, 62.94% higher over their 

intercropping with shisham and citrus, respectively.  
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Abstract: Leh region is situated between Karakoram (North), the Himalayan ranges (South-

west) and the Tibetan plateau (East) with an altitude rangeing from 2300 m to 7672 m. The 

traditional system of agriculture in Ladakh is classified by the Food and Agriculture 

Organization of the United Nations among the possible “Globally Important Agricultural 

Heritage Systems (GIAHS)”. The agricultural economy is based on production of barley, 

wheat and peas, and rearing livestock especially, yak, cows, dzos (yak-cow cross breed), 

sheep and goat. Thus, essentially the farming systems are mixed livestock-crop based. 

Research shows that pre-chemical input agricultural yields in Leh region were very good by 

international standards. In fact, traditional farming system in Leh region was based on 

human labor, animal power and hand-made tools. Present study was carried out in village 

Saboo located in 34°01’12’’ N latitude and 77°34’48’’ E longitude in north side of Leh- Manali 

Highway at distance of 6 km from Leh town. The total area of the village was 623.7 ha, of 

which cultivated land only 20.6%. The maximum area was under wheat followed by barley. 

Pea and tuber together grown in 37.1% of total cultivated area of village. Seed input, in case 

of barley was 200 kg ha-1, which gave an output of 2.64 times of input and in case of wheat, 

seed input: output ratio was 1:2.88. Alfalfa is main fodder crop of the region and livestock 

is highly dependent on this fodder. In all crops of the village manure was major input. Total 

energy input was highest for potato followed by pea. Energy output: input ratio was 2.5 in 

case of barley and 3.5 in case of wheat. In case of potato total energy input of 239.3 x 105 

K cal ha-1 year-1 resulted in an energy output of only 141.7 x 105 K cal ha-1 year-1. Present 

study indicated that agriculture production is not energy efficient. Though the energy input 

is much higher in case of cash crops, i.e. potato, pea and vegetables, perhaps economics 

for these crops may be in positive side. 

Key words: Agriculture, cultivated area, energetics, input, Ladakh, Leh, Output, 

productivity, Saboo. 

Ladakh is sometimes known as “little Tibet” and landscape has often refereed as a 

“moonscape” because of dry mountain with a very little vegetation. Located in Trans 

Himalaya, at a“cross road of high Asia”, Leh region is situated between Karakoram (North), 

the Himalayan ranges (South-west) and the Tibetan plateau (East) with an altitude rangeing 

from 2300 m to 7672 m (Negi, 2002). Surrounded by high mountain, Leh region remains 

land locked to the outside world for nearly five months of the year due to heavy snow falls 

on the high passes. The agrarian settlements and villages are typically located around banks 

and terraces of rivers and streams of glacial water flow. The nomadic breeder communities 

live with their flocks in high plateaus up to 5000 m. Farmers have a partly transformed the 

barren semi-desert into green croplands through skilful irrigated cropping that goes back 

at least to the tenth century A.D., when it is said to have been introduced by the Indian 

Buddhist scholar and saint Atisa (Osmaston et al., 1994).  



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

32 
 

Today, a concern of local administrations is loss of self-sufficiency in food production. To 

ensure food security and overcome the demand-supply imbalance (population doubled in 

thelast thirty years from about 70,000 in 1981 to 145,000 in 2011), an impressive quantity 

of food grain is imported by traders, cooperatives and the central government (Dame and 

Nüsser 2011). A booming tourism industry, the major contributor to local GDP (Chatterjee 

et al., 2005), has led to circulation of an unknown quantity of cash, which has multiplied 

the purchasing power of many families. In general, the benefits of this new monetary 

economy are mostly concentrated in and around the town of Leh; socioeconomic inequalities 

and pressure on infrastructure (e.g. water, sanitation, waste disposal, power) are 

increasing.  However, agriculture has been the major economy of the Ladakhis (Mann, 

1986). Leh District is not only an area of high peaks, but rich in biological diversity with 

beautiful landscapes. Here the land is used in a particular way. The traditional system of 

agriculture in Ladakh is classified by the Food and Agriculture Organization of the United 

Nations among the possible “Globally Important Agricultural Heritage Systems (GIAHS)” 

(FAO, 2008). This paper describe productivity and energy budget of crop in farming system 

of village Saboo. 

Agriculture in Leh region of Ladakh: A unique farming system approach 

Small scale agriculture is still the predominant characteristic of the Ladakh. It has still 

great role in the economy of the region. Total number of villages in Ladakh is 244 and 80% 

land holding in the region are 2 ha or less. The agricultural economy is based on production 

of barley, wheat and peas, and rearing livestock especially, yak, cows, dzos yak-cow cross 

breed, sheep and goat. Thus, essentially the farming systems are mixed livestock-crop 

based. Such farming systems are very small scale and adapted to this unique environment. 

The land is irrigated by a system of channels which funnel water from the ice and snow of 

the mountains. At lower elevation temperate fruits are grown in pockets while the high 

altitudes are the preserve of nomadic herders. Apricots and Pashmina are important export 

items. Currently, largest commercial agricultural products are vegetables-sold in large 

amounts to defence establishment and as well as in local market. Production remains 

mainly in the hands of small land owners, who work on their own lands, often with help of 

migrants. Farming system in Ladakh region feature interaction among five components:  

• crop fields,  

• a private land support system (fruit and multipurpose trees in an around crop fields), 

• community woodlands and pastures, 

• livestock, and  

• man in uniquely specific socio, economy- cultural setting 

Research shows that pre-chemical input agricultural yields in Leh region were very good by 

international standards (Anonymous, 2005). The traditional system attained these yields 

without the use of artificial fertilizers, by a careful system of recycling essential crop 

nutrients through human and animal consumers (i.e. use of manure and night soil). This 

was supplemented by rotational cropping with peas (except in highest areas) to provide 

additional nitrogen. Livestock plays an essential part in the agricultural cycle, especially for 
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the production of dung, for ploughing and threshing. Thus, traditional farming system in 

Leh region was based on human labor, animal power and hand-made tools.  

A view of farming system in village Pheng   Farmers sowing potato in village Nang 
  

Fields were irrigated with glacial melt-water and fertilised with human "night soil". Families 

also tended small vegetable gardens and sometimes apple or apricot orchards. The 

technologies were simple, yet in the four months between the spring and autumn frosts, 

the Leh region is produced more than enough food for the entire year. In most years, there 

was even a sizeable surplus of grain that could be traded for salt, tea or jewellery, and made 

into gallons of chang, the local beer. By almost any measure its traditional culture was 

extremely successful. It was ecologically sustainable, and just as important, people were 

supported by strong family and community bonds that provided a deep sense of 

psychological security. 

As entire agriculture in farming system is irrigated, therefore, central to agriculture is the 

harvest of irrigation of summer snow melt from high mountains. Channels often many 

kilometres long, ferry the water to the villages, where a finally tuned system of small 

channels and an equally finely tuned social system of determining who gets what water 

when, direct the water to small terraced fields. At the fields, little soil dams in the drains 

are created using long handled spades to distribute the water in a gentle and even flow. 

Between the fields, mini meadows of a rich assortment of grasses and herbs add their color 

(mauve of lavender, yellow of a local clover) and winter fodder to the equation. Wood is 

produced in coppices of willow and poplar in farms and woodlands, which, along with some 

fruit and nut trees at lower altitudes. 

About the study area 

Village Saboo located in 34°01’12’’ N latitude and 77°34’48’’ E longitudes in north side of Leh- 

Manali Highway at distance of 6 km from Leh town was selected for present study. The village 

extends from 3500 m to 3745 m altitude. Because of the rain shadow effect of the Himalayan 

Range, mean annual precipitation in Leh (3506 m) totals less than 100 mm, and there is high 

inter annual variability. Whereas the average summer rainfall between July and September 

reaches 37.5 mm, the average winter precipitation between January and March amounts to 

27.3 mm and falls almost entirely as snow (Archer and Fowler, 2004). The mean annual 

temperature is -5.6°C, and the thermal range is characterized by high seasonal variation. 
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During January, the coldest month, the mean temperature drops to -7.2°C (IMD 2011). 

Despite these low temperatures, only the upper tracts of the mountains receive a continuous 

winter snow cover, whereas the lower valleys get snow for a few days only. During August—

the warmest month—the mean temperature rises to 17.5°C (IMD 2011). The factors 

determining water supply in summer are the high-altitude glaciers, and some seasonal 

snowfields. Air is very dry and relative humidity ranges from 6-24%. Village Saboo is one 

among the most populated villages around Leh. The agricultural soils have been created 

artificially and maintained over centuries by repeated additions of manure, part of a 

continuous (re)cycling process of all agricultural products. This practice compensates the loss 

of organic matter due to erosion and the uptake of mineral nutrients by plants. Soil functions 

(physical, biogeochemical and mechanical properties) are therefore systematically restored. 

The bio-capacity is also to a large extent the product of human activities, and Ladakhi farmers 

may create and expand bio-capacity according to their needs (Demenge, 2007). Manuring 

provides the soil with mineral nutrients, structure, water retention and organic matter. The 

organic matter, stored in the topsoil, has different qualities and contributes in different ways 

to soil functions. In particular, nutrient content is reused directly to feed plants, while other 

physical properties and organic matter remain in the soil as is occurring around the study 

area.  

At first instance, secondary data regarding village land use pattern, human and livestock 

population, etc. were collected from revenue department of Leh administration. A survey of 

40% households (112) of the village was carried out and a questionnaire completed 

providing information on food and fodder crops and vegetable grown, cultivated area under 

different crops, labor input of human and dzos, input of manure and yield of crop and crop 

straw. The approach similar to Tewari et al. (2003). Further, repeated field checks were also 

made to determine the input of manure and yields of crop and straw. The data so collected 

from the village have been used to compute energy budget of the crops grown. Input and 

output values were converted using calorific equivalents as reported by Mitchell (1979). 

Energy budget calculated separately for each crop.  

Land use pattern, human and livestock population of village Saboo 

The total number of household in village Saboo was 280. The land use pattern of the village 

is set in Table 1. 

Table 1. Land use pattern in village Saboo located around Leh 

Landuse  Area (ha) 

Cultivated Land  128.5 (20.6%)***  

Orchards*  0.7 (0.1%)  

CPRs**  177.2 (28.4%)  

Permanent wood land  21.9 (3.5%)  

Land put on non- agricultural use  23.0(3.7%)  

Land not available for cultivation  

(including permanent fellow)  

272.4(43.7%) 

Total  623.7  

*Orchards of local apricot and apple, **CPR also includes monastery land for live stock use, ***values in 

parenthesis indicates percent of total geographical area of the village.  
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The total area of the village was 623.7 ha, of which cultivated land only 20.6%. CPR 

(Common Property Resource) of the village accounted to be 28.4% of the total village area. 

Total 43.7% land of the village was not available for cultivation which also included 

permanent fellow lands. Total human population of the village is 850 with female: male 

ration of 1: 1.02. The literacy rate of the village was 54% with female literacy to the tune of 

48%. That livestock population of the village was 410. Other important characteristics of 

the village are given Table 2. 

Table 2. Some other important characteristics of village Saboo 

Cultivated area per house hold (ha*) 0.46 

Human population per ha of cultivation 6.61 

Livestock population per ha of cultivation (nos.) 5.03 

No. of livestock per ha of cultivated land 10.97 

Livestock per ha of CPR 8.0 

Livestock of per ha of total village area 2.30 

Crop productivity 

The crops are grown only in summer season. Sowing operation started after mid April and 

completed by the second week of May. In general, farmers do not use any chemical fertilizer 

and crop protecting chemicals, thus, the farming in Saboo and all other villages is 

traditional organic farming. In the village Saboo 95% human population is Buddhist, 

therefore, they even do not use any weediside to remove the growing weeds with crops. This 

often resulted in severe loss of yields especially, in case of barley and wheat, the major 

staple crop of the area. In case of potato and others vegetable farmers go for manual 

weeding. Table 3 indicated the area under different crops in village Saboo. The maximum 

area was under potato followed by barley. Pea and tuber together grown in 37.1% of total 

cultivated area of village. Fodder crop alfalfa was cultivated in 28% of the total cultivated 

area. The major staple crops barley and wheat were together grown only in 33.0% of the 

total cultivated area. 

Table 3. Area under different crops in village Saboo  

Crop Area (ha) % of cultivated area 

Barley 7.4 5.8 

Wheat 25.6 19.9 

Pea 2.7 2.1 

Tuber 45.0 35.0 

Other vegetable  11.8 9.2 

Alfalfa 36.0 28.0 

 

The crop productivity in the village Saboo is given in Table 3. Seed input, in case of barley 

was 200 kg ha-1, which gave an output of 2.64 times of input and in case of wheat, seed 

input: output ratio was 1: 2.88 (Table 4). Manure used to fertilize the barley and wheat 

fields was 200.4 kg ha-1 and 242.0 kg ha-1, respectively. Potato and pea are main cash crops 

of the village. Seed input in case of potato resulted, 7.5 times output. As seeds of vegetables 

are very small in size therefore, input of 2.6 kg ha-1 seeds resulted in output of 612.2 kg ha-

1 of fresh vegetable output. Alfalfa, which was cultivated in 10% of the total cultivated area 
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resulted in production of 9784 kg ha-1 of fresh fodder. Alfalfa is main fodder crop of the 

region and livestock is highly dependent on this fodder. Farmers preserve this fodder for 

winter season on their house roofs, which serves two purposes. First the fodder is stored 

which is dried in the sun and used in the winter season when no other fodder is available, 

and second the heaps of dried fodder on roof tops act as an insulator during sever winter.    

Table 4. Crop-productivity of village Saboo  

Crops  Saboo 

Seed Input  

(kg ha-1) 

Yield output (kg ha-1) Manure used 

(kg ha-1) Grain Straw 

Barley  200.0 528.0 1320.0 200.4 

Wheat  283.6 819.5 2104.8 242.0 

Pea 260.0 1350.0 450.0 3960.0 

Tuber (Mainly Potato)  1720.0 12900 2150.0 5340 

Other vegetables*  2.6 612.2 895.5 3900.0 

Onion  2.6 342.5 - 3512 

Alfalfa (Fresh) 26.4 9784.0 3320.8 

*Carrot, Spinach, Radish, Turnip, Cabbage, Cauliflower, Brinjal and Tomato. 

Energy budget of different crops 

In all crops of the village manure was major input. The energetics of different crops is given 

in Table 5. Input of manure accounted to be 8.2 x 105 K cal ha-1 year-1. In case of barley 

217.5 x 105 K cal ha-1 year-1 for potato. In other vegetables the input of manure accounted 

to be 158.9 x 105 K cal ha-1 year-1. Alfalfa accounted for manure input to the tune of 158.9 

x 105 K cal ha-1 year-1. Livestock population ha-1 of cultivation is 5.03. Though, dung is often 

referred to as a bi-product, it is possibly the main reason for maintaining large herds of 

livestock relative to land holding (Jackson, 1985). Use of fertilizer was observed in some 

cases however, its energy input values were negligible. The seeds are another important 

source of inputs. Which accounted 0.1 x 105 K cal ha-1 year-1 for other vegetable to 16.2 x 

105 K cal ha-1 year-1 for potato.  

Total energy input was highest for potato followed by pea. The minimum total input was 

observed in case of barley, which was only 25.4 x 105 K cal ha-1 year-1. Wheat has total 

energy input to the tune of only 29.2 x 105K cal ha-1 year-1. It is interesting to note that 

farmers just sow the seeds of barley and wheat and after that they do not conduct any 

weeding, even allow to weed grow on the fields of these crops. They harvest the weeds along 

with the crops and then separate the weeds and use them as an additional fodder in many 

cases. Thus, the input of human and animal labor energy are also low in case of wheat and 

barley. The data indicated that major input were supplied to cash crops and fodder crop i.e. 

alfalfa.   

With energy input of 25.4 and 29.2 x 105 K cal ha-1 year-1, respectively, the output was 64.3 

and 29.2, respectively in case of barley and wheat and barley. Thus, energy output: input 

ratio was 2.5 in case of barley and 3.5 in case of wheat. In case of potato total energy input 

of 239.3 x 105 K cal ha-1 year-1 resulted in an energy output of only 141.7 x 105 K cal ha-1 

year-1. Thus, energy output: input ratio was 0.6. Similarly in case of pea and other 

vegetables, the energy output: input ratio was 0.3 and 0.2, respectively. In case of fodder 
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crop alfalfa the input of energy to the tune of 183.3 x 105 K cal ha-1 year-1 resulted in energy 

output of 92.2 x 105 K cal ha-1 year-1 indicating energy output: input ratio of 0.7.  
Table 5. Energy budget of different crops in Saboo  

(unit in each case= value x 105 K calha-1 year-1) 

 

From above discussion it is apparent that barley and wheat required very low energy input 

and from total energetics point of view these staple crop production found to be energy 

efficient. However, the energy input in case of pea, potato, other vegetable crops and fodder 

crop alfalfa was much higher than the output. Thus, production of these crops from 

energetics point of view was not energy efficient. Similar findings were reported by Tewari 

et al. (2003) from the study of energetics of cropping pattern of five villages of central 

Himalayan region. Manure which constituted the only source of nutrients to crop fields 

constituted dung, night soil, fodder waste and household refuse. Dung is generally not used 

for fuel purpose is the villages of Ladakh region.  

It is interesting to note that in village saboo only 33.0% of the total cultivated area is under 

major staple crops barley and wheat. Rest of the cultivated area is under vegetables and 

fodder crop alfalfa. It appears that farmers lack interest on growing staple crops. One of the 

major concerns of local administrations is loss of self sufficiency in food grain production 

(Anonymous 2005). For centauries Leh and other parts of Ladakh agriculture ensured 

enough food grain but in last few decades there has been serious food deficit. Cereal 

production as practically un-changed or even reduced.  

 

Particular  Barley  Wheat  Pea  Potato  Other 

vegetables 

Alfalfa  

Input 

Human Labor  2.4  3.0  6.1  0.4  2.2  1.8  

Dzo labor  3.1  4.3  6.9  2.2  1.6  0.2  

Seed  7.7  11.0  10.6  16.2  0.1  1.0  

Manure  8.2  9.9  161.3  217.5  158.9  135.3  

Fertilizer  4.0  1.0  -  3.0  2.0  -  

Total  25.4  29.2  184.9  239.3  164.8  138.3  

Output 

Arable crop yield  20.4  31.6  54.9  121.5  24.9  92.2  

Crop residue  43.9  70.0  4.2  20.2  8.4  -  

Total  64.3  101.6  59.1  141.7  33.3  92.2  

Out: Input ratio 2.5  3.5  0.3  0.6  0.2  0.7  
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Fig. 1. Energy budget and per cent area of different crops in village Saboo, Leh  

(unit in each case= value x 105 k cal ha-1 year-1). For details of area of each crop refer Table 3.  

Pertinent Issues     

Leh region and other parts of Ladakh are getting excessively reliant on the outside world for 

critical needs such as food. Currently, more than 60% of the region’s food requirement is 

met by means of the government sponsored public distribution system (PDS), cooperatives 

and commercial traders. If things are not remedied soon, Ladakh may find itself in dire 

straits. Though Ladakh has now been integrated with the outside world for almost four 

decades, the importance of the land-based economy has not diminished for its people. The 

main reasons for this are centered round concerns of food and nutritional security, 

sustainable employment and the preservation of Ladakh’s traditional identity. In addition, 

the great commercial potential of agriculture sector that is currently lying untapped is also 

a major cause for its continuing relevance in this region.  

Present study indicated that agriculture production is not energy efficient. Moreover, it 

appears that area under staple crops is gradually decreasing as farmers preferring growing 

of cash crops like potato, pea and vegetables as market is readily available for these 

commodities. Though the energy input is much higher in these cash crops, perhaps 

economics for these crops may be in positive side. However, for enough staple food 

production the cultivated area for barley and wheat, the major staple crops needs to be 

increased, only than dependence on imported food grains can be reduced. 
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Abstract 

Cold desert regions are characterized by lofty ranges, mountain rock-walls, bare ridges, 

glaciers and snowfields with annual rainfall less than 15 cm a year and temperatures drop 

to -50°C in winters and hover between the 10 to 20°C range in the summers. Resources are 

naturally scarce both temporally and spatially.   

Cold deserts are not ideal for agriculture; however the agriculture economy is heavily 

dependent on water availability. Seasonal fluctuations in river runoff are a challenge for the 

farmer since there are months that are more water stressed than others. As IPCC predict 

an annual mean temperature increase of 3 °C by the 2050s, warmer temperatures have 

major negative impacts on glacial mass balance as it affects both accumulation and 

ablation. The long-term effect on glacial runoff will most likely increase the water shortages 

due to reduced precipitation in cold deserts which happens to be in the rain shadow areas 

as predicted by IPCC 5 (CMIP5/HadGEM2-ES) and thereby limiting the water supplies to 

downstream communities, particularly during dry seasons, affecting their agriculture and 

other livelihoods beside the ecosystems,. 

Due to inherent sensitivity of these apex systems to global climatic change, interdisciplinary 

research in hydrology affecting ecology and environment along with altitudinal gradients as 

a function of land surface characteristics is essential. Therefore, there is a need to develop 

models for ecological and hydrological characteristics of cold desert regions as indicators of 

global change to usher in a sustainable development through altitude-specific relations 

between socio-economic conditions and ecological/hydrological characteristics in this 

region. Promoting integrated watershed management concept dominating in-situ water 

management and decentralized high altitude water reservoirs will increase the period of 

water availability to downstream users and offset climate change induced degradations in 

the region. 

Key words: cold desert, climate change, agriculture, glaciers. 

Introduction 

Situated at the northern extremity of India, Ladakh occupies a unique niche 

physiographically, climatically and culturally. Described as cold arid desert, the region is 

characterized by lofty ranges, mountain rock-walls, bare ridges, glaciers and snowfields. 

The Ladhak region, one of the most elevated (2,900 m to 7,672 m asl) region of the earth 

covering an area of 97,000 Km2 of Jammu and Kashmir, India and lies between 310 44’ 57” 

to 320 59’ 57” N latitude and 760 46’ 29” to 800 41’ 34” E longitude. It is divided into two 

districts: Leh in the central and eastern parts and Kargil in the northwest. The entire range 
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is traversed by the north-west and south-east Ladakh and Zanskar ranges, flanked on the 

north by the Karakoram range and on the south by the great Himalayan range.  

Climate and Soil 

Ladakh has an extremely harsh environment and one of the highest and driest inhabited 

places on earth. Ladakh’s climate is referred to as a “cold desert” climate due to its combined 

features of arctic and desert climates. These include wide diurnal and seasonal fluctuations 

in temperature, from -40°C in winter to +35°C in summer and mean annual precipitation 

is less than 50 mm, received mostly in the form of snowfall. The region faces fast blowing 

winds 40-60 km hr-1 mainly in the afternoon hours. The soil moisture remains frozen during 

winters and low relative humidity during summer months. Due to high altitude and low 

humidity, the radiation level is amongst the highest in the world (up to 6-7 Kwh mm-1).  

The region has barren topography. The soils of the region are gravelly and sandy loams on 

the alluvial fans to sandy and silt clay loams on the Indus plains. Ladakh’s soil is described 

as skeletal, calcareous with alkaline reaction. Ladhak soils are poorly developed (A-C profile) 

moderately deep, coarse-loamy typic Cryorthents. The occurrence of gravels and pebbles is 

a common feature in subsoil. The content of the surface soil is around 10% with low organic 

matter (0.1%). The clay and organic carbon decreases with depth while the soil reaction is 

moderately to strongly alkaline throughout the pedon reflecting poor soil development, 

inadequate leaching and accumulation of soluble salts in soil. The charge characteristic is 

low and illite constitutes the dominant clay mineral in the exchange complex (Sehgal, 1973).  

The region has very short growing season as the land remains landlocked for more than 6-

7 months every year during extreme winter. 

The Indus River is the backbone of Ladakh. The Indus River and its major tributaries, the 

Shyok-Nurba, Chang-Chenmo, Hanle, Zanskar, and Suru-dras rivers, drain the region. 

Glacio-fluvial processes aided by freeze-thaw weathering have formed the high altitude 

landscape of Ladakh. Settlements are typically located around the banks and terraces of 

major rivers and streams; the nomadic pastoralist communities live on the plateau up to 

4,500 m asl.  

Glacial response in the light of Climate change scenario 

Global temperatures are rising due to anthropogenic fossil fuel emissions and climate 

change, but the temperature rise over high elevations is occurring at three times the global 

average increase. The Ladakh Mountains house approximately 4500 glaciers in its two 

major basins, namely Indus (1800 glaciers) and Shyok (2700 glaciers). The 

Intergovernmental Panel on Climate Change (IPCC) Assessment Report tells that there will 

be an annual mean temperature increase of 3°C by the 2050s over the Asian land mass and 

about 5°C by the 2080s (Cruz et al., 2007) a fact can be ratified by the IPCC5 recent 

projections. There are predictions that temperatures will rise even more over the Tibetan 

Plateau. It is the high altitude and the low humidity that are the main reasons for this more 

pronounced heating over the plateau (Central Groundwater Board, 2009). Shen et al. (2002) 

states in the IPCC (2007) report that the Himalayan glaciers are retreating at a faster rate 

than in any other region of the world. They also say that if the current melt rate continues 
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it is likely that the glaciated area of the Himalayas will decrease from 500,000 km2 to 

100,000 km2 by the year 2035. Glaciers shorter than four km in length on the Tibetan 

Plateau are projected to disappear completely. There are also studies that suggest that the 

changing climate conditions have lead to an intensification of glacier nourishment in some 

parts, especially in the Karakoram, Indus Basin (Hewitt, 2007).  

An understanding of the response of glaciers to climate change must include basic concepts 

of ice dynamics. There are year-to-year changes in glacial mass in response to climatically 

controlled variations. Glaciers respond individually to climatological changes, because they 

all have a unique microclimatological setting, some glaciers may advance while others 

recede. It is therefore hard to identify a trend of recession or build-up that is true for all 

areas. However, the overall agreement seems to be that glaciers are retreating, and will 

continue to do so as a consequence of global climate change. 

Glacie observations regarding climate change 

As the key issue in Ladakh region is the food and water security, so in this regard glacial 

change have great impact on this region as they are the source of water supply. Glaciers 

respond to signals of climate change either by decreasing or increasing their total mass. 

The dynamic regulation of dimensions of the glacier and its position, as resulting from the 

changes in glacial mass is called glacier fluctuation. Mass balance or mass budget of a 

glacier integrates the effect of all climatic pulses of different time periods acting over 

different spatial scales and accepted as a more direct and undelayed signal of annual 

atmospheric conditions providing a vital link between climate and glacier dynamics on one 

hand and between climate and mountain hydrology on the other. The other dimensions of 

the glacier, particularly the length, also change in response to climate i.e the glacial advance 

or retreat. However, the advance or retreat of glacier tongue involves complex dynamic 

aspects of ice flow and, hence, is an indirect, delayed and filtered but also enhanced and 

more easily observed signal of climate change. The basic measurements of glacier 

characteristics, as defined for Global Climate Observing System (GCOS, 2003) are length 

and mass balance. 

A well set and maintained glacier mass balance network is of manifold benefit because it 

provides information on glacier behavior and climate fluctuations on the studied sites. Data 

defining the hydrological impact of glaciers on local and regional stream flow results in 

defining the most important climatic processes controlling glacier growth and shrinkage.  

Agro-Climate 

The sub-region is characterized by warm and dry summers and cool continental type 

winters. The mean annual temperature is 11°C and ranges from 9 to 14°C. The summer 

months (June, July, and August) show mean temperatures ranging from 14 to 17°C. The 

temperature drops below freezing point during the winter months. The mean winter months 

(December to February) show temperature variation from -5 to -9°C; at times, the 

temperature during January may drop to as low as -30°C. The annual PET demand varies 

from 700 to 800 mm.  



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

43 
 

The mean annual precipitation ranges from 100 to 115 mm covering 15% of PET demand. 

In view of its location in the rain shadow side, the area receives erratic and scanty 

precipitation from westerly depression mainly as snow, during winter months (November to 

March). The precipitated snow which accounts for 37% of the total freezes forms the thermal 

pan for crop growth during winter season. 

The erratic rainfall receives during summer monsoon (July to September/October accounts 

for 47% of the total mean annual precipitation and covers about 15% of the PET. The 

summer precipitation coincides with the thawing period (from May); the period constitute 

the effective moisture supply period which can be suitably utilized for rainfed agriculture in 

the area.   

Agriculture 

Agriculture as the mainstay of Ladhaki economy, engages up to 70% of the working force 

as cultivators, agricultural labourers and livestock breeders (LAHDCL, 2008). The FAO 

(2008) classifies Ladakhi agriculture among the possible “Globally Important Agricultural 

Heritage Systems”, defined as “remarkable land use systems and landscapes which are rich 

in globally significant biological diversity evolving from the co adaptation of a community 

with its environment and its needs and aspirations for sustainable development”. Local 

farmers have been able to create favorable farming conditions by channeling melt water 

from glaciers, terracing the land, producing and preserving soil fertility, and implementing 

methods of fair resource share and collaboration among them. The main agricultural 

products are barley, wheat, millet, pulses and fruit, such as apricots and apples; large 

ruminants like yaks, dzos, cows, donkeys, horses, sheep and goats are reared for dairy 

products, meat, skin, etc., but also for transport or to power agriculture. Agricultural 

practices are fully integrated within ecosystem dynamics in an area characterized by well 

defined biophysical constraints and extreme climatic conditions. Overall, the traditional 

land-based economy is characterized by self-sufficiency. “Ladakhi farmers prepare their 

own manure, seeds and other agricultural inputs, rear their own animals and prepare their 

own farms in a well-integrated, coordinated and balanced form of agriculture that has 

evolved in response to agro-climatic conditions unique in India” Sabharwal and Singh 

(2005). 

Effect of Climate change on Agriculture  

As per the recent CMIP5/ IPCC5 HadGEM2-ES projections, the temperature is going to 

increase by about 4oC by 2050s (RCP8.5) (Unpublished analysis of IPCC5 data by IISWC, 

Dehradun) where as rainfall is going to increase tremendously over the entire agro-

ecosystem zone 1. However, this increase in precipitation will facilitate windward side more 

than the rain shadow area, which is going to experience further reduction in precipitation. 

The rainfall during May to and June is going to be intense causing high intensity rainfall 

such as cloud bursts, causing injury to crops such as wheat, barley and Millet during their 

tender stage of growth. The water induced soil erosion from agricultural lands is expected 

to be high because of meager canopy coverage of the crops during the time these intense 

storms are expected, causing in the crop productivity loss. An increase in snow formed 

precipitation during November and February may increase availability of snow melt water 

during the Cropping season when temperature rises. However, Increase in temperature is 

deemed to have a positive impact, in the form of elevated accumulated GDD over the crop 
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growth and reduced frost injury. A didactic analysis using Thornthwaite method of water 

balance revealed that, PET will be higher due to increase in temperature in the projected 

scenario during 2030s depleting the soil moisture even more than the present scenario. 

This may happen during the critical growth stage of the crops suggesting a productivity 

loss, in absence of an assured irrigation source. In 2050s, this effect may be compensated 

by higher rainfall. While, projected temperature and precipitation in this region have a 

differential effect on the issue of crop productivity, there is a need, carefully driven through 

technology innovations, to offset these effects.  

The concept of solar energy harvesting though green house experiment and develop variety 

to cope with a changing climate scenario is the need of hour. Greenhouse technology with 

controlled environment facilities would serve the purpose of providing the required ambient 

temperature and other conditions suitable for crop production at the same time can give 

bio-technological dimensions to future ready crop varieties. Practically, the technology 

would maintain a temperature of about 20°C (±5°C) inside a structure when the outside 

temperature is about -40°C. Since there is ample sunshine (3–7 kWh m-2 day-1) in the region 

for 300 days in a year, harnessing this non-conventional resource, i.e. solar thermal energy 

for heating would be cost-effective and eco-friendly.  

Water Management in the region  

Improvement in existing irrigation and water harvesting techniques 

The melted snow water from various rivulets, called kangs-chhu (ice water) merging at some 

point forms a togpo (stream), that flows through a valley touching many villages connected 

by a main channel, called ma-yur (mother channel). It is built along a mountain side that 

forms its retaining wall and is lined with clay to cold the water. At some places rocks are 

broken to allow the passage of water or else where rocks are too hard, a hollow poplar or 

willow trunk, called va-to is cut in to two equal halves to allow the water easy passage. 

Water from the ma-yur is further diverted into yu-ra (small canals) which irrigates the fields. 

‘Yuras are gravity channels dug in the soil strengthened wherever required by dry stone 

walls and rendered semi-impervious by using fine soil or sods. The point from where togpo 

water is diverted in to ma-yur, and ma-yur water in to a yu-ra is called yurgo; and ska is 

the point from where yu-ra water is diverted to the field. Water in the ska is further guided 

through channels known as snag, which carry the water in to the fields.  

Since the soils of the region are predominantly coarse textured with gravels, seepage is a 

major problem in achieving overall irrigation efficiency during conveyance in those field 

course channels. Therefore, it is essential that these channels should be concrete or LDPE 

lined. The closed conduits irrigation systems i.e. pipeline network system with a perennial 

water source (Springs) harvesting in the up streams may be effective to save from huge 

seepage as well as evaporation losses and achieve increase the overall irrigation efficiency.  

Ponds 

In some villages, water from the togpo through mayor is stored in a rdzing (pond); the pond 

water is then diverted into a yu-ra that carries it to the field. Individual farmers rarely 

construct their own pond. Every year in the beginning of spring, ponds are cleared of silts. 

Usually, the silts piled up into lutpung (small mounds), on the edge of the pond to hold the 
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water. Farmers have invented an indigenous method of blocking and releasing water of a 

pond, and a large stone is placed. Depending on the size, one or two holes are made in the 

stone and are filled with earth to block the water. When water is to be released, these holes 

are opened with a stick and closed with earth when required. In some villages abandoned 

clothes are wrapped around one end of the stick and are struck in the holes and pulled out 

to release the water. The stick also serves, as a measuring rod for the water level. Though 

the method is indigenous and seems effective, however, seepage and evaporation is again a 

major problem for this type of interventions and lining of ponds are essential to reduce 

seepage.  

Watershed based interventions 

In this extremely high altitude cold desert region commonly two types of watershed exists: 

Snowfed watersheds in which runoff comes from both precipitation and snowmelt and these 

watersheds occur at altitudes from 2000 to 4000 msl (meter above sea level). Glacierfed 

watersheds occur at the highest altitudes, from 4000 to 7000 msl, and in these basins 

runoff is mainly generated from melt of permanent snowfields and glaciers, and runoff from 

rainfall is insignificant or non-existent. In the cold-arid regions of Ladakh, the annual 

discharge peak occurs in the month of July and August. 

Decentralized and strategic planning of water harvesting structures during the peak rainfall 

months would attenuate the effect of flood volumes and also reduce erosion induced from 

high intensity rainfall in a changing climate scenario. The already practiced water 

harvesting innovations such as artificial glaciers, glacier grafting and others can then be 

effective tools to cope with the perceived climate change scenario.  

Techniques of Water harvesting from glaciers in Ladakh Himalayas 

(a) Glacier Grafting 

Commonly used in the water scarce, high mountain areas of Karakoram Mountains. It is a 

technique where two types of glacier ice are put in cavities where they grow in volume and 

act as a frozen water reservoir. 

For glacier grafting, villagers transport glacial ice to shaded, high altitude valleys where it 

is packed between rocks or in caves. The packed ice serves as a seed that spurs the growth 

of new ice masses that can grow up to 250 meters in length and contain around 200-400 

kg of ice (approx. 200-400 L of water) (Nørstegård Tveiten 2007).  

(b) Artificial Icings (Artificial Glaciers) 

This method was developed in Ladakh, Northern India and is being constructed in more 

and more villages. The idea behind artificial icings comes from the retired civil engineer 

Chewang Norphel. 
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Fig. 1. Dammed Natural Stream and Artificial Canal in an Artificial Glacier  
Construction Project near Leh (Source: anonymous website). 

The method involves using a simple system of pipes and stone dams to divert some winter 

melt water into heavily shaded areas where the winter sun is blocked by a ridge or a 

mountain slope (Bagla, 2001). Along the mountain slope, stone embankments are set up at 

regular intervals to impede the flow of water. These stone embankments form shallow pools 

where the melt water refreezes. During winter (starting in November) the pools form thick 

ice masses as the temperatures fall steadily. The walls of the pool are gradually raised, 

trapping and freezing the water above (Daultrey and Gergan, 2011). As this procedure is 

repeated over many weeks, a thick ice sheet is formed, resembling a long thick icing. In 

spring (April-May) the frozen water melts in good time for the sowing period and secures 

the village from water shortage. 

 

Fig. 2. File Picture of an Artificial Glacier created in a village near Leh 

(Source: anonymous website). 

The frozen water helps the farmers to avoid spring and summer shortage that is becoming 

an increasing problem in this part of the Himalayas. At present there are experiments 

conducted on different designs for artificial glaciers, using shadier slopes and varying the 

pool depth between 1.5-2 m (Arnoldy 2009). By changing the dimensions the ice storage 

capacity can be improved. 

Integrated Micro-Watershed Development 

In Ladakh region Integrated Micro Watershed Development works are executed in areas 

which shall not be less than 02 ha minimum and 100 ha maximum keeping in view the hilly 

terrain and land available. Preference is given to develop the community lands with the 

involvement of locals. The benefits shall directly go to the community residing in and around 

the watershed in terms of fuel, fodder and by generating employment opportunities by 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

47 
 

employing local masses in the program. Since the topography of the area is rugged, undulated 

with sloppy terrain and being erosion prone, soil erosion is accelerated especially during 

summer months when the snow melts, resulting in heavy discharge in nallahas, washing 

away the prime agriculture lands, plantations and pasture areas. In order to combat with 

this problem, series of gabion structures and DRSM check dams are laid to stop serve erosion 

in terms of bank cutting, scouring , etc. at vulnerable sites. 

The Soils of the entire region are almost sandy and the irrigation net work is very rear. The 

vegetation is entirely dependent on irrigation. Irrigation khuls are constructed by lining 

either with U.V.S films or by laying cement concrete to conserve water for better utilization 

as per site requirement. The khuls are to be treated through other soil conservation 

techniques to ensure better utility for crop production, afforestation and pasture 

development. Since the soil and water management is very essential as such the problem 

of land sliding is immediately dealt with anti-land sliding measures by adopting mechanical 

and vegetative measures and planting of soil binder plants as per the availability and site 

conditions. 

New Initiatives Relating to Climate Change Effects in Cold Deserts 

India has been a leader among developing countries in the UNFCCC negotiations and 

program developments. In addition, the 2009 reports and controversies about an IPCC 

report statement exaggerating glacier melt projections have galvanized the Government of 

India to devote much more attention to the issue of glaciers and what is happening to them. 

In 2008 India released its National Action Plan on Climate Change, which includes eight 

National Missions. One of these missions is the National Mission for Sustaining the 

Himalayan Ecosystem. The plan aims to conserve biodiversity, forest cover, and other 

ecological values in the Himalayan region, where glaciers that are a major source of India’s 

water supply are projected to recede as a result of global warming. Three major workshops 

are planned to define a program of work for this mission. The establishment and staffing of 

the new National Centre for Glaciology is more evidence of the intent of the Indian 

government to invest in glacier research. The Indian National Institute of Hydrology is also 

undertaking glaciological research, with new staff being hired and laboratories being 

furnished with state-of-the-art equipment. Further, an initiative from the same NMSHE 

group involving the ICAR has also looking after the agricultural scenario of the whole 

Himalaya that includes cold deserts  

Conclusions 

The climate of high altitude cold deserts regions is poorly known due to the logistical 

difficulties of maintaining observation networks in remote areas. High mountain systems 

are very sensitive environments which offer unique challenges and opportunities for global 

change research. Glacier fluctuation studies in combination with climatic scenarios are 

necessary to estimate whether that trend will continue into the future. 

Due to inherent sensitivity of these apex systems to global climatic change, interdisciplinary 

research in hydrology affecting ecology and environment along with altitudinal gradients as 

a function of land surface characteristics is required with an approach to develop models 
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for ecological and hydrological characteristics of cold desert regions as indicators of global 

change and concepts for sustainable development based on altitude – specific relations 

between socio-economic conditions and ecological/hydrological characteristics in mountain 

regions. Keeping these facts in mind research is needed on the effects of climate change, on 

the Himalayan glaciers and agricultural production in glacierfed water basins. Emphasis 

should be given on how the water harvesting techniques can be improved and expanded to 

other areas and what climatological and geographic characteristics are important for 

mapping areas suitable for artificial icings. 

Long-term monitoring programmes on snow and ice resources as well as on changing 

climatic conditions based on already existing programmes, taking account of local 

conditions and utilizing local expertise, be actively promoted. Setting up of experimental 

watersheds to include glacierized areas to promote integrated watershed management and 

to facilitate environmental impact assessments. Defining proper problem and harnessing 

wisdom for watershed management along with fusion of traditional and modern technology 

and alternative options must be taken into account. We should seriously consider 

development of water reservoirs at altitudes 3000 - 4000m to increase the period of water 

availability to downstream users. This will be helpful in reducing the surface run off and 

also severity of the freeze - thaw cycle.  
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Managing crop water stress in arid region 

Uday Burman  

ICAR-Central Arid Zone Research Institute, Jodhpur 

 

Indian arid zone is about 59.2 Mha, which includes about 7.03 Mha of cold deserts in 

Ladakh and Lahaul valleys. Additionally there are large tracts in northwestern India and 

the interior peninsula that experience hot arid conditions. The major causes of water stress 

in the Indian arid zone are its geographic location not favouring abundant monsoon rainfall, 

poor quality and excessive depth of groundwater, absence of perennial rivers and forests, 

poor water holding capacity of soils and huge withdrawal of limited groundwater 

resources.Aridity evokes images of dry, desert lands with sparse natural surface-water 

bodies and rainfall, with scanty vegetation, that are adapted to water stress. Aridity has a 

wide variety of landscape manifestations, including barren rock hills and plains, sand dune 

fields. This means that aridity also occurs in regions with cold climates in which 

precipitation falls mainly as snow. According to UNESCO (1979) aridity index (AI) is based 

on the ratio of annual precipitation (P) and potential evapotranspiration rates as follows: 

AI = P/ETp -Where, ETp is calculated using the Penman (1948) formula. Data on local ETp 

rates may not be available, which limits the use of the UNESCO index. The De Martonne 

aridity index (Am) instead uses temperature as a proxy for ETp as follows: 

Am = P/(T+10) 

Most commonly used Thornthwaite aridity index (Ia) is as follows:  

Ia = 100 d/n 

d = water deficiency, which is defined as the sum of the monthly difference between 

ETP and precipitation (P) and for those months when ETp exceeds P (cm) 

n = water need, which is the sum of monthly values of potential evapotranspiration 

for the surplus or deficiency months (cm). 

Palmer (1965) defined a drought as a meteorological phenomenon that is characterized by 

‘‘prolonged and abnormal moisture deficiency’’. Aridity and drought are not synonymous. 

Aridity is a measure of long-termaverage climatic conditions. Both humid and arid regions 

experience droughts. However, the inter-year variation in precipitation is greater in arid 

regions and there is a greater probability of below average precipitation in any particular 

year. Arid regions are thus more prone to droughts and may experience more severe impacts 

from droughts. With reference to an agricultural scientist the main drought types are: 

• meteorological drought, which is defined only in terms of precipitation deficiencies, in 

absolute amounts, for a given period 

• climatological drought, which is defined in terms of precipitation deficiencies, 

inpercentages of normal values 
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• atmospheric drought, which is defined not only in terms of precipitation deficiencies, 

but also in terms of temperature, humidity, or wind speed 

• agricultural drought, which is defined principally in terms of soil moisture andplant 

behavior 

• hydrologic drought, which is defined in terms of reduction of streamflow,reduction in 

lake or reservoir storage, and lowering of ground-water levels 

As in hot, arid zone of the country, the soils of Leh-Ladakh too is coarse textured with poor 

water and nutrient holding capacity besides being poor in mineral nutrients Also, soil micro 

flora population is sparse due to poor soil structure and freezing during the long winter 

period in this region (Charan et al., 2013). Most of the villages of Ladakh have alkalinity 

(high pH) problem in its cultivated fields. Gypsum/pyrite is advocated for improvement of 

soil pH (DIHAR Extension Bulletin No. 24) and this may make soil suitable for growing of 

vegetables and legume crops. More than 90% soils are low in available phosphorus. In both 

the districts, micronutrient status (zinc, iron, copper and manganese) are found to be below 

critical level and majority of soil samples have shown deficiencies in its content (DIHAR 

Extension Bulletin No. 24). 

Additionally at Leh, freezing or extremely low temperature also constitutes a key factor 

influencing plant growth, development and crop productivity. Cold response is a highly 

complex process that involves an array of physiological and biochemical changes, 

modifications of the expression patterns of many genes and proteins. Both chilling and 

freezing stresses are together termed low temperature or cold stress.Chilling stress results 

from temperatures cool enough to produce injury without forming ice crystals in plant 

tissues, whereas freezing stress results in ice formation within plant tissues. Freezing 

injury, however, occurs when the external temperature drops below the freezing point of 

water. Plants may experience intracellular freezing and/or extracellular freezing. 

Intracellular freezing damages the protoplasmic structure and the ice crystals kill the cell 

once they grow large enough to be detected microscopically. In extracellular freezing, the 

protoplasm of the plant becomes dehydrated because a water-vapor deficit is created as 

cellular water is transferred to ice crystals forming in the intercellular spaces. Low 

temperature may affect several aspects of crop growth; viz., survival, cell division, 

photosynthesis, water transport, growth, and finally crop yield. The cellular changes 

induced by either high temperature (a condition that commonly occurs in NW Rajasthan 

and Gujarat) or low temperature include responses those lead to the excess accumulation 

of toxic compounds, especially reactive oxygen species (ROS) subsequently leading to 

oxidative stress. 

Minor chilling stress on non-lethal temperatures are normally reversible and may result in 

hardening of plants that reduce injury during subsequent exposure to low temperatures. 

CAZRI has initiated work at Leh - through its Regional Station and Cold Network Projects 

and the present deliberation shall draw inferences from the experiences in similarly stressed 

hot arid regions besides information available from other sources. 

It has been reported that to avoid chilling injury, planting dates can be altered though this 

is often difficult because of its effect on the later development of the plant. To overcome this 
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problem, cultivars have been bred for early vigor and maturity. Investigations have also 

been undertaken to examine plant growth regulators for the protection against chilling. 

Other treatments such as hormones, and antioxidants have produced variable results that 

have been dependent upon the species and treatment conditions. 

Chilling like water stress causes an imbalance in plant physiological processes and has 

reported to affect sugars, polyphenols, phospholipids, protein, and ATP. Ion leakages due 

to membrane permeability changes havealso been reported. Cell membrane plays major 

roles in water and nutrient movements within and outwards the cell. Intra- and 

extracellular water and nutrient movement are disturbed due to low temperature due to 

membrane damage under low temperature. Water stress experienced in hot arid region too 

causes decrease in membrane stability index due to membrane damage. Additionally, cold 

stress can rupture cell wall and membrane and this in turn disrupts cellular homeostasis 

by destroying both intra andextracellular nutrient and water movements. Severe 

dehydration may also occur due to freezing of cell constituents, solutes and water. Available 

literature states that when temperatures drop below 0°C, the ice formation generally begins 

in the intracellular spaces because the intracellular fluid has a higher freezing point as 

compared to the other suborganales of the cell. Freezing temperatures also lead to cellular 

dehydration, reduce water and nutrient uptake and conduction by the roots in some plants, 

thus causing osmotic stress. 

At low temperature, an imbalance between the capacity for harvesting light energy and the 

capacity to consume this energy on metabolic activity occurs in leaves. It causes an excess 

PSII excitation pressure, leading to either reversible downregulation of PSII through the 

dissipation of excess absorbed energy or the irreversible inactivation of PSII and damage to 

the reaction center proteins and subsequent inhibition of the photosynthetic capacity. In 

NW Rajasthan water stress coupled with intense sunlight and high temperature are often 

responsible for adverse effect on net CO2 assimilation. 

After a brief comparison of situation at Leh and NW Rajasthan it is appropriate to reiterate 

that while India is considered rich in terms of annual rainfall and total water resources, its 

uneven geographical distribution causes severe regional and temporal water shortages. The 

hydrological cycle is predicted to shift with climate change, and can have important 

implications for fresh water supply for drinking, rain-fed agriculture, groundwater recharge, 

forestry, biodiversity. Institutional reform is required at the national level to bridge the 

divide in the governance of water resources. Relevant departments and ministries need to 

be more closely connected with legal, policy and management issues (Sharma, 2011). In the 

context of Leh, to avoid contamination, degradation and overexploitation of valuable 

groundwater resource unregulated rampant bore well development should be replaced by a 

well-managed plan (Dolma et al., 2015). 

The water content and the water potential of plant tissues are the most important 

physiologically relevant integrators of drought's effects on plants. Once a drop in water 

potential develops, responses of a wide range of physiological processes are induced, either 

directly or by plant hormones signalling changes in water status. Physiological traits 
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relevant for the responses to water deficits and/or modified by water stress span a wide 

range of vital processes. As a consequence, it can be expected that there is no single 

response pattern that is highly correlated with yield under all water stress environments. 

Furthermore, different crop developmental stages show different sensitivity to water stress 

that has also been found to be the case in arid legumes.  

Sustainable strategies must be developed to alleviate the impact of water stress on crop 

productivity. One of the best strategies for alleviating water stress is the choice of crop and 

varietal manipulation, through which water stress can be avoided or its effects can be 

minimized by adopting varieties of short duration crops that either escape water stress or 

are tolerant. If the water stress occurs during the middle of a growing season, corrective 

measures can be adopted which vary from reducing plant population to fertilization or weed 

management. A good rainfall event can be fruitfully harvested by collecting rain in farm 

ponds or tanks than can be recycled as life saving irrigation during a prolonged dry spell. 

In fact, all such strategies are location, time, crop and socioeconomic conditions specific. 

In the past, smallholder farmers have coped with erratic climatic conditions by adjusting 

their farming practices such as early planting and replanting when crop establishment was 

poor. The projected increase in climate variability, however, brings new risks that will 

require new adaptation options. Such adaptation options need to be designed jointly with 

farmers to increase local relevance. Adaptation can focus on shorter-term operational 

decisions (e.g. Specific timing or sequencing of farming activities), on medium-term tactical 

options (e.g. changes in crop rotations, or allocation of crops across fields), or on longer-

term strategic decisions (e.g. to change the major crops grown, or adopt completely new 

activities. Tactical adaptation options include staggered planting dates on the same farm, 

to manage risk of water available at different times of the cropping season. Diversification 

of crop cultivars and soil fertility management are also potential options for adaptation 

(IPCC, 2007). Studies also revealed that the capacity of any variety or strain to develop a 

root system rapidly in the early stages of growth is an important feature of water stress 

resistance in plants. 

(a) Utilizing genotypic variations and agronomic practices: Better crop management 

including appropriate selection of crops, their genotypes, planting dates, row spacing and 

plant populations, optimizing fertilizer use and adoption of drought ameliorative measures 

may greatly help in the alleviation of drought effects. This helps in crop contingency 

planning in the event of drought. 

Genotypic variation in the ability of pearl millet to withstand water stress has been well 

known since the early sixties. Variation in the adaptation of pearl millet cultivars to arid 

conditions was also indicated by relatively higher yields of land races than those of hybrids. 

So, preservation of our native species is of utmost importance. 

Our experience in hot arid region reveals that both seed size and genotypes significantly 

influenced early vigour, number of tillers per plant, plant height, days to wilting initiations, 

days to permanent wilting and dry matter production. Pearl millet plants from larger seeds 

took longer to initiate wilting and then permanent wilting compared with plants from 
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smaller seeds. Further, a moderate population of 88 888 plants ha-1 (equal proportion of 

pearl millet and cluster bean) was optimum for row intercropping (1:1) and strip cropping 

(4:4) in the moisture sufficient season, and low (40000 plants ha-1) to moderate populations 

produced satisfactory yields in the moisture stressed season. Intercropping systems used 8 

to 14 mm more water than sole pearl millet, but the improvement in water use efficiency 

was conspicuous, more so in the moisture stressed season. Further, it was observed that, 

improved performance of individual plants under a wider spacing may not compensate for 

the losses accrued due to a decrease in plant population per unit area beyond a point. 

For the stability of yield, planting of early and late genotypes of legumes in 1:1 ratio was 

found most appropriate under low as well as higher rainfall condition under hot arid 

condition. The improved performance of mixed crop, particularly under low rainfall 

situation could be attributed to more efficient use of water, low initial canopy development 

and higher photosynthetic rates. 

(b) Fertility: Crops in the arid and semi-arid regions suffer not only from moisture stress 

but also from nutrient stress as poor fertility of arid soils is a major limitation to increasing 

yields.As nutrient and water requirements are intimately linked and fertilizer application 

increases water use efficiency, therefore, the interaction between soil moisture deficits and 

nutrient uptake is of paramount importance and a subject of extensive studies. In this 

regard, efforts with reference to Leh need to be increased as recommendation shall depend 

on soil type. Thus, addressing the soil fertility constraints can also alleviate drought stress 

effects on crop productivity in arid environments.On the basis of various experimental data 

obtained on sandy soils, it has been found that the advantages of fertilizer application under 

arid conditions may be realized in situations in which dry and wet phase exist during the 

growing period . However, the benefits of nutrients under such drought conditions are likely 

to be less than in well irrigated crops. Furthermore, many times excess N load may be toxic 

too. 

Studies suggested that tissue hydrature was not an infallible index of metabolic efficiency 

as the nutritional status of plants was more critical under water deficits for enhanced leaf 

metabolism, photosynthesis, growth and yield. However, in case of pearl millet response to 

N-fertilization was more in hybrids compared to land races. Further, the fertility mediated 

response could be observed in both sub and supra optimal rainfall situation  

The adverse effect of water stress, no matter at which stage of growth the water shortage 

was experienced, may be substantially evaded where optimum plant vigor was induced by 

adequate level of soil fertility. Adequate nutrition conducive for greater plant vigour brings 

about an efficient enzyme activity and higher chlorophyll content, despite desiccation, as 

compared to plants raised under low soil fertility.  

High soil fertility under low moisture conditions seems to favourably influence the yields of 

arid legumes also. Alleviation of drought effects in arid legumes has also been achieved 

through P application which favourably modulates various physiological and biochemical 

processes. Furthermore, in late moth bean genotypes where the impact of the drought was 

more severe, P application (40 kg ha-1) significantly ameliorated the detrimental effects of 
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water stress on plant water potential, relative water content, rate of net photosynthesis, levels 

of total chlorophyll, starch, soluble protein and nitrate reductase activity. In clusterbean also 

results indicate the possibility of alleviation of water stress effects by P nutrition at least up 

to moderate stress level. Recovery upon re-watering was also more in P-fertilized than 

unfertilized plants. A physiological mechanism of drought-fertility interaction has been 

thoroughly explored in pearl millet, sesame, cluster bean, moth bean and Indian mustard. It 

has been concluded that fertility induced metabolic efficiency coupled with higher 

photosynthetic rate and nitrate reductase activity as well as nitrogen assimilating enzymes, 

for efficient N utilization are the key mechanisms leading to enhanced growth and yield . 

Nitrogen-moisture interactions studies in Indian mustard and sesame have also shown that 

nutritional status of plants was critical under water deficits for leaf metabolism, 

photosynthesis, growth and yield. Likewise, alleviation of drought effects in arid legumes 

(clusterbean, mung bean and moth bean) has also been achieved through adequate 

phosphorus fertilization, which modulates various physiological and biochemical processes 

in a positive manner contributing to enhanced yields.  

K fertilization too, induced growth and yield restoration; irrespective of the stage at which 

drought was imposed. Improved water status with K in terms of RWC and shoot water 

potential significantly increased the seed yield in HG-75, a drought-sensitive clusterbean 

cultivar subjected to water stress at flowering stage. Micronutrients too were reported to 

influence yields of arid legumes.  

Experiments related to management of nutrient availability through tillage operations and 

residue incorporation under varying rainfall situations revealed that application of pearl 

millet, clusterbean and moth bean residues @1.5-2.0 t ha-1 increased moisture storage and 

also resulted in high pearl millet yields. Similar standardization of agrotechnique by 

utilizing on farm waste is required for Leh region too. 

Weeds in crop field markedly reduced light interception, increased ratio of red to infrared 

radiation, decreased transpiration rate and enhanced soil temperature and revealed poor 

microenvironment in arid zone. Thus weeding is also an important cultural practice that 

mellows adverse effects of water stress. “Arid areas are not only thirsty, but hungry too” is 

a well proven connotation. The low fertility level of soils at Leh is attributed to low organic 

matter status a result of slow biomass decomposition and erosion and immobilization of 

nutrients. People freely graze livestock on highland pasture land, but, given the very low 

moisture-holding capacity of the soil, the grazing productivity has been decreasing 

progressively. Major reason of the increasing nutrient deficiency is higher nutrient removal 

by crops than that added into the soil either naturally or through anthropogenic sources. 

Rainfed soils are no exception and a negative nutrient balance (1.81 to 14.03 kg ha-1 for N, 

0.55 to 3.20 kg ha-1 for P and 8.60 to 45.62 kg ha-1 for K) has been reported for aridisols 

(Narain and Praveen-Kumar, 2003).This requires concentrated efforts on soil security 

wherein soil condition is to be optimally managed so as to: 1) Reduce soil nutrient depletion 

2) Increase water capture 3) Increase carbon content of agricultural topsoil 4) Reduce soil 

losses to the tolerable soil erosion rate  
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Besides N and P, deficiencies of micro-nutrients especially Zn and Fe are reported in hot 

arid areas (CAZRI Annual Report, 2010) as also reported for Leh.  

As water availability and nutrient mobility are closely interlinked aridity limits the rate and 

amount of nutrient movement. Thus, the uncertainties in soil nitrogen (N) supply in rainfed 

agriculture and crop N demand present a challenge to scientists in deciding on N fertilizer 

rates.Most extension services in India provide a single, standard fertilizer recommendation 

for an entire district or region. Farmers apparently have a few guidelines for adjusting N-

fertilizer amount to account for the large differences in the indigenous N supply, indicating 

the need for a ‘field-specific’ approach to N management. Field-specific N management could 

lead to substantial reductions of N rates without yield loss in a wide range of cropping 

systems, thereby improving profitability and environmental quality.As discussed earlier 

high N dose may be deleterious. 

The practice of effective use of inorganic and organic sources of nutrients in a proper 

proportion not only reduces the requirement of inorganic fertilizers, but it also improves the 

physical conditions of soil, enhances water retention capacity and its availability in the soil. 

In arid rainfed areas, cereal stover is often fed to livestock, and manure is applied in the 

field.  

The most promising route to improving inorganic fertilizer efficiency in cropping systems is 

by adding small amounts of high-quality organic matter (possessing a narrow C/N ratio and 

a low percentage of lignin) to soils. It provides readily available N, energy (carbon), and 

nutrients to the soil ecosystem, and improves structure, and increase soil microbial activity 

and nutrient cycling and reduces nutrient loss from leaching and denitrification. 

(c) Growth regulators: Growth regulators have been shown to influence plant growth and 

performance. Few attempts of utilizing regulators for improving productivity have also been 

done on arid zone crops under soil moisture stress. Kinetin (5 ppm) applied as either pre-

sowing seed treatment or foliar spray (at 25 and 40 DAS) or both also significantly improved 

the growth, dry matter production and seed yield of field grown clusterbean under moisture 

deficit condition. Kinetin mediated response was due to the higher content of different leaf 

metabolites (starch, soluble protein, etc.) thereby, prolonging the active growth phase. 

Application of senna stem (as such or as a foliar spray of its aqueous extract) also promoted 

the growth and increased yield of pearl millet primarily due to the presence of nutrients and 

triacantanol. We need to search for similar options for Leh region. 

Seed treatment with thiourea (500 ppm) followed by foliar sprays (1000 ppm) at vegetative 

and flowering stages have been reported to mitigate the detrimental effects of water stress 

in clusterbean through enhancement of photosynthetic efficiency and nitrogen metabolism. 

Further, though positive effect of thiourea was also found to be economically viable and 

thus remunerative for arid farmers but caution is to be exercised considering the biosafety 

issues. 

At the end we can say that influence of environmental stresses depends on the frequency, 

intensity, type and duration besides the vulnerability and resilience of the species exposed 

to the stress factor. There exists specific stress tolerance or sensitivity to different stresses 
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which requires specific ameliorative actions. Thus too much generalization at these steps 

may not work. Therefore, there is need to clearly understand that in years to come 

sustenance and growth in a fragile ecosystem as ours (both Leh Ladhak and NW Rajasthan) 

shall depend on the scientific basis of the stress impacts, alleviation mechanisms and 

subsequent development of do-able technologies for the region. With repect to Leh region 

we should attempt to find answer to the following queries that: a) given a natural resource 

status (soil, ground water, precipitation and nutrients) which crop and /or which genotype 

is likely to be more remunerative on a sustainable basis, b) having a genotype (or a pool) of 

a defined growth characteristics which intervention (irrigation and/or fertilization) is likely 

to yield better. 
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Efficient use of water, a key input in agriculture, is a central issue throughout the world. 

Water, a finite source, is essential for both the human society and the ecological systems 

that humans rely on. With the population growth and economic development, water has 

become increasingly scarce in a growing number of countries and regions in the world. 

Agricultural sector, the largest water user, is facing a challenge to produce more food with 

less water. This requires an increase in water productivity (WP) and water use efficiency 

(WUE).Progress of any country is reflected by the efficient management of its water 

resources. This is more pertinent to a vast tropical country like India, which experiences 

extreme variation in climate and rainfall. India, though achieved self-sufficiency in food with 

the help of efficient management of her natural resources leading to green revolution but 

arid and semi-arid regions are still lagging behind, it is necessary to economize the use of 

water and at the same time increase the productivity per unit area and per unit of water.  

Arid regions are encountered by various problems. Harsh climatic conditions in hot arid 

regions allow the farmers to grow only one crop during rainy season that to depend on the 

rainfall. The average annual rainfall of western arid region is 317 mm. The rainfall is highly 

variable and erratic with frequent drought spells. The number of rainy days varies from 10 

to 25. Groundwater is very deep, saline at many places and expensive to use. Indiscriminate 

use of water on undulating highly permeable sandy soils through conventional irrigation 

resulted in fall of groundwater by 0.6-1.0 m annually. The situation of overexploitation of 

groundwater is more serious in the region where out of 11 districts, 6 are in category of over 

exploited and remaining 5 are in category of semi critical zone. On the other hand 

indiscriminate use of scarce water through conventional irrigation management practices 

led to exhaustion of ground water resources and development of water logging in canal 

command area. Hence, conservation and efficient management of limited water is the need 

of the hour for achieving sustainable production for longer period on light textured soils of 

arid and semi-arid regions.  

The cold desert regions are arid tracts lying in the rain-shadow of the main Himalayan range 

constituting about 75,000 sq. km of area spread over Jammu and Kashmir, Himachal 

Pradesh, Uttaranchal and Sikkim. The climate is extremely cold and snowfall occurs during 

winter; the temperature at some places remains several degrees below zero level. The 

average annual rainfall of the zone is 100 mm, the major contribution of water demand is 

met from snowfall. Most of our agricultural/horticultural activities are carried on under 

rainfed conditions and this requires proper management of available water for dry periods. 

There is low water productivity and the main reasons for low water productivity are non-

availability of critical inputs at right time, low and unbalanced use of fertilizers, lack of 

technical know-how about improved practices and disease/pest control, shortage of FYM 
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because of less number of farm animals and shortage of labor in peak cropping season. The 

present paper aims at discussing various viable technologies and practices that improve the 

water management in a manner that both water productivity and profitability are enhanced 

in arid agriculture. 

Water Productivity term plays a crucial role in modern agriculture which aims to increase 

yield production per hectare per unit of water used, both under rainfed and irrigated 

conditions. This objective can be pursued by:  

• Increasing the marketable yield of the crops for each unit of water transpired,  

• Reducing the outflows and the atmospheric water depletion,  

• Enhancing the effective use of rainfall, water stored and marginal quality water.  

The first option concerns to the need for improving crop yield; the second one intends to 

increase the transpiration of water supply against the evaporation; the third aims to utilize 

efficiently the water resources (reservoirs, streams or groundwater sources). All these lead 

to the improvement in management practices which use less water for irrigation, decrease 

evaporation losses, optimize fertilizer supply, pest control, energy consumption, soil 

conditions, etc. This has more importance in arid and semi-arid regions with limited water 

supply, where the farmers are frequently constrained to apply deficit irrigation strategies 

and manage water supply in accordance with the sensitivity of crop’s growing stages to 

water stress.  

Problems encountered due to low water productivity  

1. Gradual drying up of rivers in the tail end, thus causing environmental destruction of 

fauna and flora. Water application beyond root zone is wasted. This causes difficulties 

to other users who are unable to access water for irrigation.  

2. Growing number of water related conflicts in the river basins. Disruption of activities as 

a result of conflicts leads to low food production, which in turn lead to food poverty and 

income poverty.  

Water footprint  

The water footprint of a product is the total volume of freshwater used to produce the 

product, summed over the various steps of the production chain. The water footprint of a 

product refers not only to the total volume of water used; it also refers to where and when 

the water is used.  

1. Green water footprint - Volume of rainwater consumed during the production process. 

This is particularly relevant for agricultural and forestry products where it refers to the 

total rainwater evapotranspiration.  

2. Blue water footprint - Volume of surface and groundwater consumed as a result of the 

production of a good. Consumption refers to the volume of freshwater used and then 

evaporated or incorporated into a product.  

3. Grey water footprint - The grey water footprint of a product is an indicator of freshwater 

pollution that can be associated with the production of a product over its full supply 

chain.  



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

61 
 

In dry regions any loss of soil and water can be disastrous for crop production and survival. 

It is therefore imperative that the root cause of resource degradation should be treated at 

source itself.  

Factors responsible for resource depletion/degradation in drylands  

• Low, erratic and intense rainfall leading to meagre surface water resources and soil 

erosion  

• High wind velocity causing wind erosion  

• High solar regime resulting in high evapotranspiration losses  

• Low water holding capacity of soil consequently low crop production  

• Cultivation on marginal lands causing severe water and wind erosion  

• Inappropriate selection of crops (high water demanding); depletion of ground water  

• Faulty agricultural practices particularly on sloping lands  

• High human and animal pressure per unit land  

• Excessive deforestation leaving extensive soil surface barren for action of wind& water  

Producing more crops, livestock, fish and forest products per unit of agricultural water use 

holds a key to both food and environmental security. A variety of options exist for improving 

the productivity of water in agriculture through breeding, better management practices and 

supporting policies and institutions. Improving water productivity - whether under rain-fed 

or irrigated conditions - requires an increase in crop yields or values, i.e. the marketable 

yield of the crop for each unit of water transpired. Also necessary is a reduction of all 

outflows or "losses" (e.g. drainage, seepage and percolation) except crop transpiration, and 

more effective use of rainfall, stored water, and water of marginal quality. These principles 

apply at all scales, from plant to field and agro-ecological levels, but options and practices 

associated with them require different approaches and technologies at different spatial 

scales.  

In farmers' fields, higher water productivity requires changes in crop, soil and water 

management. Strategies include selection of appropriate crops and cultivars, use of 

improved planting methods, tillage and water applications at the most sensitive growing 

stages. All cultural and agronomic practices that reduce water evaporation - such as 

variable row spacing and the application of mulches - improve water productivity. Improved 

nutrient management raises the yield proportionally more than it increases evapo-

transpiration.  

Soil-water-plant relationship  

The basic intrinsic characteristic of water dynamics in soil cannot be altered to a large 

degree but availability can be modified enormously by water conservation and water 

management practices. During the complete life cycle of a plant the most dynamic property 

is water content of soil. Since water that is conserved or supplemented becomes available 

to the plant through the soil, monitoring of water content under field condition is of 

paramount importance. The whole life cycle of plant revolves around extraction of water 

from the soil through its root network and transpiring through the leaves in response to 

evaporation demand set up by the atmosphere. Any shortage of water in the soil is 
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ultimately reflected by the growth of the plants in some form or another. Increasing water 

supply available to plants or enhancing water use relative to other losses and making 

efficient use of limited water are the three major concepts in optimizing water use in 

agriculture.  

Resource utilization  

Efficient utilization of available resources is of paramount importance for successful crop 

production. Improved agronomic practices i.e. inter-cropping, improved crops and seed 

varieties, crop rotation, minimum tillage etc. plays vital role in ensuring risk distribution. 

For aberrant weather situation contingency planning like lifesaving irrigation, integrated 

insect-pest management, differential fertilizer application etc. are crucial to minimize loss 

of seed, crop and fertilizer.  

Resource conservation  

Soil and water are the two basic resources of crop production. Measures for soil and water 

conservation can be divided in two main categories i.e. physical/ engineering and 

biological/agronomical. Physical measures consist of construction of mechanical barriers 

across the direction of flow of water to retard/retain the runoff and thereby reduce soil and 

water losses. Contour bunds, contour cultivation, trenching, sub-surface barrier etc. are 

some of the physical measures, which are found to be useful in arid areas. Biological 

measures (vegetative barrier, windbreak/shelter belt, stubble mulching) are very effective 

for moisture conservation and controlling soil erosion due to wind and water.  

Improving soil health  

Soil health is the capacity of soil to function as a vital living system to sustain plant 

production, maintain structure and texture of soils and maintain or enhance the moisture 

retention capacity. Healthy soil functions optimally through balanced interactions amongst 

its biological, physiochemical, hydrological and mineral components. The decline in soil 

productivity is primarily due to adverse changes in nutrient status, soil organic matter, 

structural attributes and toxic chemicals. Increased use of organic manure will help in 

improving soil structure, nutrients levels and moisture retention capacity which will 

enhance the yield of crops to the desired level besides ensuring sustained soil fertility and 

soil health. 

Rain water management  

In arid and semi-arid parts, experiencing rainfall from 150-350 mm and 350-550 mm 

respectively, crop production is adversely affected due to low and erratic distribution. In 

last two decades researcher and planners have given lot of attention to dry land farming in 

such areas. Various regions specific agro-techniques have been evolved.  

Since rainfall is low and erratic efforts are needed to enhance the total water supply 

available to crops. Some of these include tillage, mulching, soil moisture barrier, contour 

bunding and in-situ water harvesting. Mechanical structural like contour bunding, terracing 

are the pre-requisite for water conservation on sloppy agricultural lands. Off-season tillage 

on alfisols helps in controlling weeds and conserving water. Such practice on aridisols leads 

to soil erosion. Hence, minimum tillage was found to control 73% weeds and 43% increase 
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in yield. Use of weed mulch increased the water availability to crops by restricting 

evaporation directly from soil surface. Anicut, water harvesting tanks/dams, gully plugging, 

sub-surfaced barriers and percolation tanks have been developed to conserve water. 

Percolation tanks in Maharashtra are being used to recharge the downstream wells for 

irrigating crops. In Jaisalmer, water collected in khadins, raised the production of rabi-

crops by 20-30%.In many arid areas, water harvesting is used to increase the total water 

supply available to crops. It is practiced in variety of ways depending upon topography, soil 

and rainfall. Inter-plot-water harvesting that uses a portion of land with 5% slope as 

catchment to generate runoff and divert it to adjacent area was found highly beneficial to 

improve the yield of many crops. Ridge-furrow system of in-situ water harvesting is another 

modified version for enhancing total water supply in the cropped area.  

Contour farming  

Contour farming is beneficial on all slopes where line sown is adopted. All ridges and row 

of plants place across the slope form continual series of miniature barriers to water that 

moves over the soil surface and offers maximum opportunity for infiltration. Moreover, 

contour operations reduce the power of the water to erode, suspend and carry away soil 

particles and increase the moisture storage. Increased uniform moisture storage can boost 

up the yield above 10%. Contour farming alone cannot control runoff volume from higher 

sloppy lands which need bunding and grass waterways in natural drainage. Contour bunds 

act as barrier to the flow of water and at the same time impounding water increases soil 

moisture. Contour bunding is suitable for low rainfall area (<600 mm) and for permeable 

soils having slope less than 6% to serve both as water and soil conservation measures. 

Contour bunding consists of constructing narrow trapezoidal bunds at contour to impound 

runoff water behind them so that all the impounded water is absorbed gradually in to the 

soil profile for crop use.  

Vegetative barrier  

Vegetative barriers of suitable grass species are grown along contours at suitable vertical 

interval to intercept part of runoff and to control erosion in agricultural fields having flat to 

slight undulating topography. The vegetative barrier moderates the velocity of overland flow 

and traps silt at low cost, and augment production of food, fuel and fodder or fibre from 

lands by growing suitable vegetation species.  

Crop planning based on rainfall and moisture availability period  

In dryland areas crop production depends on amount and distribution of rainfall. Most of 

the farmers still grow long duration traditional varieties under conventional practices. The 

productivity of these crops varieties is affected due to uncertain rainfall. Hence, there is 

need to develop short duration varieties crop plan and agronomic practices matching to 

rainfall pattern. On the basis of climatic data all over India, suitable crops and varieties for 

early, normal and late onset of monsoon, improved inter cropping, time of sowing and 

agronomic practices have been identified and developed.In arid part of Rajasthan short 

duration varieties of pearl millet, clusterbean, moth bean, mung bean and sesame have 

been developed to minimize the risk of crop failure. With the early onset of monsoon, pearl 

millet and sesame get preference. While with the late onset of monsoon clusterbean, mung 
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bean, and moth bean get preference. Since the moisture evaporates very fast, it has been 

suggested to complete the sowing immediately after rains.  

All operations carried out in the field, from land preparation to crop harvesting, with the 

aim of increasing the crop yield are included under agronomical practices. Certain simple 

agronomical practices like optimum tillage, administration of organic manure, suitable 

cropping pattern, and strip cropping are effective in retaining soil fertility as well as giving 

satisfactory crop yield.  

Tillage operation  

Tillage makes soil loose and hence prone to erosion. Timing and depth of tillage are the two 

important factors, which need special attention. Tillage should be done immediately before 

the crop season to take advantage of one or two early showers for land preparation. In arid 

region, land tilled into ridges and furrows across the wind direction has been found to 

reduce the effects of wind erosion during the summer months.  

Land levelling 

Precision land levelling is of great use for improving water application efficiency. Precision 

land levelling reduces the quantity of water required to irrigate the field, results in more 

uniform distribution of water and soil moisture in the field for better crop growth, improves 

crop yields, increases effective farm area and reduces farm operations time. Results of the 

demonstrations conducted at farmers’ fields show that laser aided land levelling saved 10-

20% irrigation water in different crops (Singh, 2010). Farm lands should be levelled for 

efficient management of water. Level lands allow more infiltration, thus increasing soil 

moisture and leaching. This in turn reduces run-off and hence soil erosion. Levelling of 

irregular land is done by the cut and fill method. Soil from the elevated portions is removed 

and placed in the depressed portions to obtain a level land.  

Strip cropping  

In strip cropping two or more crops are grown in alternate strips preferably across the slope. 

One strip of erosion permitting crop should be alternated with another strip of relatively 

more erosion-resisting crop. In strip cropping, the entire land remains in a kind of balance. 

Soil eroded from one strip is retained by the next strip and the overall fertility of the land is 

maintained.  

Mulching  

Mulching of open land surface is achieved by spreading stubble, trash or any other 

vegetation. The objectives of mulching are to minimize splash influence of rain drops on 

base surface; reduce evaporation; increase absorption of the rainfall; obstruct surface flow 

thereby retarding erosion and allow microbiological changes to occur at optimum 

temperature. Mulching also keeps the weed down thereby reducing the evapotranspiration 

losses by weeds.  

Traditional water harvesting practices 

Nadi is a local name of dugout pond, used for storing limited water quantities available from 

an adjoining natural catchment during the rainy season. In arid Rajasthan, nadi system of 

water harvesting is the oldest practice and still the principal source of water supplies for 
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human and livestock consumption. The size and number of' nadis depend upon demand, 

physiographic conditions and rainfall pattern. A nadi has the limitation of high evaporation 

losses due to a large exposed surface area, high seepage losses through porous sides and 

bottom, heavy sedimentation due to biotic interference in the catchment and water 

contamination causing health hazard. Evaporation losses ranged from 55 to 80% of the total 

losses in various environments. Tanka is an underground tank for collection and storage of 

surface runoff from the natural or artificially prepared catchments or from roof top. The stored 

water is used mainly for drinking and cooking purposes and also to raise nursery for 

plantation. CAZRI, Jodhpur has developed improved design of tanka for capacity ranging 

from 10 to 600 m3 which has been replicated in large numbers in western Rajasthan for 

conjunctive use. Khadinis a unique practice of water harvesting and moisture conservation 

in suitable deep soil surrounded by natural catchment zone. In this system, runoff from 

upland and rocky surfaces is collected in the adjoining valley by enclosing a segment with an 

earthen bund. Any excess water in khadin bed is passed out through a spillway provided in 

the bund. The plots are rigorously built and managed to make the entire system a self-

contained unit for winter cultivation.  

Increasing water use efficiency 

Evaporation of water directly from soil surface is an important component of the total water 

use of crops. Evaporation constitutes 19-46% of the total water on vertisols, 21% on alfisols 

and 12-18% on loamy sand soils. The best opportunity for water saving lies in methods 

increasing transpiration relative to other losses from the soil surface due to canopy shading. 

The elimination of weeds, optimum plant population and spacing and application of 

fertilizer/manure helped in better canopy growth and higher WUE of crops. Generally close 

row spacing and higher plant population is recommended in high rainfall areas or irrigated 

condition, but in arid region wide row spacing and low population is recommended. Paired 

row planting system helps in better canopy growth and hence evaporation from soil surface 

is restricted.  

Management of limited irrigation water 

In arid region water is limited and land is vast, hence water management aims to maximize 

production per unit of water rather per unit of land. Some of the technologies like modest, 

extensive, deficit and pressurized irrigation have been developed to maximize the production 

in arid region.  

• Modes irrigation: The success of irrigation management depends in eliminating non ET 

losses like evaporation, deep percolation or moisture stored at harvest. Therefore, the 

ratio of crop ET to applied water should approach unity for maximum efficiency in water 

use and application. It is possible by applying less water than seasonal ET.  

• Extensive irrigation: Extensive irrigation approach seeks to apply a small quantity of 

water over a large area rather large quantity of water over a small area. Production per 

unit land may decrease but production per unit water may increase.  

• Deficit irrigation: Deficit irrigation approach seeks to avoid irrigation at less critical 

stages of crop growth and apply less water at the end so as to eliminate water stored at 

harvest. One has to well verse with the crop growth stages less sensitive to moisture 

stress and proper balancing between water given and ET demand of crop.  
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Improved irrigation methods  

Pressurized water application methods namely sprinkler and drip irrigation are considered 

as the leading water saving technologies in irrigated agriculture. India has enormous 

potential for both drip irrigation and sprinkler irrigation. INCID reports indicate that about 

80 crops, both narrow and widely spaced crops, can be grown under micro-irrigation. 

Although drip irrigation is considered to be highly suitable for wide spaced and high value 

commercial crops, it is also being used for cultivating oilseeds, pulses, cotton and even for 

wheat crop. Closely grown crops such as millets, pulses, wheat, sugarcane, groundnut, 

cotton, vegetables, fruits, flowers, spices and condiments have been found to be suitable to 

cultivate under sprinkler irrigation. Experiments have shown that use of drip irrigation can 

lead to cut in water use by 30-70% and to increase crop yields by 20-90% in some crops 

under specific locations as compared with surface irrigation. Similarly, there is almost 30% 

saving of water when one uses the sprinkler irrigation system. Improved surface irrigation 

methods like level furrows, dead level basins also provide high application efficiency.  

Enhancing water productivity through micro irrigation  

The micro irrigation including surface drip, subsurface drip and micro sprinklers is being 

used for irrigating wide range of crops for improved water use efficiencies and enhanced 

crop productivity worldwide. These have efficiencies even more than 90%, doubled water 

productivity with improved quality of produce, reduced runoff and leaching of nutrients and 

chemicals to water sources. Application of fertilizer through drip irrigation realized 

enhancement in fertilizer use efficiency of N, P and K from 40 to 95%, 20 to 45% and 50 to 

80%, respectively. In India, about two million-hectare land under vegetables and high value 

crops is being irrigated through micro irrigation. Drip and sprinkler are the two example of 

pressurized irrigation and both are able to save water as water is applied under pressure 

through a network of closed pipes, sprinkler nozzles and emitters. Sprinkler obtained 

significantly higher yield and WUE of wheat and potato. Sprinkler irrigation gained 

popularity in Sikar district of Rajasthan, as it is able to apply water on undulating type of 

topography. Other districts have also adopted this system of irrigation. But high wind 

velocity and saline water (>4 dS m-1) restrict its utility in arid region. The drip irrigation is 

neither affected by winds nor by saline water as it applies water directly in the rooting 

volume of crops. Studies conducted at CAZRI Jodhpur revealed that drip saves 30-50% 

water and provide 2-3 times higher yield than conventional irrigation. It is most suited to 

widely row spaced high value crops like vegetables, sugarcane, cotton, maize and plantation 

crops with drip irrigation, water with 3 dS m-1 was not so much detrimental to potatoes, 

while in tomatoes water up to 10 dS m-1 could be used successfully with drip irrigation. 

Paired row planting system designed for each lateral minimized the installation cost and 

water use by 50%. This system is able to apply fertilizer with water, which ultimately led to 

higher yield of crops.  

Deficit irrigation practices  

Deficit irrigation is one way for improving crop yields per unit of irrigation water applied. 

The crop is exposed to a certain level of water stress either during a particular period or 

throughout the whole growing season. The main objective of deficit irrigation is to increase 

the water use efficiency of a crop by eliminating irrigations that have little impact on yield. 

The resulting yield reduction may be small compared with the benefits gained through 
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diverting the saved water to irrigate other crops for which water would normally be 

insufficient under traditional irrigation practices. However, this approach requires precise 

knowledge of crop yield response to water stress. In order to ensure successful deficit 

irrigation, it is necessary to consider the water retention capacity of the soil. In sandy soils, 

plants may undergo water stress quickly under deficit irrigation, whereas plants in deep 

soils of fine texture may have ample time to adjust to low soil water matric pressure, and 

may remain unaffected by low soil water content. Therefore, success with deficit irrigation 

is more probable in finely textured soils.  

Improving Water Productivity in Cold Desert Areas 

To improve water productivity in the cold desert areas, following major interventions are 

required:  

• To ensure timely availability of quality inputs (improved seeds, fertilizers, plant 

protection material) through strengthening of delivery system  

• Promotion of micro-irrigation for efficient management and delivery of required 

quantities of water as per crop needs.  

• Promotion of INM through organic manure, vermi-composting, popularization of bio-

fertilisers, and other ameliorants in addition to judicious and balanced nutrients to 

crops.  

• Promotion of mechanization conducive to hill farming and equipment& implements to 

reduce labor and drudgery of women folk.  

• Promotion of protected cultivation along with supporting infrastructure for quality 

production of high-value cash crops  

• Capacity building and awareness to manage simultaneously the complexity of water and 

land management for water productivity gains and sustainable development  

In cold arid regions, crops require frequent irrigations due to light soil having low organic 

matter, and high light intensity. Flow irrigation is very common practice in all the crops 

which erodes the thin productive layer of the soil. Nutrient deficiency is also being observed 

in some of the areas. Further, people are mostly illiterate and are practising their traditional 

old technologies for crop and fruit production. So it is germane to impart trainings to them 

on water saving technologies (sprinkler and drip irrigation) and scientific cultivation of 

different crops.  

The problem of shortage water to rainfed crops could be resolved by increasing water supply 

available to crops and increasing transpiration relative to evaporation losses. In case of 

limited irrigation resources, modest irrigation, deficit/extensive irrigation and pressurized 

irrigation exhibited the efficiency to improve water use and make efficient use of other 

resources like seed and fertilizer. Adoption of these approaches will certainly make efficient 

management of scarce water in arid and semi-arid region. Further, researches on these 

aspects in relation to area specific are needed to provide proper package and practice to the 

ultimate users. 
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Abstract: Ladakh region is characterized by extreme low temperatures and low 

precipitation mostly in the form of snow, thin atmosphere with high UV-radiation, high wind 

velocity and sparse plant density. Majority of the household has small land holding; 49.42% 

household has less than 0.5 ha land. The average altitude of human habitation in Ladakh 

is over 3000 meter amsl and the temperature drop up to -30ºC in winter. Open field 

cultivation is restricted to May to September. Protected cultivation enables farmers to 

remain on the farmland and to produce fruit and vegetable with increasing challenges 

brought on by the changing society and the harsh weather. Protected cultivation play a 

prominent role in maintaining a competitive horticulture industry in Ladakh. The system 

enables fruit and vegetable growers to realize greater returns per unit of land. Benefit offer 

by using protected cultivation include off-season vegetable production, earlier crop 

production, higher yield per unit area, cleaner and higher quality produce, efficient use of 

water resources, reduction in weeding, extension of growing season etc. Trials at fruit and 

vegetable research farms at Defence Institute of High Altitude Research (DIHAR) has shown 

potential of protective cultivation as a viable critical production tool for ensuring future 

competitiveness in Ladakh region. The production system can be used effectively by growers 

with small and large land holding. The major challenges for the adoption of protected 

cultivation in Ladakh are cost-effectiveness of the production system, irregular supply of 

electricity and lack of market linkage. 

Keywords: Cold desert, colored shade netting, drip irrigation, FRL, greenhouse, mulching, 

Ladakh, vegetable  

Introduction 

Ladakh region is situated in trans-Himalaya and comprises of Leh and Kargil district. Leh 

district is situated between 32°N to 36°N latitude and 75°E to 80°E longitude at an altitude 

ranging from 2900 m to 5900 m amsl. The mean minimum and maximum temperature 

recorded at 3500 m above mean sea level in Ladakh was -0.5°C and 14.1°C, respectively 

while the mean minimum and maximum relative humidity was 25±4% and 36±7%, 

respectively (Table 1). The average altitude of human habitation in Ladakh is over 3000 

meter amsl and the temperature drop up to -30ºC in winter. Open field cultivation is 

restricted to May to September in view of sub-zero temperature during winter months. 

Fruit and vegetable growers in Ladakh face many challenges and there is a need to invest 

in development of new and innovative production technologies. In addition to the troops 

deployed in the region, Ladakh’s floating population is increasing rapidly.  

The number of tourists visiting Leh district has increased from 9,055 in 1991 to 1,81,437 

in 2011. Majority of the household has small land holding; 49.42% household has less than 

0.5 ha land. Population growth competes with agriculture for land and water resources. 
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Agricultural land value increases to the point where value for horticultural crop production 

cannot compete with development pressure especially in urbanizing areas. Protected 

cultivation enables farmers to remain on the farmland and to produce fruit and vegetable 

with increasing challenges brought on by the changing society and the harsh weather. 

Protected cultivation system will play a prominent role in maintaining a competitive 

horticulture industry in Ladakh. 

Table 1. Average temperature (°C) at DIHAR, Leh (2013 & 2014) 

Month 2013  2014  

 Maximum Minimum Maximum Minimum 

January 0.1±3.0 -10.5±5.1 0.0±2.7 -13.4±2.6 

February 2.5±3.2 -10.2±4.1 0.7±3.7 -10.0±3.4 

March 8.5±2.1 -4.9±3.1 7.1±3.0 -5.2±3.0 

April 12.5±2.4 0.1±2.7 12.3±8.0 -0.5±2.5 

May 16.8±3.5 3.8±2.5 17.0±2.6 3.4±1.8 

June 22.7±6.2 9.5±3.2 21.4±3.2 9.3±3.0 

July 26.9±2.4 13.6±2.0 26.2±3.8 13.4±2.9 

August 26.1±4.0 12.7±1.7 24.6±3.3 12.2±3.8 

September 21.2±2.9 7.0±3.0 19.5±3.2 6.4±2.3 

October 15.7±4.2 0.0±3.1 14.6±3.1 0.0±2.8 

November 6.9±1.7 -8.6±2.6 8.4±1.8 -8.1±2.7 

December 3.0±3.5 -12.4±5.0 3.1±3.2 -11.7±2.9 

 

Protected cultivation is a unique and specialized form of agriculture wherein the micro 

environment surrounding the plant body is controlled fully or partially as per plant need 

during their period of growth. Devices or technologies for protection (windbreak, irrigation, 

soil mulches) or structure (greenhouse, tunnels, row covers) may be used with or without 

heat. The overall objective of protected cultivation is to modify the natural environment by 

practices or structures to achieve optimal productivity of crops by enhancing yields, 

improving quality, extending the effective harvest period, and expanding production areas.  

The basic tool for protected cultivation is the use of plastic wherein a significant benefit is 

derived from using products derived from plastic polymer. Plasticulture began in the 1950s 

and early 1960s with the introduction and use of plastic films, mulches, and drip irrigation 

systems. The production system enables fruit and vegetable growers to realize greater 

returns per unit of land. Benefit offer by using protected cultivation include off-season 

vegetable production, earlier crop production, higher yield per unit area, cleaner and higher 

quality produce, efficient use of water resources, reduction in weeding, extension of growing 

season etc. The production system can be used effectively by growers with small and large 

land holding. The basic principles and management system are similar regardless of the 

size of operation. Protected cultivation has progressively expanded over the years in many 

countries and for several applications, replacing traditional materials such as glass to cover 

greenhouses and paper and straw for soil mulching. 
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The total cropped area in Leh district is 10,319 ha and area under fruit (1662 ha) and 

vegetable (286 ha) form just 16.1% and 2.7%, respectively. Area under protected cultivation 

is very small and confined to greenhouses. The most prevalent used protected cultivation 

tool is UV stabilized polyethylene sheet, which is used as greenhouse cover. However, use 

of mulching, drip irrigation and colored shade netting is almost negligible except on 

research farms. Trials at fruit and vegetable research farms at Defence Institute of High 

Altitude Research (DIHAR) has shown potential of protected cultivation as a viable critical 

production tool for ensuring future competitiveness in Ladakh region. This report 

summarizes scope and results of extensive studies conducted at DIHAR, Leh on protected 

cultivation in horticultural crop production.      

Passive solar greenhouse 

Passive solar greenhouse has played a 

significant role in production of leafy 

vegetables in sub-zero temperature and 

extension of growing season. The use of 

greenhouses makes possible production 

outside the normal season. The first 

greenhouse in Ladakh was established in 1964 

at DIHAR (Fig. 1) for vegetable production 

during winter months. Majority of the 

greenhouse established during 1960s to 1970s 

were made of glass fixed on wooden frames. 

However, UV stabilized polyethylene sheet and 

iron frame have replaced the glass and wooden 

frames in later years in view of lower cost and 

ease of construction. Polyethylenes are now 

extensively used for solar passive greenhouse all over Ladakh. At DIHAR experimental farm, 

UV stabilized 120-150 GSM Rigidex translucent polythene sheet are now being used 

extensively for covering greenhouse structure. Such materials withstand the harsh climatic 

condition, especially high speed wind, and the material last for over 10 years. When the 

average outside maximum and minimum temperature is 0.04° and -13.4°C, respectively in 

January, the average maximum and minimum temperature inside a passive solar 

greenhouse was recorded 11.5° and -4.9°C, respectively. Therefore the increase in average 

air temperature inside a passive solar greenhouse is 11.5ºC during day and 8.5ºC during 

the night in January. The soil temperature at 12.5 cm depth inside passive solar greenhouse 

remains 4 to 12ºC in January. This temperature increase is generally adequate to protect 

vegetable crop from frost damage without supplemental heating. The relative humidity 

inside greenhouse remains 34 to 38% higher than that of open condition. The problem of 

too low temperatures during winter can be solved by some heat supply to the greenhouse 

during the critical periods. The problem is not technical, as it is easy to heat an enclosure, 

but economical, as the investment and the running cost are relatively high. 

Fig. 1. The first greenhouse in Ladakh 

established in 1964. 
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Passive solar greenhouses are used extensively in Ladakh for production of leafy vegetables 

from October to March and for early nursery raising from March to April. A number of 

greenhouse and tunnel models have been designed and evaluated at DIHAR viz. glasshouse, 

trench, polyhouse, polyench, FRP greenhouse, polycarbonate greenhouse etc. Glasshouse 

is no longer used in Ladakh in view of high cost, vulnerability to breakage and easy 

availability of low cost substitute i.e. UV stabilized polythene sheet. Polycarbonate and FRP 

greenhouses involve high cost and require expertise for installation. FRP lose its 

transparency over a period of time and thus block transmission of light inside the 

greenhouse. Other structures perform well and are adopted by farmers and the Army all 

over Ladakh. Greenhouse can be covered by double film layer. Double films are spaced by 

a layer of air that allow a heating energy saving of 25-30% if compared to the single film 

owing to the reduction of conductive, convective and long wave infrared radiation (LWIR) 

radiation losses but, on the other hand, a reduction of solar radiation transmission occurs. 

Furthermore, using double film layers, it is possible to obtain better thermal performance 

than those produce by a covering of single glass layers. Double film layers help also to 

reduce water condensation and the consequent dripping inside greenhouses, that cause 

harmful effects to the crops, and avoid the thermal inversion of the inside air temperature 

of 2-3°C that occurs during the clear winter nights inside the unheated greenhouses and 

tunnels with a single plastic film covering. 

Adoption of type of the greenhouse in Ladakh depends primarily on resourcefulness of the 

farmer and incentives being given by the Government agencies in adoption of a specific type 

of greenhouse. Varietal selection is of primary importance in achieving the desired yield. In 

general, greenhouse tomatoes are indeterminate plants, as opposed to determinate field and 

processing tomato plants. 

Characteristics of greenhouses in Ladakh 

• Greenhouse covering: Greenhouses are covered with single layer of plastic material as 

an alternative to glass principally for their cheapness, lightness and large size features 

from Oct-May. However, during summer months the cladding material is removed in 

view of high air temperature inside the greenhouse reaching more than 40°C without 

proper ventilation.  

• Ventilation: Natural ventilation is the most frequently used method for cooling the 

greenhouse atmosphere 

• Heating: Solar light is basic source of heating the greenhouse. However, during peak 

winter months the problem of too low temperature (i.e sub-zero temperature) is 

experience inside the greenhouse  

• Light: Solar light is the only source of light the greenhouse. Supplemental lighting is 

not used  

• CO2 injection: Air CO2 is an important microclimate parameter in greenhouse for its 

relevant effect of plant CO2 assimilation, affecting plant productivity. However, CO2 

injection is not practiced in Ladakh    

• Irrigation: Crops are irrigated by flood irrigation system  
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1. Tunnels  

Tunnels are low cost Quonset-shaped structures consisting of metal pipes framework 

covered with greenhouse plastic sheeting. To secure the cover against wind, edges of the 

plastic cover are buried in soil or weighted down with sandbags. This system is particularly 

appealing to new entry growers because of their low cost, simplicity and effectiveness in 

protecting crops from low temperature in both spring and autumn. Tunnels have sufficient 

versatility to make them useful on a wide diversity of crops and in various cropping system. 

Too much temperature in the tunnel can be as much a problem as too little. Optimum 

temperature is maintained by venting or closing the tunnel. Many designs, ranging from 

semi-permanent tunnel to lightweight moveable frames, have been developed and studied 

at DIHAR for vegetable production over the years.  

1.1 Walk-in tunnel  

Walk-in tunnels are large structures constructed of metal bows that are attached to metal 

posts which have been driven into the ground about two feet deep. Grower can walk in the 

tunnel and usually have rectangular hinged door at one end. These structures are used to 

produce vegetables during winter months and for raising nursery seedling in Apr-May.  

2.2 Low tunnels  

In low tunnel, plastic covers are supported above the crop by wire hoops to cover individual 

row of vegetable crop in the field. The width of the hoop at the base is maintained 24-36 

inches and the height of the apex of the hoop is 14-18 inches. The hoops are spaced about 

4 feet apart in row and the ends of the hoops are inserted 6-8 inches into the soil on each 

side of the row. In view of high wind speed in Ladakh, portable rigid-tunnel row covers have 

been extensively used at DIHAR. Rigid-tunnel row covers are Quonset-shaped made of metal 

frames covered with plastic sheet. Each tunnel measure 6’×3’ (L×W) at the base with 2’6” 

height at the centre. The structure is used either individually over a small area or join 

together to form a long tunnel. These structures are used for raising nursery seedlings, 

cultivation of leafy vegetables in winter months and for extension of growing season. 

2. Floating row cover  

Floating row covers ‘float’ or ‘rest’ on top of the crop as it grows. It consist of a screen of 

perforated plastic or nonwoven film and offer simple, cheap, and effective semi-protection. 

Plants and soil are directly covered and there is no supporting hoops or stakes. Floating 

covers reduce installation costs. It is extensively used for early nursery raising in April-May 

in the field and is removed as soon as the seed starts germinating. 

3. Plastic mulches 

Mulching is the application of a soil cover that creates congenial conditions for the crop 

growth. This may include moisture conservation, temperature moderation, weed control etc. 

Plastic mulches directly impact the microclimate around the plant by modifying the 

radiation budget (absorbitivity vs. reflectivity) of the surface and decreasing the soil water 

loss. The color of mulch largely determines its energy-radiating behavior and its influence 

on the microclimate around a plant. Black plastic mulch has been extensively studied at 

DIHAR for vegetable production. Soil temperature under black plastic mulch during the day 
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time is generally 2 to 5°C higher at 10 cm depth compared to that of non-mulched soil in 

summer. 

Although a variety of vegetables can be grown successfully using plastic mulches, tomato, 

capsicum, brinjal, muskmelon, watermelon and cucumber have shown most significant 

response. Increase in yield of tomato was recorded two times and that of brinjal and 

capsicum was four and six times, respectively as compared to non-mulched field. Use of 

plastic mulch results in harvesting crop 1-2 weeks earlier as compared to traditional 

growing practices, which often significantly increases market advantages. Return on 

investment of use of black polythene mulch has been worked out in hybrid tomato 

production. For every Rupee investment in purchase and laying of plastic mulch, twenty 

five fold return has been observed. Therefore, mulching technology offer high return on 

investment besides saving 20-30% water. The technology is highly suitable for large scale 

adoption by farmers in Ladakh and expected to be the second most mass adopted 

plasticulture technology in horticultural crops next to greenhouse. There is a need for 

Government sponsored scheme for popularization of mulching technology in Ladakh. 

Mechanical laying of mulching sheet on the soil need to be introduce and popularize in the 

region. Disadvantage of plastic mulching are the necessity of removal and disposal of plastic 

sheet after use. 

4. Colored shade netting  

Higher plants respond to light intensity, quality, direction, and periodicity. Colored shade 

netting have been designed and become available for manipulating plant development and 

growth. Colored shade netting provide physical protection, affect environmental 

modification, and increase the relative proportion of diffuse (scattered) light as well as 

absorb various spectral bands, thereby affecting light quality. These effects can influence 

crop as well as the organisms associated with them.  

Use of colored shade net in horticultural crop is a relatively new concept in Ladakh. The 

first comprehensive study was conducted at DIHAR in 2013-14. Effect of red shade net on 

tomato and capsicum was studied. Reduced evapotranspiration, reduced wind speed, 

increased relative humidity and relief from scorching sun have been recorded. However, 

significant increase in crop productivity has not been observed. Seedling of selected crops 

raised in early spring showed enhanced seedling growth and earlier seed germination (0.5-

4 days earlier) as compare to control without shade in greenhouse Extensive field trial is 

underway on diverse horticultural crops using different colored shade nettings. 

Conclusion 

The most prevalent used protected cultivation tool in Ladakh is UV stabilized polyethylene 

sheet as greenhouse cover. However, use of plastics for mulching, drip irrigation and colored 

shade netting is almost negligible except on research farms. Trials at fruit and vegetable 

research farms at DIHAR has shown potential of protected cultivation as a viable critical 

production tool for ensuring future competitiveness in Ladakh region. Use of plastic mulch 

is highly suitable for large scale adoption by farmers in Ladakh. Return on investment on 

plastic mulch in vegetable production is many fold and thus economically viable for 
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adoption by small and marginal farmers. High cost for drip irrigation system retarded large-

scale adoption of drip irrigation when other less costly irrigation systems are in place. 

Plastic lining of tanks for irrigation purpose is cost effective and needs to be promoted for 

adoption. Use of colored shade net in horticultural crop is a relatively new concept in 

Ladakh. Extensive field trial is required on diverse horticultural crops using different 

colored shade nettings. Protected cultivation in Ladakh needs a continuous adaptation of 

its configuration from the technical, agronomical and management point of view in order to 

correspond to a changing scenario. The major challenges for the adoption of protected 

cultivation in Ladakh are cost-effectiveness of the production system, irregular supply of 

electricity and lack of market linkage. 
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Protected cultivation using greenhousetechnology tempts one’s mind as it permits 

enormous modification in microclimate enabling the cultivation of crops in adverse climatic, 

caring least for the outside environment. Vrikshayurveda, an epic of 11th century AD by 

Surapala, states that any plant/tree could be grown anywhere provided king, treasury and 

destiny are favorable. This is an indication that agricultural experts of that era were aware 

of the protected cultivation methods. The idea of growing plants in environmentally 

controlled areas has also existed duringRoman times. The Roman emperor Tiberius ate a 

cucumber-like vegetable daily. The Roman gardeners used artificial methods (similar to the 

greenhouse system) of growing to have it available for his table every day of the year. 

Cucumbers were planted in wheeled carts which were put in the sun daily, then taken 

inside to keep them warm at night. The first modern greenhouses were built in Italy in the 

thirteenth century to house the exotic plants that explorers brought back from the tropics. 

They were originally called giardinibotanici (botanical gardens). The concept of greenhouses 

soon spread to the Netherlands and then England.Jules Charles, a French botanist, is often 

credited with building the first practical modern greenhouse in Leiden, Holland to grow 

medicinal tropical plants.In the nineteenth century the largest greenhouses were built. The 

conservatory at Kew Gardens in England is a prime example of the Victorian greenhouse. 

In Japan, the first greenhouse was built in 1880 by Samuel Cocking, a British merchant 

who exported herbs.In the Twentieth Century the geodesicdome was added to the many 

types of greenhouses (Anon.,2008). In the country like India with its vast and diverse agro-

climatic conditions, protected cultivation technology in the last three decades has made 

good progress and proved as a boon for production of high value, low-volume crops with 

better productivity and quality. 

Uses 

Greenhouses are often used for growing flowers, vegetables, fruits, and otherplants. Many 

vegetables and flowers are grown in greenhouses in late winter and early spring, and then 

transplanted outside as the weather warms. Started plants are usually available for 

gardeners in farmers' markets at transplanting time. The closed environment of a 

greenhouse has its own unique requirements, compared with outdoor production. Pests 

and diseases, and extremes of heat and humidity, have to be controlled, and irrigation is 

necessary to provide water. Significant inputs of heat and light may be required, particularly 

with winter production of warm-weather crops. Special greenhouse varieties of certain 

crops, like tomatoes, are generally used for commercial production.Greenhouses are 

increasingly important in the food supply of high latitude countries. One of the largest 

greenhouse complexes in the world is in Almeria, Spain where Greenhouses cover almost 
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50,000 acres (200 km2) and where almost 5% of Spain's salad vegetables are grown. 

Greenhouses protect crops from too much heat or cold, shield plants from dust storms and 

blizzards, and help to keep out pests. Light and temperature control allows greenhouses to 

turn inarable land into arable land. Greenhouses can feed starving nations where crops 

can't survive in the harsh deserts and Arctic wastes. Hydroponics can be used in 

greenhouses as well to make the most use of the interior space. Biologist John Todd 

invented a greenhouse that turns sewage into water, through the natural processes of 

bacteria, plants, and animals (Anon., 2008). 

Greenhouse technology 

Greenhouse technology implies production of plants for economic use in covered structure 

that allows rapid harvesting of solar radiation and modification of agro-climatic conditions 

conducive for plant growth and development. The technology embraces infrastructure 

modelling, selection of plants for adaptation, production economics, agronomic 

management and commercial potential etc. “A greenhouse is a framed or an inflated 

structure covered with a transparent or translucent material which permits at least partial 

control of plant environment and which are large enough to permit a person to carry out 

cultural operations” (Chandra and Panwar, 1987). While full advantages is taken of the 

available sunshine for crop production by way of selecting proper covering materials, the 

enclosure provides an opportunity to control the other environmental parameters. As a 

result greenhouse crop productivity is largely independent of outdoor environmental 

conditions. However, environmentally controlled greenhouses are not popular in Hilly region 

simply because of acute shortage of electric power in the region. Hence, greenhouse 

technology is discussed with special emphasis on crop production in Hilly region. Types 

and design of protected structures mainly depend on the availability of materials, purpose 

of protection, climate of the region and market for quality produce. Environmental 

conditions in general include light, temperature, air composition and nature of root 

medium. Depending upon the local climate and crop requirements, adequate environmental 

control is attempted rather than full control of fall components to maximize the profit. 

Principle 

A greenhouse is generally covered with transparent material such as polyethylene, glass or 

polycarbonate. Depending upon the clading material and its transparency major fractions 

of sunlight is absorbed by the crops and other objects. These objects in the greenhouse in 

turn emit long wave thermal radiation for which clading material has lower transparency 

with the result solar energy is trapped and resist the temperature inside the greenhouse 

(Nimje and Shyam, 1991). This is known as greenhouse effect. This rise in temperature in 

greenhouse is responsible for crop forcing in adverse climate. During winter month loss of 

trapped temperature should be minimized whereas, during summer months air 

temperature in greenhouse is to be brought down by providing cooling device or ventilation. 

 

Agro-climate 

There are several climatic factors that need care but in hilly region following factors are 

important for winter cultivation. 
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Sun Light: The direction of the greenhouse should be such that it receives sunlight for 

maximum hours. In hilly region, greenhouse should face South-East direction and its 

location should not be under shade. Sun light is essential for augmentation of the process 

of photosynthesis. In addition, it provides requisite thermal environment for various other 

physiological processes including photosynthesis. Hilly regions receive clear sunny days 

inwinter so sunlight as such may not be limiting factor but its tapping and conservation 

could be a major concern for furtherinvestigation. 

Temperature: Sunlight is the major rather sole source of temperature. Examples of 

providing external heat source other than sunlight are rare in Hilly region. Temperature 

during night hours may drop down to below zero degree Celsius of heat obtained from 

trapped solar radiationisnotproperlyconserved.Following stepsare advantageous to 

maintain thermal environment of greenhouse. 

• Blackening of internal surface of brick wall and soil bed surface. 

• Providing insulation by doubling brick wall. 

• Covering polyethylene or glass external surface with multi layercovering during night 

hours. 

• Mud plastering in case of stone walls. 

• Placing of black colored stones in the green houses. 

• Keeping containers filled with water. 

Relative humidity: The minimum limit of relative humidity for normal physiological 

functioning of the plants is 50%. Extreme xeric conditions hardly allows relative humidity 

to rise to this level in outer environmentbut inside greenhouse sufficient water application 

and restricted air circulation gear up and maintain relative humidity athigher level. It may 

be increased by keeping pan evaporation. Mechanical device which automatically controls 

relative humidity by periodical sprinkling of water isnot used in Hilly region. 

CO2 enrichment or maintenance: Carbon dioxide (CO2) is the basic ingredient required 

for manufacturing of organic matter by process of photosynthesis. In cold arid region CO2 

concentration is below normal (NAEDB, 1992) and in the closed structure like greenhouses 

it may drop down further because of its consumption by the plants. At relatively high 

sunlight intensities and temperature photosynthetic rate is directly proportional to 

CO2concentration upto 2400 ppm. Hence supplementary application of CO2 will boost plant 

productivityinside the greenhouse. Under Hilly region situation appropriate aircirculation 

is better and economic means to prevent undesirable lowering of CO2while for conservation 

of CO2 produced at night, a tight closed greenhouse is pre requisite.  

Soil: Soil serves as growth medium for plants. Sandy loam soil is the best choice. It should 

be supplemented with well rotten FYM, compost or biofertilizers. Inorganic fertilizers need 

to be used as per recommendations. Continuous cultivation inside the greenhouse may give 

rise to pathogens. To destroy pathogens pasteurization of soil is recommended (steam 

aeration). A temperature of 60C for 30 minute is good enough to accomplish the task. 

Chemical fumigation can also be used but steam is the best as it is not selective thus 

attacking all sort of pathogens. 
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Benefits of greenhouse hilly regions 

Major benefits of greenhouse in Hilly region (Singh, 1995b; Chandra, 1991) are given below:- 

(i) Cultivation of crops during winter months at subzero temperaturewhen it is not 

possible to grow in open fields. 

(ii) Tropical vegetables like cucurbits, capsicum, brinjal, okra etc. are rare inhilly region 

butthese crops can be grown in greenhouse. 

(iii) Greenhouse provides an excellent opportunity to produce qualitycrops for export. 

(iv) Raising nursery earlier and advancing the availability isalso possible by use of 

greenhouse. 

(v) Productivity in greenhouse is increased manifold in comparison to openfield. 

(vi) Conservation of valuable planting materials and its cultivation is alsopossible under 

greenhouse. 

(vii) Greenhouse can also be used for growing of flower plants, strawberries, grapes and 

propagation of fruit plants. 

(viii) Insectpest andweed management is easier in greenhouse than open. 

(ix) Greenhouse conserves the moisture. Hence frequency of watering to plantsget 

reduced. 

(x) Greenhouse is ideally suited for hilly region farmers having small holdings. 

(xi) Productivity per unit areaand time can be increased by adopting suitable crop 

sequences. 

Infrastructure of greenhouse   

Types of glazing materials 

Glass: Glass has been the preferred covering material for greenhouse worldwidebecause of 

its light transmissivity characteristics. Transmissivity of 40-50 years old glass differs a little 

from that of new glass. Temperature retention in glasshouse is pretty good. However, 

highinstallation cost is major limitation. Moreover, transportation of materials and frequent 

damage of glasses due to high wind velocity, glasshouse is discouraged in Hilly region. 

Polyethylene: Plastic polyethylene is the most widely used greenhouse film in Hilly region. 

It is produced by mixing homopolymers of ethylene with or without an ultra-violet (UV) 

inhibitor package but only UV stabilized polyethylene sheet is recommended for Hilly region 

because non UV inhibitor package added polyethylene will break down after 3-5 months 

due to photochemical reactions. Polyethylene film is tough, flexible and relatively in 

expensive. It can withstand as low as -50C but 80-90C temperature will cause it to melt. 

Above 60C it losses much of its strength and may stretch markedly. The life of UV stabilized 

polyethylene film is 1-3 years. However, regidex polyethylene sheet may be used for 5-6 

years ontrench. 

Fiberglass Reinforced Panel (FRP): These panels consist of glassfibre reinforced polyester. 

The panels have been very popular in areas of high light intensity such as southern USA 

butabout 10-15% heat loss due to increased exposed area makes it unfit for Hilly region. 

Polycarbonate panels: The panels are available in double skinned sheets. SDP 

polycarbonate sheets are similar in physical dimension to the SDP acrylite but are stronger 
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and have a lower light transmissivity. Its price is approximately 25% higher than SDP 

acrylite. Further, with its age under use, the transparency gets reduced due to yellowing. 

Construction materials 

Besides glazing materials (Polyethylene/glass) several other materials are also requires for 

construction of a greenhouse. It is always better to prefer the use of locally available 

materials for the construction of a greenhouse. It not only reduces the installation cost but 

also help to popularize the technology. The major construction material required for 

greenhouse isits frame structure which could be either of a metal or wooden. Iron angle, GI 

pipes or aluminum frame are the most common metal used in greenhouses. Wooden frames 

can also be used which are locally available in the region. Such frames are cheaper than 

those of metal frames and also easy to use. Wooden frame should also be preferred in hilly 

regions since metal is a good conductor of heatthus its temperature get reducedduring 

winter months during summer it gets hot and polyethylene sheet gets stuck to metal which 

tears offthe sheet. Sometimes supporting wares are also used in greenhouse to hold the 

polyethylene sheet. It is always advisable to avoid direct contact of metal with polyethylene 

sheet. If at all it is essential, gunny bags or cloth should be wrapped over the metal. Other 

precautions include use ofsmooth surfaced frame and removal of sharp edges of frame. 

Strong foundation of frame is essentialin cold arid region to resist the strong winds. Stability 

is further ensured by constructing earthen brick wall at the back and on either side. 

Types of greenhouses in hilly region 

Though Hilly region is predominated by Ladakhi polyhouses however studies carried out by 

Field Research Laboratory - Lehrecommend trench types of greenhouse for the region 

(Dwivedi and Singh, 1999). Various other types of greenhouses are also seen in Hilly region 

(Singh et al., 1998). 

a) The brief description of each type is being discussed below: 

Glasshouse: As its name indicates, glass is used as glazing material in this greenhouse. 

Perhaps this is the first and oldest among all types of greenhouse structures. Glass panels 

are fitted with the help of wooden or metal frame. It can be of any shape and size and it is 

pretty effective for winter cultivationbut due toincrease in day temperature in summer, it 

becomes unfit for cultivation during summer. High initial cost, difficulty in construction 

and frequent damage of glass panels by strong winds are other discouraging factors. In Hilly 

region only a few such structures are found that too for research. One oldest glasshouse 

constructed in 1964is available with FRL-Leh. 

Performance of beetleaf (var. All green) in greenhouse during  

peak winter (Nov-March) 

Structure  

 

Av. plant height 

(cm) 

Av. yield 

(kg m-2 cutting-1) 

Total yield  

(kg) 

Glasshouse 21.8 1.1 3.3 

Ladakhi Polyhouse  22.0 1.8 5.4 

Polyhouse 19.3 0.9 2.7 

Trench 26.8 2.1 6.3 

Tunnel 17.0 1.1 3.3 
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Unit Polyhouse 21.4 1.5 4.5 

            Source: Dwivedi et al., 2009. 

Polyhouse: Ideal features of polyethylene have increased the use of polyhouses inplace of 

glasshouse throughout the globe. It has not only reduced the initial cost but also increased 

the popularity of greenhouse by simplifying the installation technology. Generally two type 

of polyhouses arethere in Hilly region. 

Prefabricated polyhouses: A pre-fabricated metal structure of convenient size is installed 

and polyethylene film is covered over it. This structure is not recommended at all for the 

region because of poor temperature retention, low crop yield and high installation cost 

(Singh et al., 1998). 

Ladakhi polyhouse: The most common greenhouse in Ladakh region is Ladakh polyhouse. 

It is similar to normalbut the only difference is its surrounding mud brick wall in place of 

polyethylene sheets which not only cut down the installation cost but also reduce the 

adverse effects of strong winds and also increase temperature retention and ultimately net 

profit get increased. This is generally lean type, have three sides made of mud bricks. The 

back wall is 7 ft in height, while front has no well. The length is 32 ft with a width of 16 feet 

(Singh et al., 2000). The polyethylene is supported on wooden poles and side walls. The two 

side walls one descending towards the front. J&K State Dept. of Agriculture/Horticulture 

provides cash subsidy besides 32 x 16 foot free polyethylene sheet. This has brought boost 

to greenhouse revolution in Ladakh. 

Trench (Underground greenhouse): This is a very simple, cheap and useful greenhouse 

structure for Hilly region and thus has unlimited potential in the region. This may be of any 

convenient dimension. However, a trench of 30 x 10 x 3 feet size isideal. In this pit type of 

structure, wooden poles are used to hold UV stabilized polyethylene film. The polyethylene 

is also covered by an additional or woolen or cotton sheet polyethylene film during night to 

reduce the heat loss during extreme winter. The damage of blowing off the polyethylene film 

by strong winds is minimized by putting stones along the sides. Cultural practices and other 

operations are done by removing polyethylene sheet from top of the trench. The structure 

does not require much skill in its construction and management. Its cost is lowest among 

all other greenhouses and being an underground structure heat loss is minimal 

andtemperature retention is high (Singh and Dhaulakhandi, 1998) and thus yields good 

crop.Strong winds does not affect polyethylene cover much and hence it is long lasting. This 

structure is therefore, being recommended as most suitable greenhouse for the region 

(Singh et al., 1998, 2000). 

Plastic low tunnel: It is a small semi spherical structure frame made of metal, wood or 

plastic and covered with polyethylene or fiber reinforced plastics to create protected 

environment. Plastic low tunnels are flexible transparent coverings that are installed over 

rows of individual beds of transplanted vegetables to enhance the plant growth by warming 

the air around the plants (micro-climate) in open field during winters. These help in 

warming the soil and protect the crop against the hails and snow and advance the crop by 

30-60 days than their normal season. This low-cost technology is very simple and highly 
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profitable for off-season cultivation and catching the early market. Generally galvanized iron 

arches are fixed manually 1.5-2.0 m apart to support the plastic tunnel. Width and height 

is kept about 45-60 cm to cover the plant as per the crop requirement. Transparent non-

perforated plastic of 30-50 thickness is sufficient. It partly reflects infrared radiation to keep 

the temperature of low tunnel higher than outside. Small vents can be made at the side of 

tunnel to facilitate proper aeration in tunnel. These structures serves as mini greenhouse. 

This is a temporary structure which can easily be shifted to any place. However, major 

problem in tunnels is faced in watering, weeding and harvesting which involves removal of 

cover and again putting them back. 

Double wall polyench: A structure designed by FRL, Leh, to harness the soil and solar heat 

for growing the vegetables especially during winter months. The polyench refers to a 

polyhouse erected over a trench where back and sidewalls are made up of mud bricks. The 

sidewalls are provided with double walls filled with insulating material available locally i.e., 

sawdust for better retention of heat inside the polyench.The inner walls are painted black 

to absorb more solar radiation during morning hours. The structure is also like gable 

uneven span with modified roof having polythene sheet towards sun facing side and grass 

thatch support over wooden frame opposite to sun facing side with provision of ventilators 

in the roof. Since locally available material has been used in this greenhouse, the cost is 

reduced drastically compared to normal greenhouse with better efficiency of temperature 

retention than trench and polypouse. Considering the wear and tear occurred due to high 

wind velocity in the Hilly regions, the polythene sheet has been replaced with FRL sheets to 

increase the life span of the structure. The structure has been accepted by the Ladakh 

Autonomous Hill Development Council (LAHDC) and state Govt is providing subsidy of 50% 

to the farmers for promoting the protected cultivation in Ladakh region. 

Shade house/net house 

To reduce the adverse effect of scorching sun and heavy rain, shade houses are becoming 

popular for growing crops and nursery during summer season. Net houses are used for 

raising vegetables/fruits/flowers/medicinal plants in high rainfall regions.Roof of the 

structure id covered with suitable cladding material.Slides are made of wire mesh of 

different gauges. Such structures are popular in north-eastern region of the country. 

Cost of different greenhouse per m2 per year (Rs.) 

Structure Total Cost Life span (Yr) Area (m2) Cost(m2/Yr) 

Glasshouse 115200 10 40 288.00 

Ladakhi polyhouse 5240 3 50 34.94 

Polyhouse 52000 2 70 125.00 

Trench 1960 6 24 13.59 

Tunnel 6240 2 140 22.29 

Unit Polyhouse 5300 2 70 37.86 

 

Cost of production of beet leaf (palak) in various greenhouse 

Structure Cost (Rs.) 

(m2/Year) 

Produce 

(kg/m2) 

Cost 

@ 15/kg 

Profit 

(Rs.) 
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Glasshouse 288 3.3 49.5 -238.5 

Ladakhi polyhouse 35 5.4 81.0 46.0 

Polyhouse 125 2.7 40.5 -84.5 

Trench 14 6.3 94.5 80.5 

Tunnel 22 2.2 33.0 11.0 

Unit Polyhouse 38 4.5 67.5 29.5 

 

Performance of capsicum in various protected structures 

Treatments Days to 50% 

flowering 

No. of 

fruits/plant 

Ave. fruit 

wt (g) 

Fruit 

yield/plant (g) 

Greenhouse 63.00 10.4 100.05 937.33 

Double Wall Polyench 82.33 7.30 73.33 604.53 

L Polycarbonate 71.33 8.50 83.50 719.27 

Polyench 74.33 10.4 67.69 642.13 

Open 79.00 8.91 42.19 471.93 

 

Effect of various structures on capsicum seed production 

Treatment Fruits/ 

plant 

Ave. Fruit wt (g) Fruit 

yield/ 

plant (g) 

Seed: 

Flesh 

ration 

Seeds/ 

fruits 

1000 

seed wt 

(g) 

Seed 

yield 

plant (g) 

Trench 7.27 80.0 550.33 0.27 87.33 5.44 3.56 

Polycarbonate 7.93 90.4 634.00 0.22 99.67 5.76 4.39 

Polyench 4.50 90.2 384.67 0.19 84.67 5.58 2.12 

Open 4.50 63.2 294.00 0.21 52.67 5.42 1.40 

Current status 

Acute power crisis in hilly region has resulted development of solar greenhouses in the 

region. There is not a single greenhouse available in the region withcontrolled climate 

device. The most common greenhouse is polyhouse constructed by using locally available 

materials like mudbricks, wood and polyethylene. UV stabilized cladding film is used for 

these Ladakhi polyhouses.Commercial greenhouses with climate controlled devices are very 

few in the country and the technology is in early stage of development. Although, a few 

commercial greenhouse units in India existed even during 60's and Field Research 

Laboratory (FRL) of DRDO at Leh attempted research on solar greenhouse vegetable 

production during early 60's, the impetus for greenhouse area expansion came in mid-80's 

with the development of low-cost greenhouse structures and manufacturing of UV-

stabilized LDPE. Indian Petrochemical Corporation Ltd (IPCL) boosted the greenhouse 

research and application by providing UV-stabilized cladding film in India. The low-cost 

greenhouses in Leh have permitted the expansion of growing season from four to eight 

months. Outstanding contribution of FRL almost every rural family in Leh valley possess a 

polyhouse and almost 70% of total area under polyhouse in India is in Ladakh region. The 

greenhouses in India today are being increasingly used for off-season vegetables, export-

oriented floriculture, medicinal and aromatic plants, and to some medicinal and aromatic 

plants, and to some extent, for raising timely nursery of horticultural extent, for raising 

timely nursery of horticultural crops including vegetables. Applications for cold water 
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fisheries and drying of horticultural cold water fisheries and drying of horticultural produce 

are also coming up. State Government (J&K) provides subsidy through various agencies 

like agriculture/horticulture Deptt. to tribal farmers for construction of Ladakhi polyhouse. 

Several other agencies also promote the construction of the greenhouse inthe region. This 

has resulted in a greenhouse revolution in Ladakh. Approx 20,000 greenhousesare available 

in Leh districtwhich is perhaps largest in the country. `Nang’ the remotest village ofLadakh, 

is having 55 greenhouses one each with all 55 families. 

Features of an ideal greenhouse for hilly region 

Peculiarity of hilly region weather i.e. very highday-nighttemperature fluctuationsstrong 

winds and high light intensity coupled with UV radiation needs a different type of 

greenhouse for the region. Since hilly regions are remotely located and isolated from main 

land hence all the required materials for greenhouse must be locally available and cheap in 

cost so that poor farmers can afford the expenditure. The greenhouse must be capable 

enough to trap the solar energy and produce the crops even at subzero temperatures (Tewari 

and Dhiman, 1986). It should also be strong enough to resist the snow load, strong cold 

waves and extremely low temperature. The structure should be also be able to retain the 

temperature for longer period besides being simple and easily manageable so that even a 

lay man can built and manage it without any difficulty. All the features may not be 

accommodated in one type of greenhouse (Singh et al., 1998a). 

Selection of suitable crops and production technology for greenhouse 

Selection of crops for production in green house is the most important factor in success. 

The crop should not only be able to tolerate the low winter temperature but should alsogrow 

under the cover where very little and diffused sun light is available. Fastvertical growing 

and ratoonyielding crops should be preferred so that horizontal and vertical space is fully 

utilized, more number of cutting/harvesting can be taken. Root crops like radish, beetroot, 

carrot, turnip can also be grown (Singh et al., 1997). Among all, most important factor is 

sowing time. Even one day delay in sowing causes significant reduction in yield. Thus crop 

should be sownbefore onset of winter which enable the plants to resist low temperature.  

There are certain other management tips required to be adopted for green house cultivation 

which are listed below:- 

• Use of well rotten FYM @ 1.5-2.0 kg per m2 at least 30 days before sowing improves the 

growth and yield of crop. Use of chemical fertilizerisgenerally avoided. However, 10-12 g 

of DAP per m2 before sowing and 5-7 g per m2 urea enhance the growth of plants. 

• Since every bit of soil under cover is highly precious, hence it should beutilized properly. 

Even ridges ofbeds and channels should be used for growing of the crops. 

List of vegetables, their varieties, sowing time andplanting  

distance for winter cultivation 

Crop Variety Sowing Time Planting 

distance (cm) 

Beetleaf All green Mongol First fortnight of Sep. 20 

Beetroot (leaf) Detroit Dark Red -do- 20 
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Celery --- -do- 25 

Chenopodium album --- First fortnight of Sep. 10 

Coriander RIL-195 End of Sep. 15 

Dums Local End of August 20 

Fenugreek Kasuri Second fortnight of Sep. 15 

Karam sag Khanyari Second fortnight of 

August 

20 

Lettuce Great Lake End of Sep. 25 

Mint --- -do- 20 

Parsely Curld leaf -do- 25 

Radish (leaf) Pusa Himani/Local -do- 20 

Vegetable Mustard ARU Black Endof Sep. 20 

 

• Water soaking of seeds for 36-48 hours before sowing results faster andhigher 

germination percentage. Soon after sowing light irrigation is beneficial. 

• Frequent light irrigation has been recommended for winter cultivation. Itnot only 

enhances the crop growth but also improves low temperature toleranceof the plants. 

• Since greenhouse temperature falls down below zero degree Celsius duringpeak winter 

months, cold protection measures are essentially required for cropsgrowing under the 

cover. For this, one additional covering of polyethylene justtwo foot above the plants 

(inside greenhouse) has given encouraging results. Thisimproves microclimate around 

the plants and hence crop growth gets increased.This covering is required especially 

during night in the month of December andJanuary. Depending upon environmental 

temperature and sunlight, thepolyethylene film may be removed during day time. 

Yield of capsicum and tomato in greenhouse at different locations in India 

Comparative performance of solanceous crops in greenhouse 

Crop Fruit yield (kg m-2) 

FRP Trench Open 

Capsicum 1.82 0.83 0.54 

Brinjal cv PH-5 1.25 1.09 0.63 

Chilli cv. BSS 344 1.35 1.24 0.13 

Tomato cv. BSS 347 12.69 - 7.25 

 

Effect of greenhouse in achieving earliness in some crops 

Crop Days of first picking Harvesting period (days) 

FRP Open Polycarbonate Open 

Tomato 70 105 100 50 

Capsicum 90 127 90 45 

Brinjal 92 128 - - 

Location  Capsicum (t ha-1) Tomato (t ha-1) 

Pune  203.0 124.0 

Coimbatore 148.0 186.0 

Bangalore 147.0 152.0 

Solan 79.0 95.0 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

85 
 

Future thrust   

Greenhouse technology development has made good progress in India during last two 

decades and steps necessary for promoting greenhouse cultivation of vegetable crops have 

been started. Energy efficient greenhouse cultivation continues to be an area of active 

research and development and this is sought to be achieved through precision equipment 

and protocols. While the gap between the demand and supply of most horticultural crops 

remains wide and country plans to double the production of horticultural crops by 2012, 

the protected cultivation technology holds the key to meet the targets. It clearly emerges 

that greenhouse technology has multipurpose application for sustainable development of 

hilly zone. Harsh winter which otherwise threatens the survival of human being in these 

remote hilly areas, popularization and further improvements in greenhouse management 

could provide a sign of relief in solitude of white snow cover. Thrust areas for future research 

are enumerated below:- 

• Conservation of more thermal radiation in winter. 

• Durable infrastructure modelling. 

• Development of successful commercial models 

• Modernization of poly greenhouse to permit agro-climatic manipulations of higher 

magnitude. 

• Identification of new crops/varieties suitable for cultivation inside thegreenhouse. 

• Socio-economic impacts of poly greenhouse technology in Hilly region/cold arid zone. 

• Plastic films of suitable grades need to me made available in adequate quantity. 

• Development of area specific suitable greenhouse designs 

• Standardization of package of practices for growing various crops in greenhouse for 

specific regions 

• Varieties suitable for greenhouse cultivation need to be made available to enhance the 

productivity 

• Vocational training to the unemployed youth and greenhouse practitioners in remote 

areas to update their skills in this technology. 

• Financial assistance as low interest loans should be made available for poor farmers to 

adopt this technology 

• Insurance of greenhouse structure and crop to protect the farmers against the loss 

caused by natural calamities 

• Rigorous extension program to disseminate the technology information to the poorest of 

the society. 
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Soil pollution and its remediation for sustainability of  
agriculture in arid and semi-arid zone 

J.K. Saha1 and A.K. Patra2 
1Head, Division of Environmental Soil Science and 2Director, ICAR-Indian Institute of Soil Science, 

Nabibagh, Berasia Road, Bhopal - 462038 

 

Soil quality is severely affected due to contamination with salts, toxic metals, non-metals 

and organic pollutants generated from mainly urban and industrial activities and therefore 

needs to be managed appropriately for sustaining agricultural productivity. Since economic 

liberalization, India witnessed surge in industrial and mining activities which are leaving 

adverse impact on soil productivity and food quality. An assessment by CPCB and 

researches of other organization including IISS, Bhopal have indicated that extent and 

severity of soil pollution and its impact on other components of the environment could be 

higher than usually thought to be. All the three mediums of heavy metals entry e.g. air 

(industrial emissions), water (effluents) and solid (MSW, industrial wastes) have been 
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discussed from the point of view their impact on soil quality. Deterioration in soil quality in 

the polluted agricultural land can be ascertained through measurement of different 

physical, chemical and biological indicators. While salts affect crop productivity by 

degrading rhizosphere environment, heavy metals express toxicity on plant growth; on 

activities of agricultural important microflora and fauna and also contaminate food. 

Although adverse effect of organic pollutants in soil on plant growth and produce quality 

has not been found significant, these are reported to affect soil microbe activity and 

therefore are required to be decontaminated. Role of different agricultural operations on 

countering the adverse effects of soil pollution has been discussed and different soil and 

crop management, tillage, nutrient management, water management, soil conservation 

measures have been suggested for improving productivity of crops, quality of food and 

environment. Remediation technologies to counter the heavy metals toxicity can be grouped 

into engineering, chemical, and biological approaches. Most of the phyto-remediating plants 

capable of accumulating high concentration metals, are also produce less biomass, which 

limits their overall phyto-extraction efficiency. Use of specific microbes and soil 

management practices are recommended for degradation of organic pollutants. Integrating 

soil management with cultivating plants suitable for phytoremediation can be promising 

option for cultivated area near impact zone. 
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Possibilities of maize cultivation in cold arid regions 
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1ICAR-Indian Institute of Maize Research, Pusa Campus, New Delhi 

2All India Coordinated Research Project on Maize, SKUAST, Srinagar 

 

Introduction 

Agriculture is highly depended on soil and climatic conditions and maize cultivation is no 

exception. Based on the historical agro-meteorological data related to climate along with 

soil, latitude, altitude etc., India has been divided into 20 agro-climatic conditions and one 

of them is cold arid regions. It comprises approximately 15.2 Mha which is ~4.7% of the 

total geographical area of the country. Out of this, 70,000 ha is the gross cropped area that 

is characterized by shallow skeletal soil with insufficient mean annual rainfall [<150 mm] 

coupled with erratic and irregular with respect to its distribution in Western Himalayas 

comprising Ladakh of Jammu and Kashmir and Lahaul valleys of Himachal Pradesh [Fig. 

1]. The potential evapotranspiration (PET) of the region is <800 mm. The crop growing period 

of the region is very short (90 days) and the major crops being grown are vegetables, millets, 

wheat, barley and pulses [1].  

 

Fig. 1. Agro-ecological zones of India. 
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Climatic requirements of maize cultivation 

Maize is being grown across varied agro-climatic regions ranging from temperate to tropics 

in an altitude up to 3000 above mean sea level. It is being grown across all states of India 

from Jammu & Kashmir to Kerala. However, maize requires specific climatic conditions for 

its optimum growth and development. It is successfully grown in varied soil ranging from 

clay-loam to sandy-loamy to black cotton soil, however very heavy dense clay and very 

sandy soils should be avoided. In order to ensure optimum expression of the crop soil 

should have following features viz., well-aerated, well-drained, posses good organic matter, 

better water and nutrient holding capacity with pH range from 5.5 to 7.0. The maize is 

grown through-out the year in one or other parts of India. However, the temperature range 

during growing season should not go below 15°C as crop is very sensitive to frost specially 

seedling stage. In addition, if frost or low temperature coincides with flowering then pollen 

sterility is the main problem which leads to poor seed setting as a consequence crop yield 

will be low. Maize can withstand relatively high temperature if sufficient soil moisture is 

available but not beyond 45°C as pollen blast (loss of pollen viability). Ideally, the crop 

period should have temperature range between 25-35°C. 

Maize requires around 500-800 mm of water during its growing period. In low rainfall areas, 

there is need to make alternative arrangements either in the form of irrigation facility/choice 

of suitable crop varieties for successful maize cultivation. It largely depends on right choice 

of varieties which can fit either crop growing period or different local cropping system of the 

region. Since maize is a highly diverse crop, there are ample of varieties with different 

maturity viz., late, medium, early and extra-early depending upon the available temperature 

regime during the growing period. An extra-early maturing crop takes around 75 days to 

mature when mean daily temperatures during the growing season are greater than 20°C. 

Scope of maize cultivation in cold arid regions of India 

As per the latest available data, the area under maize in cold arid regions of India is almost 

negligible in Lahaul Spiti district of Himachal Pradesh and Ladakh region of Jammu & 

Kashmir [2], though, semi-arid regions of Jammu & Kashmir and Himachal Pradesh have 

around 292,700 ha and 298,666 ha under maize cultivation with average productivity of 

2228 and 1776 kg ha-1, respectively [3]. The total mean annual rainfall received by cold arid 

region was <150 mm which is far-lower than the water requirement of the maize crop i.e. 

500-800 mm. However, irrigation facility through ground water or canal will substantially 

brighten the prospects of maize cultivation. Since the growing season is mainly kharif and 

crop growing period available is around 90 days only those maize cultivars which completes 

their life-cycle during 90 days can only fit the cropping system of the region.  

Constraints for maize cultivation in Ladakh region 

Since the diurnal change in temperature is huge, it inadvertently takes a toll on the 

germination of the maize seed. It takes around more than 20 days for maize to geminate in 

the open field conditions as compared to 6 days in a Green house, if grown after May 25. 

Since the cropping cycle is very short, especially for maize , which can be normally planted 

in the first week of June, as such maturity is a major issue for the grain production. Irrigation 
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is also a matter of concern, therefore stress is also a limiting factor for the maize cultivation. 

Thus, there exists little scope for cultivation of maize as grain crop.  

Prospectus of maize in cold arid region 

Area under maize in not significant as compared to other crops, like wheat and barley. 

However, maize can serve as a supplemental crop for fodder purpose after foxtail/proso-

millet. Farmers mostly cultivate local maize exclusively for fodder purpose in absence of 

non availability of improved/novel genotypes that can be progressively grown under cold 

arid Condition. Maize is also grown in kitchen garden for domestic consumption of green 

cobs, offering opportunities of cultivating specialty viz., baby corn and sweet corn. Baby 

corn has potential in terms of its utilization also as green fodder as well as for preparing 

silages for lean winter months  

Since crop production in cold arid regions is 

largely depended on draft power of animals, 

there is a good scope for integrated farming 

system to include maize as one of the crop 

component. Thus, maize can be used as a 

source of green fodder to sustain the crop-

livestock farming system. Evaluation of 

maize gemplasm and improved cultivars was 

undertaken at Mountain Agriculture and 

Extension Station at Kargil. Evaluation of 

elite commercial hybrids revealed that most 

of the genotypes failed to produce grains as 

the mean anthesis days exceeded 100 days. 

However it was noted that the cultivars produced a profuse vegetative growth, which can be 

perceived in their utilization for production of green fodder and silage. Shalimar KG1 and 

Shalimar KG 2 were found most promising with respect to both fodder and green cobs as 

compared to other cultivars, where maturity was a issue of concern. Thus, there is 

possibility to explore extra-early or early duration specialty corn maize hybrids viz., baby 

corn and sweet corn. Specialty corn is a type of maize which is grown for ‘other than grain’ 

purposes. The major advantages of cultivation of specialized type of maize are as follows. 

• Specialty corn hybrids/cultivars easily fit in the crop growing duration of 90 days 

• Cultivation of baby corn and sweet corn promote livestock industry due to supply of 

nutritious fodder. 

• Prospects of employment opportunity as production of baby corn and sweet corn provide 

an opportunity for establishment of agro-processing industries. 

• Mild climatic conditions are most favourable for final product of baby corn and sweet 

corn, which increases the shelf life of the produce. 

 

Promotion of maize cultivation - possible avenues  
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Encouraging farmers to take-up cultivation of specialty corn will bring more area under 

maize. The driving force behind popularizing specialty corn cultivation in the region should 

be finding appropriate market to sell the produce. Since Leh and Lahaul Spiti are the tourist 

destinations, marketing should not become problem. However, a long-term contract 

agreement/ tie-up between farmers and 

purchasers is very crucial for ensuring assured 

return/ profitability to the farmers, maintaining the 

price stability and for continuous supply. In this 

regard a complete value chain from technology 

demonstration through conducting large number of 

demonstrations regarding cultivation of specialty 

corn on farmers’ field final product disposal and/or 

processing will help in convincing the farmers. In 

fact Krishi Vigyan Kendras (KVKs) can play vital 

role in bringing awareness about specialty corn 

among farming community. In rest of India, sweet corn and baby corn cultivation has 

picked-up by farmers in and around urban areas (Peri-urban) due to increased farm 

profitability. In addition to assured market there is also need to understand scientific 

production technology of specialty corns before venturing into large-scale commercial 

cultivation for assured, sustained and enhanced, farm returns. 

Cultivation of baby corn 

Baby corn is a young finger like unfertilized cob of maize with 2-3 cm emerged silk preferably 

harvested within 1-3 days of silk emergence depending upon the growing season. The 

desirable size of baby corn is 6 to 11 cm in length and 1.0 to 1.5 cm in diameter with regular 

row arrangement. It can be cultivated during 90 day crop growing period both for internal 

consumption as well as for export. Its nutritional quality is at par or even superior to some 

of the seasonal vegetables. Besides proteins, vitamins and iron, it is one of the richest 

sources of phosphorus. It is a good source of fibrous protein and easy to digest. However, 

while selecting a hybrid for baby corn cultivation ear quality-not quantity and its 

appearance should become primary criterion as it is very important.  

Production technology 

The climatic requirements of baby corn and its cultivation are similar to that of traditional 

maize cultivation except varietal preference, plant population and geometry, nutrient 

management, harvesting time and post-harvest handling [6]. In addition baby corn 

cultivation needs special field operation i.e. detasseling to avoid pollination to maintain the 

good quality of baby corn as well as higher yield of baby corn per unit area. In north-western 

Himalaya, it can be sown from April to August.  

Varietal preference: Early or extra-early maturing, prolific cultivar with medium height 

should be selected. In order get higher returns in a shortest period early maturing cultivar 

with silking period of 45-50 days to 75-80 days depending on the local climate are 

suggested. Some of the most popular baby corn cultivars released for baby corn cultivars 
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are VL Baby Corn, Prakash, HM4 etc. In addition, some cultivars from private multi-

national seed companies are also being sold in the market. 

Plant population and geometry: Baby corn is considered as vegetable so, the quality and 

appearance of baby corn is very important to get high market price. The size of the baby 

corn is one of the important quality parameter therefore, the seed rate and hence plant 

population recommended for baby corn cultivation is relatively higher than the field corn to 

achieve relatively small and thin baby corn production due to interplant competition. 

Generally 25 kg ha-1 hybrid seed is recommended, which may vary depending upon the test 

weight of the cultivar. A spacing of 60 x 20 cm (83,333 plants ha-1) or 60 x 15 cm (1, 11,111 

plants ha-1) depending upon the type of soil and cultivar has been recommended. For high 

yielding cultivar on black soil condition one can go for 60 x 15 cm spacing whereas under 

red soils it is better to go for 60 x 20 cm. Plant geometry can be modified depending on the 

inter-cropping with compatible vegetables. 

Nutrient management: In general higher dose of fertilizer is recommended to achieve more 

than three baby corn per plant to enhance profitability. However, it varies from hybrid to 

hybrid and soil type/nutritional status of soil. The recommendation is that 150-190 kg N: 

65-75 kg P: 65-75 kg K: 25 kg ZnSO4 ha-1 should be applied in addition to 10-15 t of farm 

yard manure ha-1. Full dose of phosphorus, potash and zinc and 10% N should be applied 

as basal dose. The remaining dose of nitrogen should be applied in four splits as per details 

given below to avoid losses and to meet the requirement throughout the crop cycle. 

• 20% N at 4 leaf stage 

• 30% N at 8 leaf stage 

• 25% N before detasseling 

• 15% N after detasseling 

In case of inter-cropping full recommended dose of fertilizer for baby corn along with 

addition dose recommended for the inter-crop should be applied to meet the nutrient 

requirement of both the crops. 

Detasseling: To produce and maintain the good quality of baby corn timely detasseling 

operation, removal of tassel from the main plant before actual anthesis/pollen shedding 

will be done. It is advised to move in every row for effective detasseling. The tassel should 

not be thrown out in the field; instead it has to be used as fodder for livestock for enhancing 

the profitability of baby corn production. Tassel is highly nutritious, feeding tassel to 

livestock reported to enhance the milk production.  

Harvesting and post harvest management: The harvesting should preferably be done 

either in morning or at evening when the baby corn moisture is highest and ambient 

temperature is low to avoid rapid moisture loss from husk and maintain the freshness of 

baby corn. To determine the appropriate time of harvest for a given variety in a particular 

area, harvest a few ears each day as soon as the ears appear on the stalk and also harvest 

individual ears by hand. To meet these criteria of best quality, harvest baby corn ears 1 to 

3 days after silks become visible. Harvest baby corn every alternative or every 3rd days 
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depending upon the conditions. At this early stage of ear development, the ear can grow 

very quickly, becoming too large in just 4-5 days. Immediately after harvest it should be 

transported to the processing unit at the earliest to facilitate subsequent up stream 

processing activities like de-husking, grading and packing etc. The effort should be made 

to peel the baby corn on the same day and stored in a cool and dry place to maintain its 

quality for long period. It should be carried out under shade and profuse ventilation/air 

circulation. De-husked baby corn should be put in containers like plastic baskets and 

should not be heaped. Some corn varieties may need to be harvested before the silks emerge. 

At least 9-12 pickings of baby corn over a period of 3-4 weeks are required. The most 

varieties should produce marketable ears for 3-4 weeks, though very early varieties may 

have a shorter harvest period of 2 weeks. 

Marketing and processing: Baby corn can be sold either fresh husked/dehusked tender 

cobs or after proper processing in the form of canning, freezing, dehydration and other 

processed products. Canning is commonly used method for processing of baby corn. 

Farmers can be made aware regarding various processing units available so that they can 

get good price of their crops. 

Cultivation of sweet corn 

Sweet corn is a special type of maize which is eaten as raw, boiled or steamed green 

cobs/grain. It is also used in preparation of soup, salad and other recipes. It is delicious 

and rich source of energy, vitamin C and A. In recent years, sweet corn cultivation is gaining 

importance in India especially in peri-urban areas or tourist destinations. The mild climate 

is necessary for sweet corn cultivation which helps in increasing the sugar content in the 

ear.  

Sweet corn cultivation is as similar as field corn cultivation except plant population and 

harvesting time. Sweetness in sweet corn is determined by recessive gene(s), therefore 

maintaining isolation while commercial cultivation of sweet corn is very much necessary. 

Therefore, while planting sweet corn isolation distance from other types of maize like 

traditional maize, quality protein maize (QPM), popcorn, etc. should be maintained either 

physically or temporarily to maintain the quality of sweet corn. Generally a distance of 

around 400 mts must be maintained, in other words sowing dates of other maize types 

should be adjusted one month apart. In addition care should be taken while taking-up 

sowing of sweet corn that flowering time should not coincide with either heavy rainy season 

as pollination is a very important consideration for seed setting, tip-filling and full kernel 

development.  

Plant population: The spacing and plant population varies depending on the cultivar, soil 

type, fertility status, and irrigation facility. The recommended plant population for optimum 

yield is 45000-60000 plants ha-1 with spacing of 20 to 30 (cms) between plants and 75 to 100 

(cms) between rows. The seed rate su, se type of sweet corn is 10-11 kg ha-1 where for sh2 

type of sweet corn it is around 6-7 kg ha-1. 

Sweet corn quality: In order to achieve best quality sweet corn the growing period should 

be sunny and mild with an average temperature ranging between 25ºC to 35ºC. Further, 
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keeping soil moist is while growing sweet corn is crucial because adequate moisture is 

required from pollination to harvest to guarantee that ears are well-filled. Generally, sweet 

corn will be ready for harvest about 17 to 24 days after pollination when it reaches milk 

stage. However, local temperature during that time also determine the harvesting time. 

Harvesting sweet corn: Harvesting sweet corn at right stage is very crucial for getting good 

market price; even harvesting one to three days early or late will drastically reduce the quality 

of the crop. It is harvested at premature stage before kernels reach full maturity i.e 17 to 24 

days after the first silk strands appear at milk stage, more quickly in hot weather, more slowly 

in cool weather. The optimal harvest date is determined by the variety’s response to the 

environment. Therefore, it is important to monitor crop development regularly, especially after 

tassels and silks emerge. Sweet corn kernel sugar levels may be highest approximately twenty 

one days after silks emerge but, again it may be influenced by the local environment. 

Experimentation is the best way to determine when to harvest normally. To identify the right 

stage it is better to use thumbnail to puncture a kernel - if the liquid is clear, the corn is 

immature; if it's milky, it's ready; and if there is no sap, it is too late. The best time to pick is 

just before eating the corn. However, early morning harvest or late evening harvest is 

generally recommended as during that period temperature is very low and sugar conversion 

will also be slow. 

Post-harvest handling of sweet corn: Due to conversion from sugar to starch, the keeping 

quality of sweet corn decline rapidly under high temperature. In order to maintain high 

quality, the harvested crops should be kept under cool box corn as soon as possible. It was 

observed that, at temperature >32°C, the rate of sugar loss is 20 times higher than that at 

0°C. Sweet corn must be moved quickly from the field to packing sheds, where it should be 

rapidly sorted, packed and cooled. To maintain the best quality, sweet corn is placed in cold 

storage immediately after pre-cooling. Temperature is maintained as close as 0°C at 95% or 

higher relative humidity. In addition, it is very much necessary to maintain the freshness 

of the sweet corn during transit and the best method is blowing fine ice into the corn crates. 

Cultivars released: In India few sweet corn cultivars viz., Mishti, HSC-1, Madhuri and 

Priya have been released and several other are under testing. 

Future action plan 

Under the flagship of IIMR, AICRP Centre at Srinagar Centre and CAZRI can initiate a client-

oriented breeding program suited to cold arid region of Ladakh. Evaluation of local land 

races of high altitude areas of Kashmir valley for their suitability to cold arid region can be 

a starting point. A breeding program for development of specialty corn suited for cold climate 

of Ladakh can also be initiated. 

 

References 

http://www.nih.ernet.in/rbis/india_information/ecological%20regions.htm accessed on 

27.07.2015. 

http://apy.dacnet.nic.in/crop_fryr_toyr.aspx accessed on 27.07.2015. 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

95 
 

http://eands.dacnet.nic.in/APY_96_To_06.htm accessed on 27.07.2015. 

http://www.fao.org/nr/water/cropinfo_maize.html accessed on 27.07.2015. 

Devendra, C., Thomas, D., Jabbar, M. A. and Zerbini, E. 2000. Improvement of Livestock Production 

in Crop Animal Systems in Agro-ecological Zones of South Asia. ILRI (International Livestock 

Research Institute), Nairobi, Kenya. 117 p. 

Karjagi, C.G., Bhat, J.S. and Dass, S. 2014. Specialty corn for enhancing farm profitability in peri-

urban agriculture. Indian Farming 64(4): 55-62. 

Wani, S.A., Wani, M.H. and Yusuf, S. 2009. Economics of Pashmina Based Trans-Humans 

Production System in Cold Arid Regions of Jammu and Kashmir. Ind J of Agri Econ 229-245. 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

96 
 

Advances in weed management to overcome the  
biotic stress in crop production 

Anil Dixit 

ICAR-National Institute of Biotic Stress Management, Raipur (Chhattisgarh) 

 
Agriculture is the mainstay of Indian economy because of its high share in employment and 

livelihood creation. This sector supports more than half a billion people providing 

employment to 52% of the workforce.Indian agriculture has shown tremendous growth with 

modern and beneficial inputs from the National Agriculture System, innovative farmers, 

financial aid, subsidies and progressive government policies. This is perceptible not only in 

the manifold increase in production of major agricultural commodities such as food grains, 

vegetables, fruits, milk, eggs and fish but also their access and availability across the 

country round the year. Despite these great achievements, agriculture in India still has 

many challenges to face of resources degradation, low input efficiencies, climate change, 

biotic and abiotic stresses, and alarming levels of losses due to insect pests in field crops 

as well as post-harvest losses. Losses due to biotic stresses such as insect pests, diseases 

and weeds and abiotic stresses like drought, salinity, heat and cold account for about one-

fourth of the value of agricultural produce and this has a great impact on the productive 

potential. 

Limited choice of improved varieties, lack of sufficient quantity of seed, mechanization 

problems in developing countries, and high seed production costs, are some of the major 

constraints hindering the development of an effective and efficient seed industry. Other 

inputs of crop management and crop protection help to exploit desirably the production 

potential of seeds. Even the best crop management can not help to produce good yields from 

a seed lot having unspecified quality. Farmers are aware of the benefits of good quality seed 

and are paying higher prices for quality seeds of improved varieties. The full potential of 

high yielding varieties or hybrids could only be realized by adopting the matching 

production technology. Various biotic and abiotic stresses upset the whole game plan by 

adversely affecting the crop productivity. Out of the losses due various biotic stresses, weeds 

are known to account for nearly one third. 

Weeds are ubiquitous. Their presence in crop field cause considerable reduction in 

productivity and impair the quality of crop’s produce. Weeds still represent an important 

constraint to crop production in the world. Weeds compete with crops for soil moisture and 

nutrients, which are the most limiting factors for crop growth. When improved agricultural 

technologies are adopted, efficient weed management becomes even more important, 

otherwise the weeds rather than the crops benefit from the costly inputs. 

Weeds alone account for nearly one-third of total losses due to pests. Weeds also act as 

alternate host for many insects and pathogens. Common lambsquarters 

(Chenopodiumalbum) and wild mustard (Brassicakaber) act as host for mustard aphid and 

Crotolaria spp. for hairy catterpillar in castor. Admixture of weed seeds such as Argemone 

maxicana and wild mustard in mustard impairs the quality of products. Unlike deseases 
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and insect pests, weeds are always invariably present in fields-varying only in their intensity 

and composition. Unfortunately, the damage on crops by weeds is invisible as compared to 

other pests. 

Table1. Potential yield losses due to weeds 

Category Losses due to 

weeds per annum 
Current production 

(2013-14) 
Gap in demand by 

2020 
Million tons 

Food grains 82 250 20 

Pulses 14 18 10 

Oilseeds 12 24 5 

Commercial crops 52 262 - 

Total 160 554 - 

An analysis revealed that losses caused by weeds in India is to the tune of Rs. 100000 

crores annually. 

Noxious range of weeds being undesirable, troublesome and difficult to control have 

immense capacity of reproduction and dispersal, and adopt tricky ways to defy man’s efforts 

to get rid of them. Objectionable weed includes some noxious weeds which are difficult to 

separate once mixed with crop seed and also has poisonous or injurious or smothering 

effect on the main crop. It has very high multiplication rates and thus making its spread 

quick and serves as an alternate host for crop disease and pests and ultimately altered the 

quality of crop seed.  

Wild rice or red rice (O. sativa var. fatua), bermudagrass (Cynodondactylon), witchweed 

(Striga sp.) in rice, wild onion (Asphodelustenuifolius), lambsquater (Chenopodiumalbum), 

and field bindweed (Convolvulusarvensis) in wheat, mexican poppy (Argemonemexicana) in 

rapeseed and mustard, chicory (Cichoriumintybus) in egyptianclover (berseem), dodder 

(Cuscuta spp) in lucerne, senji (Melilotusalba) in methi (Trigonellafoenum-graceum), wild 

lettuce (Lactucaserriola) in lettuce, wildcucurbits (Cucurbita spp) in cucurbit, wildokra 

(Abelmoschus spp) in okra, Viciasativa in lentil, and Lathyrusaphaca in pea are major 

objectionable weeds. With usually very low-test weights of weed seeds, a small quantity of 

weed seeds is sufficient to infest the land with additional few thousands of weed plants. For 

example, one gram of Cuscuta spp and Striga seed is enough to infest a hectare of cropland. 

Many objectionable weeds like Argemone maxicana in mustard, Cichorium intybus in 

berseem, Cuscuta spp. in lucerne and Vicia spp. in lentil survive due to seed mimicry 

whereas wild rice and barnyard grass in rice and wild oats and Phalaris minor in wheat 

survive due to plant mimicry. Weeds are affecting almost all crops in terms of yield but in 

case of seed production, presence of noxious weeds makes the seed lot unfit for 

procurement. Hence, a strong IWM strategy is needed for the production of quality seed 

Weed management strategies 

A fundamental principle of plant competition is that early occupants on a soil tend to 

exclude the later ones. Thus, the duration of weed infestation and time of weed removal 

have a significant influence on crop growth and economic yield. Most crops are sensitive to 

weed competition in the early stage of growth. Lack of effective weed control during first 20-
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30 days causes maximum yield losses in crops with a 100-140 days cycle. The late maturing 

crops (e.g. Pieonpea, castor) may require a much longer weed free period.  

The critical period of weed competition varies from 15-45 DAS in direct seeded rice, 

sorghum, maize, sunflower, safflower and sesame, 30-45 DAS in transplanted rice, pearl 

millet and wheat, 15-30 DAS in greengram, blackgram and cowpea, 30-60 DAS in chickpea, 

castor and lentil, 15-60 DAS in pigeonpea, 20-45 DAS in soybean and linseed, 40-60 DAS 

in groundnut, etc.   

Good and effective weed control, therefore, would be necessary to obtain good seed yield as 

well as for quality seed production. As a general rule the weeds must be kept at minimum 

and in any case must not be allowed to flower or set seed. There are 5 major approaches for 

managing the weeds.  

Preventive measures: The best method of controlling new weeds is to prevent its entry in 

new areas. The prevention of a weed problem is usually easier and less costly than control 

or eradication. It includes:- 

• Avoid using contaminated farm-yard manure (FYM) which is the main source of adding 

weed seeds to crop land as the weed seeds do not lose their viability in the manure pits.  

• Proper inspection of nursery stock or transplant for seed and vegetative propagules of 

weeds: 

• Use weed free crop seeds: The weeds spread to the field through crop seeds, 

contaminated with the weed seeds. Carrying capacity depends upon the seed texture. 

Bigger size crop seeds are less likely to carry weeds seeds with them. While small seeds 

of similar sizes and shapes are particularly more prone to easy contamination. 

• Keep non-cropped area weed free as farmers often neglect the irrigation and drainage 

ditches, fence lines, farm boundries, bunds, and other like non-cropped areas, offer a 

perpetual weed nursery for the cropped plots. Use weed seed screens to filter irrigation 

water. 

• Legal measures are necessary to check inter-state and inter-country movement of 

noxious weeds if the cost of having to control additional alien weeds is to be saved. 

Unfortunately in most parts of the tropical and sub-tropical world, noxious weeds have 

not been subjected to strict quarantine laws. This has resulted in the introduction and 

spread of some of the costliest weeds of the world. 

Mechanical methods 

Several hand tools and implements are used for mechanical removal of weeds before and 

after sowing the crop. They include hand chesel (Khurpi), hand hoe, wheel hoe, blade 

harrow, country plough (Bakhar), inter row cultivator, soil turning and disc plough. Manual 

weeding by hand tools or inter-row cultivator is used between 20-40 days after sowing 

depending upon the physical condition of the soil during the rainy season.   

Cultural Methods 

Cultural practices such as method and time of sowing, crop density and geometry, method 

and time of fertilizer application, mulching, crop rotation and intercropping, time of 

irrigation etc., have pronounced effect on crop-weed interference. Cultural practices are 
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manipulated in such a way that they become more favourable for crop growth and less to 

weeds.   

Stale seed-bed technique: The principle of flushing out germinable weed seeds before 

cropping forms the basis of the stale or false seed bed technique, in which soil cultivation 

may take place days or weeks before planting or transplanting a crop. This depletes the 

seed bank in the surface layer of the soil and reduces subsequent weed emergence. Or the 

emerged weed seedlings may then be killed by flaming or light cultivation or application of 

contact non-residual herbicides like paraquat.  

Tillage: Tillage includes all operations and practices that are carried for the purpose of 

modifying the physical character of soil so as to provide favourable conditions. A major 

benefit of tillage is prevention and suppression of weeds. Tillage suppress weeds by 

breaking, cutting, or tearing from the soil, thus exposing the vegetation to desiccation, and 

by smothering them. Repeated tillage may deplete weeds from fields by diminishing seed or 

vegetative propagules in the soil and may also exhaust the food reserves of perennial weeds.  

Mulching: Mulch is a protective covering of materials maintained or placed on soil surface. 

Materials used for mulch includes crop residues, straw, leaves, paper plastic films, gravel 

and dry soil. Mulching the soil surface can prevent weed seeds germination or physically 

suppress seedling emergence, but is not effective against established perennial weeds. 

Mulching with sugarcane trash at 2-4 inch thickness proved to be very effective in 

controlling Cyperus rotundus, one of the most obnoxious weeds in sugarcane crop during 

the month of April-June.  

Sowing time: Planting time considerably influences the occurrence and manifestation of 

weed species. In timely sown chickpea, the weed population by 30 days is generally quite 

high to attract manual weeding whereas in late sown chickpea the buildup of adequate 

weed flora is only after 45 days. Delayed sowing of lentil and chickpea is also reported to 

reduce the infestation of Orobanche - a root parasite.  

Plant geometry and plant density: Planting density and pattern modify crop canopy 

structure and in turn influence weed smothering ability. Narrow row spacing will bring 

variation in microclimate viz; light intensity, evaporation and temperature at soil surface. 

The increased shading of soil surface will smother weed growth. Increased population of 

maize (60.000 to 90,000 plants ha-1) and decreased spacing were found to reduce the growth 

of weeds. Bi-directional sowing and closer row spacing were quite effective in suppressing 

the growth of Phalarisminor in wheat. 

Nutrient Management 

Crops and weeds generally compete for the same nutrient pool. Increasing the levels of soil 

fertility can alter the competitive interactions between crops and weeds. Resource use by 

weeds often increases more rapidly with added nutrients, resulting in a greater ability of 

weeds to compete for other resources. Nitrogen, the major nutrient for which the plants 

compete could be banded close to the crops row, thus enhancing the crop accessibility to 

the nutrient. Increasing rates of fertilizer application encourage more weed growth than the 
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crop growth if no weed control measure is followed. Under this situation, it is better to apply 

fertilizers at lower rates than needed to maximize yields.  

Water Management 

Proper water management can reduce weeds in both wet and dry seasons. More weeds 

emerge earlier at high soil moisture than at low moisture level. Many weeds can not 

germinate under flooded conditions. This is used as weed control method especially in rice 

crop. Maintaining water submergence in rice field throughout the crop season creates 

anaerobic condition, which will be unfavourable for weed seed germination. Method of 

irrigation also influences the weed density. In drip irrigation the weed density is greatly 

reduced due to the wetting of soil near the plant base only. Rest of the area remains dry 

and free of weeds.  

Chemical Methods 

Weed control through manual/mechanical 

though very effective, has certain limitations such 

as unavailability of labor during peak period, high 

labor cost, unfavorable environment particularly 

in rainy season etc. Under such conditions, use of 

herbicides is advantageous and economical. 

Broadly there are three categories of herbicides 

which could be used for effective weed control in 

pulse crops. 

Pre-plant soil incorporation: The herbicides 

which are incorporated in the soil up to the depth 

of 5 cm after the final land preparation.  

Pre-emergence application: Herbicides are 

applied after sowing but before the emergence of 

both, the crops and the weeds preferably within 

48 hours after sowing 

Post-emergence application: Herbicides are 

applied after the emergence of crops or weeds, 

around 15-25 days after sowing, the key success 

with post emergence herbicides is timeliness.  

Developing economical and eco-friendly weed 
management technologies in different crops and cropping systems under varied 
situations 

Herbicides are the most successful weed control technology ever developed as they are 

selective, cost effective, fairly easy to apply, have persistence that can be managed, and offer 

flexibility in application time. They are eco-friendly if applied at proper dose, method and 

time, besides being quite safer in comparison to other pesticides like insecticides. In India, 

around 96% of the herbicides are slightly to moderately toxic while more than 70% of the 

insecticides are highly to extremely toxic. In general, herbicides account for the largest 

Crop-wise herbicide usage in India

Others

9%

Wheat

57%

Rice

17%Non-

selective 

field
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proportion of crop protection chemicals sold on a world-wide scale. Globally, herbicides 

constitute 50% of the total pesticides sale and in some countries like USA, Germany and 

Australia, the figure is as high as 60-70%. In India, however, the position is different as 

herbicides form a meager 15% of total pesticide consumption. The scenario is of course 

changing with time and it is estimated that the herbicide market would grow at over 10% 

per annum.  

Integrated Weed Management (IWM): Considering the diversity of weed problems no single 

method of weed control whether it is cultural, mechanical or chemical could reach the 

desired level of efficiency under all situations. IWM system is basically an integration of 

effective, dependable and workable weed management practices that can be used 

economically by the producers as a part of sound farm management system. This approach 

entirely takes into account the need to increase agricultural production, reduce economic 

losses, risk to human health and potential damage to flora and fauna that we do not want 

to affect adversely, besides improving the safety and quality of the environment. IWM system 

is not meant for replacing selective, safe and efficient herbicides but is a sound strategy to 

encourage judicious use of herbicides along with other safe, effective, economical and eco-

friendly control measures.   

Strategy for IWM  

Integrated weed management is a component of integrated crop management (ICM) which 

transients all discipline. IWM involves three elements; 

• Multiple tactics (i.e. competitive varieties, cultural practices and herbicide usage) 

• Weed population maintained at levels below that cause economic damage, and 

• Conservation of environmental quality. 

New management systems and control technologies are needed to develop integrated weed 

management systems for the altered eco-systems created by conservation tillage production 

systems. 

Climate change and weed management constraints 

Environmental factors such as temperature, precipitation, wind and relative humidity 

influence the efficacy of herbicides (Hatzios and Penner 1982; Muzik 1976). Elevated 

temperatures and metabolic activity tend to increase uptake, translocation and efficacy of 

many herbicides (Patterson et al., 1999). High concentrations of starch in leaves which 

commonly occurs in C3 plants grown under CO2 enrichment might interfere with herbicide 

activity (Patterson et al., 1999). Although the effects of elevated atmospheric CO2 

concentrations on weed/ crop/herbicide interactions are not well known, a study (Ziska et 

al., 1999) showed that elevated CO2 levels diminished the efficacy of the widely used 

herbicide glyphosate. If these effects are common and widespread, they will have a 

significant impact on agriculture. 

Changes in plant growth, yield and herbicide efficacy as influenced by changes in 

atmospheric CO2 levels and temperature have the potential to affect productivity and 

profitability of agriculture. While increased weed growth and decreased herbicide efficacies 
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would lead to losses in crop yields, growth and productivity of crops can also be modified 

by environmental factors. Predictions of productivity of agricultural systems under future 

environmental conditions require an understanding of the interplay between these factors. 

Herbicide resistant crops (HRCs) in weed management 

The development of crops with resistance to specific herbicides represents a powerful new 

technology for weed control. In recent years, considerable research has been directed 

towards the introduction of herbicide tolerance or resistance in to normally susceptible crop 

species (Schultz et al., 1990). The first use of herbicide resistant crop was in 1994 with the 

introduction of IMI (imidazolinone resistant) corn hybrids and STS (sulfonylurea tolerant) 

soybean varieties. Resistance genes from several other herbicides or herbicide mode of 

action have been incorporated in to the genetics of corn, soybean, cotton, canola and many 

other crops and are now commercially available. These include glyphosate resistant corn 

and soybean, glufosinate (Liberty) resistant corn and soybean and sethoxydim (Post) 

resistant corn. Harrison (1992) and Dyer et al. (1993) indicated the following potential 

benefits and concerns from the development of herbicide resistant crops. The global biotech 

crop area in the last five years reaching 180 Mha. 

Techniques for producing herbicide resistant crops 

Herbicide resistance in crops can be achieved by: 

• Altering the target site so that the herbicide no longer binds, 

• Over expressing a target enzyme so that the effect of the herbicides is overcome or 

• Detoxifying the herbicides so that it is no longer lethal to the plant. 

Benefits 

• An increased margin of safety with which herbicides can be used and subsequent 

reductions in crop loss due to herbicide injury. 

• Reduced risk of crop damage from residual herbicides used in previous rotational crops.  

• Introduction of new herbicides foe use on formerly susceptible crops. 

Concerns 

• Potential for increased use of herbicides. 

• Abandonment of alternative weed control practices other than herbicides. 

• Concern that HRCs may become weed problems or resistance may be transferred 

(through gene flow) to other species. 

• Accelerated selection of resistant weed populations from use of higher rates of 

herbicides. 

• Misuse of herbicides, leading to ground water contamination or other environmental 

problems. 

• General public concern about the release of genetically engineered organisms in to the 

environment. 
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Ladakh constitutes the eastern most trans-Himalayan part of Jammu & Kashmir state of 

India, constituting of two districts viz. Leh and Kargil. Leh district is situated between 32°N 

to 36°N latitude and 75°E to 80°E longitude at an altitude ranging from 2800-5900 m amsl. 

High altitude cold arid desert, with special agro-climatic features situated along the valleys 

of the Indus river, intensive sunlight, high evaporation rate, strong winds, negligible 

moisture in the atmosphere and fluctuating temperature (30° to -40°C) characterize the 

general climate. 

An insect or any other living organism (Pathogen) whose population increases to such an 

extent as to cause economic losses to crops or a nuisance and health hazard to man and his 

livestock will be declared a pest. An insect may be a pest at one place (or in one season) but 

may not be so at another place (or in the next season). Plants are not absolutely safe in nature 

because of their susceptibility to various pests and diseases and became important 

constraints for successful growing of these crops. The effect of damage and loss due to attack 

of insects and diseases are enormous and in many cases resulting in complete damage to the 

crops. There is a strong historical background to support the fact that insects and diseases 

caused complete elimination of crops and farmers out of duress had to migrate to other places 

to escape from the menace of pests and put in renewed effort for cultivation of crop with the 

idea that such a shifting of place could help them to overcome the problem. The classic 

examples of insect and diseases attack can be highlighted by giving some examples like late 

blight of potato famine of Ireland in 1940’s, coffee rust in Sri Lanka towards the end of 19th 

century, Bengal famine of rice crop due to brown spot disease in 1943, citrus decline in 

orange plantations etc. Incidence of Pyrilla and top borer in sugarcane, pink boll worm in 

cotton, gall midge and brown plant hopper in rice, codling moth in apple and apricot in 

Ladakh region are some of the examples of diseases and insects invasion. The losses due to 

attack of insects and diseases to food and fruit crops are enormously large in terms of 

quantity and money value. A glimpse into the figures of losses due to insects and diseases 

can reflect the gravity of situation. These figures obviously suggest that whatever efforts are 

made for increasing the crop production to attain self sufficiency can greatly be eroded if the 

quanta of losses continue unabated. 

Weeds  23% 

Diseases  26% 

Insects  20% 

Rats  6% 

Storage  7% 

Others  8% 
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Plant pests are considered an important biotic constraint, which leads to significant crop 

looses world-wide. However, quite often the indiscriminate and unscientific use of pesticides 

has led to many problems, such as pests developing resistance, resurgence of once minor 

pest into a major problem besides environmental and food safety hazards. Integrated pest 

management (IPM), which combines biological, cultural, physical and chemical control 

strategies in a holistic way rather than using a single component strategy proved to be more 

effective and sustainable. IPM refers the dynamic and broad multidisciplinary approach 

biological, cultural, and other alternative, safe and judicious use of pesticides. Its prime 

and foremost objective is to maintain pest levels below economically damaging levels while 

minimizing harmful effects of pest management on human health and environmental 

resources and maximizing the outputs of the produce. 

Major diseases of cold arid region of Leh and their integrated management are as under: 

Crop Disease Integrated Management 

Wheat and 

Barley 

Yellow Rust 

(Puccinia 

striformis) 

 Grow resistant varieties like HD 2733, HD2581, etc. 

 The sowing should be done after treating the seed with bioagent 

Trichoderma viride @ 4.0 g kg-1 seed + fungicide Tebuconazole 

(Raxil) @ 0.1 g kg-1 of wheat seed or carboxin 75 WP @ 1.25 g kg-

1 seed. 

 Regular monitoring of the crops, right from the very early stages, 

if the yellow rust is noticed in the wheat crop, spray the crop 

with propiconazole (Tilt) 25% EC @ 0.1%. 

Loose smut of 

wheat (Ustilago 

tritici) 

 Hot water treatment of seeds (52°C for 10 mins) or solar heat 

treatment of seeds or treat seeds with carbendazim @ 0.2%  

Strawberry  Botrytis rot 

(Botrytis 

cinerea) 

 Use resistant cultivars. 

 Follow 3 year crop rotation in infested field by including non 

host crop. 

 Follow high ridging and avoid over flooding/irrigation during 

infection. 

 Spray with carbendazim/Mancozeb @ 0.25%  

Vegetables  Damping-off 

(Pythium, 

Phytophthora, 

Fusarium, 

Rhizoctonia 

spp.) 

 Partial sterilization of the soil may be done by burning 10-12 

inch thick stack of farm trash on the nursery bed. 

 Treat nursery beds with formalin (1part formalin: 7 parts of 

water) and cover the beds before sowing.  

 Use the seeds treated with Trichoderma spp. @ (4 g kg-1 seed) or 

thiram (2-2.5 g kg-1 seed) 

 Drench the nursery beds with Ridomil-MZ (Mancozeb+Metalaxyl) 

@ 0.2% 

Fungal wilt 

(Fusarium 

solani) 

 Plant resistant/tolerant varieties. 

 Rotate the field with non solanaceous crops. 

 Use the seeds treated with Trichoderma spp. @ (4 g kg-1 seed) or 

thiram or carbendazim (2-2.5 g kg-1 seed). 

 Raise the seedlings in nursery as discussed earlier in damping-

off. 
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 Dip seedlings in solution of carbendazim 0.1% + Streptocycline 

(100ppm) for 30 minutes before transplanting. 

Bacterial wilt 

(Ralstonia 

solanacearum) 

 Follow 3 year crop rotation in infested field by including non 

host crop. 

 Always transplant disease free seedlings. 

 Soil solarization is also effective in managing disease. 

 Pseudomonas fluorescens, different Bacillus spp., Actinomycetes, 

Trichoderma viride and avirulent strains of Ralstonia 

solanacearum are also effective in managing disease. 

 Dip seedlings in solution of Streptocycline (100 ppm) for 30 

minutes before transplanting. 

Late blight 

(Phytophthora 

infestans) 

 Get seed/tubers from disease free area and treat them with 

Ridomil-MZ (Mancozeb+Metalaxyl) @ 0.2% or Trichoderma spp. 

@ 0.4% before sowing. 

 Use disease resistant varieties. 

 Give one prophylactic spray 30-40 days after sowing with 

Ridomil-MZ (Mancozeb+Metalaxyl)/Mancozeb @ 0.25% or copper 

fungicide 0.3%. 

 Follow high ridging in case of potato and avoid over 

flooding/irrigation during infection. 

Early blight 

(Alternaria 

solani) 

 Get seed/tubers from disease free area and treat them with 

mancozeb @ 0.2% or Trichoderma spp. @ 0.4% before sowing. 

 Spray crop with Zineb/copper Oxychloride or mancozeb @ 

0.25% at 10-15 days interval. 

 Follow high ridging in case of potato and avoid over 

flooding/irrigation during infection. 

 Powdery 

mildew 

(Erysiphe 

polygoni) 

 Use resistant cultivars. 

 Spray wettable sulphur 0.2% just on appearance of disease at 

10 days interval depending upon disease severity. 

 Purple blotch 

in onion 

(Alternaria 

porri) 

 Immerse bulbs before sowing in Trichoderma solution (400 g in 

100 liters of water) or mancozeb (250 g in 100 liters of water). 

 Spray the crop with mancozeb at fortnightly interval starting 

from first appearance of the disease. 

 

Major insects of cold arid region of Leh and their integrated management are as under: 

Crop Insect Management 

Apricot Codling moth 

(Cydia 

pomonella) 

 Sanitation: remove and destroy infested fruit and also clean up 

dropped fruit after they fall. 

 Monitor the adults with pheromone traps. 

 Place corrugated cardboard bands (2-3 inches wide) around 

trunks of trees in May to collect first generation larvae or in 

August to collect overwintering larvae that are moving to the 

trunks to pupate. 

 The egg parasitoid, Trichogramma is also used. 
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 Spray with imidacloprid @ 0.1%. 

Tent 

caterpillar 

(Malacosoma 

indicum) 

 Destroy the egg clusters in winter by collecting and burning. 

 Caterpillars can also be killed by mopping up the tents with a 

pole having tied on its end some rough clothes dipped in 

kerosene oil. This can be operated at 12 to 3 pm on clear sunny 

days for best effects. 

 Bacillus thuringiensis sprays and pruning out infestations are 

organically acceptable management methods. 

 Spray the trees with Malathion 50 EC @ 0.5%. 

Walnut Walnut weevil 

(Alcides 

porrectirostris) 

 Sanitation is important, always collect and destroy fallen fruits 

before the larvae have a chance to escape and enter the soil. 

 Carbaryl (sevin) is effective for managing the weevil. 

Vegetables  Cut worm 

(Agrotis ipsilon) 

 Crop rotation and deep ploughing is effective. 

 Irrigate the plots in early evening hours so that the hidden 

larvae/caterpillars of cut worms shall be come out to expose for 

birds predations. 

 Apply lindane dust @ 20 kg ha-1 or drench the soil with 

chlorpyriphos @ 2.5 ml per litre of water or carbaryl @ 4 g per 

litre of water. 

Aphid (Aphis 

gossypii) 

 Yellow sticky traps are quite successful in traping aphid 

population. 

 Spray 2 ml of malathion 50 EC per liter of water as and when 

the pest is noticed. If necessary, repeat the spray after 10-12 

days. 

Onion maggot 

(Delia antique) 

 Apply 10 kg of carbaryl 4 G or Lindane 6 G or Thimet 10 G per 

hectare to the soil followed by light irrigation. 
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A cooperative approach to livelihood support initiatives  
for small farmers 
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Deputy General Manager, Department of Economic Analysis & Research,  
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The pressure of rising population and labor force on the limited and non-expanding land 

base, division in the family and thereby division of total land available with the family has 

resulted into a continuous decline in the availability of land per agricultural holding. This 

has also resulted into an increased marginalization of farm holdings. As may be seen from 

Table 1, during the period from 1970-71 to 2010-11, the number of marginal holdings has 

increased by 2.6 times from 36.23 million to 92.83 million. The share of marginal and small 

size together in the number of operational holdings has increased from 70.0 to 85.0% during 

the latest decade; their share in the area operated has risen from 20.9 to 44.6% during the 

same period. The average size of holding for all size groups has fallen from 2.28 hectare in 

1970-71 to 1.15 hectare in 2010-11. 

Table 1. Size class-wise land holding pattern in India  

Land size 

class/ 

category 

1970-71 1990-91 2010-11 

No of 

opr hol 

(million) 

Area 

(Mha) 

Avg 

hol 

size 

(ha) 

No of 

opr hol 

(million) 

Area 

(Mha) 

Avg 

Hol 

Size 

(ha) 

No of 

opr hol 

(million) 

Area 

(Mha) 

Avg 

hol 

size 

(ha) 

Marginal 36.20 14.60 0.40 63.39 24.89 0.39 92.83 35.91 0.39 

Small 13.43 19.28 1.44 20.09 28.83 1.43 24.78 35.24 1.42 

Semi-

medium 

10.68 29.30 2.81 13.92 38.38 2.76 13.90 37.71 2.71 

Medium 7.93 48.23 6.08 7.58 44.75 5.90 5.88 33.83 5.76 

Large 2.77 50.06 18.10 1.65 28.66 17.33 9.73 16.91 17.38 

All sizes 71.01 162.32 2.28 106.64 165.51 1.55 138.35 159.59 1.15 

Sources: Various Agricultural Census.  

In the last few decades, Indian economy has not only grown, but has also undergone a 

structural transformation. The share of industries and services in the national income 

increased, and the share of agriculture declined, from 47% in 1970-71 to 17.6% in 2014-

15. Nonetheless, enhancing agricultural growth remains a key policy concern as it still 

supports livelihood to more than half of the country’s total population. However, Indian 

agriculture is dominated by small land-holdings-about two-thirds of the landholdings are 

of size less than or equal to one hectare, with an average land size of about 0.4 ha. At this 

scale, the agriculture-based livelihoods are untenable for majority of these households.  

The views expressed in this paper are the views of the author and do not necessarily 
reflect the views of the organization he belongs to 

Amongst a constellation of constraints, lack of access to markets and capital aretwo most 

important barriers to enhancing productivity on small farms. Many studies have shown that 
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smallholders have limited access to credit, which restricts them from adopting income-

enhancing cropping pattern, improved technologies and quality inputs, and to undertake 

long-term investments in land improvements, irrigation, mechanization and storage. Though 

financial requirements of smallholders are not big; financial institutions often shy financing 

them because of high cost of lending relative to their size of loan, and higher risks in 

agriculture. Further, they have limited collateral, often less-documented, which makes it 

difficult for institutional agencies to liquidate these in case of default. Smallholders have, 

thus, resorted to borrowings from informal lenders who often charge exorbitant rates of 

interest and discount output prices in case of product-linked transactions.  

Furthermore, smallholders are often at a disadvantage in the market place. Local rural 

markets for agricultural produce are thin, and the trading in distant urban markets is not 

remunerative due to higher fixed costs in relation to their marketable surplus. There is also 

apprehension about intensification of competition in agri-food markets with globalization. 

The unorganized small-scale producers, entrepreneurs and processors are likely to be more 

affected by increasing competition because of their lack of resources, especially capital to 

improve upontheir technological capabilities to face global competition and stringent food 

safety standards. These tendencies suggest that smallholders need to adjust their agriculture 

to the emerging market forces, which is difficult unless they are supported with finance, 

markets, technologies, information and services.  

Ironically, despite their considerable contribution to the food basket, the size and number 

of small and marginal land-holdings in India make agriculture-based livelihoods untenable 

for a majority of these households, as reflected by their average expenditure figures 

exceeding their incomes (Table 2).  

Table 2. Average monthly income and expenditure of rural households 

Size class of land 

(ha) 

July 02-June 03 

NSSO, 59th Round 

July 2012-June 2013 

NSSO, 70th Round 

Avg monthly 

income 

Avg monthly 

expenditure 

Avg monthly 

income 

Avg monthly 

expenditure 

< 0.01 1380 2297 4561 5108 

0.01-0.40 1633 2390 4152 5401 

0.41-1.00 1809 2672 5247 6020 

1.01-2.00 2493 3148 7348 6457 

2.01-4.00 3589 3685 10730 7786 

4.01-10.00 5681 4626 19637 10104 

10.00 + 9667 6418 41388 14447 

All sizes 2115 2770 6426 6223 

Source: (i) NSSO 59th Round: Key Indicators of Situation of Agricultural Households in India 

(ii) NSSO 70th Round: Key Indicators of Situation of Agricultural Households in India. 

A close scrutiny of sources of income of various land classes indicates that agricultural 

households augment their income from various sources including wages/salaries, farm 

operations/cultivation, livestock rearing and also from non-farm activities (Table 3). The 

relative contribution of different sources of income to total indicate that an average 
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household earned income mainly from cultivation (47.9%) followed by wages/salaries 

(32.2%). Income from livestock rearing and non-farm employment contributed to the extent 

of 11.9% and 8.0%, respectively. 

Table 3. Sources of income of farmers of various size classes 

Sources of 

income 

Agricultural land holding (ha) 

<0.01 0.01-

0.040 

0.04-

1.0 

Up to 

1.0 

1.01-

2.0 

2.01-

4.0 

4.01-

10 

>10.0 All 

classes 

Wages/ salary 63.6 57.5 38.3 48.1 23.5 15.4 10.3 3.2 32.2 

Cultivation 0.7 16.5 40.9 28.2 57.3 68.6 77.6 86.2 47.9 

Livestock 25.9 15.0 12.0 13.9 11.1 10.8 7.6 6.3 11.9 

Non-farm 

business 

9.8 11.1 8.8 9.9 8.1 5.2 4.4 4.3 8.0 

Source: NSSO, 70th Round - All India Debt & Investment Survey. 

A comparative analysis of sources of credit (Table 4) at two different points of time (2002 

and 2012) indicates that the overall the share of institutional credit has gone up marginally 

from 57.7% to 58.8% of total credit availed by the farmers. In fact the decline in credit from 

cooperative societies has been well compensated by increase in credit from other banking 

channels. However, as far as credit from non-institutional sources is concerned, the share 

of landlords/employer which has been a major source in 2002 especially for marginal 

holders declined in its importance to negligible level in 2012 whereas the relative importance 

of agricultural and professional moneylenders increased from 5.2% to 25.8% at the 

aggregate level.  

Table 4. Sources of borrowing by farmers of various size classes 

Land size 

class (ha) 

Data 

point 

Institutional sources Non-Institutional sources 

Govt.%  Coop 

Soc. 

Banks Total Landlo

rds 

Money 

lenders 

Others Total 

<0.01 2002 1.9 5.3 15.4 22.6 47.3 4 26.1 77.4 

2012 0.4 1.6 12.9 14.9 0.6 63.7 20.7 85.0 

0.01-0.4 2002 4.0 14.5 24.8 43.3 31.8 4.9 20.0 56.7 

2012 1.3 14.6 31.0 46.9 0.8 32.4 19.8 53.0 

0.41-1.0 2002 3.8 17.0 32.0 52.8 30.8 4.6 11.8 47.2 

2012 1.7 13.9 37.6 53.2 0.8 27.4 18.6 46.8 

1.01-2.0 2002 1.7 20.5 35.4 57.6 25.9 4.2 12.2 42.3 

2012 2.6 14.7 47.5 64.8 0.7 23.3 11.1 35.1 

2.01-4.0 2002 1.5 22.6 41.0 65.1 23.4 4.7 6.9 35.0 

2012 1.9 15.6 50.0 67.5 1.4 23.8 7.3 32.5 

4.0-10.0 2002 1.3 23.0 44.5 68.8 16.7 6.1 8.3 31.1 

2012 3.8 17.5 50.2 71.5 0.4 18.7 9.4 28.5 

>10.0 2002 1.7 23.2 42.7 67.6 17.2 10.6 4.6 32.4 

2012 1.1 14.3 63.5 78.9 0.0 16.1 4.9 21.0 

All sizes 2002 2.5 19.6 35.6 57.7 25.7 5.2 11.5 42.4 

2012 2.1 14.8 42.9 59.8 0.8 25.8 13.6 40.2 

Source: NSSO, Situation Assessment Survey, 2003 & 2014. 
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Therefore, ensuring the economic viability of theseholdings and linking them to the 

integrated market systems is a critical component of strategies for sustainable agriculture. 

This paper attempts to documents some institutional initiatives to address the issues of 

small farmers as well suggests some policy options to ensure better livelihood options for 

small farmers.  

Institutional support for promoting cooperatives 

The government initiatives for livelihood support just after independence were mainly 

‘agriculture centric’ which is reflected from the very fact that the plan expenditure on 

agriculture, irrigation and flood control d was as high as 37% of total outlay of first Five 

Year Plan. However, the revolution called “Green Revolution’ helped India achieving self-

sufficiency in case of food grains but it also created huge income inequality amongst the 

households. Sections of farmers from dry land areas, hilly regions and a few socio-economic 

strata including landless households remained unaffected by agriculture development 

initiatives. This created a huge scope for working on issues like equity and sustainability. 

Nationalization of banks in 1969 may be considered as second revolution aimed at bringing 

about inclusive growth ensuring equity and sustainability in the country. During the period 

from 1969 till 1982, the financial institutions mainly focused on expanding their service 

base (branch expansion) in rural and semi-urban areas as well as their clientele base. 

Among the innovations by financial institutions, particularly by NABARD viz., the 

introduction of Kisan Credit Card (KCC) by NABARD in 1989 allowing farmers to draw credit 

for all production needs through the production cycle; launching of Self Help Group (SHG) 

- Bank Linkage Program (SBLP) changed the life of many belonging to poor and vulnerable 

section of the society. Although, other financial innovations like financing farmers through 

‘Joint Liability Groups’ (JLGs) and supporting promotion of ‘Producers Organization (POs)’ 

can be considered relatively young products as compared to KCC and SBLP but have been 

found to have great acceptance amongst bankers as well as farmers. Many other 

innovations like developing Primary Agricultural Credit Societies (PACS) into multiservice 

centres especially to meet the credit and non-credit services required by small and marginal 

farmers, banking through thebusiness correspondents (BCs) and business facilitators 

(BFs), particularly in the remote areas have helped financial institutions to reach the 

unreached in a faster way.  

A. SHG Bank Linkage Program (SBLP) 

The Self Help Group - Bank Linkage Program beginning with a pilot project of linking of 500 

SHGs of rural poor in 1992, it is now considered as the world’s largest microfinance 

initiatives with over 7.4 million SHGs representing 97 million rural households directly 

becoming part of this great movement. Many studies have proved that the SBLP has 

supplemented to the household income to a great extent (Table 5). 

Although an excellent progress has been made as far as credit linkage is concerned, there 

has been some concern regarding increased level of NPA under SBLP in recent past in 

almost all the regions except southern region (Table 6). The overall NPA percentage of loans 

to SHGs has gone up marginally from 6.09% as on 31.3.2012 to 6.83% during as on 
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31.03.2014. However, the level of NPA is alarmingly high compared to position 5 years back 

(2.9% as on 31.3.2010). 

Table 5. Overall progress under SHG-Bank linkage for last 3 years (amount Rs. in crore/numbers 

in lakhs) 

Particulars 2011-12 2013-14 

No. of 

SHGs 

Amount No. Of 

SHGs 

Amount 

SHG Savings 

with Banks 

as on 31st 

March  

Total SHG Nos. 79.60 

(6.7%) 

6551.41 

(-6.7%) 

74.30  

(1.53%) 

9897.42 

(20.45%) 

Of which NRLM/SGSY/ 

Other Govt. spons. 
programs 

21.23 

(5.0%) 

1395.25 

(-23.2%) 

22.62 

(10.46%) 

2477.58 

(36.01%) 

% of NRLM/SGSY/Other 

Govt. spons. program 

Groups to Total 

26.7 21.3 30.45 25.03 

All women SHGs 62.99 
(3.3%) 

5104.33 
(-3.7%) 

62.52 
(5.27%) 

8012.89 
(22.99%) 

Percentage of Women 

Groups 

79.1 77.9 84.15 80.96 

Loans 

Outstanding 

against 
SHGs as on 

31st March  

Total No. of SHGs linked 43.54 

(-9.0%) 

36340.00 

(16.4%) 

41.97      

 (-5.71%) 

42927.52 

(9.02%) 

Of which NRLM/SGSY/ 

Other Govt. spons. 

programs   

12.16 

(-5.4%) 

8054.83 

(2.9%) 

13.07 

(9.55%) 

10177.42 

(18.38%) 

% of NRLM/SGSY/Other 

Govt.spons. program 

Groups to Total 

27.9 22.2 31.1 23.7 

No. of all Women SHGs 
linked 

36.49 
(-8.4%) 

30465.28 
(16.6%) 

34.06      
(-9.34%) 

36151.58 
(10.08%) 

Percentage Of Women SHGs 83.8 83.8 81.2 84.2 

(Figures in the parenthesis indicates growth/decline over the previous year) 

Source: Status of Microfinance in India-2013-14. 

Table 6. Region-wise NPAs of Bank Loans to SHGs (Rs. crore) 

Region Loans Outstanding 

against SHGs-Position as on 

Percentage of NPAs 

to Loan Outstanding as on 

31.3.12 31.3.14 31.3.12 31.3.14 

North  1178.28 1100.64 6.92 13.67 

North East  993.27 753.80 5.17 8.88 

Eastern  4629.80 4944.63 7.28 11.07 

Central  2780.29 2696.66 13.20 18.87 

Western  1363.78 1640.46 8.22 11.11 

South  25394.59 31791.33 4.98 4.64 

All India  36340.00 42927.52 6.09 6.83 

Source: Status of Microfinance in India -2013-14. 
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Region-wise analysis shows that Southern Region with 11679 savings linked SHGs per lakh 

BPL families is well above the rest, the lowest being the Central Region with 724 SHGs. The 

corresponding figures of credit linked SHGs are 7018 and 443. In spite of an excellent 

progress overall of SBLP, the issue of low penetration level coupled with high NPA level in 

the Central Region followed by Northern region must be viewed very seriously in order to 

have equitable growth of all the region. It is expected that this particular issue will also find 

priority under Nation Rural Livelihood Mission (NRLM).  

 

SHG penetration in different regions. 

The Ministry of Rural Development (MoRD), Government of India launched the National 

Rural Livelihood Mission (NRLM) by restructuring Swarnajayati Gram Swarojgar Yojana 

(SGSY) with effect from 1 April 2013 (RBI circular no. RBI/2012-13/559 dated June 27, 

2013). NABARD issued guidelines to RRBs and Cooperative Banks on the issue. NABARD 

is also implementing the Interest Subvention Scheme for Women SHGs under the National 

Rural Livelihood Mission (NRLM), for Regional Rural Banks (RRBs) and Cooperative Banks. 

Under the NRLM, intensive implementation has already started in 145475 villages of 2619 

blocks of 367 districts covering 29 States/UTs. As on 08 July 2015, 271.4 lakh households 

have already been mobilised into 22.7 lakh SHGs who have been provided revolving fund 

assistance to the tune of Rs. 541.2 crore.  

B. Financing of Joint Liability Groups 

Joint Liability Groups are informal groups of 4-10 members who are engaged in similar 

economic activities like crop production and who are willing to jointly undertake to repay 

the loans taken by the Groups from the Banks. The growth of JLGs in the country is less 

skewed than the SHGs. Although the Southern States top the list with over 2 lakh JLGs 
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organized so far, Eastern Region closely follows with 1.80 lakh JLGs. In terms of actual 

loans disbursed, however, Southern States account for nearly 55% of the total loans 

disbursed. The cumulative number of JLGs promoted and financed by banks was 10,99,002 

as on 31 March 2015. 

 

JLGs organized. 

C. Forming Producers’ Organizations 

A Producer organization is a registered body and a legal entity which is formed and owned 

by a group of producers for either farm or non-farm activities. The producers are the 

shareholders in the organizations. In order to provide Credit Support for financial 

intervention; support in the form of grant, loans, or a combination of these for capacity 

building and market interventions and also some contribution to the share capital of the 

‘Producers Organizations’ having low capital base, “Producers Organization Development 

Fund” (PODF) has been set up in NABARD wef 01 April 2011, with an initial corpus of Rs. 

50 crore. Any registered Producers Organization viz., Producers Company (as defined under 

Sec 581 A in part IXA of Company’s Act 1956), Producers Cooperatives, registered Farmer 

Federations, MACS (Mutually aided cooperative society), industrial cooperative societies, 

other registered federations, PACS, etc. set up by producers are eligible under the fund. As 

on 31 March 2014, the cumulative sanctions to POs amounted to Rs. 210.81 crore and 

disbursements to Rs. 74.08 crore covering a total of 91 POs in the country has been 

sanctioned. During 2014-15, NABARD sanctioned financial assistance of Rs. 157.72 crore 

to 65 new producers’ organizations (POs) with disbursements amounting to Rs. 101.98crore 

(NABARD Annual Report 2014-15). The Small Farmers’ Agribusiness Consortium (SFAC), 

has already mobilized 6.79 lakh farmers and promoted about 700 FPOs, of which 243 FPOs 

have already been registered and the rest are under process of registration. 

The major activities of the POs assisted by NABARD so far include the establishment of 

bamboo processing units, dairy activities, financing of women’s SHGs to enable them to take 

up livelihood activities in the farm/off-farm sector, establishment of oil mills, flour mills, agro 

service centres, bio-processed jiggery production, coir and sabai grass products, vegetable 
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cultivation, construction of polyhouses, marketing of agro-horticulture inputs/produce, 

commercial production of fish, cultivation and processing of medicinal plants, value chain 

management of cotton, and creation of marketing infrastructure(such as agri-mall, super 

bazar and warehouses). 

The Finance Minister in his 2014-15 Budget speech highlighted the issue of profitability of 

small holding based agriculture in view of increasing proportion of small and marginal 

farmers in the country and proposed to supplement NABARD’s Producers’ organization 

development fund for Producer’s development and upliftment called PRODUCE with a sum 

of Rs. 200 crore which will be utilized for building 2,000 producers organizations across the 

country over the next two years.The fund has become operational and 835 FPOs have been 

approved during the financial year 2014-15.A grant assistance of `65.54 crore has been 

sanctioned for the promotion and capacity-building/nurturing of these FPOs by the 

Producer Organization Promoting Institutions (POPIs) concerned. 

D.  Watershed development programs 

The Participatory Watershed Development Program, financed from the Watershed 

Development Fund which wasestablished at NABARD in 1999-2000 with an initial corpus 

of Rs. 200 crore, contributed equally by the Government of India (GoI) and NABARD, has 

now a total corpus of Rs. 1084.94 crore. As on 31 March 2015, the cumulative number of 

projects (ongoing and completed) stands at 507 covering an area of 5.07 lakh ha in 16 

states, with a commitment of Rs. 329.87 crore. The Prime Minister’s Relief Package for 

distressed districts is being implemented in 31 districts of Andhra Pradesh, Karnataka, 

Kerala and Maharashtra, with the aim of bringing 30,000 ha in each district under the 

participatory watershed management program. Of the total of Rs. 933.20 crore sanctioned 

for 764 watershed projects, a cumulative amount of Rs. 791.29 crore had been released 

under the package by 31 March 2015. So far, all aspects of 340 projects have been 

completed and 371 projects are in the final stage of completion. In the distressed districts, 

the watershed projects were entirelygrant-based, while in the non-distresseddistricts, 

assistance was in the form ofgrant-cum-loans (NABARD Annual Report 2014-15). 

Some Suggestions to ensurebetter opportunities for small holders 

The biggest challenge that farmers, particularly small farmers, are facing at present, is 

integrating production operations with agricultural markets and arranging sufficient credit 

to achieve this integration on a long term and sustainable basis, simultaneously ensuring 

the participation of small and marginal farmers. It has been argued that the small farmers 

facing disadvantage in terms of access to credit, non-agricultural skills, production 

infrastructure, information on new activities, and input and output markets, can be 

brought to a position of advantage by addressing the following institutional issues:  

Promoting Innovative Business Models of Inclusive Growth 

It has been proved by AMUL, Nestle, SAFAL, Namdhari, and many others that unless small 

and marginal farmers, who account for 85% of agricultural households, as well as other, 

resource-poor entrepreneurs depending on allied (dairy/poultry/sheep, goat, etc.)/non-

farm business activities, are brought together and integrated into some economic activity, 

the sustainability and growth of the value chain cannot be ensured. 
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Market related reforms 

Developing Market Infrastructures: The average area served by a market at 114 km2 and 

the average area served by a regulated market at 462 km2 in India is still very high as 

against the recommended norm of one market within a radius of 5 km (or 80 km2). Higher 

cost of transportation is prohibitive for farmers, particularly marginal and small farmers, 

preventing them from exploring new markets, and forcing them to sell through traditional 

channels for lower prices.  

Promoting Alternative Marketing Systems: Among the households (HH) who sold their 

produce during 2012-13, 57.3% HH sold to private traders and 28.4% HH sold through 

mandis. The quantity sold through local private traders and mandis accounted for 45.8% 

and 32.5% respectively of the total quantity sold during the year (NSSO, 70th Round). This 

indicates that comparatively small famers preferred to sell their produce through local 

private traders. The survey also points out the low levels of awareness about the minimum 

selling price (MSP) (only 24% HH aware of MSP of various crops), and procurement agencies 

(19%), and the even lower level of sale of these crops to procurement agencies (9.9%). 

Further, the levies and other market charges in the form of commission, market fee, 

octroi/entry tax, sales tax, weighing charges, and labor charges for handling, loading and 

unloading, vary widely from state to state, which becomes a major source of market 

distortion. It is suggested that market intelligence and market information services need to 

be strengthened to ensure full market information and awareness of farmers.  

Although good beginning to promote direct interactions of producers with consumers in 

fresh produce has been made in form of Apni Mandis in Punjab, Rythu Bazaars in Andhra 

Pradesh, Uzhavar Santhai in Tamil Nadu, Shetkari Bazaar in Maharashtra, Horticultural 

Producers’ Cooperative Marketing and Processing Society (HOPCOMS - a cooperative) in 

Karnataka and SAFAL F&V project of National Dairy Development Board (NDDB) in 

Bangalore promoted by state agencies, these efforts are to be scaled up as these markets 

have the potential to help participating farmers to become aware of the products required 

by the markets and to improve product quality and diversify their product portfolios, besides 

bringing about resource use maximization.  

Strengthening Market Intelligence/Information Services: A farmer in India is estimated 

to get only 20-25% price of his final produce vis-a-vis 40-50% in the developed world, 

sometimes on account of lack of timely and reliable information around critical market 

factors. In this connection, the efforts of Reuters Market Light (RML) which offers a bouquet 

of ICT solutions across the entire agri value chain is worth appreciating. It covers more than 

450 crop varieties and 1300 markets which is estimated to be used by over 1.4 million 

farmers in 50,000 villages across 18 states in India. The RML services include ‘RML direct’ 

- an SMS based, personalised, agri-information service; ‘Krishidoot’for bringing together the 

farmers and Agri Businesses (agri buyers, sellers, service providers and government 

institutions) via an ICT based platform, ‘R-Edge’ market information and intelligence tool 

for agri enterprises, ‘myRML’ mobile information for farmers and some other 

(http://www.reutersmarketlight.com). The ‘RML Card’ has won the NABARD’s prestigious 

‘Rural Innovation Award’ in the Private Sector - Agriculture & Allied Activities in 2012. Such 
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efforts will certainly help farmers, particularly the small farmers in realising better share in 

the consumer price. 

Restructuring the Food Corporation of India (FCI) 

The High Level Committee (HLC) on reorienting the role and restructuring of Food 

Corporation of India (Shanta Kumar Committee) has made a number of recommendations 

which, if accepted, would greatly help small holders, who are the worst sufferers under the 

inefficiencies and lack of transparency in the operations of Food Corporation of India (FCI).  

(i) FCI assistance to states dominated by small holdings and suffering from distress sales, 

e.g., Eastern UP, Bihar, West Bengal, Odisha, etc. 

(ii) Negotiable Warehousing receipt system to be taken up on priority basis and equipped to 

compensate farmers in case of market prices falling below MSP without physically 

handling large quantities of grain.  

(iii) Direct cash subsidy (@ Rs. 7000 ha-1) to farmers help those who have availed loans from 

moneylenders, along with deregulation of the fertilizer sector to avoid diversion of urea 

to other uses. 

(iv) Revisiting of the MSP policy, which is observed to operate effectively only in case of rice 

and wheat, with incentives largely skewed in favour of growers of these two crops. In the 

current context, however, pulses and oilseeds deserve priority as they are sold below 

MSP despite their shortage in the country.  

(v) Deferred implementation of the National Food Security Act in view of the leakage in PDS 

to the extent of 40 to 50% , till the time the list of rightful beneficiaries can be put online. 

(d). National Agricultural Market 

Union Finance Minister’s in his Budget Speech of 2015 announced the creation of a Unified 

National Agricultural Market to increase the income of farmers which will have the 

incidental benefits of moderating price rise. Government has allocated Rs. 200 crore for 

three years from 2015-16 to 2017-18, to set up an online national agriculture market by 

integrating 585 wholesale markets across India — a move that would help farmers realise 

better prices. Now there will be one license for entire state and there will be single point 

levy. There will be electronic auctions for price discovery. The impact will be that the entire 

state will become a market and the fragmented markets within the states would be 

abolished. However, the experiment is expected start giving benefits in 5-7 years’ time in 

terms of higher returns to farmers, lower transaction cost to buyers and stable prices and 

availability to consumers. 

Conclusions 

The marginal and small farmers face more problems relating to agri-production and 

marketing of their produce as compared to other farmers operating on larger land holdings 

on account of fluctuating production level of various agricultural crops from year to year, 

poor capital base, poor access to production and/or investment credit, and poor capacity 

to access or effectively deal with markets as a result of their greater dependence on 

intermediaries. The solution to various problem of marginal and small farmers lies in 

integration of farms and farmers in one or the other cooperatives models viz., SHG, Joint 

Liability Groups, Producers Organizations, etc. which ensures better bargaining power and 
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higher return per unit of their output. Their joining to one of the cooperative farms also 

helps them to enjoy increased access to market and credit and also helps them in reducing 

their marketing cost by way of reduction in the length of the supply chain, and increased 

share of such farmers in the consumer’s rupee. 
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Abstract: Agriculture and Animal husbandry are the two wheels of cart to drive economy 

of rural India in sustainable manner. The mountain regions including Ladakh, cannot be 

an exception to it. The hill animal husbandry, throughout the country is characterized by 

subsistence farming with the use of traditional technologies. The agriculture and animal 

husbandry in such areas are so deeply integrated that one cannot survive without the other. 

Although, the available local germplasm of cattle, sheep, goat, poultry etc has poor 

productivity, but it has potential for combating the stress inflicted by harsh climate that 

prevails over a major part of the year. Therefore, the local animal wealth, which has a great 

potential, needs to be explored to enhance the animal productivity in order to provide 

livelihood security in this region. In this direction, DIHAR has been working for the last 4-

5 decades to introduce new technologies for augmenting fresh food availability and 

sustaining the livelihood of inhabitants in this strategic border location. 

Introduction 

Animal Husbandry practices in India have undergone a sea-change during the last few 

decades, however the way in which the benefits of such technological evolution in livestock 

production have percolated to different geographical locations throughout the country is 

remarkably varying. Ladakh, which is situated in northern frontiers of India and one of the 

most elevated, coldest and inhabited regions of the world, has a bleak picture of agro-animal 

practices still in their primitive developmental stage. Ladakh is located between the 

Karakoram range and the Zanskar range of the Greater Himalayas and is popularly known 

as the cold desert of India. Leh and Kargil are the two districts in Ladakh and the altitude 

of the region varies from 10,000 ft to 18,500 ft from Mean Sea Level.  

The region is sparsely populated with people who have settled themselves along the river 

banks wherever they have found land and water available for their sustenance. All life forms 

in this cold arid high altitude region have to cope with conspicuously different environment 

as compared to their traditional niches at normal altitude (Mean Sea Level). What makes 

Ladakh the cold desert of India is its outlandish ambience distinguished by extreme 

temperature variation with periods of prolonged subzero - near freezing temperature, low 

atmospheric pressure, low humidity (less than 32%), low partial pressure of oxygen (30% 

less of MSL), high velocity lashing winds, torrential snow fall and intense ultra violet 

radiation. This has led to almost deserting of the region with fragile ecosystem, sparse 

vegetation, poor vegetable and food crops cultivation and under developed animal 

husbandry practices. Ladakh becomes completely land locked and remains inaccessible to 

the outside world for nearly six months in a year due to extremely adverse climatic 

conditions leading to closure of mountain passes by the heavy snow fall. 

 

Agro-animal practices: Challenges encountered in Ladakh region 
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From the country’s defence point of view Ladakh is a strategic location. Large number of 

military and Para-military forces is deployed in this region. When a successful military 

surveillance or operation is concerned, physical fitness and well being of the armed 

personnel to make the most of their efficient performance is of paramount importance. 

Ensuring food, health and energy security of the troops is essential to overcome the 

deleterious influence of the stressful nerve-racking conditions inflicted by the hypobaric 

and hypoxic ambience of this region. Due to primitive and low yielding agro- animal 

practices coupled with logistic constraints due to difficult rugged terrain, it is not always 

possible to ensure supply of fresh food of plant and animal origin from low land.  

Provision of sufficient nutritional support to the troops certainly needs consideration of the 

local availability of fresh food material of desired nutritional quality. Here comes the 

necessity of civil-military cooperation. In areas like Ladakh, the livelihood of civil population 

is strongly intertwined with army life. The affiliation of the local people with the army can 

be made possible by integrating their livelihood with army for supporting the army’s ever 

enhancing requirement for fresh food like vegetables, fruits, eggs, meat and milk. The food 

habits of the local population have also been changing tremendously influenced by the 

increased tourism introduced life style change. A paradigm shift from the normal sedentary 

way of life to active social and personal life style demands a healthy nutrition to the local 

population. In general, the challenges encountered are summarized as under:- 

• Stressful harsh climatic conditions 

• Poor genetic potential of livestock 

• Lack of quality feed and fodder to sustain the entire year 

• Limited crop/fodder varieties 

• Confined cultivation season (May- Oct) 

• Small land holdings and limited irrigation facilities  

•  Poor veterinary cover/extension activities with no institutional mechanism for 

surveillance and monitoring of diseases 

Agro-animal practices in Ladakh: Scope for future development 

There is a tremendous scope for development of this region in the field of agriculture and 

animal husbandry as most of the alluvial plains of the rivers of Ladakh are presently 

unexploited and can be utilized for above mentioned activities. The catchment of rivers is 

ideally suited for pasture development as most of Pashmina goat farms are evolved in this 

region. The area may yield large quantity of fodder if water is made available, which can be 

used for raising of livestock and hence the importing of fodder and feed from plains can be 

minimized. Ladakh is bestowed with elite germplasm of locally adapted breeds of goat and 

sheep which can thrive the harsh climate of high altitude. Local people widely use Yak and 

its cross with indigenous cattle for agricultural activities as well as for getting fat enriched 

milk. There is no specific breed of poultry available for the region and locals are forced to 

rear varieties adapted to tropical zones in the temperate climatic conditions. Broiler and 

layer poultry rearing can bring remarkable drive in the local economy of the region if high 

altitude adapted parental strains of poultry are locally developed and mass hatchability of 

poultry eggs at high altitude is made possible . 
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The local germplasm is disease tolerant, immuno-potent and sturdy in nature with better 

aerobic capacity. Physiological and genetic problems prevalent in native stock with respect 

to production and carcass traits at high altitude can be resolved by novel ideas of gene 

mixing possible through different systems of breeding/ mating. Up gradation of local low 

productive animal population with suitable elite germplasm can lead to splendid changes 

in the milk, eggs and meat production in the region. As the traditional agricultural practices 

cease in winter, there is an opportunity for farmers to involve in livestock and poultry 

farming during this period to provide animal by products throughout the year, which will 

be a step ahead to provide nutritional security.  

Role of DIHAR in existing scenario 

After the Indo-China conflict of 1962, a need was felt to improve the agro-animal practices 

in this region primarily to increase the availability of fresh food for the armed forces 

deployed in the region and secondarily to uplift the socio-economic status of local farmers. 

Defence Institute of High Altitude Research (DIHAR) erstwhile Field Research Laboratory 

(FRL) set up at Leh in 1962 is a constituent establishment of Defence Research & 

Development Organization under Ministry of Defence. DIHAR works with the mandate to 

enhance the availability of fresh food to the troops deployed in high altitude L-sector. The 

institute has taken initiative to motivate the local population to adopt the elite technologies 

developed by it through R & D efforts carried over decades. Development of modern 

technologies for rearing of animals and their adoption by the local farmers has resulted in 

increase in fresh milk and meat production in the region. Since last fifty years, the institute 

through its pioneering R&D efforts has brought perceptible changes in the socio-economic 

status of the local population. These efforts have augmented the availability of fresh food to 

the combatants deployed in L-sector with contribution towards improving the ecology of the 

region and have also boosted up the morale (self-esteem & confidence) of the troops 

stationed in these remote areas. At present a considerable quantity of fresh vegetables, milk 

and meat requirement of the army is being met by the local farmers by using the various 

innovative users’ friendly technologies developed by DIHAR. The R&D activities undertaken 

by DIHAR in various animal rearing practices and their outcome are enumerated as under.  

Dairy farming in cold desert of Leh-Ladakh 

a) Salient features 

1. Local cattle are non-descript, relatively small sized, hump less, well adapted, disease 

tolerant but with less productivity.  

2. Cattle are stall fed during long winter months with limited/nil physical exercise, however 

left for pastoral grazing in summer. 

3. Farm activities are mostly looked after by the women folk. 

4. Breeding of cattle is mainly through natural service with no practices of drying/weaning. 

b) Challenges 

1. Animals are under fed because of severe shortage of feed and fodder. 
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2. Poor production potential of local cows as compare to animals raised in plains. 

3. Poor husbandry practices with insufficient health and veterinary care.  

4. Prolonged age at first calving, anoestrus, repeat breeding, long inter calving period are 

very common. 

5. Lack of efficient extension mechanism towards dairy farming. 

6. Lack of deworming and vaccination. Brucellosis, T.B and F.M.D are the major diseases 

encountered.  

c) Contributions of DIHAR 

1. DIHAR has undertaken the first initiative for scientific dairy cattle rearing in the region 

and proved that scientifically run dairying ventures can be economically viable even at 

high altitude stressful conditions. 

2. Raised 5/8 cross of HF and Sahiwal in high altitude cold desert region and studied their 

production, growth, reproduction and adaptability traits. 

3. Introduced Jersey herd to bring size compatibility for breeding and grading up the local 

germplasm. 

4. Attempting for formulation of balanced feed/ration and nutritional supplements suitable 

for dairy cattle of high altitude, incorporating the local unconventional feed ingredients. 

5. Distribution of pedigreed male and female calves to the progressive farmers for genetic 

up gradation of local cows. 

6. Imparting training to local farmers on scientific methods of dairy farming. 

d) Opportunities 

1. There is a need to develop integrated approach for intensive fodder production and 

preservation techniques, wasteland management, standardization of cultivation 

practices for different fodder varieties suitable for high altitude in order to augment the 

nutritional plane of dairy animals throughout the year. 

2. Epidemiological studies for mapping of diseases and emerging potential pathogens of 

zoonotic and economic importance in high altitude L-sector. 

3. Active collaboration with State Animal Husbandry Department to formulate strategies 

for multidimensional improvement of Dairy sector like cross breeding program 

(popularizing Artificial Insemination with elite germplasm), herd health 

improvement(scheduled vaccination and deworming) and enhancing the nutritional 

status of the dairy animals by ensuring round the year availability of good quality feed 

and fodder. 

Small ruminant husbandry practices in cold desert of Leh-Ladakh 

a) Salient features 

1. Sheep and Goat husbandry at high altitude is mainly nomadic in nature and farmers 

have established different migratory routes for grazing depending on the availability of 

pasture, physical and climatic features of the region. 

2. Sheep and Goat are usually reared together in single flock. 
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3. The breed of goat and sheep maintained by the nomads of Ladakh is known as 

‘Changthangi’ and the fine woolly fibre obtained from Changthangi goat is known as 

Pashmina. 

4. Sheep and goat are maintained mainly for fibre/wool and meat and not for milk. 

5. Only pregnant and nursing animals are fed on supplementary ration apart from 

foraging. 

b) Challenges 

1. Scarcity of feed and fodder is the major constraint for extensive small ruminant 

production at high altitude.  

2. Stressful environmental conditions especially during winters increase the susceptibility 

of the young stock to conditions like pneumonia and further disease complications. 

3. Stress results in changes in body metabolism with respect to protein, energy, fat and 

minerals affecting the meat composition and its quality.  

4. Endo-ecto parasitism, goat pox, PPR and CCPN are the common diseases encountered. 

5. No specialist veterinary care is provided. 

6. The major lacuna in goat/sheep production is the mismatch between the enhancing 

demand for good quality meat by the local population/troops and the lesser availability 

of good quality meat due to underdeveloped husbandry practices. 

c) Contributions of DIHAR 

1. Studies conducted by DIHAR revealed that low land goat breeds like Sirohi, Black Bengal 

and sheep breeds like Muzaffarnagri can very well adapt to the harsh conditions of 

Ladakh. 

2. The high altitude adapted breeds of plain region have been crossed with local breeds 

(Changthangi breed of sheep and goat) for selection and further propagation to develop 

broiler sheep/goat. 

3. To facilitate round the year availability of fresh meat to the troops deployed in L-sector, 

DIHAR has evolved meat purpose fast growing hybrid  

(a) Broiler sheep by crossing Muzaffarnagri (ewe) and Changthangi (ram). The F1 has 

an average birth weight of 3.600 kg and an average daily weight gain of 145g/day 

(up to 8 weeks) with average body weight of 29.330 kg at 12 months age. 

(b) Broiler goat by crossing 

(i)  Changthangi (doe) and Sirohi (buck) with F1 hybrid having an average birth weight 

of 1.900 kg and an average daily weight gain of 77.400 g day-1 (up to 10 months) 

with average body weight of 22.000 kg at 10 months age.  

(ii)  Sirohi (doe) and Changthangi (buck) with F1 hybrid having an average birth weight 

of 2.100 Kg and an average daily weight gain of 75.000 g day-1 (up to 10 months) 

with average body weight of 21.500 kg at 10 months age.  

(iii) Changthangi (doe) and Black Bengal (buck) with F1 hybrid having an average 

birth weight of 2.000 kg and an average daily weight gain of 68.100 g day-1 (up to 

10 months) with average body weight of 19.000 kg at 10 months age.  

4. The organoleptic test has shown very high acceptability rate (8.3/10 Hedonic Score) for 

broiler goat meat as compared to local goat meat (5.1/10 Hedonic Score). 
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5. DIHAR is in vogue for development of economical, balanced complete feed for sheep and 

goat with the inclusion of local unconventional feed ingredients of this region. 

d) Opportunities 

1. Propagation of high altitude adapted region specific hybrid sheep/goat (developed by 

DIHAR) and dissemination of this broiler meat production technology to suitable 

entrepreneurs for commercial production of hybrid sheep/goat sufficient to meet the 

huge requirement for fresh, good quality tender meat by the armed forces and civil 

population of the region. 

2. Breeding for Pashmina fibre production and broiler production follow two entirely 

different systems of mating. Pureline breeding of Changthangi should be strictly 

maintained for ensuring the quality of Pashmina fibre produced where as cross breeding 

of the local breeds with breeds of desirable carcass traits should be embarked on for 

successful broiler production.   

3. Construction of semi-underground kachha/mud wall houses or Pakka/cemented wall 

houses should be promoted to negate extreme low temperature thereby reducing 

chances of stillbirth, neonatal mortality and pneumonia etc. The state sheep and goat 

husbandry department can play a pivotal role in motivating the progressive farmers to 

undertake rearing of sheep and goat for broiler production. 

4. Provision of timely veterinary cover with regular deworming, strict vaccination and 

supplementation of immunomodultors (like Levamisole, Zinc, Selenium, Liver tonic, and 

Vitamin E) and ensuring hygienic and healthy husbandry practices are must for 

sustainable and economic small ruminant production.    

5. Increasing the plane of nutrition is the most demanding requirement for successful 

broiler sheep and goat production. This can be made possible by identification and 

propagation of native fodder plants, introduction of non local varieties of legume/non-

legume grass or tree fodders which allows for stall feeding even during the winter months 

when grazing is impossible. On the other hand concentrate feed (which can be composed 

economically by incorporating locally available feed ingredients) should also be given to 

weaned kids, growing and breeding stock apart from the usual practice of feeding only 

to pregnant and lactating does/ewes.  

Poultry production in cold desert of Leh-Ladakh 

a) Salient features 

1. There is no specific breed of poultry available for the region and locals are forced to rear 

varieties adapted to tropical zones in the temperate climatic conditions. 

2. Most of the existing poultry farms are still backyard ventures with very less number of 

birds. 

3. No commercial hatcheries are available for mass hatching of poultry eggs. Farmers avail 

day old chicks and poultry feed from plains only when the road is open.  

4. Broiler chicken and eggs for consumption are transported from places like Jammu, 

Srinagar and Chandigarh. 
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b) Challenges 

1. Extreme cold and hypoxic environment (which hampers the growth and production of 

birds) necessitates the use of artificial heating to maintain the homeothermic 

temperature range required for birds. 

2. Hypoxic, hypobaric, dry and cold atmosphere make the mass hatching of poultry eggs 

totally impracticable at high altitude unless the hatching parameters are provided by 

artificial means which is again a costly affair. 

3.  Unavailability of day old chicks and poultry feed locally is the reason why organized 

poultry farming in Ladakh is virtually nonexistent. 

4.  Ascites (develops because of poor ventilation, high ammonia concentration and hypoxia 

leading to pulmonary hypertension, vasoconstriction and subsequent fluid 

accumulation), cannibalism, CRD, coccidiosis, ectoparasitism, delayed weight gain and 

poor FCR are the usually encountered health concerns.   

c) Contributions of DIHAR 

1. DIHAR has set up world’s highest research and demonstration poultry farm. 

2. DIHAR was first to introduce the concept of organized poultry farming in Leh- Ladakh 

and to standardize the managemental practices for high altitude rearing which finally 

lead to the formation of poultry co-operative societies under the initiative of DIHAR. 

3. DIHAR has proved that purebred broilers are not suitable for high altitude as they 

consume more feed per unit body weight gain which also leads to development of Ascites 

and heavy mortality. Hence crossbred acclimatized birds are suitable for high altitude 

rearing.   

4. Pioneer in providing day old chicks and fresh poultry meat to the civil and defence units 

in the L-sector. 

5. Formulated poultry feed suitable for high altitude stress area by optimizing 

Metabolizable Energy and Crude Protein levels for high altitude simultaneously 

incorporating locally available feed ingredients. 

6. Designed and constructed Solar Poultry Housing System, which reduced dependence on 

conventional energy sources like kerosene run Bukharis especially during the winter 

months. 

7. Designed the pressurized Normobaric Hatchery Unit with automation of all hatching 

parameters like air pressure, relative humidity, temperature, Oxygen and Carbon 

dioxide concentration as a pilot study for hatching of poultry eggs at high altitude under 

hypoxic-hypobaric conditions.  

d) Opportunities 

1. There is an extensive need to impart training on feeding, housing and management of 

poultry to the local farmers so as to popularize this venture. 

2. DIHAR has undertaken R & D activities for establishing broiler parental stock suitable 

for high altitude along with normobaric hatching unit which will ensure local availability 

of day old chicks to the farmers. Once standardized this technology can be transferred 

to the promising local entrepreneurs.  
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3. Poultry housing is difficult in cold arid climate as it has to ensure the optimum levels of 

temperature and ventilation. Economically built, over ground mud walled poly house or 

semi underground mud/stone walled house with open and close enclosures are best 

suited for high altitude and hence should be propagated. 

4. Scientific feeding of poultry as per purpose and age group with optimization of 

Metabolizable Energy and Crude Protein levels for high altitude and simultaneously 

incorporating locally available feed ingredients needs to be given utmost importance. As 

very little amount of surplus grains is available with the farmers to spare for poultry 

feeding, the state department can provide these ingredients or can even supply balanced 

readymade ration specifically computed for high altitude at subsidized rates. 

Conclusion 

The Trans-Himalayan zone (Ladakh region) is one of the highest, coldest and driest 

inhabited places on the earth. The typical climatic conditions of this region make it 

inhospitable terrain for crop cultivation and livestock production. Besides local population, 

large number of Army and Paramilitary forces is deployed in this region due to its strategic 

location. A large quantity of animal produce is required by them, which provides an 

opportunity and ample scope for development of animal husbandry to fulfill the requirement 

by local production. This will help in improving socio-economic conditions of inhabitants 

and bring livelihood security in the region.  

Defence Institute of High Altitude Research (DIHAR) formerly Field Research Laboratory 

(FRL) set up at Leh in 1962 with a mandate to enhance the availability of fresh food to the 

troops deployed in this region is deeply engaged in development of appropriate animal 

production technologies and customized package of practices to boost animal productivity 

in respect of milk, meat, eggs etc for livelihood security in the region. The technologies 

developed at DIHAR have revolutionized agro-animal production in this most challenging 

hostile high altitude cold arid region. Currently DIHAR is taking long strides to support the 

food security of the defence forces deployed in Ladakh sector to a substantial extent with 

transfer of the developed technologies to the local civil population and through the active 

involvement of co-operative societies formed under the initiative of DIHAR. However, much 

more is required to be done for sustainable livestock production in this region. Therefore 

our efforts are on to introduce new technologies through R & D activities for this high 

altitude cold arid region to further increase and sustain the livestock production. There is, 

therefore, a strong need to integrate the efforts of all the scientific organizations including 

the State Departments and NGOs under one umbrella to bring sustainable development to 

enhance animal productivity in high altitude cold desert, which in turn bring livelihood 

security. 
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Yak is the most ecologically sustainable genetic resource of the Himalayas which provides 

livelihood support and nutritional security for highlanders. Yaks can utilize small blades of 

grasses on high altitude pastures and river beds, and can travel on snow bound steep hills 

and hypoxic conditions, and are comfortable at 10°C and can sustain severe cold (up to -

60°C). Yak population in India is 76,237 in 2012 (19th Livestock Census), which is declined 

by 7.6% as compared to previous census; distributed in Ladakh region of J&K (54,398), 

Arunachal Pradesh (13,758), Sikkim (4,036), Himachal Pradesh (2,895) and West Bengal 

(1,088). In spite of its low numbers amongst the livestock, yaks, reared on migratory system, 

is the only source of livelihood of these highlanders who are poorest of the poor. They are 

totally dependent on yak husbandry and it is reported that yaks contribute up to 62% of 

their livelihood requirements. They are reared on pastoral system by the tribal people on 

high hills (above 3,000 meter MSL) where other livestock husbandry or crop production is 

not possible. They are multipurpose animal which provide milk, meat, fibre, dung and are 

also useful for transportation of household goods. Thus, livelihoods of yak rearers are solely 

dependent on these animals.  

In India various social and ethnic groups are associated in yak rearing. In Ladakh yaks are 

raised mainly by the Buddhist as well as Muslim nomads. In Himachal Pradesh yaks are 

raised by the Buddhist and Hindu community people. In Sikkim, yaks are mostly kept by 

Aho, Bho and Bhutia tribes, mostly Buddhist tribes. In Arunachal Pradesh Monpa, a 

Mongoloid tribe is the only tribe rearing yaks. Nomadic lifestyle of yak raisers in 

mountainous terrain is associated with interrelated difficulties. The younger generations of 

yak herdsmen are now not willing to continue with the age-old yak rearing as a profession, 

which is difficult, tough and devoid modern amenities. Aged yak keepers sell out their stocks 

that are ultimately utilized for meat purpose by the middlemen. Economically yak rearers 

are poor but self-sustaining due to their limited needs.  

Yak husbandry, in one hand is highly remunerative with cost-benefit ratio (B:C ratio up to 

4:1 in Arunachal Pradesh; Maiti et al., 2012), on the other hand it is facing the severe feed 

crisi in Ladakh region. Challenges of transhumance system of farming in all yak rearing 

states of India are major concerns of this husbandry. Lack of scientific management 

practices, reproductive disorders, improper nutrition, lack of or degradation of the natural 

grasslands, inbreeding, weak marketing linkage and non-adoption of technologies for value 

addition of yak products are reducing the profit margins of yak rearers. And due to these 

difficulties, the youths of yak rearing communities are abandoning the yak husbandry 

(Ramesha and Bhattacharya, 2008). 

Drastic decline in yak population all over the world has become a cause of concern to the 

development authorities and to animal scientists because this animal largely caters to the 
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needs of the highlanders, whose economy largely depends upon the yak husbandry beside 

sheep and goat rearing. As a result, day by day, the numbers of yak farmers are decreasing 

along with the dwindling population of yaks. There is an urgent need to take some measures 

to promote the yak farming through scientific interventions.  

Improvement of yak genetic resources 

There is an urgent need to improve yak genetic resources in order to improve the living 

conditions of highlanders. Immediate measures need to be undertaken for preventing 

further decline in numbers. Though yaks in India are not threatened with extinction there 

is a need to initiate ex-situ and in situ conservation, as there are different types of yaks, 

which are yet to be genetically characterized. The breeding policy of yaks in different yak 

rearing states is yet to be formulated. Preservation of gene of the special qualities of the yak 

in terms of its adaptation to harsh environment, and long period of severe deprivation from 

feed and fodder resources should be regarded as of great interest. It is, therefore, thought 

desirable to initiate germplasm conservation in the form of semen and embryos of elite yaks. 

Exchange of germplasm, in the form of frozen semen, is essentially required for 

improvement and to avoid inbreeding in yak populations in different Himalayan states. 

Management system 

In India, yaks are reared under semi migratory (transhumance) free-range system. However, 

management system followed in yak rearing differs according to region, influenced by 

altitudes, climate and topography, proximity to centers of population, marketing facilities 

etc. The yak production system that has been followed is different from other livestock 

production systems due to its special social, cultural, natural and economic characteristics 

and inter-related constraints. It is low input-output system. Yak is the only source of 

sustainable livelihood for highlanders in remote terrain due to non-availability of arable 

land. 

India and other Himalayan countries, mainly Buddhist rear yaks. They consider that number 

of yaks maintained by them is the indicator of wealth and status symbol, and aim to increase 

the number. The animals are often kept until they die rather than being culled owing to poor 

productivity, thereby raising the number of unproductive animals in the herd. This has led 

to increasing pressure on the pastures. In India the average herd size of each household 

varies from 5 to more than 100 animals. Rearing of small number of yaks is not economically 

viable and the owners usually offer these animals to tenant herders. By raising female 

proportion in the yak population, along with concurrent culling of unproductive and older 

animals, there is scope of raising the production status of yak herds. 

Nutritional intervention for increased productivity 

In traditional yak husbandry system transhumance form of management predominates. In 

India and other neighbouring countries like Nepal and Bhutan, the farmers practice two 

pasture utilization strategies. During summer yaks are taken to high altitude alpine pasture 

(4,500 m and above). In winter, they return to pockets nearer to their villages located at mid 

altitude (3000 m above msl). In this method of feeding management yaks loose body weight 

25-30% of their body weight during winter due to inadequate fodders. However, during 
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summer months while they are in alpine pasture with available fodder in pasture 

compensatory growth occurs. Thus the traditional way of maintaining the animals is to 

allow them to put on weight as much as possible in summer, and utilize the body fat as an 

energy reserve for survival in winter months, when there is scarcity of feed. However, the 

situation in Ladakh region is worse. In this cold arid region, the yaks are reared on grazing 

on scanty pastures near the river-side. Thus, nutritional intervention for yaks in cold arid 

region is of utmost importance. 

To overcome loss of body weight and low milk production, the future challenges with the 

scientists to develop low cost promising technologies on nutrition to raise productivity of 

yaks thorough out the year irrespective of seasons. This will not only help to increase 

productivity but also to uplift the economic condition of poor herdsmen. 

Value addition of yak products: The output from any husbandry depends on economic 

returns from it and yak husbandry is no way different. The non-availability of value-added 

yak products, un-hygienic processing methods, poor marketing infrastructure and 

awareness of consumers are  

Yak diseases: In India, FMD, Brucellosis, IBR, Hemorrhagic Septicemia, Salmonellosis have 

been reported in yaks. Endo-parasites (trematodes, cestodes and nematodes) and ecto-

parasites infections are of great concern since yaks are reared on migratory mode. Due to 

these diseases the productivity of the yak is not only affected but would also cause abortion 

and other reproductive disorders that may lead to death of yaks. Therefore, a comprehensive 

strategy would definitely help to prevent such infection. 

Strategies for livelihood promotion of the yak farmers 

Forsustainable livelihood of yak rearers and improving the economic returns for the poorest 

of poor in cold arid regions viz. Ladakh areas of J&K, the following issues need urgent 

attention: 

i. Production and use of superior quality yak bulls: Farmers maintaining elite herds 

of yak can also be involved in bull calf production through planned breeding and buy-

back guarantee. Artificial Insemination (AI) facility may be developed and strengthened 

to use of proven sire semen on a large scale. A target may be set to cover at least 15-

20% of the breeding services by using semen of proven sires by 2020. Application of 

assisted reproductive techniques (e.g. Super ovulation and embryo transfer technology 

etc.) for production of bull mothers and bull calves along with estrous synchronization 

for fixed time AI should be promoted. 

ii. Conservation of yak genetic resources: Incentive must be given for maintaining the 

pure yak by compensating the costs and assurance for procurement of elite animals 

at a premium. Procurement of elite female yak may be done from farmers for bull 

mother farms managed by research institutions. Use of sexed embryos can be used for 

multiplication of elite progeny. 

iii. Strategy for ensuring health care: The animal husbandry department of LAHDC and 

J&K may redefine their role with priority for disease surveillance, establishing disease 

free zones and eradication of important diseases, forecasting of disease outbreaks and 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

130 
 

awareness on preventive and curative measures for control, sanitation and clean milk 

production. The complete coverage of vaccination may be ensured to reduce economic 

losses. 

iv. Strategy for feeding management: Efforts should be made to develop pasture lands, 

along the river banks and village lands, involving local communities, through 

introduction of improved grasses, forage tree species and regulated grazing. To 

overcome nutritional imbalance in the field and subsistence milk production 

throughout the year, Complete Feed Production (CFB) units may be established on 

community basis. Similarly, Feed Pellets (FP) machines may be installed. Alternatively, 

Governmental facility for CFB and FP production and distributing to the yak farmers 

on subsidized cost may be provided. Presently, the major quantity of dry matter is 

contributed from paddy & wheat straws, which are of poor nutritional value and with 

high fiber content. With enrichment techniques, the quality of such dry fodder may be 

improved which will also help in augmenting the fodder shortage.  

v. Using a system approach for inclusive growth: The system approach entails analysis 

of problems and synthesize solutions. In the analysis phase, a given situation is 

examined to identify the forces affecting it. The situation is viewed as a system 

composed of interconnected parts and related to other systems. Here, yak based 

livestock production system is suffering from many problems like low productivity, 

high inbreeding, degraded high altitude pastures etc. In this perspective, yak rearing 

may be reformulated to a system that is more viable, liveable and reproducible.   

Re-enchanting the yak products 

Productivity of the yak-based livestock production system is too low in comparison to the 

others bovine species. But, return from the yak products can be enhanced by value addition 

and exploring its unique quality. These can be done by two ways: 

i. Research and promotion of the specificity of yak products: In depth research on 

yak milk on its quality will help to get better remuneration than ordinary milk. For 

example, it is reported that yak milk has an interesting fatty acid composition with 

higher linoleic acid content than the one of cattle products as demonstrated for cheese. 

Yak products are organic by nature, by default. If a necessary certificate on organic 

produce of yak products are tagged, then, market value of these products may be high 

than the normal.  

ii. Improvement of the functionality of the products: Value addition in terms of 

enhancement of functionality of the yak products may cause of high demand with 

better remuneration. For example, ICAR-NRC on Yak has developed a product like 

dietary fiber enhanced low fat paneer from yak milk and vitamin-C enriched whey 

beverage. Consumers show their great interest on these products due to improvement 

of purchasing ability. These types of products can open the new avenues for the yak 

herders for better remuneration. 

Capacity building of the stakeholders 
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To explore the above said discussion on re-enchanting the yak products, yak herders must 

be trained on production of quality yak products. Their competence on different aspect on 

clean milk production, value addition of milk & fiber, certification, attractive packaging, 

marketing etc. in the other word, traits of entrepreneurship must be developed among the 

yak herders which will attract the young generation of the yak herders to continue yak 

herding as their profession.  

Income diversification compatible with sustainable yak herding 

Tourism in the Ladakh region is getting popular day by day and yaks are important 

attractions. The tour operator may be encouraged to use or herder’s yaks on trekking since 

the yaks are sure-footed animals and sustain cold. Additionally, military and para-military 

establishments are to be motivated to use yaks as pack animals, because of their superiority 

over mules, in the hostile geo-climatic conditions of cold arid regions. The selling of yak 

products to the tourists, especially foreign tourists, could be promoted through providing 

marketing logistics by the Government. The hiring of yak by the military and para-military 

establishments from the border villages of Ladakh region for transportation of necessary 

goods at the outposts may have three direct impacts: i) Firstly, human population density 

of the border village will increase, ii) Secondly, deployment of the village population in 

security forces, and iii) Thirdly, alleviation of poverty through sustainable yak rearing. 

Technologies at ICAR-NRCY for improvement of yak husbandry 

All the development schemes targeted to address creation of basic amentias, welfare and 

settlement of the people in the cold arid region has to be converged and yak husbandry, 

employing modern scientific technologies, will fillip the gap of enhancing their economic 

return and thereby improving their livelihood in addition to addressing the national issue 

of border security. Technologies developed at ICAR-National Research Centre on Yak (ICAR-

NRCY), along with those at other ICAR institutes engaged in research activities pertaining 

to cold arid regions, can play a major role to contribute significantly to alleviate the poverty 

of yak farmers in cold arid regions. The promising technologies of NRC on Yak for the 

betterment of yak husbandry are: Area Specific Mineral Formulation (ASMF), Complete Feed 

Block (CFB) for feeding of yak, Concentrate Mixture, Total Mixed Ration (TMR), Artificial 

Insemination (AI) in yak, Synchronization of Estrus for fixed time AI, Embryo Transfer 

Technology (ETT) in yak, Amelioration of degraded high altitude pasture, Value addition of 

milk/meat/wool products. 
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Introduction 

‘India lives in villages’, was a famous quote by Mahatma Gandhi, the father of Nation. Rural 

economy in India has a steel backbone of small ruminants which makes the journey of rural 

population a bit smoother through all upheavals of economy. Sheep husbandry plays a 

significant role in sustaining the livelihood of landless and small holder farmers in India. It 

has played a noteworthy role in shaping and maintaining the socio-economic and cultural 

status of the rural folk. Rural human population constitutes 72.22% out of which majority 

are dependent directly or indirectly on the agriculture and livestock related occupations. 

The total sheep in the country is 65.06 million that constitutes nearly 12.7% of total 

livestock population in India. Since post-independence 1951 (39.10 million) till 2012 

livestock census (65.06 million) the sheep population increased by 66%. India ranks third 

in sheep population and account for nearly 6% of world sheep population. Sheep suites the 

need of small land holder and village system due to low initial investment, ease of rearing 

and high feed conversion efficiency. Besides this, they are very well adapted to harsh 

climate, long migration, resistance against tropical diseases, poor nutrition and shortage of 

drinking water and water quality. They provide a dependable source of income to the animal 

owners.  

Present status of sheep and its importance in animal husbandry 

Sheep Husbandry contributes significantly not only for numbers but also for sustainable 

livelihood options in the country. It has been observed recently that the sheep population 

has increased in the areas of Andhra Pradesh where farmer’s suicides due to crop failure 

were more. Sheep is the lifeline in areas where crop failure is commonplace. According to 

the Livestock Census 2012, Andhra Pradesh ranks first in sheep population with nearly 

40.57% sheep population followed by Karnataka (14.73%) and Rajasthan (13.95%). Sheep 

in true sense act as security option and remain always ready for cash option with the 

farmer.  

Leading states in sheep population (Livestock Census 2012) 

State Population (’000) % share 

Andhra Pradesh 26060 40.57 

Karnataka 9339 14.73 

Rajasthan 9007 13.95 

Tamil nadu 4470 7.36 

J&K 3284 5.21 

Maharashtra 2533 3.97 

Gujarat 1641 2.62 

INDIA 65060 100 
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Agriculture and allied sector contributes for 48.9% employment according to Economic 

survey (2013-14). Livestock contributed 16% to the income of small farm households that 

indicates importance of livestock sector as a whole. In 2010-11, livestock generated outputs 

worth Rs. 2075 billion (at 2004-05 prices). Agriculture sector grew at low rate of 4.7% during 

2013-14 and contributed 13.9% to National GDP (Economic Survey 2013-14). The livestock 

sector contributed over 4.1% of the total GDP in 2012-13, that nearly accounts for 29.5% 

of the agricultural GDP (Economic Survey, 2013-14) indicating a significant contribution of 

the livestock. Presently, sheep is mainly reared for mutton purpose due to the constraints 

of better market for the wool and higher shearing cost. As far as meat production from 

sheep is concerned, Andhra Pradesh ranks first with 45.07% contribution followed by 

Karnataka (7.95%) and Rajasthan (7.91%). Slaughter rate in sheep has been on rise 

consistently. It was 33.13% in 2007-08 and 52.52% in 2012-13. This shows a consistent 

increase in number of animals being slaughtered without getting enough replacement.   

Leading states in estimated mutton and wool production (BAHS 2014) 

S. 
No. 

States 
Meat Production 

(million kg) 
State Wool (’000 kg) 

1 Andhra Pradesh 198.82 (45.07%) Rajasthan 15026.83 (31.36%) 

2 Karnataka 35.09 (7.95%) J & K 8709.70 (18.18) 

3 Rajasthan 34.89 (7.91) Karnataka 7754.53 (16.18) 

4 Maharashtra 33.86 (7.68%) Andhra Pradesh 5036.83 (10.51) 

5 Tamil Nadu 31.44 (7.12%) Gujarat 2578.06 (5.38) 

6 West Bengal 27.20 (6.17%) Himachal Pradesh 1654.99 (3.45) 

7 Uttar Pradesh 19.66 (4.45%) Maharashtra 1538.62 (3.21) 

INDIA 441.14 (100%) INDIA 47908.88 (100%) 

The meat production from sheep and goat in India as estimated (BAHS 2014) is 441 and 

941 million kg, respectively, that constitutes 7% and 16% contribution to 5900 million kg 

of total meat produced in country. Share of sheep meat production has been quite stagnant 

since last few years with 7.33% in 2007-08 to 7.47% in 2012-13. Beef shipments have 

nearly tripled between 2008 and 2013 and are forecast at a record of nearly 1.9 million tons 

in 2014. Average carcass yield from sheep is relatively low in India with national average of 

12 kg, whereas the world average is 16 kg for carcass yield. In India, Assam has lowest 

average of 7 kg, and Himachal has highest average of 20 kg. India has become the world’s 

second largest exporter with a 20% market share. In terms of value output from sheep and 

goat meat, Rs. 23,049 crores has been earned during year 2010-11. Exports from India to 

Top 10 countries of sheep/goat meat as revealed by APEDA (2014) is 22,608.96 MT. Highest 

export from India is done to UAE followed by Saudi Arab and Qatar.  

Wool as a commodity from sheep is losing its value due to many reasons. First is its utility 

as an important by-product due to easy and cheap availability of the synthetic fibres. 

Secondly, the income generated from wool is non-significant as far as the primary producer 
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is concerned. However, still the wool fetches a great value at market. During 2013-14 

estimates of wool production increased to 47.9 million kg from last year production of 46.1 

million kg. It has slightly increased from 43.9 million kg in 11th plan to 47.9 million kg in 

2013-14 (BAHS, 2014). During last decade, more than 42 million kg of raw wool was 

produced annually in the country of which about 2.5 million kg was of fine quality. India’s 

per capita/year consumption of meat is 5.11 kg (FAO, 2009), and it will increase in the 

coming future. As far as wool production is concerned, Rajasthan ranks first with 30.41% 

contribution followed by Karnataka (17.41%) and Jammu & Kashmir (16.67%). Sheep 

husbandry is popular among many nomadic tribes In India, although it has been a key 

source in their sustainable livelihood but could not reach its true potential. This sector has 

been infected with the pests of poverty, illiteracy, absence of market, middlemen and 

absence of proper scientific management of the sheep flocks. In the near future, with advent 

of new technologies, streamlining of the market, access of market for sheep owners, 

formation of co-operatives by farmers, micro-credits, boom in the information technology, 

the future of sheep husbandry seems to be bright. 

Top 10 Countries for sheep and goat meat export from India 

Rank Country Qty (MT)   Value (Rs. Lacs) 

1 U Arab Emirates 10716.91 36,093.17 

2 Saudi Arab 5763.36 19,609.26 

3 Qatar 1613.42 5,530.78 

4 Pakistan 1554.00 505.74 

5 Kuwait 1150.49 3,925.37 

6 Oman 563.39 1,686.29 

7 Vietnam 253.00 431.8 

8 Bahrain 153.64 523.05 

9 Senegal 142.00 218.58 

10 Syria 84.00 126.93 

Diversity of sheep genetic resources in India 

Sheep breeds found across the country are well adapted to specific agro-climatic region. 

Details of the sheep breeds classified on the basis of agro-ecological regions viz. a) North 

temperate region; b) North Western arid and semi-arid region; c) Southern peninsular 

region; and d) Eastern region are depicted below. In our country a sizable population of 

sheep are non-descript due to indiscriminate breeding and intermixing of breeds.  

Breeds of sheep in different agro-ecological regions in India and their major utility* 

North Temperate North-Western Arid and 

Semi-arid 

Southern Peninsular Eastern 

Bhakarwal (CW) 

Changthangi (CW) 

Gaddi (CW) 

urez (CW) 

Karnah (AW) 

Kashmir Merino(AW) 

Chokla (CW) 

Jaisalmeri (MCW) 

Jalauni (MCW) 

Kheri (MCW) 

Magra (CW) 

Malpura (MCW) 

Bellary (MCW) 

Coimbatore (MCW) 

Daccani (M) 

Hassan (M) 

Kanguri (M) 

Kilakarsal (M) 

Balangir (MCW) 

Bonpala (MCW) 

Chottanagpuri  

(MCW) 

Ganjam (MCW) 

Garole (MP) 
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Poonchi (CW) 

Rampur Bushair(CW) 

Marwari (MCW) 

Muzaffarnagari (MCW) 

Nali (CW) 

Patanwadi (CW) 

Pugal (MCW) 

Sonadi (MCW) 

Munjal(M) 

Madras Red (M) 

Mandya (M) 

Mecheri (M) 

Nellore (M) 

Nilgiri (AW) 

Rammand White (M) 

Tiruchy Black (M) 

Vembur (M) 

Tibetan (CW) 

Kendrapara (MP) 

*Within parenthesis is the major utility of the breed: (AW) Apparel wool; (CW) Carpet wool; (MCW) Mutton and 

Carpet wool; (M) Mutton; (P) Prolificacy 

Sheep breeds of arid region 

In India there are two types of arid regions: 1) Hot Arid and 2) Cold Arid. Hot arid region 

comprises of Western Rajasthan, Western Gujarat and adjoining areas of AP and Karnataka. 

The cold arid region comprises of Jammu Kashmir (Northern Part) and Leh Laddakh. In the 

hot arid region Magra, Marwari, Jaisalmeri, Patanwadi, Pugal and Chokla sheep breeds are 

found. These are heavy breeds with migration capability and good carpet wool and mutton 

producing quality. The cold arid region has only one breed of sheep and that is Changthangi. 

It is distributed in the Changthang region of Leh. Animals are usually shorn twice a year, 

generally in May/June and September/October, but in some cases shearing takes place 

only once a year, in July/August. Greasy-wool production ranges from 1 to 1.5 kg per 

animal per year. The wool is of a good carpet/medium apparel quality of Ladakh (Acharya, 

1982). 

Sheep breeding strategies in India: Lessons from past and a way ahead 

The focus of sheep development in past was essentially on the improvement of quality and 

quantity of wool by using different types of exotic fine wool breeds. A number of strains were 

developed through crossbreeding of native breeds with exotics (Task Force, 1996; Singh et 

al., 2005). Developed genotypes demonstrated their production potential in terms of body 

weight, wool quantity and quality under experimental farm management conditions but 

these could not outdo the natives in field conditions barring a few genotypes due to non-

availability of required plane of nutrition and climatic conditions. Presently mutton has 

almost outperformed the wool in terms of income to the farmers. Network Project on Sheep 

Improvement (NWPSI) helps in the implementation of sheep breeding and improvement in 

several breeds of India in farm and field level. Presently, 6 units are run under NWPSI. 

Under similar platform, where sheep seed is given major emphasis, Mega Sheep Seed Project 

(MSSP), 5 units for sheep breeding and improvement are working.  

In addition to the NWPSI and MSSP programs of ICAR, the genetic improvement of 

indigenous breeds of sheep in their home tracts at present is being mostly done through 

state governments. Agriculture is a state subject hence; sheep breeding policies are to be 

enunciated by the State Government. Well defined sheep breeding policy in large number 

of states is still awaited.  

Net Work Project on Sheep Improvement Mega Sheep Seed Project 
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S. No. Units Breed S. No. Units Breed 

1 ARC (CSWRI), 

Bikaner 

Marwari sheep for 

carpet wool 

1 BAU 

Jharkhand 

Chottanagpuri 

sheep for mutton 

2 CIRG, 

Makhdoom 

Muzaffarnagri 

sheep for mutton 

& wool 

2 KVAFSU 

Karnataka 

Mandya sheep 

for mutton 

3 SVVU, 

Palamner 

Nellore sheep for 

mutton 

3 TANUVAS 

Tamil Nadu 

Mecheri sheep 

for mutton 

4 ARC (CSWRI), 

Bikaner 

Magra sheep for 

carpet wool 

4 RAJUVAS 

Rajasthan 

Sonadi sheep 

for mutton and 

wool 

5 TANUVAS, 

Kattupakkam 

Madras red sheep 

for mutton 

5 CSWRI 

Avikanagar 

Malpura sheep 

for mutton 

6 MPKV, Rahuri Deccani sheep for 

mutton and wool 

Improving wool production 

Initially, efforts for improving sheep were aimed at fine wool production through introducing 

exotic fine wool inheritance. The crossbreeding programs have yielded encouraging results 

for improving the quality of wool, through developing several fine wool strains/synthetics 

(mainly Bharat Merino, Kashmir Merino and Hisardale). Bharat Merino, a fine wool strain 

of sheep evolved at CSWRI with 75% exotic inheritance is now being exhaustively used in 

the southern region of the country especially Kodai and Nilgiri hills in Tamilnadu and 

Karnataka for improving the local sheep breed for wool and body growth. Kashmir Merino 

has succeeded in retaining its charm in the Kashmir valley and is being used for improving 

local breeds. Wool produced in the temperate region is suitable for apparel and finer carpets, 

therefore, apparel wool production may be intensified only in northern temperate hilly 

region and Nilgiri and Kodai hills of southern region. In these areas 3/4th crosses of 

Rambouillet or Merino including Bharat Merino may be propagated and annual clips may 

be obtained to meet the requirements for apparel manufacture. In case of carpet wool, sheep 

breeds belonging to Rajasthan, Haryana, Gujrat, Madhya Pradesh and plains of Uttar 

Pradesh produce good quality carpet wool except the wool of Malpura and Sonadi sheep. 

Presently about 60.76 m kg of raw wool is being imported (www.texmin.nic.) to meet the 

requirements of the industry. While it may not be possible to produce the apparel wool in 

required quantity there is every possibility of meeting the requirement of carpet wool if 

suitable and effective development programs are undertaken. India can make a thrust in 

export trade by making hand-knotted carpets, druggets, hosiery items, etc. Therefore, 

improving quantity and quality of carpet wool has to be given priority. As far as carpet 

quality wool production is concerned, CSWRI Avikanagar developed a strain Avikalin with 

50% exotic inheritance that could achieve the defined targets with respect to carpet wool 

quality. However, at present, the native breeds with superior carpet quality traits such as 

Nali, Chokla, Patanwadi, Marwari, Magra, Jaisalmeri, Pugal, Bhakarwal, Gurez, Gaddi and 

Rampur Bushair are being favored for enhancing the carpet quality traits and production 

through selection programs. 
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Enhancing mutton production  

In the past, efforts towards enhancing body weight through selection within indigenous and 

crossbred population has been attempted. The results of cross breeding on the whole, 

revealed that per cent improvement in body weight up to 6 months of age is conspicuous in 

different crossbreds over contemporary natives but only marginal improvement is observed 

at 12 months of age. This is indicative of the fact that crossbreds/new synthetics require 

high plane of nutrition and if they are managed on the same feeding regimen as for natives, 

the differences which were conspicuous up to 6 month age became marginal at the age of 

one year. Due to non-availability of required plane of nutrition, mutton type strains 

developed by crossing Suffolk and Dorset with the indigenous breeds could not outdo the 

natives under village management conditions despite the improvement in body size as well 

as in wool quality and quantity. Results on growth performance of native breeds reveals 

that Malpura and Muzaffarnagri of North-Western breeds and Nellore and Mandya of 

Southern breeds have great potential for their use as improver breeds for mutton 

production. Improvement of sheep through breeding strategy will also depend upon socio-

economic and ecological considerations, existing genetic resources, their productivity, 

possibility of their improvement through selection within a breed, upgrading with 

indigenous improver breeds, or replacing an indigenous breed with an existing breed if it is 

arising from similar ecological region and thus will be adaptable, or cross-breeding for 

evolving new breed combining the adaptation and hardiness of local breed and higher 

productivity of the exotic breed.  

Prolific sheep: A hope for future sheep industry in India 

Considering the importance of multiple births in sheep breeding in special reference to 

mutton production, Garole, an indigenous prolific breed of sheep, was introduced at CSWRI, 

Avikanagar during 1997 for improving reproductive efficiency of Malpura sheep. The results 

indicated that twining per cent in Garole x Malpura (GM) half-breed ewes were 52.24% and 

lamb born, as triplets were 7.46%. The average number of lambs born per ewe lambed was 

1.64 in GM and 1.08 in Malpura sheep (Kumar et al., 2006; Mishra et al., 2007). It was 

observed that the body weight at different ages of GM half-bred was on lower side compared 

to contemporary Malpura lambs. This was however the first report that also signified the 

importance of enhancing Malpura inheritance to 75% for better live weight gain and 

mothering ability in prolific crosses. The overall per cent gain in prolificacy in GM was 52.38, 

which increased to 75.73 in third parity (Mishra et al., 2007). Similar study was also carried 

out at Nimbkar Agricultural Research Institute (NARI) Phaltan (Maharashtra) using Deccani 

and Bellary breed (Nimbkar et al., 2000). Nimbkar et al. (2003) reported that crossing with 

Garole reduces live weight and growth rate significantly compared with Deccani. They also 

reported production of synthetic sheep for prolificacy namely ‘Nari Suvarna’. 

The FecB gene carrier GM was backcrossed with Malpura ewes to produce the GM x 

Malpura (GMM). The growth performance of backcrossed progenies and contemporary 

Malpura and GM lambs were compared. There were 53.76, 49.13 and 33.52% increase in 

body weight of GMM lambs over GM half-breds at birth, weaning and 6-month of age, 

respectively. GMM sheep was a good alternative for Malpura, however, due to multiple birth, 

the milk yield was a limiting factor. Therefore, to enhance the milk yield of the dams in 
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prolific sheep, Patanwadi sheep inheritance was introgressed. The lambs born out from 

GMM x Patanwadi crosses (GMM as a sire and Patanwadi as a dam breed), were higher in 

body weight with survivability equal to Malpura sheep and had FecB inheritance. The 

average body weight at birth, 3, 6 and 12 months for GMM x Patanwadi crosses were 3.34, 

20.34, 30.15 and 41.00 kg, respectively (CSWRI, 2010). Current results reveal >30% 

prolificacy in the three breed crosses with enhanced body weights, igniting a new way ahead 

for profitable sheep husbandry. In years to come a new strain of sheep for efficient mutton 

production will be released for the benefit of the sheep owners.  

Sheep reproduction 

The accelerated lambing system in sheep for achieving target of 3 lambs in two years to 

increase mutton production has to be taken up. In conventional system, two lambs in 2 

years are achieved. Our target is to achieve one more lamb in two years or 9 lambs in life 

time against 6 lambs under conventional system. Thus mutton production will increase by 

1.5 times over existing system of one lamb per year in about 55-60% of animals. In addition, 

the reduction in mortality will further increase the number of lambs/animals available for 

slaughter and will increase sheep production in the country. 

There is also need to increase production without increasing the sheep population. To 

achieve this target, there is need of Accelerated Synchronized Artificial Reproduction (ASAR) 

of high producing animals in “all in all out” system so that a definite number of marketable 

age sheep are available. The ASAR can be accomplished by application of various 

reproductive technologies such as estrus synchronization, artificial insemination and in vivo 

embryo transfer and cloning.  

In addition to estrus synchronization using intra-vaginal sponges and AI with chilled liquid 

semen, other reproduction technologies such as controlled ovulation (for reducing puberty 

age and inter lambing period), superovulation, ovum pick-up, in vitro embryo culture, 

semen and embryo freezing, somatic cell nuclear transfer, transgenic sheep production, AI 

with frozen-thawed semen and early pregnancy diagnosis need further refinement. These 

technologies would result into more embryos production at a reasonable cost with high 

genetic merit for sheep improvement.  

Sheep nutrition and feeding 

Male lambs in field flock are normally put to slaughter at an early age of 3-4 month when 

they hardly attain body weight of 12-14 kg. Development of entrepreneurship for 

procurement of these lambs and put up under intensive feeding up to slaughter age (6-7 

months) will boost mutton production of higher quality for domestic consumers as well as 

for export market. 

The intensive system of lamb rearing for mutton production to increase slaughter rate and 

carcass yield will be achieved through nutritional intervention, feed technology, awareness 

development in migratory and sedentary flocks for rearing up to slaughter age and provide 

them specialized nutrition for augmenting nutritional health, combating stress and meeting 

consumer preferred quality traits and to improve the overall productivity of lambs.The 

importance of developing economical and balanced ration through a conceptual framework 
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that allows the integration of sound management practices based on the 3 Ps (Profits, People 

and the Planet) is considered a prudent path for the future. 

The importance of feed conversion efficiency (FCE) to produce more food with lower methane 

emissions per unit feed needs to be realized. The efficiency of production systems is 

influenced by several other factors including the endemic diseases, inadequate access to 

knowledge, information, technologies and structured markets and poor management 

practices. A holistic approach that addresses nutrition, reproduction, health and overall 

management of animal is required for increasing FCE. 

Specialty sheep production 

In earlier breeding programs for dairy sheep, milk and pelt production was not given due 

importance. The introduction of milk trait in sheep would be a boon for the farmers and 

also for the livelihood and nutritional security further the introduction of milk traits in 

Indian sheep would result into better lamb weight, low morbidity and mortality and, 

therefore, increased mutton production. 

Sheep pelt has great demand in the international market and fetches good price. Higher 

price can be obtained if pelt is produced, processed and value added in the country. 

Programs on pelt production, processing and marketing needs to be undertaken which 

would be of great help to farmers in getting more economical return from sheep production.  

Introduction of fat tail or fat rump sheep has created a good demand, especially during 

Islamic festivals, which otherwise also fetches premium price. Improved fat rump sheep 

breeds of Middle East countries need to be introduced in the country. Further research 

including prolificacy trait with multiple births for mutton production under intensive 

production for higher body weight gain and meat yield needs to be carried out. 

Embryos/semen of fat rump sheep needs to be produced from the animals available in the 

country or imported from their country of origin. Use of several molecular approaches will 

further help in identifying the genes for fat tail or fat rump in these sheep breeds. 

Health management 

Provision of support system from state and central government for timely and regular 

vaccination, drenching and dipping of animals against diseases in sheep rearing zones will 

reduce the losses due to morbidity and mortality. This will also increase mutton production 

and save the precious animals from death.  

Wool utilization 

The Indian wool is coarse having short staple not fit for apparels. However, this wool can be 

used for carpet or felt production besides a number of other usage. On account of dwindling 

wool prices in the country, the profit margin from wool to the farmers is shrinking. There is 

an urgent need to develop diversified wool products using the Indian wool. With this 

rationale, several handicrafts, apparel involving various combinations of wool as natural 

fibre and other natural or manmade fibre can be developed. The institute has developed a 

process for uniform yarn from short staple wool spinning. There is a need to utilize and 

evaluate performance of this yarn as knitwear. This will help in utilization of indigenous 

fine wool in knitting yarn production and development of diversified quality knit wears and 
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better price realization for native wools. Formation of carpet yarn with core-sheath structure 

through siro modified siro method on ring frame and wrapping technique in DREF spinning 

system will make it possible to use the non-suitable coarse wool in carpet yarn and harvest 

its high stiffness properties in terms of carpet performance as well as in producing 

diversified handloom woven carpet from coarse-medium type wool produced from south 

India. Apart from thermal insulation, wool has ability to absorb and retain moisture for 

longer time. This property of wool can be gainfully utilized for preparation of various agro-

textile and geo-textile products. Wool has special character of felting when it is rubbed with 

detergent solution and converted into a desired shape. It has great potential to develop 

diversified handicraft products such as mats, wall hangings, flower pots, soft toys of novel 

designs and color combination.  

Conclusion and Recommendations 

• Sheep husbandry in India is an age old business where, the real stakeholders of genetic 

diversity of sheep have been the rural poor famers and graziers. However, it was seen 

that the real stakeholders were kept out of the picture while formulating breeding 

strategies and executing the research objectives. New age approach must ensure active 

participation of the end user along with his involvement in carrying out the research 

and development programs.  

• Farmer participatory approach should be followed by working hand in hand with the 

farmers on their sheep flocks with scientific data recording and management. Genetic 

improvement of sheep for mutton and wool using both farm and field units should be 

strengthened. 

• Selection on body weight gain, or live weight at market age, usually six month, which is 

heritable, should be encouraged to improve the body weight gains and efficiency of 

conversion of most indigenous breeds. 

• Prolificacy may be incorporated in the breeds wherever possible using prolific Garole 

sheep, looking in to the fact that nutritional and environmental stress is avoided at best 

possible and availability of milk with nourished ewes. 

• Apparel wool production may be intensified only in the temperate areas such as northern 

temperate hilly region and Nilgiri and Kodai hills of southern region. In these areas 3/4th 

crosses of Rambouillet or Merino including Bharat Merino may be propagated in addition 

to Kashmir Merino and annual clips may be obtained to meet the requirements for 

apparel manufacture. 

• The carpet type wool producing breeds such as Nali, Chokla, Patanwadi, Marwari, 

Magra, Jaisalmeri, Pugal, Bhakarwal, Gurez, Gaddi and Rampur Bushair, etc. should 

be further improved through selective breeding by distribution of good quality rams of 

the respective breeds. Efforts should also be made to introduce lustre in indigenous 

carpet wool breeds to harvest maximum returns. 

• Selection within breeds and pure breeding for most native breeds should be followed for 

bringing genetic improvement in body weights and mutton characteristics. Selection 

intensity should be enhanced and germplasm of outstanding merit must be used by 

covering a large sheep population. Grading up with native breeds such as Muzaffarnagri, 

Malpura, Mandya, etc. may be tried for the non-descript poor performing breeds for 
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higher growth rate. Utilisation of genomic selection in the traditional breeding programs 

may help for further genetic improvement. 

• Scientific approach for management of breeding, lambing, nutrition, housing and 

healthcare must be followed for reducing the losses and fetching more returns from 

sheep rearing. 

• Co-operative approach in sheep husbandry at least at a village level may be tried and 

adopted for better breeding practices, fixation of the prices and net economic benefit to 

the end user. 
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Introduction 

Indian cold arid region comes under the trans-Himalayan zone, and confined to Leh and 

Kargil districts of Ladakh in Jammu & Kashmir, Lahaul and Spiti along with some parts of 

Chamba and Kinnaur districts of Himachal Pradesh, and small pockets in Uttranchal (Niti 

and Mana Garhwal). Sixteen per cent of total land mass is under cold arid zone 

(approximately 74, 809 sq. km). The Ladakh region, one of the most elevated (2550 to 8000 

m amsl) and one of the coldest region of the earth, constitutes 87.4% of total cold arid zone 

of India (Butola et al., 2012). The region lies between 31°44’57”-32°59’ 57N latitude and 

76°46’29”-80°41’34”E longitude along with river banks of different valleys namely Indus, 

Shyok, Nubra, Changthan, Zanskar and Suru. The mean annual rainfall is less than 50 

mm, and maximum precipitation occurs in the form of snowfall. The region faces fast 

blowing winds 40-60 km h-1 mainly in the afternoon hours. The soil moisture remains frozen 

during winter and low relative humidity during the summer months. Intensive sunlight, 

high evaporation rate, strong winds and fluctuating temperature characterize the general 

climate of cold desert. The region receives abundance sunshine, 300 sunny days per year 

(2150 kwh year-1) even in December the minimum radiation is 4.32 kwh per day (Butola et 

al., 2012). 

The region has barren topography. The soils of the region are gravelly and sandy loams on 
the alluvial fans to sandy and slit clay loams on the Indus plains. Loose sandy loam texture, 
high percentage of stones and granules, low water holding capacity, high bulk density and 
very low soil fertility (LAHDC 2011). The region has very short growing season as the land 
remains landlocked for more than 6-7 months every year during extreme winter. Due to 
small land holdings, local population subsist on limited crops and largely depends on 
natural resources for meeting diverse subsistence needs. Main source of income in mid and 
high mountains belt of Ladakh are rearing of Pashmina goats or Changthangi Goat (Capra 
aegagrus hircus), which provide cashmere wool for making well known Pashmina shawl, 
and eco-tourism activities. Natural wealth of the region is under various biotic (over-
harvesting, grazing, trampling, invasion of alien flora, etc.) and abiotic (natural calamities, 
habitat fragmentation and degradation through increasing human settlements, climate 
change, tourism activities (high influx of tourist and army vehicles generate pollutants, 
increasing unmanaged soil waste, damaging flora while camping, adventurous activities) 
stresses causing high imbalance in the regions ecology.  

The present paper reviews the livestock production systems of cold arid regions particularly 

Leh region of Ladakh, and suggest strategies for improving livestock productivity.  

Socio-economic characteristics  

About 88% of Ladakh population lives in rural areas and only 12% in urban areas. The 

economy in Leh is expanding. Opening to tourism in 1974 created thousands of jobs, and 

now contributes up to 50% of the region’s GDP (Pelliciardi, 2010). The district population 
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has increased by 44% in twenty years (LAHDC, 2012), partly due to rural-urban migration. 

Population growth has increased pressure on limited environmental resources.  

Agriculture and animal husbandry in cold arid region are interwoven with the intricate 

fabric of the society in cultural, religious and economical ways as mixed crop-livestock-tree 

farming. However, the major problems faced by the livestock are - insufficient supply of 

fodder, overgrazing right up to alpine meadows and difficulty in stall feeding in snow bound 

areas, etc. Social and economic changes interrelate with the growth of Ladakh and the 

opening of rangelands to tourists (Goodall 2004; Namgail et al., 2010).  

Landholding pattern 

Only 0.6% of the total geographical area in Ladakh is inhabited and 19% of the land is 

under cultivation. Irrigation is the most crucial factor for expanding area, production and 

productivity of crops. In Leh district only 10,880 ha land is under assured irrigation. There 

is 25754 ha barren cultivable land and 4393 ha cultivable wasteland. 

 Land is common property, and regulated according to community needs. Land may be 

privately owned, part-rented or all-rented, but the practices of farming in Ladakh are 

collective. Sizeable area of the available land belongs to monasteries (Koshal, 2001). The 

average land holding in Leh is 1.38 ha with only 20.21% farms exceeding 2.0 ha. Majority 

of the holdings (49.42%) are below 0.5 ha and are mostly terraced. Traditionally the 

monasteries hold many fields, which are cultivated together by various villagers. Moves are 

directed by the elected headman (gompa), between allocated pastures. With 6-10 moves per 

year, each group has its own system of organization, building from the core structure of the 

household (rebo).  

Private land property is very rarely consolidated, as land is usually spread across different 

altitudes suitable for different times of the year (grazing sheep & goats at higher altitudes 

in winter, growing wheat/barley at lower altitudes nearer the built village during the 

summer). In winter, private property is converted into common public land - it cannot be 

used for agriculture, so livestock are allowed to roam. Due to long and severe winter human 

and livestock population pressure is more than carrying capacity of the vegetation (NAEDB, 

1992). 

Cropping pattern 

The arable agricultural schedule is tightly constrained: the growing season is extremely 

short (between May and September). Sowing occurs between 15th April - 25th May, and 

harvesting between 15th August and September (LAHDC-Leh 2012). As a result, farmers in 

Ladakh are extremely risk-averse in adopting untested technology (Angchok and Srivastava, 

2012). The lower percentage of arable land is restricted only to flat valleys and in lower 

slopes, where water availability is ensured. In high ridges, the wild plant species depend 

upon the good amount of snowfall because of an acute scarcity of water on the barren 

mountains. The survey conducted by CAZRI in Phey and Nag villages of Leh revealed pre-

dominance of crop-livestock farming systems (CAZRI, 2014). Seasonal patterns of 

agricultural production drive village activity.  
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Grim or naked barley, wheat, and Lucerne (alfalfa) collectively occupy about 83% of the total 

cropped area, and form the major cropping patterns. Among other crops grown are 

vegetables including potato, pulses, and oil seeds and fruit trees. Barley is the major crop 

in Ladakh. The maximum area under irrigation has consistently been devoted to barley 

cultivation over the years. Wheat and fodder are other important crops grown in the 

irrigated land. Fodder crops play an important role in the agro-pastoral economy by 

integrating the crop and livestock components. Alfalfa, a fodder crop, is commonly grown 

as a perennial crop on marginal fields, and also intercropped with fruit trees in orchards. It 

is cut once during September to make Lucerne hay. Despite its importance, there has been 

a severe shortage of fodder for the livestock, especially during the winter.  

Livestock resources  

About 7.03% of livestock of the State of Jammu and Kashmir is found in Ladakh region 

(Bisht, 2008). Pastoralists trade dairy, wool, and most lucratively, pashmina goat fibre. The 

livestock population of Ladakh region includes 0.964 lakh cattle, 2.081 lakhs sheep and 

2.900 lakhs goats (Table 1). Ladakh region produced 21.641 lakh kg meat in 2010-11. Out 

of the total cattle population, 22.1% is the upgraded population with “various levels of jersey 

exotic inheritance”. Upgraded dairy cows yield 1500 liters per lactation as against an 

average lactation yield of 450 liters by local cows. Leh district is producing 8500 MT milk 

annually against a requirement of 11750 MT. This represents the need for improving 

production, and also the potential market, which can be tapped. There is also a scanty 

population of poultry and double humped camel. Backyard poultry units have been 

established in the last few years (LAHDC, Leh; 2006-07). The agro-climatic conditions in 

the region are more conducive for wool and mutton production. The contribution of livestock 

to the state economy is quite significant (3.92% to SGDP in 2011-12) and the sheep and 

goat population constitutes about 56% of the total livestock. The local Kashmiri wool which 

was primarily used for manufacturing of Namdas and coarse blankets obtained from 

crossbred sheep; now find its way into the market for making of fine quality tweeds, 

pullovers and blankets etc.  

Table 1. Livestock resources of of Leh-Ladakh  

Category of  

animals  

Number of heads 

2006-07 2007-08 2008-09 2009-10 2010-11 2011-12 

Cattle 33188 36231 36231 36231 36231 36231 

Dzo-Dzomoes 10725 9495 9495 9495 9495 9495 

Yak 18904 13420 13420 13420 13420 13420 

Others 22799 17083 17083 17083 17083 17083 

Sheep 119124 111938 98274 97826 99599 101243 

Non-Pashmina goat 67560  53535 54858 57599 52999 53021 

Pashmina goat 196345 208878 201593 208611 206014 195715 

Poultry 7567 6093 6093 6093 6093 6093 

There is a shift in composition of livestock towards small ruminants due to natural resource 

degradation and high demand of meat in cold arid regions. In spite of various programs 

under operation for development of livestock, there is visible steep decline in the livestock 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

145 
 

population. Integrated Sample Survey (2010-11) revealed that total livestock population in 

Ladakh region slipped by 3.03% over the year 2007-12. This could perhaps be partially 

related to the almost breakdown of the traditional system of communal grazing of animals, 

in which villagers took turns during the summer season to graze animals in high pastures, 

as the animals could not be grazed in the village due to the cropping on the fields. This 

again is a direct result of young people moving away from agricultural activities. 

The main livestock species reared in the Leh region, and their distribution (Fig. 1) are: 

Cattle local/crossbred  

It is generally thought that all milk in ladakh comes from Dzomo, as the presence of cows 

is not a well-known fact. The people are still rearing the traditional type of domestic cattle 

as only 22.10% cattle are upgraded with Jersey exotic inheritance. Local cattle that produce 

low quantities of milk, and are kept to breed with yak to produce high yielding hybrids. 

Crossbred cattle are mainly kept for high milk yield. In slightly warmer areas where the 

Dzomo cannot withstand the summer heat, the cows are preferred. Cows are of different 

breed than that of plains and they can very well withstand the biting cold of winter months. 

Out of nine blocks of Leh district, Leh block has highest number of crossbred cattle, which 

determines that it produces maximum milk in the district in spite of least cultivable land. 

The average milk yield of local cows, yak and dzomo (crossbred of local cow and yak) varies 

from 360-590 kg per lactation while it varies from 1200-2100 kg per lactation among 

crossbred dairy animals. Nowadays, the demand for crossbred cow is very high in Leh, 

because of their higher production of milk, and demand of milk in the city.  

Dzoe and Dzomo  

Thick set and well built, the black Dzoe, is a hybrid between cow and yak, versatile animal 

of the region, known as a mascot of ladakh. The female of the species is called Dzomo. As 

this can be more domesticated than yak, it has greatly replaced its wild ancestor yak. Its 

uses are profound; the Dzoe ploughs the field, transports luggage, while Dzomo supplies fat 

rich milk. Indigenous cross-breeding of yak with cattle is an active good practice which has 

benefited from higher performance due to hybrid vigour and better adaption of crosses to 

intermediate altitude (Robinson, 1998). The highest concentration of dzomo/dzo are found 

in Leh (68%), followed by Nubra (30%) and Changthang (2%). These animals have better 

productive and reproductive performance, that is why these are preferred and are adaptive 

to the local environment conditions.  

Yak  

Yak (Bos grunniens) is multipurpose animal. This animal is found more in the middle to 

high mountain areas of changthang and Nubra. However, at least one yaks in maintained 

in every village for procreation. The female is termed as Demo, the animal evolved especially 

to withstand bitter winters. It does not require shelter even in winter months. Yak is 

essentially a beast of burden, and used for transport on heights. In spite of its bulk, it is 

very sure footed and can negotiate the toughest of hilly terrain with ease. Yak are very hardy 

and can easily survive without food for 3 to 7 days under snow cover (<-55°C), requires 

minimal care on scanty feed resources (Singh and Shrestha, 1990). They are raised for a 
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variety of purposes such as production of milk and milk products (cheese, butter, ghee), 

wool, hides, manure, drought power and as a pack animal for sustaining the livelihood of 

the Himalayan people. Apart from milk, the hair and tails of these animals are also used for 

making expensive warm clothes and their meat is consumed by local people. The high 

concentration of Yak is found in Changthang (64%), followed by Leh (25%) and Nubra (11%) 

valley (Anonymous, 2013).  

 

Fig.1. Distribution of dairy animals in Leh District (% to total dairy animals). 

Source: Animal Husbandry Department, Leh (2012). 

Pashmina goats  

Pashmina goats are usually large and hardy with white fleece, though grey and brown 

animals are not uncommon. Goat, is well acclimatized to the high altitudes and cold climate 

of the Lakakhi Chanthangi or Baltistan (Kashmir region). They are generally used as pack 

animals. The body of these goats is covered with silky hair about 10-12 cm long, beneath 

which is a fur like under-coat of great fineness (fibre diameter is about 9-14 microns) and 

warmth, called Pashmina, which is used to make famous Kashmir Shawls. The average 

yield of pashmina is around 200-400 g per animal per year.  

Changthangi sheep 

Changthang region of Ladakh is also the home for a potent dual purpose breed of sheep 

Changthangi also known as “Changluk” locally. These breed of sheep is famous throughout 

the Ladakh division, for its wool and mutton production. Important features of breed are (i) 

it is the only breed of sheep adapted to cold arid condition with good returns to farmers; (ii) 

the breed is the tallest of Indian breed, and has the longest staple and strongest wool fiber 

among the Indian sheep breed, and (iii) it produces good quality mutton greatly relished by 

the local people of the area. 

Zanskari horse 

Zanskari horse, a symbol of wealth and used in local polo matches in Ladakh, is one of the 

precious germplasm adapted to the hypoxic conditions of high altitudes. Due to 

mechanization and development of road system, Zanskari horse numbers are declining, and 

needs immediate attention for its conservation. Its present population is around 3000 only. 
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Bactrian (double humped) camel 

Another important livestock species is Bactrian camel. A small population of Bactrian 

camels exists in the Nubra valley. The unique features of these camels are: the humps are 

plump and pliable, and during late winter when the pastures are sparse insufficient, the 

humps collapse. The skull bone is comparatively shorter and wider than the Dromedary 

camel; body is short and stout; long hairs grow on the top of the head, along the lower part 

of the neck, hump and legs; adult body weight varies from 450 to 550 kg. The Bactrian 

camel can carry loads up to 1 quintal and can work for 6-8 h daily3, because of which these 

camels were earlier used by traders as pack animals to load spices, fruits, clothes, etc. It 

must be conserved on scientific lines with complete registration of all the available animals 

and maintenance of their breeding plan. 

Traditional livestock production systems 

Production systems in Ladakh are adapted to the harsh environment in which they operate. 

Land extensive management and transhumance along with the barter system of converting 

livestock into other usable commodities are features that characterize animal husbandry 

practices in cold deserts. People inhabiting cold desert areas in the Ladakh, through their 

traditional experiences have identified dzo/dzomo, yak/demo, and donkeys as a source of 

energy. The males viz. dzo, yak and donkeys are the desert stalwarts helping the inhabitants 

in carrying out labor intensive work (ploughing, transportation, etc.), whereas female 

population-cow (local breed), dzomo and demo are the chief milk producing animals. Most 

families keep local cows and yak for milk, though its quality and quantity are often 

disparaged. The local farmers and pastoralists maintain a diverse herd structure that is 

required to provide an array of goods and services that could not be possible with a uniform 

herd. This is also a risk minimization strategy to offset bad years because some types of 

animals will survive better than other types. Two general types of livestock production 

systems exist in Leh District, agro-pastoral (or mixed farming system, integrating livestock 

rearing with crop cultivation) and pastoral (nomadic) systems in the Changtang plains of 

eastern Ladakh. 

Agro-pastoral systems 

In agro-pastoral livestock production systems of Leh, Khaltsey, and Nubra blocks (and 

limited areas in Nyoma and Durbok), villagers live in settled communities and practice 

sedentary agriculture, but they also keep relatively large herds of migratory livestock to 

augment income and meet dietary and fibre subsistence needs. Livestock are stall-fed 

during the more severe winter months, starting after the harvest in September, and are fed 

willow leaves, stalks of cereal crops, alfalfa (Medicago sativa, M. falcata, and M. media), and 

other plant residues, in the morning and evening. Supplements of local barley and wheat 

(or subsidized feeds) are given during birth and early lactation periods to promote health, 

up to one kg per day. During the day, animals graze freely in fallow lands, or are staked 

and fed hay reserves. Manure is collected in situ, or via stall deposition. Large animals such 

as yak graze free continuously. Free range forage is often overlooked when calculating 

winter feed budgets for the various types of animals, but provides a significant source of 

feed in the winter, albeit poor quality. 
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Pastoralist systems 

Pastoralists, synonymous with nomads, reside in the extreme environment of the 

Changtang, which is the western most extension of the high elevation, cold desert steppe of 

the Tibetan Plateau, areas that are too cold and dry to support agriculture. They derive 

most of their income or sustenance from rearing livestock in conditions where most of the 

feed eaten by their livestock is natural rangeland forage, not cultivated fodder or improved 

pasture.  

The people inhabiting the Changthang area and its vicinity (4000-5500 m amsl), are proud 

owners of both nondescript and pashmina goats. The Changthang plateau, with high 

altitude grazing lands receiving scanty precipitation (<10 cm yr-1) is fed mostly by glacial 

melts and it sustains the heavy grazing pressure of the pashmina goats. The Changpass-

Changra goat owners, still practice nomadic grazing right from the Indus river belt to the 

highland pastures of Changthang region. The landless and the marginal farmers mostly 

rear the non-Changra and Angora cross goats on their marginal lands and village grazing 

areas. These are mostly reared in the village vicinity throughout the year. Goats and sheep 

make up the vast majority (95%) of the total herd, 55-68% pashmina goats and 27-40% 

Changluk sheep. A typical goat herd will contain about 65% females and 30% males, the 

latter mostly castrated. Average numbers per household are about 150 sheep and goat, and 

7-10 yak and horse. 

Traditional system of fodder conservation and storage 

A practice of hay making involves various operations viz., cutting, drying and subsequent 

storing of grass from the natural grasslands at considerable moisture level in the form of 

ghors. The grass is cut after the dew has evaporated and the swaths are left in the form of 

bundles (poola) to dry in the field itself by different methods so that its green color and leaf 

characters are conserved. To achieve these characters it is dried under shade, along walls, 

fences, on trees or on roofs. This dry grass which is leafy is known as 'hay' and is used for 

feeding animals during lean periods i.e. winter and summer months. After drying the grass, 

it is stored either in a circular or elongated form as per the quantity of hay. The hay is often 

kept on the roof top of houses and used as per the need. The thick cushion of hay on the 

roof tops provide insulation in houses during severe winter period.  

Constraints in livestock production 

Today, a momentous change has come in the traditional pastoralists system of Ladakh. Due 

to natural and man-made reasons the fertility and quantity of the grazing land has rapidly 

decreased. Even if the individual ownership of livestock has decreased there is a 

tremendous increase in the overall number of animals. This has brought incredible amount 

of pressure on the pasturelands. This pressure has not only resulted in out-way migration 

but has also led to regional conflicts between villages and also between grazing land of wild 

animals and the domesticated ones. Today the youths are more inclined to move away and 

find work in the city. The elderly villagers find it as an unwelcome necessity.  

Features such as high evapo-transpiration due to excessive heat (often causing mortality), 

inadequate photo-hours especially during winter, injury due to frost causes poor seed 
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germination, poor plant growth, poor root formation, deformed canopy, reduced radial 

growth, etc. and other physical signs/phenotypic manifestations which in turn affect the 

productive biomass production in the region. There are nexus of problems being faced while 

practicing livestock farming in Ladakh. The rangelands of Ladakh region are over-exploited 

by grazing of both domestic and migratory animals, harvesting (of vegetation) to meet energy 

needs viz. fuel wood and dry fodder for winter besides demands from pharmaceutical 

agencies. Due to over grazing the following problems have been occurred due to heavy 

grazing pressure. 

• Loss of protective cover of vegetation leaves the soil prone to erosion, as there is no roots 

to holds the soil together and no leaves to brak the force of the falling rain drops.  

• Gullies are formed in areas frequently grazed by animals. 

• Cattle hooves render the soil compact and make them more liable to erosion.  

The other glaring problems of cold arid zone are:  

• The scarcity of water for most part of the year due to very less precipitation. People 

mentioned that finding drinking water during winters for both animals and humans 

becomes a tough task.  

• The temperature of Leh drops below -20°C in winter season which lasts for about six 

months that result in dwarf crops which also declines the fodder quantity.  

• Shifting of local people from agriculture to seek opportunities in other enterprises and 

eco-tourism. The people are uneducated and lack basic skills in this regard.  

• There are improper livestock sheds that are not cleaned properly and does not offer good 

air conditioned habitats.  

• The availability of grazing meadows in Leh is not found that compels them to feed their 

cattle inside their cowsheds and compounds.  

• Most importantly the exotic breeds do not withstand with the climatic conditions, jersey 

breed hardly tolerate the biting cold and aridity. Moreover, exotic breeds also require 

huge quantity of fodder and processed market feeds which is also not available to the 

best of the level  

• Research Extension linkages are poor and therefore, local people are not aware of 

scientific production practices of both crops and livestock.  

• Research strategies are either in-effective or insufficient for the region. 

Strategies for enhancing livestock production  

Livestock are valuable resource not just for local subsistence but also for market economy 

of Ladakh. In spite of many constraints livestock in Ladakh will probably continue to expand 

and improve. The variations in agro-climatic conditions, socio-economic set-up and the 

cultural milieu have a direct as well as indirect influence on livestock production. The 

domestication of plants and animals are greatly influenced by physical factors like terrain, 

geomorphic processes and agro-climatic conditions. Among all geographical factors climate 

plays a dominant role in the development of livestock production, as climate is instrumental 

in the formation of botanical environment which ultimately determines the vegetation and 

animal association. Mountainous areas are environmentally the most fragile ecosystems. 
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Thus, a strategy for resource development in the cold desert should be region-specific and 

environment-friendly. Over the centuries, together the people inhabiting these regions have 

learnt through collective wisdom, how to interact with their habitat to survive even in the 

harsh climatic conditions (Robinson, 1993). The Leh district is divided into three climatic 

zones, because within each zone a good deal of variation exists due to the influence of 

elevation, topography and climatic factors. It is, therefore, necessary to know as to what 

type of fodder crops, range grasses and legumes could be grown well in a particular belt 

(Mir 1986).  

1. Central Belt : Shara to Likir 

2. Changthang Belt : Including Digger, Khardong areas of Nuba block 

3. Shyam Belt : Khaltse and Nubra blocks. 

Central belt 

In this belt stall feeding is in vogue for seven months for all animals except sheep and goat 

(October to May) and summer feeding is required for milch animals partially or wholly 

(June-September), while dry and draught animals along with all small ruminants (sheep 

and goat) are taken to highland pastures for grazing . The principal fodder crop is Alfalfa 

supplemented by wheat and barley straw. 

Alfalfa (Medicago sativa) is a well-established fodder in this belt. It has been observed that 

the genetic potential of this crop has not been fully exploited to get more yield and there is 

tremendous scope for increasing production through efficient agronomic management 

practices. Alfalfa being grown as secondary crop up to recent past only on the rejected areas. 

During the survey conducted by CAZRI in Leh, it was recorded that crops are sown at higher 

seed as compared to normal/recommended rate so as to obtain good amount of fodder for 

winter. Some amount of weeds after manual weeding (at 30 days after sowing) from crop 

fields are also realised as fodder (CAZRI, 2014). Developmental programs have conducted 

the demonstrations to the farmers to apply recommended dose of fertiliser to realise more 

yields. However, Medicago sativa (blue flowered) and Medicago falcate are the most preferred 

fodder at present as it yields more.  

Changthang belt 

Changthang belt is one of the most remote area in Ladakh. The average altitude of area is 

around 14600 m above sea level. It is famous for sulphur springs. Owning to high altitude 

and the related harsh environment, cropping is not practiced in most of the area of the 

plateau, and livestock rearing offers the most feasible land use for hardy breeds tolerant of 

the cold. Changthang has the least vegetation coverage, but holds maximum animal 

population particularly sheep, goat, yak and horses owing to its vast geographical area of 

21,000 sq. km abounding in high natural grasslands. Due to excessive use and lack of 

scientific management, the vast natural resources have considerably deteriorated and are 

not playing their full role in the animal production.  

Leh in general and Changthang in particular are short of fuel wood. People use bushes and 

roots of different grasses, which are in fact required to fight unfavourable environmental 

conditions (shortage of moisture). This practice is definitely endangering the ecological 
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balance by way of decreasing plant population, loosening of soil surface, thus, exposing into 

vagaries of weather. In this region since 1959, the human population growth rate has 

tremendously increased which may be due to the decrease of the social custom of the 

polyandry which was popular in early days among Buddhist families.  

However, Changthang region provides one of the best qualities of Pashmina wool in the 

world, even though the same breed of goat is raised in Nubra and other parts of Ladakh. 

This is primarily due to the extreme winter to which goats are exposed. And secondly, that 

unlike Changthang people are involved in agriculture than pastoralism in Nubra valley. 

Areas of Rupsho and Kharnak in Changthang are rich in its pasture due to higher 

precipitation in the land that shares its border with Himachal Pradesh. The flocks of 

pashmina goats (100-500) are taken up to the alpine pastures with sheep. Goats and sheep 

are generally grazed together and they move to alpine pastures in April and start their 

descent in September and are camped in valleys from November till their return to alpine 

pastures. Good pasture runs in deep gorges and severely cold nallahas in the higher reaches 

are specifically used for grazing pashmina goats. The selection of deep gorges and nallahs 

near glacial points by goats is specifically due to the availability of more nutritious material 

for grazing and browsing thereby ensuring pashmina production of good quality and 

quantity.  

Changthang Plateau consists mainly of rangelands. The Scrub steppe (Caragana-Eurotia, 

Artemisia, and Tanacetum), Desert steppe (Stipa-Allysum-Oxytropis and Leymus secalinus), 

wet and marsh meadows dominated by sedges and cushion-like vegetation or fell fields at 

high altitude are four distinct physiognomic units of vegetation. All water bodies or wetlands 

of Changthang have extended marshes. These marshy meadows form a part of the pastures 

and support maximum number of livestock during crucial winter months. This specific eco-

system (ponds, small lakes, rivers, brooks and wet mound covered marshes) offer large 

diversity of flora within the harsh high altitude environment. 

The people of Changthang are called ‘Changpas’, graze their animals in particular areas for 

a specified period. They use different valleys for winter and summer, and their flocks are 

grazed in different parts for a particular time. This way a specific place is grazed in the same 

season every year, thus causing depletion in the vegetative cover. For instance an area is 

grazed when seed setting is on, thus in this area there is no time for seed setting and 

dispersal. This is repeated for year after year. Similarly, an area may be grazed every year 

when it is time to germinate the previous year’s dispersed seed. This pattern of grazing 

gradually not only decreases the percentage cover of annual species of grass but also affects 

the perennial grass species adversely.   

The Changthang belt, being rearing fields for the animals, need more natural grasslands 

round the year. There is need of direct intervention to save natural resources for enhancing 

animal production. The need of the people for fuel wood is also endangering the ecological 

balances and exposing the soil to various climatic variations. Significant increase in human 

population has simultaneously increased animal population, pressurizing more grazing 

lands. Variable shifting for grazing flocks and negligible precipitation deplete natural 
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vegetation through indirect check on seed dispersal for further regeneration of annual and 

perennial grass species. During the period when there is snow cover, leaves of Caragana 

pygmaea (known as soil binder and protective against erosion) and Marcar plant have been 

found most suitable as fodder. In the grassland, species like Agropyron, Festuca, Oryzopris, 

Lolium, Astragalus, Artemisia, and Stipa are prominent.  

The Shyam belt  

This belt consists of the northernmost part of Ladakh, a mountainous region with wide open 

valleys. Less precipitation but high vegetation along the river valleys. The altitude of human 

settlements, cultivated area is lower. In this belt feeding is rendered to all animals except 

sheep and goats, (October to May) and summer feeding is required for milk animals, while 

dry and draught animals along with small ruminants are taken to highland pastures for 

grazing.  

Yarkandi oal is a popular fodder in this belt. Farmers can take two crops of this fodder. The 

animals are let loose for grazing in the fields till the end of May every season as that by time 

sowing operation of all other crops are completed. Extreme environmental conditions 

significantly affect not only the human population but livestock too. Confined and limited 

grazing resources are the major limiting factor amongst various constraints. Despite these 

hardships, a great variety of livestock species are available.  

Most of the regions follow summer and winter pastureland where they spent 2-3 months 

with livestock for free grazing. Although the period (months of grazing) has remained almost 

same there has been a great shift in the route of the pasture cycle. Many pastoralists 

commented on various factors that have affected the route of the pasture cycle. One of the 

primary reasons for this has been recorded as contracting pastureland. In the previous 

times (i.e. before 1962) the pastoralists took their animals as far as Tibet however in the 

post war times accessing even the border area pastures has become difficult. Most of the 

highly productive pasture region went with china; the area that remained with India covers 

the border area, thus almost making it impossible for the pastoralists to continue with that 

grazing land. Today many communities are into conflict due to changed pastureland route.  

Nature has provided suitable plant species like Caragana pygmaea among the bushes, 

which is a leguminous thorny bush. This species is a very good soil binder and most suitable 

as protection against wind erosion. The leaves of this bush are a good source of fodder 

especially when the surface is covered with snow. This plant also serves as a source of fuel. 

Similarly tn the grassland, species of Astragalus, Artemisia, Agropyron, Festuca, Oryzopris, 

Lolium and Stipa are prominent. But in many places, it has been observed that Carex 

species, which is a coarse, unpalatable grass is dominating; this indicates the depletion of 

grasslands.  

In wild plants, Seabuck thorn (Hippiophae rhammnoides L.) a multipurpose thorny shrub 

which the villagers use for food, fuel, fodder, medicine and for fencing their fields, is an 

important species. Being a nitrogen fixing species, it is planted in lgooo-Phe canal as 

rehabilitation measures to the soil condition of the area and to support the agricultural 
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crops. The valley portion of Nubra is well vegetated with thickets of seabuck thorn compared 

to mountain slopes and remaining part of Ladakh region.  

Breed improvement 

Since most of the livestock of Ladakh are less productive, steps are being taken to improve 

livestock through selection and cross breeding during 1980s to enhance quality and 

quantity of their produce. The average milk yield of local cows, yak and dzomo (crossbred 

of local cow and yak) varies from 360-590 kg per lactation, while it varies from 1200-2100 

kg per lactation among crossbred dairy animals (Singh, 2014).  

The exotic species of jersey has offered more diversity to the species of cows. The lactation 

period is almost eleven months and produces about 12 kg milk per day. During the field 

study, it was found that in Ladakh, especially in Leh region, better socio-economic 

conditions of the people have made it possible to meet the essential requirements of feeding 

and health care which in turn helped in decreasing the unproductive periods in dairy 

animals. It was also found that Leh and Nubra agro- climatic regions have slightly higher 

temperature as compared to Changthang region and thus have more fodder available both 

from pastures and cultivated fodder. The most worst is that crossbred cattle cannot survive 

in cold arid conditions if proper arrangements are not made, and require green fodder and 

concentrate feeds. Steps should be taken up progressively to eliminate the surplus livestock 

and to reduce the unproductive periods of the life of local cattle. Organization of tribal 

farmers of Ladakh into cooperative dairy enterprise will help the farmers from the bounds 

of poverty (Singh, 2014). 

Rangeland Improvement  

The vast rangelands and forests of the region have provided sufficient forage resources for 

a diverse array of livestock breeds (ICIMOD, 1999). The natural endowment provides ample 

scope and potential for the development of livestock sector in the cold desert areas of 

Ladakh. Fodder production and its utilization depend on the cropping pattern, climate, 

socio-economic conditions and type of livestock. The fodder availability in cold arid is 40-

50% of the actual requirement, and varies from block to block. A detailed understanding of 

grassland dynamics of the region is crucial for developing strategies that can be achieve the 

goal of enhancing the livestock production without hampering the ecosystem.   

Summer pasture areas appear to be sufficient to support current herds of livestock. 

However, winter forage shortages are prevalent throughout the Changtang. The objective of 

the grassland policy would be to increase winter forage and fodder availability to improve 

winter nutrition for sheep and goats. Currently, winter range in the Changtang appears to 

have sufficient grass production for yak and horses, but shrub browse and herbaceous 

forage preferred by sheep and goats are limited. To alleviate the shortage, one can increase 

standing crop biomass in winter pasture areas by enhancing growth during the summer 

months, and/or provide winter fodder through hay or supplements.  

Rangeland improvements involve large scale inputs in order to improve the grazing 

resource, either through grazing management, direct reseeding, or water harvesting. To 

improve winter range productivity, there is need to do one or a combination of the following: 
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• increase moisture availability in soil; 

• plant locally adapted, drought-tolerant species; 

• change grazing practices if such practices are facilitating overstocking. 

Development of wastelands through silvi pastoral system, minimize the gap between 

availability and requirement of fodder. As per the available reports only around 15% of the 

entire region is under vegetation. For a good balanced rangelands, at least 33% leguminous 

(nitrogen fixing) plants are required. However, in case of Changthang only 3% of all the 

vegetation had legume component, which is also not uniformly spread. Thus it is important 

to have a planned policy for promoting essential nutritious shrubs and grasses. 

Introduction of exotic/improved grasses of legumes will also help in increasing biomass 

production. Some of the drought resistant species should be introduced in native and 

established pastures. System of seed blockage can also be an option, where a variety of 

plants can be grown and see if they can survive in the climatic condition of Leh or not. 

Conservation of local species should be given priority.  

In the central belt, every village has its own community grazing lands, but no improvement 

work has been taken in these areas. Neither is any system of grazing adopted, From the 

study conducted at Fodder Farm Balam, it has been observed that one legume and two 

grass species can be introduced in community grazing land with success along with 

introduction of controlled grazing system. The promising combinations have yielded 

successfully more green fodder as well as dry fodder with good yield potential, as follows 

(Jena, 2002): 

Name of species Green fodder yield (t ha-1) Dry fodder yield (t ha-1) 

Legume: Lotus cornicultus  14.04 5.05 

Grasses   

           Dactylus  glomerata 12.64 4.91 

           Festuca pratensis 9.34 4.89 

 

Moreover, local cultivars (Iris ensata) has been recorded to yield 2.8 t ha-1. of quality hay. 

Introduction of these pasture grasses and legumes in combination followed by controlled 

grazing will further add to balanced feed availability for livestock population. 

 The period between June to September is most critical as the farmers exhaust their fodder 

stocks mostly during this time. Therefore, introduction of Oats as multicut fodder is 

becoming popular amongst the farmers. Two to three cuts can be taken and thus daily need 

of the milch animals can be fulfilled to a large scale. The indirect benefit of this program 

would be to save Alfalfa crop for hay making. Potential also exists to collect local seed of 

Eurotia, Ceratoides and Astragalus spp., most nutritious of the native plants for goats to 

broadcast or propagate and transplant using locally available sheep and goat manure and 

in situ soil moisture. Seed should be mixed with sheep and goat manure which is readily 

available in nearby winter sheep pens. Seed and manure will likely freeze to the snow; 

otherwise seed alone would blow away if directly broadcast on the bare ground. A trial 

planting could be conducted to see if this approach would be feasible. 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

155 
 

Rangeland management  

Pastoralists have been managing their livestock as well time of winter and summer grazing 

and routes through community system. But there is no system of irrigating or reseeding in 

order to enhance the productivity of pastureland. For this the pastoralists are completely 

dependent on nature for balanced rainfall and snowfall. In some villages pastoralists had 

the system of driving away the wild animals from their winter pastureland through selecting 

guards from the community, however, now this system has stopped. On asking the 

pastoralists as to how they think the quality and quantity of pastureland can be improved, 

mainly three suggestions emerged from the people. The first they shared was watering of 

the pastureland. The entire grazing land is so vast that it is not in capacity of one or two 

villagers to water the region or manure it. Also, since last four to five years there has been 

very less rain resulting into bad quality pasture and in less quantity. Thus, there is a need 

to provide irrigation facilities in order to increase the quality of the pastureland. As far as 

watering of pasture land is concerned, several projects on water harvesting and digging of 

canals have been taken up in the past, however, none could function in the desired manner. 

The system of drip irrigation and sprinklers are the best suited for the sandy and loose soils 

for irrigating the rangelands. Therefore, the presence of glaciers on the elevated peaks and 

various streams flow in the region should be properly channelized by developing different 

watershed management plans. The barren land should be converted into cultivable land by 

providing irrigation facilities to increase the production of crops and vegetation in order to 

get more fodder for domestic animals.  

Summer season crops/pastures for hay 

It was observed that late summer season pastures contain high quality forage that could be 

harvested and taken to winter pasture areas for storage. The potential for this needs to be 

investigated as labor requirements to cut and carry fodder may exceed the benefits in terms 

of increased survivability. Also, the preferred forage species for goats are shrubs and forbs, 

which are not so easy to harvest in a cut and carry system. Techniques could be used to 

enhance growth in these pastures, such as snow fencing to promote drifting and moisture 

accumulation, and broadcast seeding of native species. 

Good potential exists for enhancing shrub and tree growth along river corridors. This is 

already being done by the Forest Department and Desert Development Program in isolated 

places, but could be increased to enhance wildlife habitat. Promote growth of sea 

buckthorn, Mycaria and Salix spp. up to 4000 m. Above that elevation, few tree and shrub 

species survive; in general, Caragana and herbaceous vegetation such as Carex spp. grow 

thickly in these wetland areas. It is easy to reestablish riparian vegetation by simply 

protecting it; water is readily available, and therefore, benefits are rapidly tangible. 

Migration pattern  

Investigate options for herders that would shorten their time at winter settlements, where 

forage is the most limiting factor, and extend their time at sites where forage is more 

productive. If factors other than forage availability are forcing pastoralists to move (e.g. a 

shortage of water), then options might exist to mediate such a limitation by providing water 

taps or wells that allow herders to utilize late season forage in more productive pastures 
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and reduce pressure in sparse winter sites. In many cases, nomads must move based on 

available forage and impending winter conditions, yet in some sites, alternatives exist to 

better capitalize on seasonal forage availability. 

The way forward  

Many factors influence the livestock production in cold arid region of Ladakh, such as, the 

agro-climatic conditions, proximity to market and availability of infrastructural facilities 

and feed resources. The first and foremost component of the livestock development is to 

improve the deficiency of feed and fodder resources in the cold desert. More feasible option 

will be to encourage the farmers to take up fodder cultivation as commercial crop, and 

production of Alfalfa needs to be promoted in irrigated areas for fodder and seed. The 

farmers should also be encouraged for silage and hay making. Alfalfa, wheat and oats are 

some potential summer crops which can be preserved for the winter. Scientific and balanced 

feeding needs to be promoted to boost the livestock productivity. Currently livestock diets, 

dominated by grasses and crop residues which require energy-rich feed supplements to 

support higher level of production. Feed and fodder banks need to established at strategic 

points/locations on migration routes to save the livestock from starvation during heavy 

snowfall. Fodder availability should be ensured by promoting integrated management of 

rangelands.  

A diverse herd structure assures production of diverse products and services that can meet 

changing market demands, thereby assuring greater economic stability. Herd diversification 

promotes more uniform use of vegetation and co-existence with related wild ungulates 

(provided stocking densities are not too high), which is an important consideration in 

protected areas, because of differing forage use patterns by different classes of livestock and 

wildlife. 

Government should provide shelter for the migrating animals in winter months to protect 

them from severe cold. Suitable models of protected shelter sheds for livestock during winter 

to check the mortality need to be prompted. There is imperative need for stepping up the 

fodder development and manufacturing of quality compound feed in the region. To augment 

the limited fodder resources particularly in Changthang region, the supply of nutritious 

feed in the form of concentrates is very essential for livestock production. The training and 

awareness programs should be given particularly to the farmers to increase the reproductive 

and productive performances of the livestock and livelihood of the farmers through 

improved management practices. Dairy farming may be developed as mini enterprise by 

establishing training institutes and offer some incentives to youngsters to attract their 

attention towards this profession.Steps should be taken up progressively to eliminate the 

surplus livestock and to reduce the unproductive periods of the life of these animals. 

Farmers’ field Farm schools should be conducted to demonstrate integrated crop-livestock-

tree farming systems. 
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Sheep is an important livestock species in India. They contribute greatly to the agrarian 

economy to provide gainful employment and income to large number of rural poor especially 

socially backward, marginal and landless laborers. The sheep rearing has importance in 

arid, semi arid mountainous areas where crop and dairy farming are not economical. In 

India sheep are mostly reared for wool and meat. A number of rural based industries use 

wool and sheep skins as raw material. In addition to this, sheep manure is an important 

source of soil fertility. This sheep sector ensure them self-employment and family labor 

under extensive system and act as cushion at the time of drought and famine. Sheep 

husbandry contributes 48.5 m kg wool, 263 m kg mutton, 56.3 m kg skin and 190 m kg 

manure. In national economy, it contributes Rs 3518.4 crores through meat, Rs 683.8 

crores through offal, Rs 231.8 crores through skin, Rs 9.77 crores through blood, Rs 226 

crores from wool, Rs 682.1 crores through manure, Rs 82.1 crores through increment in 

stock totaling to Rs 5434 crores. Sheep husbandry provides export earning of Rs 250 crores 

from meat and animal casing and processed meat. Woolen industry provides employment 

to about 2.6 million people and earns more than Rs 5000 crores of foreign currency through 

exports. Out of total production of raw wool in the country about 70% is carpet grade, 20% 

coarse grade and 10% apparel grade (Karim and Shakyawar, 2011). In world scenario the 

37% of world is classed as fine wools, 22% as medium wools, and 41% as coarse wools. Two 

thirds of wool is used in manufacture of garments and about one third in carpets, 

upholstery and rugs. (Naqvi, 2013) 

India can be divided into four regions on the basis of the agro climatic conditions and type 

of sheep available viz. (1) the north western, central arid and semi arid region (ii) the 

southern region (iii) the eastern region and (iv) the northern temperate region. Out of these 

regions, North Western, central arid and semi arid region is important from the point of 

carpet wool breeds. This region comprises the state of Punjab, Haryana, Rajasthan, Gujarat, 

plains of Uttar Pradesh and Madhya Pradesh having carpet wool type sheep breeds of 

Chokla, Nali, Marwari, Magra, Jaiselmeri, Pugal, Malpura, Sonadi, Pattanwadi, 

Muzaffarnagri, Jalauni, Hisardale and Kheri. This region has second largest population of 

sheep of four regions and wool produced is mostly suited for manufacture of carpets. India 

ranks 6th amongst clean wool producer countries and 9th amongst greasy wool producers. 

Indian wool is almost exclusively of broader micron and used in manufacturing of carpets 

and rugs. The produced wool is mostly suited for manufacture of carpets. It was reported 

that nearly 50% of Sheep population of this region produces 2/3 of carpet grade wool and 

Rajasthan alone with 10 million sheep contributed 30% to Indian wool production. 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

159 
 

  

Sheep genetic resources in India: There are 42 well defined breeds of sheep in India which 

can be divided mainly into four regions on the basis of the agro climatic conditions and type 

of sheep available (Table 1). 

Table 1. Important sheep breeds of different agro climatic zones 

Agro-climatic zone Sheep breed 

North Temperate Bhakarwal (CW), Changthangi (CW), Gaddi (CW), Gurez (CW), Karnah 

(AW), Kashmir Merino (AW), Poonchi (CW), Rampur Bushair (CW) 

North-Western Arid 

and Semi Arid 

Chokla (CW), Jaisalmeri (MCW), Jalauni (MCW), Kheri (MCW), Magra 

(CW), Malpura (MCW), Marwari (MCW), Muzaffarnagari (MCW), Nali 

(CW), Patanwadi (CW), Pugal (MCW), Sonadi (MCW), Munjal (MCW), 

Hisardale (MCW) 

Southern Peninsular Bellary (MCW), Coimbatore (MCW) Daccani (M), Hassan (M), Kanguri 

(M), Kilakarsal (M), Madras Red (M), Mandya (M), Mecheri (M), Nellore 

(M), Nilgiri (AW), Rammand White (M), Tiruchy Black (M), Vembur (M) 

Eastern Balangir (MCW), Bonpala (MCW), Chottanagpuri (MCW), Ganjam 

(MCW), Garole (MP), Tibetan (CW), Kendrapara (MP) 

Within parenthesis is the major utility of the breed: (AW) Apparel wool; (CW) Carpet wool; (MCW) 

Mutton and Carpet wool; (M) Mutton; (P) Prolificacy 

In this region livestock farming mainly the sheep production extensively depends on 

pastures and rangelands for the nutritional requirement (Suresh et al., 2007). Sparse 

vegetation and low carrying capacity i.e. ACU per hectare and in most of the year’s drought 

condition compel sheep breeders to migrate in surrounding states for livelihood. The 

migration was mainly temporarily and started with the initiation of crisis of grazing and 

ends with onset of monsoon (Narain and Kar, 2005). But it was full of hazards and 

hardships to farmers and some time may causes social crisis in migration areas cause to 

loss of interest in sheep farming. This resulted to decline in wool production in this region 

from 28.5 million to 18.9 million kg in last decade (2002-2011). Since 80’s the sheep 

population increase to 1.5 times from 48.4 million to 71.6 million. The major growth of 

sheep population observed in south peninsular region having coarser wool breed mainly 

reared for meat production. This can cause to drop off per unit wool production from 0.9 kg 

heep-1 year-1 to 0.7-0.8 kg sheep-1 year-1. Although, over the years wool production increases 

with marginal growth rate of 1% from 40 million to 45.4 million kg (Table 2).  

Role of Central Sheep and Wool Research Institute in improving carpet wool type  

Central Sheep and Wool Research Institute, Avikanagar was established in 1962 and the 

campus has a large area of 1510 ha of semi-arid plain and ravine. The institute is engaged 

in research, enhancing productivity of sheep and rabbit and its product utilization, transfer 

of technologies to sheep breeders and human resource development. Arid Regional Campus 

(ARC) was established at Bikaner in the arid ecosystem of Rajasthan in 1974. The average 

annual rainfall is low (250 mm) and erratic. The centre has 636 ha of land. The area is 

undulating having ranges of sand dunes covering about 25% of the land surface. During 

early phase, ARC had been involved in developing technologies related to pelt production 

from Karakul and its crosses with native breed Malpura, Sonadi and Marwari. Now this 

campus is responsible to carry out the research activities for carpet wool production. The 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

160 
 

major breeds Magra, Marwari and Chokla are being improved by selective breeding for 

quality of carpet wool.  

Table 2. State wise wool production in India for period 2001-02 to 2010-11 (000’ kg) 

State 2001-

02 

2002 -

03 

2003 

-04 

2004 

-05 

2005 

-06 

2006 

-07 

2007 

-08 

2008 

-09 

2009 

-10 

2010-

11 

North western arid and semi-arid region 

Rajasthan 19671 19671 18900 15049 15405 15685 15451 12664 12529 12277 

Haryana 2461 2546 2518 1304 1136 1121 1121 1200 1246 1287 

Punjab 1061 983 554 566 712 513 435 451 485 506 

Gujarat 2808 2900 2780 2950 3123 2962 2996 2857 2919 2918 

UP 1815 1880 1929 1965 1459 1461 1481 1503 1523 1543 

Madhya 

Pradesh 

655 647 600 681 431 428 401 381 370 372 

Sub Total  28471 28627 27281 22515 22266 22170 21885 19056 19072 18903 

Southern peninsular region 

Andhra 

Pradesh 

3452 3452 3638 3678 3978 4230 4407 4507 4605 4832 

Karnataka 5757 6421 5355 5484 5598 5599 5631 7137 7165 7179 

Tamil Nadu 640 609 750 750 750 750 25 25 31 1 

Maharashtra 1645 1645 1675 1620 1640 1667 1677 1707 1726 1448 

Sub Total 11494 12127 11418 11536 11966 12246 11740 13376 13527 13460 

Eastern region 

Arunachal 

Pradesh 

59 59 60 16 14 14 12 15 16 14 

Bihar 429 317 365 378 220 231 241 250 260 260 

Chhatisgarh 241 250 252 255 244 245 165 165 166 114 

Jharkhand 297 358 314 148 150 146 147 149 136 149 

Sikkim 9 10 6 4 2 1 1 1 1 1 

West Bengal 640 645 651 659 666 673 680 687 697 705 

Sub Total  1675 1639 1648 1460 1296 1310 1246 1267 1276 1243 

North Temperate region 

Himachal 

Pradesh 

1586 1597 1598 1600 1603 1605 1607 1618 1614 1642 

Jammu& 

Kashmir 

5810 6034 6200 7120 7400 7400 7040 7133 7282 7382 

Uttaranchal 426 519 342 349 353 355 360 368 353 362 

Sub Total 7822 8150 8140 9069 9356 9360 9007 9119 9249 9386 

Grand Total 49497 50542 48487 44575 44884 45085 43881 42819 43124 42991 

Source: State Animal husbandry Department. 

Important sheep breeds of arid region: Performance and improvement program 

Magra Breed: Magra is an important carpet wool breed of Rajasthan, and is found in its 

purest form in Bikaner and adjoining areas of Nagaur, Churu and Jhunjhunu districts. The 

sheep produces extremely white and lustrous fleece. The wool therefore produced by Magra 

is most suitable for carpet production and is in great demand due to its lustre. And it has 

a great possibility of being developed for producing lustrous wool along with higher 

production. 
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Magra sheep is being improved through selection under research project since 1996-97. An 

elite flock of Magra has been established with more than 300 breed able ewes. The project 

was further strengthened by having external funded project from Central Wool Development 

Board, Ministry of Textile, on Strengthening of ram rearing centre of Magra sheep at ARC 

to produce more number of superior breeding rams to fulfill the need of the farmers for 

genetic improvement of their animals. The rams are being selected on the basis of selection 

index incorporating six month body weight and first six monthly greasy fleece yield. Every 

year nearly 100 superior breeding rams are being supplied to farmers/Government agencies 

for genetic improvement in the animals in field. The overall performance of different 

economical traits of Magra sheep is given in Table 3. 

Table 3. Performance of Magra at Arid Region Campus, Bikaner 

Traits Performance 

Birth weight 3.0 kg 

3 month weight 16.0 kg 

6 month weight 25.0 kg 

9 month weight 29.0 kg 

12 month weight 31.0 kg 

First Six Monthly Greasy Fleece Yield 950 g 

Second Six Monthly Greasy Fleece Yield 1050 g 

Annual Greasy Fleece Yield 2200 g 

Fibre Diameter 32.0 µ 

Staple Length 5.15 cm 

Medullation 40-45% 

              Source: CSWRI-50 years of Research (1962-2012). 

Marwari breed: Marwari is one of important carpet wool producing sheep breed of North 

Western arid region of India. The breed is hardy and well adapted to harsh and erratic 

climatic conditions of hot arid region. This breed is considered to be largest in number and 

distributed widely in Rajasthan and some parts of Gujarat. The animals of Marwari breed 

are distributed in Jodhpur, Jalore, Nagaur, Pali, Barmer districts of Rajasthan and border 

area of Gujarat. The Marwari project became the part of Network Project of Sheep 

Improvement from August 1993. Since then Marwari breed is being improved for carpet 

wool production through selection at Arid Region Campus of CSWRI, Bikaner. An elite flock 

of Marwari has been established with more than 400 breed able ewes. The rams are selected 

on the basis of selection index incorporating six month body weight and first six monthly 

greasy fleece yields. The body weight at six month improved by 41.94% i.e. from 15.9 kg to 

22.6 kg over the period after start of Network Project. The adult annual GFY was improved 

from 1209 g to 1484 g since inception of Network Project. Due to improvement in the body 

weights and proper management of flock the survivability of animals improved a lot over 

the years. In general the survivability in all age groups was recorded to be above 96% which 

is very much desirable for better remuneration to the farmers. The twinning in Marwari 

breed of sheep is not common feature as evidenced and reported in literature. The twinning 

percentage in Marwari was enhanced up to 22% in comparison to 2-3% in early years and 

it was significantly higher than previous year.The twinning percentage ranged from 11 to 
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22% during year 2005-10 (Table 4). The available male lambs born in spring, season were 

ranked on the basis of selection index constructed from 6 months body weight and 6 months 

greasy fleece weight. The top ranked rams were selected and used in breeding to bring 

genetic improvement in the animals. The selection index was constructed at regular interval 

and new selection index was used for selection of rams. There is positive genetic and 

phenotypic trend in body weights at different stages and greasy fleece yield. The superior 

breeding rams produced in the project were supplied to the State Animal Husbandry 

Departments /Govt. Agency/ Farmers/NGO/Developmental agency for the genetic 

improvement of the animals in the farmers flock.  

Table 4. Average Performance of Marwari at Arid Region Campus, Bikaner 

Traits Performance  

Birth weight 3.0 kg 

3 month weight 16.0 kg 

6 month weight 23.0 kg 

12 month weight 32.0 kg 

First Six Monthly Greasy Fleece Yield 565 g 

Second Six Monthly Greasy Fleece Yield 783 g 

Annual Greasy Fleece Yield 1484 g 

Fibre Diameter 33-35.0 µ 

Staple Length 5.17 cm 

Medullation 50-55% 

Chokla breed: Chokla a renowned carpet wool-producing sheep breed and primarily reared 

for its quality wool and its suitability for migration. In addition to their superior quality wool 

the animals of this breed are hardy and well adapted to arid and semi-arid environment. 

The wool produced by Chokla sheep is heterogenous and is generally mixed with coarser 

fleece of other sheep before utilization as carpet wool (Table 5). The All India coordinated 

Research project on sheep breeding was initiated in 1971 at CSWRI, Avikanagar. Since then 

Chokla was the one of the native breed used for cross breeding with exotic animals for 

developing different crossbred such as Avivastra and Bharat Merino. From 1991 AICRP on 

sheep breeding has been converted into Network Project on Sheep Improvement to 

undertake survey, evaluation and improvement of indigenous sheep breeds. The Project 

"Evaluation & Improvement of Chokla Sheep for Carpet Wool" was started in April 1992 and 

continued up to 2013 aiming to improve wool yield. In Year 2013, it was decided to shift the 

Chokla flock to Arid Region Campus, CSWRI Bikaner which is nearer to its breeding tract to 

effortless dissemination of superior germplasm to end users i.e. sheep farmers. 

Chokla flocks were kept under semi-intensive management system over the years. Over the 

period there is significant improvement in the body weight at different ages and this reflects 

the effect of selection in the flock. Six month body weight of 24.83 kg, 12 month body weight 

of 30.29 kg was achieved with change in concentrate supplementation regime during the 

period 2009-2011 to exploit the growth potential of the breed. The results showed that 

superior carpet wool producing Chokla is also having immense growth potential. However, 

major emphasis remains on improving carpet wool production. Overall least square means in 

2009-11 for first six monthly GFY and Adult annual GFY were 1.438 kg and 2.386 kg, 
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respectively. Being a best carpet wool breed, Chokla produces wool with average fibre 

diameter and medullation percentage of around 30 and 30% with staple length of more than 

6.0 cm suitable for all kind of carpet preparation. Since 1992, a total of 250 rams were sold 

to the farmers/Govt. of Rajasthan/NGOs for breed improvement program. 

Table 5. Performance of Chokla sheep at CSWRI, Avikanagar 

Traits Performance 

Birth weight 2.82 kg 

Weaning weight 14.29 kg 

Six month weight 24.83 kg 

Twelve month weight 30.29 kg 

First six monthly GFY 1438 g 

Adult Annual GFY 2386 g 

Average fibre diameter  34.84  

Medullation  33.87% 

Staple length 6.48 cm 

Pugal Breed: Pugal is a medium carpet wool producing sheep breed of Rajasthan. The 

animals of this breed were present in Bikaner district only. The communities responsible 

for maintaining this breed are Raika, Muslim, Rajput, Jat and Meghwal. Pugal sheep 

animals are known as “Rataanaa” in the field. The animals of this breed are generally found 

mixed with Magra, Nali and Jaisalmeri sheep in the flocks and percentage of pure Pugal 

breed animals in farmers flock ranges from 5-70% and gradually these animals are being 

lost from the flock. The population of Pugal sheep is declining very fast because of farmers’ 

choice to use Magra breed rams in their flocks reason being Magra breed is superior in wool 

production and wool quality which fetch more price as compared to Pugal breed. A National 

Agricultural Technology Project (NATP) entitled “Characterization and conservation of Pugal 

sheep” was initiated at ARC of CSWRI, Bikaner in 2000 and completed in 2004 to 

characterize and conserve the breed. The conservation of elite germ plasm could be of great 

use to re-develop the breed, if it extinct completely in future due to indiscriminate breeding 

with other breeds and continuous trend of reduction of Pugal sheep population in the fields 

(Dass et al., 2005). The average performance of Pugal breed based on field data is given in 

Table 6. 

Nali Breed: The project on Nali sheep was initiated 1991 with objective to evaluate its 

genetic architect and potentialities as well as to further improve the breed for carpet wool 

production. The targets are to produce 2.5 kg greasy fleece with 30 micron fibre diameter 

and 40% medullation. 

The body weights of lambs were 2.3, 10.93, 18.85 and 19.76 kg., respectively at birth, 3, 6, 

9 and 12 months of age. The wool production in the first clip was 0.848 and 0.686 kg for 

hogget males and females respectively, the averages for second clip were 0.700 and 0.479 

kg. The adult six monthly clips were 1.061 and 0.839 for rams and ewes in autumn and 

1.055 and 0.628 respectively in spring clips. The wool quality attributes ranged between 

26.69 to 31.61 micron for fibre diameter, 57.4 to 64.4% pure fibres and 22.8 to 46.5% hairy 

fibres for hoggets and adults. The overall mortality rates were 12.14% and were slightly 
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higher in 1990 whereas the same in 1991 were 8.27% . However this project is not going on 

at present. 

Table 6. Performance of Pugal sheep at field level 

Traits Performance 

Birth Weight 2.62 kg 

3 Month Weight 17.9 kg 

6 Month Weight 23.5 kg 

12 Month Weight 29.7 kg 

First Six Monthly Greasy Fleece Yield 557.5 g 

Second Six Monthly Greasy Fleece Yield 513.8 g 

Annual Greasy Fleece Yield 1618.3 g 

Fibre Diameter 34.4 µ 

Staple Length 6.07 cm 

Medullation 59.1% 

Major breeds of North Temperate zone 

Gurez sheep: The Gurez sheep is distributed in Gurez area of Northern Kashmir. They are 

the largest of the sheep breeds in the state. The sheep is generally white in color, although 

some animals are brown or black or have brown or black spots. A small proportion of the 

animals have small, pointed horns. Tail is thin and short. Ears are long, thin and pointed 

Fleece is generally coarse and hairy. Ears are long, thin and pointed. The annual greasy-

fleece weight varies from 0.8 to 1 kg per animal. There is considerable cross-breeding with 

the Merino for improving apparel-wool production and quality.  

Gaddi: The Gaddi Sheep breed, also known as Bhadarwah, is native to the Kishtwar and 

Bhadarwah Tehsils in the Jammu region of Jammu & Kashmir and is distributed widely 

over the states of Himachal Pradesh and Uttarakhand. The animals are medium sized, 

usually white. Although tan, brown and black and their mixtures are also seen. Males are 

homed; 10 to 15% females are also horned. Tail is small and thin. The 1st six monthly and 

adult six monthly were 400 and 450g respectively and least square means of birth, 3, 6, 9 

and 12 month’s weight of lambs were 2.22, 7.64, 11.01, 14.01 and 16.19 kg, respectively 

under farm conditions. Average fibre diameter and medullation were 27.7 µ and 20.6% 

respectively. 

Gaddi sheep was crossed with Rambouillet and Soviet Merino rams. In this attempt several 

gradess of crosses were produced and evaluated at NTRS Garsa. The 50 and 75% crossbred 

produced 26.0 and 40.8% higher wool than the indigenous Gaddi sheep, respectively. The 

improvement in adult body weight was 23.2 and 47.7% respectively. The wool quality 

improved to fine apparel type in crossbreds from carpet quality wool of Gaddi. The 75% 

exotic inheritance was designated as Gaddi Synthetic strain. Gaddi synthetic strain was 

further improved by selective breeding, multiplied and propagated among the farmers for 

improving the wool quality of native sheep. 

Kashmir Merino: This breed originated from crosses of different Merino types with 

predominantly migratory native sheep breeds such as Gaddi, Bhakarwal and Poonchi. The 
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level of inheritance varies from very low to almost 100% Merino, though a level from 50 to 

75% predominates. The animals are highly variable because of the involvement of a number 

of native breeds. The annual greasy-fleece weight (kg) is 2.80 having average fibre diameter 

of 20.4 µ. 

Changthangi sheep: Changthangi sheep locally known as Changluk, is a potential breed 

found in the Changthang area of Leh district of Jammu and Kashmir state. Changthangi 

sheep are seasonal breeders and the major breeding season is from July to December. This 

sheep is mainly reared by a nomadic tribe called Changpa alongwith pashmina producing 

Changthangi goat. The economy of Changpas is largely dependent on animal rearing. It is 

reared for multiple purposes (mutton, wool, pelt, manure and dung energy). The Changpas 

also use the pelts as clothing as well as flooring material, which keeps their tents warm in 

the freezing temperature. The study was conducted in 12 strata comprising of more than 

40 villages and their adjoining areas distributed throughout the breeding tract of this sheep. 

The data were collected on climate of the breeding tract, managemental practices, physical 

characteristics, production and reproduction traits, carcass characteristics, disease 

incidence and mortality traits of Changthangi sheep breed. The population size was 

declining and their distribution was restricted mainly to Changthang area only. The coat 

color is white but some black or brown are also found. The ears were pendulous. Both 

horned and polled animals are found. The tail is medium to short in length. The males were 

heavier than the females and superior in different body measurement traits. The average 

wool production is almost 1.4 kg.  

Karnah: Karnah sheep breed are of large size animals. The rams have large curved horns 

and a prominent nose line. The average age at first lambing is 23-25 months. Lambing takes 

place mainly in the months of March and April, before the flocks are taken for migration. 

The litter size is usually single and very occasionally twin lambs. The wool is generally white 

in color. The sheep are shorn twice a year, in spring and autumn, and produce between 1 

to 1.5 kg of wool each per year. The staple length ranges from 12 to 15 cm and the average 

fiber diameter is between 29 and 32 μ. 

Breeding program in Karnah: Cross-breeding with Merino has been introduced in 

Karnah, although the proportion of cross-breds is lower than for Gaddi, Bhakrawal and 

Poonchi. According to the 18th Livestock Cenus of 2007 the total number of Karnah sheep 

in the country is only 1,836 due to which it has been placed on the ’endangered species’ list 

by the National Bureau of Animal Genetic Resources. 

Crossbred Sheep developed for carpet and fine wool  

Fine wool: In 1962, Rambouillet sheep from Texas, USA were introduced in CSWRI, 

Avikanagar (Rajasthan) for improvement of native sheep through crossbreeding. Avivastra 

a new fine wool strain evolved through crossing of Chokla, Nali and Jaisalmeri sheep with 

Rambouillet/Merino, was capable of producing about 2.5 kg of greasy wool annually having 

fibre diameter of 21-22 micron, medullation percentage 15 and staple length 4.5 cm (Singh 

et al., 2005). Avivastra has been upgraded and merged with Bharat Merino, a fine wool 

strain having 75% inheritance of Rambouillet/Merino, as they did not differ significantly in 
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growth and wool quality traits. Bharat Merino is a strain of fine wool sheep evolved by 

crossing the half-bred ewes of Chokla, Nali, Malpura and Jaisalmeri with Rambouillet 

and/or Russian Merino rams at CSWRI. It is capable of producing about 3.0 kg greasy wool 

annually with fibre diameter of 20.0 microns, staple length 7.5 cm and medullation 

percentage less than 1. The Rambouillet and Merino crosses with Nilgiri at the Sheep 

Breeding Research Station, Sandynallah also exhibited potential to be evolved into a fine 

wool breed at 50 to 62% level of exotic inheritance. The results indicate that almost all the 

crossbreds have shown improvement in wool quality but the staple length ranging between 

3.5 to 5 cm at six monthly clip remains the limiting factor for which rigorous selection 

and/or appropriate shearing practices need to be developed to make the wool suitable for 

appropriate processing. Further, the results also suggest that increasing the exotic 

inheritance beyond 75% remains of little advantage. 

Carpet wool: At CSWRI Avikanagar, a crossbreeding experiment for improving carpet 

quality wool production was initiated in 1964-65 involving exotic fine wool breed 

(Rambouillet) and native extremely coarse wool breed (Malpura). Since the beginning of 

1975 the half bred have been pooled and interbred and the new strain arising out of this 

base having 50% Rambouillet and 50% Malpura inheritance were named as Avikalin (Singh 

et al., 2006). The crossbreeding of extremely coarse and hairy breeds like Malpura with 

Rambouillet has shown that half-breds from such crosses yield more wool of excellent 

carpet quality than native Malpura. The Avikalin strain evolved out of this crossbred base 

is able to produce about 2 kg greasy fleece annually of 25-micron fibre diameter, 25% 

medullation and about 4.5 cm staple length. The wool produced by Avikalin is superior to 

the carpet wool produced by indigenous breeds. The crossbreeding of hairy breeds in 

Southern region of India with such mutton type breeds as Suffolk and Dorset have also 

shown appearance of fleece cover on the crossbreds of a very good carpet quality. Similar 

trends are also exhibited by the synthetics evolved under AICRP unit of APAU, Palamner 

(AP) using Nellore and Mandya local breeds. 

Improvement in Magra breed in farmers flock in field condition 

A field unit of Magra sheep has recently been started at Arid Region Campus, CSWRI, 

Bikaner under Network project on Sheep Improvement, ICAR, New Delhi. The Technical 

Program of NWPSI is conceptually based on selection and Progeny Testing of indigenous 

sheep breeds with the involvement of field flocks in its native tract. In the ongoing project, 

each unit will have four centres from which one will be the ram-rearing centre. Each of the 

other three centres will cover a population of about 1500 sheep. Initial survey and 

interaction with sheep farmers was conducted in several villages and three centres in field 

have been established around Bikaner where Magra sheep is available in sufficient number. 

These centres are located in Kotra, Kanasar and Jalwali villages each covering all the sheep 

of at least 3-4 villages. Health coverage is usually first program to implement among sheep 

farmers used for rapport building and uniform health of flocks. The sheep breeders are than 

convinced and agree to our term and conditions to support us in data recording related to 

each and every aspect of production and reproduction performances. About 9000 sheep of 

92 flocks in all the centres have been registered in this program and first health coverage 

in form of ET vaccine has been administered to around 10,500 sheep and goat in field (Patel 
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et al., 2013). One ram raising unit is being maintained in ARC, Bikaner at farm level to 

provide genetic superior rams to the farmers. The programs will certainly going to have a 

positive impact on social structure of adopted villages. 

Wool production and utilization 

The Indian sheep breeds produce wool differing in fineness from 25 to 60 μ. Out of the total 

production of raw wool about 70% was carpet grade, 10% apparel grade, and 20% coarse 

grade. Wool is consumed mainly in suiting and knitted garments for men’s wears while for 

women’s wear, shawl, coating and dress material are major products. In addition, one of 

the important end use of non-apparel wool is in hand knotted, tufted and woven carpets. 

Woollen industry in India is small in size as compared to cotton and synthetic fibre based 

industry, wool and woollen activities in rural areas are having important position. The 

woollen industry including carpet sector contributes about Rs. 5000 crore in export 

earnings. Moreover the industry provides employment and source of sustenance to about 

one million people mostly belonging to low income group.  

The total wool production in India is not enough to meet the total requirement of raw wool 

for woolen industry. The bulk of Indian wool is of coarse quality and is used mostly in the 

hand-made carpet industry. Carpet industry need by utilizing all the carpet grade wool 

produced in the country which is only 1/3 of total consumption of 70 million kg of raw wool. 

To meet the growing demand indigenous wool production increases from 38.8 million kg to 

49.5 million kg by the end of last decade (1992-93 to 2001-02). The maximum wool 

production was observed to 50.5 million kg in 2002-03 and afterwards recorded declination 

due to draught condition and fall down to 44.6 million kg in year 2004-05. Over the period 

of IXth and Xth plan the compounded annual growth rate (CAGR) of a negative 0.4%. After 

wards by the end of Xthplan wool production increase to 45.1 million kg with marginal 

growth of 1%. In starting years of XIth plan wool production further drop down and reach to 

minimum to 42.8 million kg (2008-09). The current wool production in India 44.4 million 

kg and it is expected that it will produce 65 million kg of wool by 2050. Rajasthan and 

Gujarat are main carpet grade wool producing states in India (Table 7).  

Table 7. Top 6 carpet grade wool producing States 

States Wool Production 

(million kg) 

Rajasthan  12.28 

Gujarat  2.92 

Uttar Pradesh  1.54 

Haryana 1.29 

Punjab  0.51 

Madhya Pradesh  0.31 

            Source : Animal Husbandry Deptt., Ministry of Agri. 

The major carpet yarn production centres are Bikaner (70-80%), Bhilwara, Kekri, Beawar 

in Rajasthan, Panipat (Haryana) and Bhadohi (UP). Carpet yarn is produced on woollen 

system, semi-worsted and by hand spinning. Most of the yarn produced in different centres 
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is sent in scoured stage to Bhadohi where it is dyed in desired shades. The yarn number 

generally spun is 2 to 5 Nm and the wool utilized for such spinning varies from 32 to 37 

micron. Indian carpet industry engaged 1.5 million workers spread over a number of states. 

The four major regions making hand-knotted carpets are Jammu and Kashmir, Jaipur-

Agra-Gwalior, Bhadohi, Mirzapur and Warangal-Eleru. However, country’s major carpet 

production is at Bhadohi-Mirzapur and Jaipur, amounting to about 80%.  

Conclusion and Recommendations 

Sheep husbandry in India is an age old business where, the real stakeholders of genetic 

diversity of sheep have been the rural poor famers and graziers. The worst part of the 

problem is, they have never been given the attention, neither their views have been taken 

in to consideration while preparing a plan for genetic improvement of the sheep in India. 

Before charting out or execute any solution for the genetic diversity of the sheep and socio-

economic upliftment of the farmers’ associated with the sheep husbandry, it is must that 

the policy makers should be encountered face to face with farmers. The established carpet 

wool breeds in the country are some time getting diluted due to intermixing with heavy 

bodied breeds to meet farmer’s requirement of higher body weight for mutton yield, 

therefore, introduction of incentive schemes for higher wool yield should continued to 

maintain pure breed flocks. To bring overall improvement in wool production from carpet 

wool breeds, the implementing agency must encourage the evaluation of indigenous carpet 

wool breeds of sheep. The indigenous Chokla, Magra, Nali, Marwari and Jaisalmeri sheep 

wool produce good quality carpets, so production of this wool is to be augmented through 

selection. Since selection within breeds of sheep seems the most favourable method at 

present for genetic improvement, such schemes should take account of environment and 

flock size. Overall, to enhance the wool production and meet the wool requirement of 

industry following breedingstrategies i.e. selective breeding; upgrading the inferior breeds 

by use of native improver breeds and Marker Assisted Selection for enhancing wool yield; 

may be adopted in region. 
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Introduction 

Indian hot arid zone which is about 12% of total geographical area of the landmass of 0.32 

million km2 has maximum covering in western Rajasthan i.e. 61% of the total area whereas 

the other areas in arid region are available in the states of Gujarat, Punjab, Haryana, 

Andhra Pradesh and Karnataka accounting for 20, 5, 4, 7 and 3%. The cold arid area of 8.4 

million ha of the country lies in the state of Jammu & Kashmir covering the Leh and Ladakh 

region. 

The total Indian bovine population (Cattle, Buffalo, Mithun and Yak) is 299.9 million 

numbers in 2012 which shows a decline of 1.57% over previous census. The number of 

animals in milk in cows and buffaloes has increased from 77.04 million to 80.52 million 

showing a growth of 4.51%. The total Mithun and Yak in the country has registered a growth 

rates of 12.98% and -7.64% respectively over the previous census and the Mithuns and 

Yaks in the country is 0.29 million and 0.07 million in numbers respectively. 

The hot arid area is characterized by frequent droughts of 47% of frequency in the last 

century of moderate to severe nature. Due to higher occurrence frequency of droughts in 

this region of state, the livestock assumes great importance as a drought management 

measure as agriculture is at the mercy of rainfall pattern which is very uncertain in amount 

as well as distribution coupled with poor soil condition, higher evapotranspiration and 

higher wind velocity causing the soil erosion. Rearing some of the finest breeds of livestock 

are known for their endurance making much use of the meager feed resources which are 

perennial grasses, herbs, shrubs, tree leaves and cultivated feed and fodder crops. 

According to the latest (Census, 2012) livestock census, Rajasthan harbors 57.77 million 

heads of domestic animals while it was 57.89 million in 2007, which showed a little increase 

of 0.12 million heads. However the population was 54.35 and 49.1 million in 1997 (Census, 

1997) and 2003 (Census, 2003), thus during this period a decrease of 10.08% was observed 

mainly due to drought years. The hot arid zone of Rajasthan is comprised of 12 districts of 

the state lying in the western part and these are Barmer, Bikaner, Churu, Hanumangarh, 

Jaisalmer, Jalore, Jhunjhunu, Jodhpur, Nagaur, Pali, Sriganganagar and Sikar and this 

arid region of Rajasthan has livestock population of 30.18 million which is about 52.27% 

of the total population of the state(Census, 2012). Of the total livestock of state, larger 

number of sheep (76%) and goats (59%) present in the arid districts. The large ruminant 

production system of cattle and buffalo is dominant in IGNP irrigated districts, 

Hanumangarh and Sriganganagar, whereas in all other districts of arid zone the small 

ruminants’ production system accounts for 65.17% of total livestock. 

Jammu and Kashmir is divided in three major geographical region i.e., Kashmir region, 

Ladakh region and Jammu region.The cold arid region of Leh and Kargil comes in Ladakh 

region. From 1992 to 2003 Leh region registered enhancement in the share of population 
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of goats and other animals (2.84 to 4.03%) owing to suitability of climate and altitudinal 

location. The goats yield highly priced fine wool called “pashmina’’, which encourages more 

of their population in the region (6.28 to 10.66). The Ladakh region constituted around 5% 

of the total buffalo population of J&K in 1992, but by 2003 this species became almost 

invisible in this region due to poor performance of this species in its cold and arid climate. 

The share of Ladakh region in sheep population declined during 1992 to 2003 but Leh 

region showed a marginal increase in sheep population (2.70 to 3.00%). Ladakh region 

showed marginal increase in total cattle population (2.09 to 2.49) (Baba et al., 2011). 

Estimated livestock population of the state, as per the latest available integrated sample 

survey (2010-11), was 155.867 lakh comprising 31.185 lakh cattle, 37.788 lakh sheep, 

7.704 lakh buffalo, 16.748 lakh goat, 57.195 lakh fowl and 5.247 lakh duck. Livestock 

population of Ladakh region includes 0.964 lakh cattle, 2.081 lakh sheep, 2.900 lakh goats 

and 0.461 lakh fowls. The livestock population per hundred persons has increased from 

131 to 133 during the period from 2009-10 to 2010-11 (J&K Economic Survey 2012-13). 

The harsh climatic conditions prevailing in the hot arid region, e.g., erratic rains and 

frequent droughts would suggest that, it is not very suitable for crop farming. Livestock 

farming has some in built superiority over crop farming as far as growth; stability and 

resource conservation are concerned. On an average, the region experiences 3 years of 

drought in every 10 years. The natural forces constituting the soil-climatic complex, which 

conspire to reduce the crop productivity and cause instability in agricultural production, 

have much less impact on livestock farming. This is due to differences in the nutritive value 

of natural vegetation, which mainly sustains livestock. 

The superiority of livestock farming for development of arid region is further highlighted by 

the fact that this region is endowed with some of the best breeds of livestock and drought-

hardy perennial grasses. The local breeds of livestock have acquired certain characters to 

withstand the arid climate, and the characters have been transmitted through generations 

to make the present hardy breeds of animals. However, due to lack of proper nutrition, 

genetic potentiality of these animals has not been expressed to its maximum level. 

The major livestock breeds in the hot arid region are: 

Cattle:  Tharparkar, Rathi, Nagori and Kankrej. 

Sheep: Marwari, Jaisalmeri, Chokla, Nali,Magra, Pugal and Sonadi. 

Goat:  Marwari, Kutchi and Parbatsari. 

Camel: Bikaneri and Jaisalmeri. 

The major livestock breeds in the cold arid region are: 

Cattle:  Cross breed, Dzo. 

Sheep: Changthangi, Poonchi, Karnah, Gurez, Gaddi (also known 
                    as Bhadarwah), Kashmir  merino. 

Goat:  Changthangi (pashmina producing), Bakerwali, Kagani. 

Yak:  No recognized breed (Ladakhi and Arunachali. 

For arid region of Rajasthan the general climatic conditions, topographical features and 

biotic factors do not encourage agricultural operations in the absence of extractive industry 
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the peasantry has to fall upon animal husbandry as their main occupation. Rearing some 

of the finest breed of cattle, camel, sheep and goats known for their endurance making 

much use of the meager feed resources which are grasses, herbs, shrubs, tree leaves and 

cultivated feed and fodder crops. 

Broadly scientific Animal Husbandry has three major components: 

1. Breeding 2. Feeding 3. Health 

There could be three major strategies for improving animal productivity in the country that 

is Supplementary feeding, Health management and Produce-marketing facilities.  

Breeding 

An unfortunate feature has been the indiscriminate cross-breeding of indigenous desert-

adapted livestock breeds with high-yielding exotics, without taking into account the 

environmental and edaphic conditions of the home tracts of the exotics. The results are that 

the progeny, while they prove to be better yielder, are often unable to cope with the 

environmental harshness of the desert and with the parasites that infest then village ponds 

and nadis. Besides, the high-yielding cross-breeds need higher inputs of feed and water-

both of which are scarce commodities in the desert. Selective breeding of indigenous, high-

yielding livestock would avert many of these problems.  

Feeding 

Utilization of fibrous crop residues:- 

In India most of the livestock are fed on crop residues, in addition to grazing and then little 

supplementation, which includes agro industrial by products. Thus in India livestock 

production is entirely different from the feeding system in vogue in the western countries. 

The ongoing system of livestock production is due to the adjustment, which the animal 

husbandry had to make since the country is short of feeds and fodder. The survey carried 

out by NIANP, Bangalore indicate that there is shortage of 45% of dry roughages, 44% of 

concentrates and 38% of green fodder. Similarly in arid region of Rajasthan there is deficit 

of feed and fodder even during normal year (Venkatateswarlu et al., 1992). Most of the cattle 

and buffaloes in India are owned by small farmers and they suffer due to mal-nutrition. 

During dry season (October-May) sheep are grazed on agricultural and gauchar (common 

land). In rainy season (June-September) sheep are commonly taken to the forest for grazing 

(Singh, Chakravarti and Rollefson, 2005). Many efforts have been made in the past to 

augment the feed resources through physical, chemical and biochemical means to enhance 

the nutritive value of cellulosic wastes and crop by products. Additionally to increase the 

nutritive forage production application of 40 kg N ha-1 increased green and dry fodder yields 

by 10-12% over the control. Crude protein yield of grasses was also increased (61%) with 

inclusion of cowpea and fertilizer application. Water-use efficiency of grasses and cowpea 

was increased with nitrogen application (Patidar et al., 2008). 

Table 1 Trend in Livestock Population (millions) of Arid and Non arid district of Rajasthan 

Livestock Area of Raj. 1997 2003 2007 2012 
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Census % of 

Raj 

Census % of 

Raj 

Census % of 

Raj 

Census % of 

Raj 

Cattle Arid 

districts 

Non Arid 

districts 

Total 

4.96 

(40.78) 

7.20 

12.16 

4.12             

(37.97) 

6.73 

10.85 

5.02                

(40.46) 

7.39 

12.41 

6.18                  

(46.38) 

7.14 

13.32 

Buffaloes Arid 

districts 

Non Arid 

districts 

Total 

3.16                   

(32.37) 

6.60 

9.76 

3.20             

(30.65) 

7.24 

10.44 

3.43                

(29.77) 

8.11 

11.54 

3.95                  

(30.41) 

9.03 

12.98 

Sheep Arid 

districts 

Non Arid 

districts 

Total 

10.46                 

(73.30) 

3.82 

14.31 

7.35               

(73.5) 

2.65 

10.00 

7.94                

(70.37) 

3.34 

11.28 

6.88                  

(75.75) 

2.20 

9.08 

Goat Arid 

districts 

Non Arid 

districts 

Total 

9.53                   

(56.25) 

7.41 

16.94 

8.36             

(49.76) 

8.44 

16.80 

11.77              

(53.80) 

10.11 

21.88 

12.79                

(59.03) 

8.88 

21.67 

Camel Arid 

districts 

Non Arid 

districts 

Total 

0.53                   

(70.66) 

0.21 

0.75 

0.40                  

(80) 

0.10 

0.5 

0.35                

(82.14) 

 

0.43 

0.287                

(85.19) 

0.048 

0.325 

Total Livestock 

(including, horse, 

pony,   etc.)  

Arid 

districts 

Non Arid 

districts 

Total 

28.57                 

(52.56) 

25.77 

54.35 

27.5               

(56.0) 

21.6 

49.1 

(10.12)** 

29.08              

(50.23) 

28.81 

57.89 

(10.94)** 

30.18 

(52.27) 

27.55 

57.73 

(8.87)** 

** Percentage of Country Livestock Population. 

Low quality roughages have been identified around the world to determine the possibility of 

improving their nutritive values and utilization; some of the commonly used roughages in 

India are mentioned in Table 2. 

Among the several roughage sources available cereal straws with an annual total availability 

of about 250 million tonnes (Mudgal and Pradhan, 1989) received maximum attention for 

improving their palatability and nutritive value because of their huge availability. Inspite of 

huge gap existing between availability and demand for dry matter energy and protein at 

national level for feeding different species of livestock, still in states like Punjab and Haryana 

cereal straws more specifically rice straw is being burnt in the fields contributing to loss of 

valuable energy source to the national pool. Under global context wheat straw (25.3%) is 

the most abundant crop residue followed by rice straw (22.8%), corn stover (15.8%), barley 

straw (8.3%), sugarcane tops (8.1%) and sugarcane by products (6.3%) as reported by Han 
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and Garett (1986). Asia is producing about 46% of the world supply of crop residues; 

therefore Asian Animal Nutritionists have paid more attention to improve the nutritive value 

and utilization of crop residues as animal feed in relation to other regions. Ninety two per 

cent of rice straw and thirty four per cent of the wheat straw are produced in Asia.  

Table 2. Commonly used poor quality roughages in India 

Crop residues and agro industrial by products 

1. Wheat straw 12. Sorghum stover 

2. Rice straw 13. Millet stover 

3. Bajra straw 14. Cotton by products 

4. Masoor straw 15. Cotton straw 

5. Sugar cane tops 16. Fruit canning waste 

6. Corn stover 17. Rice hulls 

7. Corn cobs 18. Sugar cane bayasee 

8. Oat straw 19. Cotton seed hulls 

9. Sunflower stover 20. Coffee beanhull 

10. Cassava wastes 21.  Soyabean straw 

11. Cassava leaves 22. Banana pseudo stem 

Feeding system of roughage  

Roughages fibrous crop residues (FCR) and fibrous agricultural residues (FAR) are subject 

to various processing methods such as physical, chemical and biological treatments 

especially in order to their incorporation into ration or complete feed with the aim of 

enhancing palatability, intake and nutrient utilization with the ultimate objective of 

improved performance. 

Many methods of treatment have been exhaustively investigated before accepting urea 

ammoniation as the most potential method for field scale application in most of the Asian 

countries. Urea treatment can be done in different ways, depending on the local conditions 

and preferences but some rules can be given regarding concentration of urea,duration of 

treatment, amount of water to be used and way of stacking (Table 3). 

Table 3. Standard conditions for urea ammoniation 

Straw Urea needed/100 kg 

straw 

Quantity of water 

to be added (lit) 

Minimum time required 

for incubation (days) 

Wheat straw 3 50 21 

Bajra straw 3 40 21 

Paddy straw 4 85 10 

Maize straw 4 50 14 

Jowar straw 4 50 14 

Since thetemperature of the heap affects the rate of hydrolysis of urea to ammonia, the 

duration of treatment can be variable depending as the region or season where treatment 

is done. The type of crop residue used and its initial nutritional quality affects the 

effectiveness of treatment. Poor quality roughages should higher effect of treatment, 

probably because high quality straw contains more cell solubles and thus economics of 

ammoniation reduces. 
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Normally, fibrous agricultural residues (FAR) have more than 60% dry mater in the form of 

either cellulose of hemi cellulose. 

 The nutritional characteristics of fibrons agricultural residues is therefore:  

• Low in energy and protein level  

• Poor digestibility of DM and low bio availability of energy 

• Low in calcium, phosphorus and several trace elements 

• Poor status of carotene level  

• Low voluntary feed intake 

• High silica content  

Mathur et al. (2000a) observed that Tharparkar heifers during summer fed with 2.5 pe rcent 

urea treated wheat straw increases palatability, with increase in water intake and 

maintained normal blood parameters and sound health. Additionally, there exists a series 

of reasons which explain the underutilization of fibrous agricultural residues mentioned 

below, which needs to be considered for exploiting poor quality roughages:  

 Availability, annually and seasonally 

 Geographical distribution of production and use 

 Transport needs 

 Storage needs 

 Alternative uses 

 Price of other feeds shifts 

 Availability of other feed stuffs 

 Need and cost of processing 

 Physio chemical characteristics of FAR 

 Managerial capacity of farmer 

Extension activities in India focuses in the provisions of services e.g., inputs like seed, 

fertilizer, agricultural equipment, feeding material etc., to record vocal appreciation rather 

than adaptation. Mostly, provision of knowledge appears to receive insufficient 

attention/contribution. The ultimate decision to adopt a particular technology depends to 

a great extent on the farmer's perceptions about the technology, their socio-economic 

situation and need for the technology. 

Utilization of un-conventional feed resources 

Non-conventional feed (NCF) or non-conventional feed resources (NCFR) or unconventional 

feed (UCF) is a relative term and may differ from country to country and region to region 

and time to time in the same country. Non-conventional feeds may be grouped according to 

availability from agro industrial by products and classified as (a) Vegetable protein source 

(b) Animal protein sources (c) Energy sources and (d) other miscellaneous unconventional 

feeds. For this purpose, various non-conventional feeds need to be screened for their 

possible use as regular livestock feed to enhance the nutritional output per unit area. 

Additional, utilization of agro-industrial by-products also mitigate the problem of disposal 

of industrial wastes. Inclusion of non-conventional feeds reduces the quantum of 

concentrate in the diet for optimum animal performance. 
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In the by-products mentioned above the following characteristics are most important: 

protein concentration and its biological value quantitative and qualitative composition of 

amino acids, digestibility, level of energy, fats and carbohydrates, vitamin and mineral 

content and the amount of fibre and substances that might be hazardous or toxic to the 

organism. The quantity of by products used as feed depends on the country's resources and 

the technical equipments used for its preparation preservation and improvement.   

Un-conventional feed resource of desert region as feed  

Tumba (Citrullus colocynthis) seed cake-A cheaper feed resource for livestock feeding 
in arid region 

Tumba plant, an annual creeper, grows naturally in abidance in hot arid areas of the 

country with minimum possible water availability. It grows and multiply very fast during 

monsoon season and its fruits; Tumba-are available in the month of October-November. 

Mature fruits are golden yellow in color, ball like, 10-12 cm in diameter. The taste of the 

fruit is very bitter. Tumba seed are rich in fat, having upto 16% oil. The Tumba (Citrullus 

colocynthis) seed cake (TSC) a by product of the oil extraction industry is nutritionally rich 

as it contains 16 to 22% CP. Presently, TSC is available in abundance in arid regions and 

is being used as a fuel for furnaces in factories, and its thus wasted.  

Feeding trials were conducted in Central Arid Zone Research Institute, Jodhpur since 1986 

on cattle to identify and evaluate TSC as a source of livestock feed (Mathur et al., 2000b, 

2011b). The studies clearly indicates that in cattle the conventional concentrates can safely 

be replaced by TSC to the extent of 25%, as a regular ingredient, which constituted guar 

(Cymposis tetragonaloba) korma and oil cakes (mostly til (Sesamum indicum) and cotton 

(Gossipuim spps.) seed cake) and also pelleted cattle feeds.  

It is observed that the TSC replacement did not affect the palatability and intake of feeds 

and fodder. There was no significant (1>0.5) difference in milk yield pattern of control and 

treatment groups, in terms of quantity and quality. TSC feeding to heifers up to calving and 

onwards did not show any ill effect on different reproductive parameters.  

It can, therefore, be inferred that a simple practice of inclusion of tumba seed cake (TSC) in 

animal feed will definitely lower the cost of animal feeding by 18% to 20% without having 

any adverse effect on the production, general health and reproductive performance. In 

addition, it would result in the utilization of locally available non-conventional cheaper 

protein source, abridging the gap between demand and supply of the scarce protein, thus, 

benefiting the marginal farmers appreciably (Mathur et al., 1989; Mathur, 1996).  

Vilayati babool (Prosopis juliflora) pods powder 

Goats: Feeding of concentrate mixture meeting nutrient requirement of goats increases 

production and twinning percentage (Mathur et al., 1999), keeping in this view cheaper 

concentrate mixture were formulated for goat feeding utilizing unconventional feed 

resources. Ten (10) goats in late lactation were divided into two group of 5 each i.e. group I 

control and group II treatment. Animals of each group were offered weighed quantity of 

roughage and concentrate on as such basis (consisting of 35% grinded bajara, 40% tumba 

seed cake and 25% groundnut cake). However, in treatment group 35% bajra in concentrate 
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was replaced by Prosopis juliflora pod powder (PJPP) making ration near about isocaloric. 

Study showed that PJPP can be used up to 35% in the concentrate of goats. No significant 

effect was observed on blood parameters and milk yield of goats in late lactation, during 

extremes of summer in arid zone (Mathur et al., 2003).  

Sheep: A feeding trial was conducted to evaluate the acceptability and palatability of ration 

comprised of Prosopis juliflora pod husk (PJPH) in Marwari sheep. The results of the study 

indicated that P. juliflora pod husk can be used up to 50% level in the concentrate along 

with tumba (Citrullus colocynthis) seed cake as low cost ration of the sheep without any 

adverse effect on animal health (Mathur et al., 2002). 

Cattle: A cheaper and balanced concentrate feed mixture for arid region was tried by simply 

mixing the locally available ground feed ingredients including Prosopis juliflora pods, Tumba 

(Citrullus colocynthis) seed cake, mineral mixture etc. To reduce cost of cattle production 

initiated feeding trial on lactating Tharparkar cattle of this cheaper concentrate mixture for 

one year on Tharparkar cattle, at Research cum Demonstration Unit of Tharparkar cattle, 

KVK, CAZRI, Jodhpur. Farmer accepts this process technology very easily and is possible 

at livestock owner’s doorstep. Since in India livestock keepers are feeding concentrate to 

their productive animals without engaging labor towards its preparation, which otherwise 

is practiced in developed countries having organized dairy farms. Since, with each process 

step of feed preparation cost/energy is involved and ultimately feed become highly costly 

and livestock owner in India do not follow it due to unaffordable labor cost involved and 

cost benefit ratio(B:C). During the present scenario when all the food and feed ingredients 

are at very high price, the cost of cheaper concentrate formulated is less by Rupees 200/- 

(Rupees two hundred only)/100 kg concentrate. 

  
Villayati babool (Prosopis juliflora) a cheaper source of concentrate  

mixture for lactating cattle 

The acceptability and palatability of formulated concentrate mixture having Prosopis 

juliflora pods was high with no ill effect on health, increases milk and the cost of cattle 

production reduces significantly (Mathur et al., 2009; Mathur, 2013).  

Mustard (Brasssica juncea) seed cake  
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Mustard (Brasssica juncea) crop is grown for oil in Western Rajasthan, however mustard 

seed cake is not incorporated in ration of cattle in arid zone. A comparative study was 

conducted to understand the effect of feeding mustard seed cake in lactating Tharparkar 

cattle. Experiment was conducted using eight (8) Tharparkar cows divided into two equal 

groups of four each, forming control (T1) replacing 25% concentrate by water soaked. Til 

seed cake (41.4% CP), and treatment (T2) water soaked mustard seed cake (32.90% CP). The 

cake and water optimum ratio worked out was 1:3 and 1:2 for Til and mustard seed cake 

respectively. Til seed cake mixed ration was well acceptable and palatable to cattle from 

very first day whereas mustard seed cake containing ration for the first fortnight, was less 

acceptable (25 to 30% left) their after cattle developed taste and accepted it. The hemoglobin 

and blood biochemistry viz. glucose, total portion, albumin and urea showed non-significant 

differences, however MSC fed group showed higher values for globulin and cholesterol. 

Study revealed higher acceptability, palatability and milk yield of cows in which concentrate 

was replaced on weight basis by til seed cake in comparison to mustard seed cake fed group, 

however non significant difference on reproductive health parameters was observed (Mathur 

et al., 2004). 

Colophospermum mopane leaves  

It was observed that the palatability of dry Colophospermum mopane leaves was even low in 

goats and decreases with progress of feeding from 15 to 5% from 1st to 5th week and the 

traditional local P. cineraria leaves were better source of supplementation even in the dry 

form supporting the milk yield of goats (Mathur et al., 2006).  

The lower digestibility of CP may also be due to higher tannin content in fresh C. mopane 

leaves which is found to be mostly in a condensed from and also the polyphenolic 

compounds which limit the intake and ultimately the animal performance by reducing 

degradation of fibre and protein by rumen micro-organisms (Macala et al., 1992). Sole 

feeding of C. mopane to growing kids resulted in negative N-balance and body inferred that 

C. mopane due to lower digestibility and tannin contents can be used only as a sub-

maintenance type fodder during dry periods in the arid region. It can be possibly included 

as a part of supplemental feed to browsing goats having other conventional ingredients and 

efforts can be made to improve the browse material by mixing other feed ingredients to 

reduce the tannin effect (Patil et al., 2011). 

Lani (Salsola baryosma)  

Salty shrub Lani (Salsola baryosma) of arid region available at vegetative stage can be a 

good source of fodder to animals. Shoots consists of mainly fleshy stem, since leaves are 

very minute, consisting not more than 5- 7% of the total biomass. The acceptability and 

palatability of fresh cut shoots showed that Lani is palatable (Mathur et al., 2007).  

Lana (Haloxylon salicornicum) seeds 

Haloxylon salicornicum (Moq.) Bunge ex Boiss, locally called as Lana is an important arid 

shrub of Western Rajasthan. It remains green even during the lean period and resists 

consumption by animals when most of the other vegetation dries up. Lana (Haloxylon 

salicornicum) salty weed available in the arid region produces seeds having CP 18.60% 
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found to be good source of protein in the concentrate.The seeds of H. salicornicum with 

perianth are rich source of nutrients. Feeding trials in Marwari goats were conducted by 

replacing 50% of conventional concentrate with Lana seed showed increasing trend in 

growth and milk yield. Its feeding to goat does not affect pregnancy and kidding. Further, 

its feeding to lactating cattle by replacing 25% seed cake of Til (Sesamum indicum) of the 

conventional concentrate in the ration results into increase in milk production, with higher 

percentage of fat (9.62%), protein (7.71%) and SNF (1.2%) contents over control. Thus, seed 

along with perianth of Lana is potential feed and can be utilized as non-conventional feed 

for cattle and goats particularly during feed scarcity and drought (Mathur et al., 2011a). 

Similarly in camel, replacing concentrate mixture showed good palatability and digestibility 

(Mathur et al., 2009). 

  
Lana (Haloxylon salicornicum) Seed Arid Feed Resource for Camel 

Hardwickia binata as a supplement in goats 

H. binata is available in plenty in the arid region having rainfall above 300 mm. A study 

was conducted to assess the effect of feeding of Ardu (Alianthus excelsa) and neem 

(Azadirachta indica) leaves on acceptability, palatability, dry matter intake and the health 

of desert male goats. Feeding of top feeds; ardu and neem leaves to goat showed high 

acceptability and palatability, however, dry matter intake and average daily gain (ADG) was 

more in animals fed on ardu leaves compared to neem leaves. The study showed that the 

fresh leaves are palatable to goats and sole feeding supports the body weight growth of 

growing kids (Mathur et al., 2013 b).  

Thornless cactus (Opuntia ficus indica) 

A new fodder source Opuntia ficus indica- a thornless cactus introduced in Indian arid 

region was found to have the fodder value as maintenance feed and was observed to reduce 

the water requirement if fed along with the dry roughages in goats, sheep and growing cattle. 

In addition its high mineral content may reduce the mineral requirement, as arid animals 

are suffering from mineral imbalances (Mathur et al., 2009). 
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Cactus (Opuntia ficus indica) thornless feed a mineral rich resource for cattle feeding 

Utilization of monsoonal weeds of arid zone  

The monsoonal weeds available in the rocky and sandy habitat of arid region have a distinct 

relative preference index for grazing sheep and goats and it was studied to be in the order 

of 1. Kanti (Tribulus terristris), 2. Kagio (Tetrapogon tenellus), 3. Santo (Trianthema 

protulacastrum), 4. Lolaru (Digeria muricata), 5. Bekario (Indigofera cordifolia), and 6. 

Gangan (Grewia tanax) for varieties tested in the region (Patil et al., 2005). 

Coping strategies for minimizing impact of extreme climatic conditions on 
production performance of grazing sheep in Thar Desert 

In Jaisalmer region, sheep provided with supplementary concentrate feed and health 

management, even on pasture having double grazing pressure results into increase in live 

body weights (7.93%) and wool yield (19.76%). It is inferred that only grazing on pastures 

will not result in realization of actual livestock productivity in extreme hot climatic 

condition, it could be mitigated by supplementing grazing with balanced concentrates and 

adopting health management practices (Mathur et al., 2013).  

Feeding of mineral mixtures and common salt 

Feeding managers of animals should have mineral bricks and common salt, so that 

deficiency of minerals and common salt may not occur. Calcium, phosphorus, copper and 

magnesium was significantly low in livestock of villages in arid zone of western Rajasthan. 

Pica in cattle, buffaloes, camels and goats in this area is another problem related to mineral 

deficiencies (Mathur et al., 2005; Mathur et al., 2009). Milk fever in this area occurs mainly 

due to calcium deficiency only within one week post-parturient having sufficient level of 

magnesium. The infertile cattle bears a history of under fed with malnutrition, and per 

rectum examination of genitalia revealed hypoplastic and/or smooth ovaries and persistent 

corpus luteum was very common, and they responds to mineral mixture-vitamin 

supplementation. There is need of area specific mineral mixture supplementation. 

Feeding management of livestock during drought can be summarized as follow: 

During droughts, severe shortage of animal feed, especially of roughages is encountered. 

The major feed and fodder resources for livestock are natural vegetation on common grazing 

lands, rangelands, forest area, industrial by products and crop residues. Decrease in 
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biomass production in drought years and shifting of priorities result in scarcity of feed and 

fodder (Narain et al., 2000). 

1. Preparation of ration with urea-molasses for immediate feeding 

2. Urea treatment of straw 

3. Cheaper and balanced concentrate for lactating animals 

4. Use of urea molasses mineral blocks 

5. Providing vitamin “A” doses 

6. Addition of leguminous crop by products 

7. Chopping of straw 

8. Mineral mixture and common salt 

9. Deworming 

Health 

Arid zone is registering continuous and increased prevalence of many epidemiologically 

important diseases of animals which are of economic importance as regards loss of 

production and the life of animals. These are of infectious or noninfectious nature which 

need careful and timely management to assure the sustenance of production. 

Broadly common diseases are divided in to four groups: 

Prevalent infectious diseases: Epidemiological studies and data indicate occurrence and 

prevalence of such diseases, regular use of vaccines against them is not in practice in this 

area leading to economic losses to the farmers. Diseases like FMD, rabies, ephemeral fever, 

sheep and goat pox, tuberculosis, Johne's disease, botulism, enterotoxaemia mycoplasmal 

infections, blood protozoa, coccidiosis, brucellosis, HS, BQ, anthrax, rickettsial and chlamydial 

diseases, nematode infestations, mange, pica (Kishore, 1998), High incidence rate of subclinical 

mastitis has also been reported from this area (Singh et al., 1999). Conventional vaccination 

program is in vogue in this zone by various service departments of the state- Current 

program is plagued with two main: problems. Firstly, it does not cover whole of the 

population of the species covered' due to less doses available/produced by the BP 

laboratories of the states. Secondly, some of the important species of arid zone like goat and 

camel are not usually covered under this program. Therefore, this program needs to be 

extended in whole of the susceptible population.There is need to properly following the 

schedule of FMD at least twice in a year, yearly pre-monsoon for BQ for cattle and buffaloes. 

HS vaccinations need to be extended to camels beside cattle and buffaloes, Anthrax 

vaccination also need be provided to sheep, buffalo and camel beside cattle and 

Enterotoxaemia and Sheep pox vaccination need be extended to goats in addition to Sheep 

with routine schedule. Furthermore, certain new vaccines available in India for a long time 

are required to be included in the regular schedule. And for certain areas the vaccination 

program need to cover the diseases like Theileriosis, Rabies and Tetanus etc.  

Parasitic diseases: Arid climate is not very conducive for some of the parasitic infestations 

like flukes and cestodes. With increased availability of water for irrigation and the prevalent 

animal husbandry practice being either migratory or of intensive type, it leads to hitherto 

unreported type of parasitism in animals. Preventive measures are usually the only 
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practicable approach in such cases as many of the clinical conditions might be either 

uneconomical or rather difficult to treat. Though a host of parasitic diseases has been 

identified, it’s control and prophylaxis is difficult because of traditional rearing practices 

and large population problem and their management must be done as part of routine 

husbandry practice like At least biannual deworming with a broad-spectrum anthelmintic 

like albendazole,fenbendazole, tetramisole, levamisole,closantel, Ivermectins etc. for all 

species of animals for roundworms, in Oestrus ovis infestation in sheep, goats Ivermectins 

provide some degree of success Hydatidosis, a common problem in sheep, goats, camels, 

buffaloes and gid (Cerebral coeneurosis) in goats need surgical corrective measure, Mange 

in all species, particularly camels), cattle, buffaloes, sheep, goats need local miticidal 

application using herbal/pyrethrins/ pesticides as dust/spray +ivermectins 

parentally(Singh and Gahlot, 1999). Apart from prophylaxis with vaccines, drugs effective 

in prevention of certain diseases are also available. Such chemoprophylactics should be 

used as a routine health prophylaxis management and preventive measure against the 

diseases like coccidiosis in kids, calves and lambs, Trypanosomiasis in camels, cattle and 

buffaloes, mange in camels, diseases like shipping fever and helminthiasis in all animals, 

pica in all ruminants and ticks in cattle with use of the drugs already available using it 

periodically as per the occurrence. 

Non-infectious diseases: The diseases in this category are important from economic point 

of view as its progress is dependent on the management practices  

Deficiency diseases: Several nutritional deficiencies have been identified in the animals of arid zone 

(Dongre, 2000) because of evidence of existence of deficiency, deficiency as the cause of the disease 

and cure or prevention by correction of the deficiency. Deficiency of vit. A and D (Fakhruddin, 1987), 

B1 (Tanwar et al., 1983; 1994) etc., deficiencies of calcium, phosphorus, zinc, iron etc. are not only 

prevailing unabated but also are registering an upward trend, with increasing reproductive disorders, 

particularly anoestrus in arid region (Mathur et al., 2001). Energy and protein deficiency results in 

to pica. Copper, cobalt, selenium, zinc (Singh et al., 1994), iron and iodine are some of the trace 

minerals resulting into general conditions like anemia, retarded growth, reproductive disorders, pica 

(Kishore, 1998) and certain specific conditions suggestive of deficiency. Apart from these, deficiencies 

of vitamins A, D3, E, B1 (Tanwar et al., 1983, 1994) and C have also been identified. 

Production diseases: Milk fever and ketosis in cattle, buffaloes and goats, post-parturient 

haemoglobinuria in buffaloes, downer’s cow syndrome and mastitis are important 

production diseases of this area. Milk fever in this area occurs mainly due to calcium 

deficiency without concurrent deficiency of magnesium. Therefore, the treatment of milk 

fever should constitute calcium boroguconate only. Most likely period of occurrence is 

within one week post-parturient. However, subacute calcium deficiency affecting 

production can occur during early lactation and late pregnancy. Ketosis occurs between 3-

7 weeks post-parturient period. Diabetic ketoacidosis has also been recorded in cattle, 

buffalo and goat. Zinc insulin is to be administered with constant monitoring, of blood and 

urine sugar levels. Pica in cattle, buffaloes, camels and goats in this area is another problem 

(Mathur et al., 2005, Mathur B.K. 2014). Botulism because of pica in cattle has been 

recorded from this area (Kishore, 1998). Protein-energy, salt, phosphorus-calcium, vitamin 

A, D and E deficiencies, helminthiasis (mainly round worms) had been identified as the 
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major causes of pica. Successful management of pica is being practiced on these lines 

(Gahlot, 2005). 

Toxicity: Cyanide, sodium chloride, nitrate and nitrite poisoning have been reported to 

occur in this zone since long (Sharma and Gahlot, 1997). Newer toxicity includes those with 

pesticides/farm chemicals, feed additives, drugs, environmental pollutants, etc. (Radostits 

et al., 1994) and accordingly need awareness in farmers of the critical region and treatment 

assistance as per the occurrence.  

Future research and development needs   

1. Agricultural production in arid region is basically based on animal husbandry, hence 

agriculture policy should be readjusted. 

2. Establishment of fodder banks at district/town levels and veterinary first aid facilities 

with pedigreed males can ensure tremendous increase in livestock productivity. 

3. Establishment of perennial components in pasture lands and planning of fodder trees 

will be helpful. 

4. Sustainable integrated farming system models should be developed for different 

situations to balance livestock, environment and human needs. 

5. Educating the people is necessary  

6. Land use should be according to its capacity, with priority to agro forestry, pasture 

development and agro-horticulture. 

7. Greater emphasis is to be given on livestock farming rather than crop farming in arid 

region. 

8. Low- producing males should be castrated and selection of genetically superior 

animals within local breeds may be ensured for future breeding programs. 

9. Conservation of local biodiversity is necessary through need based policies and 

programs. 

10. Rainfed farming should be banned in non-irrigated areas receiving upto 150 mm 

precipitation annually. Instead, the farmers should be encouraged, educated and 

financed to grow endemic, nutritive and highly productive grasses. 

11. Use locally available suitable alternate feed resources, e.g., agroindustrial feeds and 

value addition, to bridge the gap between demand and supply of feed, and avoid 

competition between livestock and human beings. 
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Resources 

The uplands of the country are a kaleidoscope of diverse topography, harsh climate, 

language and culture, live together and share common problems. The agriculture in the 

hills is having limitations with a number of factors such as small land holdings, short period 

of cultivation, and temperate climate. These factors force the human resource to divert their 

occupation for meeting livelihood. The coldwater fisheries may play an important role in 

supporting livelihood of the people dwelling in the mountainous zones of the country. The 

long stretch of Indian Himalayas of around 2500 km from west to east and 200-400 km 

from north to south comprising an area of 5,33,604 km2 contains different types of 

coldwater resources mainly in the form of upland streams, rivers, high and low altitudinal 

lakes and reservoirs located in different hill states of India. Around 8,243 km long streams 

and rivers, 20,500 ha natural lakes, 50,000 ha of reservoirs both natural and manmade 

and 2500 ha brackish water lakes at high altitude inhabits large population of indigenous 

and exotic coldwater fish species in these mountain water bodies which have immense 

potential for aquaculture practices as well as capture fisheries to some extent. However, the 

role of inland capture fisheries and aquaculture in mountain regions has rarely been fully 

acknowledged or fully estimated in the past. 

The present exploitation of fishery resources in upland 

regions comes mainly from capture fisheries, though 

fish production through culture practices is gaining 

momentum. At present the total fish production from 

upland areas forms about 3% of total inland fish 

production of India which forms a very small 

contribution to the total fish production. The 

aquaculture production potential of the coldwater 

sector has not been exploited to its full extent.  

As far as coldwater fisheries development is concerned except 

a few hill states like Kashmir valley and Himachal Pradesh other mountain regions of India 

are still poorly developed or under exploited. These hill states endowed with natural lakes 

and reservoirs could be utilized for the fish production under culture based capture 

fisheries program. Initiatives for open water cage culture in Himalayan lakes can also be 

taken up for the stock enhancement as well as for the fish production using natural 

productivity. Introduction of composite fish farming using Chinese carps for mid-altitudes 

is a major success in increasing the fish production from the hilly regions. Integrated fish 

farming for the hills could also an important inexpensive aquaculture practice for the rural 

population residing in the mountain areas of the country.    

Opportunities for Livelihood Support 

The aquatic resources in hills are quite valuable for the development of fishery both for food, 

sport, recreation and employment but scientific management of these resources is 

necessary to achieve the objectives. In order to manage these ecosystems, so that they can 

contribute to livelihood security in remote hilly regions on a sustainable basis, the following 

issues need attention. 

Mighty Indus River 
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Capture fishery 

Due to prevailing low water temperature, scarce aquatic flora and least organic 

constituents, the fish production in upland waters is registered very low. Beside this, the 

inaccessible river stretches, difficult ravines prevents fishing activity. As a result, there is 

lack of proper landing and assembly centers as well as of full time fishermen community. 

The existing subsistence fishery is of 

inconsequential nature. Most of the 

capture fishery resources are under severe 

pressure from habitat alterations and over 

exploitation. Therefore the riverine fishery 

is unable to attract full time fishers in the 

region. Lakes and reservoirs are good 

source of income generation.    

Fish farming 

Traditional fish farming is not in regular 

practice in most of the hill states. Therefore, there is an immense scope for development of 

the farming to provide a source of employment to the resource poor hill people. Many 

suitable sites are available in different parts of the hill states, which could be utilized for 

fish production through aquaculture. The suitable sites are lying along the banks of the 

rivers, rivulets, streams and streamlets. Depending upon the microclimatic conditions of 

the region, such suitable patches of land water bodies should be identified throughout the 

region and be brought under anyone of the three-pronged fish farming practices. 

Carp farming 

Owing to simpler farming techniques, low input 

requirements and possibilities of integration of available 

resources, culture of Chinese carps in small sized ponds 

(0.01, 0.03 ha) is becoming popular in the region. The 

composition of cultured species varies from 

monoculture of common carp to polyculture of grass, 

silver and common carp. The carp culture is more 

profitable by integration of fish culture with dairy, 

horticulture, agriculture and paddy. Grass carp emerged as a popular species for the low-

cost hill aquaculture. In absence of aquatic weeds in the constructed ponds, the grass carp 

vigorously feeds on terrestrial soft plants and grass provided to the stock. DCFR, Bhimtal 

has introduced the Chinese carp based composite fish culture in mid Himalayan regions 

(800-2000 msl). The technology has been demonstrated and transferred to the farmers in 

the North-Eastern and Central Himalayan regions of the country.  

Multi-tier Integrated fish culture   

Fishing in hill stream 

Sindhu 

Traditional carp 

farmSindhu 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

189 
 

Due to low thermal regime the growth of carps is slow and fish remain in hibernation during 

the entire winter season. In this context, plastics film lined ponds have been found very 

suitable for rainwater harvesting in uplandswhere scarcity of water becomes major 

bottleneck in agricultural production or diversification from poorly remunerative production 

to scientifically recommended production considering 

local climatic and soil advantages. Under the protected 

agriculture, the primary aim was to construct polythene 

lining tanks for water for harvesting for fish culture and 

overflow could be used for vegetable farming. In this 

study, water temperature was observed 2-6 °C higher 

than that of the cemented/ conventional earthen ponds 

since poly lining gain heat energy from the sun light and 

acts as an insulator between water and earth. This 

enhanced water temperature helps in regulating the fish 

physiological activities resulting in longer growing period 

comparison to conventional earthen ponds. This multi-

tier model for fish culture technology may contribute to 

sustainable land use by improving food security, 

providing rural employment, contributing to regional 

economic growth, and diversifying smallholder-farming 

systems in the mid hills. 

Trout farming 

Being a low volume high value commodity, the trout has good potential for domestic 

consumptions as well as foreign export. However, there is ample scope for further 

enhancement of trout production in hill states through participatory approach. Trout 

farming has immense scope in the Himalayan and 

some peninsular regions, where sufficient quantity of 

quality water is available. In the Indian Sub-continent 

two main types of trouts viz. brown trout (Salmo trutta 

fario) and rainbow trout (Oncorhynchus mykiss 

(Walbaum)) were transplanted from Europe by British 

settlers around the beginning of the last century 

primarily to meet their needs for sport fishing or 

recreational angling. The transplantation of brown and 

rainbow trout was attempted independently in the 

Himalayan and in the non-Himalayan States. In the Himalayan States the brown trout 

(Salmo trutta fario Linnaeus) was first brought in Kashmir through the private efforts of F.J. 

Mitchell in 1899. These introductions in the hill states could be considered as the formal 

beginning of Coldwater fisheries or mountain fisheries development in India. Trout need 

highly oxygenated (above 7 mg l-1) cool water (5-20°C) and high investment in the form of 

pond construction, procurement of seed, feed, and maintenance of fish health. Presently, 

trout culture is in developing stage as compared to the potential available in the colder 

region of the state. Even though, successful collaboration with European Economic 

Integrated fish farming using 

polytanks 

Trout raceways 
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Community (EEC) and Norwegian Government in last 2 decades has accelerated rainbow 

trout (Oncorhynchus mykiss) farming in the states of Jammu and Kashmir and Himachal 

Pradesh, respectively. Now, the trout farming is also developing in other hill states such as 

Uttarakhand, Sikkim and Arunachal Pradesh.  

Initiatives for trout farming in Leh-Ladakh 

Leh-Ladakh region is tribal highland having altitude ranging from 2300 mtrs to 5000 mtrs 

above sea level. There is a limitation of full time agriculture 

due to number of factors such as small land holdings, short 

period of cultivation, and temperate climate. These factors 

force the human resource to divert their occupation for 

meeting livelihood. Most of the population lives in valleys of 

the Shayok, Indus and Zanskar rivers harbor rich fish 

diversity. There are number of brackish water lakes in the 

region such as Pangong Tso, Tsomo-Riri and Tso-Kar. The 

culture fisheries of Ladakh are still in its developing stage 

and State Fisheries Department of Jammu & Kashmir 

established some aquaculture facilities such as Shey Fish 

Farm of Leh District, Trout Fish Farm at Sindhu Ghat and 

trout raceways in Nubra valley. Rainbow trout (Oncorhynchus mykiss), Brown Trout (Salmo 

trutta fario), common carp; Leather Carp (Cyprinus carpio var nudus), Mirror carp (Cyprinus 

carpio var specularis), and Scale Carp (Cyprinus carpio var communis) are exotic potential 

species for aquaculture. Of which, rainbow trout is most promising for aquaculture. 

There is an immense scope of developing aquaculture along the rivers and streams but 

fisheries resources are unexploited due to unavailability of resource maps, harsh climate, 

infrastructural facilities and technical support. Keeping in the view, ICAR-Directorate of 

Coldwater Fisheries Research (DCFR), Bhimtal has initiatives and established a cluster for 

trout farming in Leh region in collaboration with HMAARI (SKUAST-K), RRS- CAZRI (ICAR)-

Leh and Department of Fisheries, Govt. of Jammu & Kashmir under tribal sub plan. Such 

efforts are need be made for expansion of trout farming in high altitude areas for nutritional 

and livelihood security of the region.  

ICAR-Directorate of Coldwater Fisheries Research (DCFR), Bhimtal is following the holistic 

approach in assessing the resources using remote sensing data and develops aquaculture 

suitability maps for locating actual site and potential of the region for establishing road map 

for planning and development.  

Fishery based Eco-tourism 

Eco-tourism is a sustainable form of resource use, which contributes to environmental 

conservation, while providing accrued socio-economic benefits to the people through the 

non-consumptive uses and indirect values of the natural biological resources. Considering 

the vulnerable nature of our environment eco-tourism based on optimum multiple uses of 

the resources on sustainable basis must be encouraged. Fishery based eco-tourism is 

emerging potential area for employment generation. There is further scope to enhance the 

Trout farming at Chushout  

village, Leh 
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income significantly through addition of aqua sports, trekking, and mountaineering in the 

endeavor. Fish watching is very popular for visitors particularly to children which may be 

another scope of generating small entrepreneurship for trout farmers.  

Conclusion  

Major occupation in the mountain region of the country is agriculture based activities. The 

land holding in the hill area is smaller as compared to the national average. The farmers in 

the hill region have integrated type of farming pattern. Fish can serve as an additional 

source of income if integrated with the water conservation and agriculture practices. Locally 

farm produced fish is suggested to be the best substitute of the animal protein to the 

dwellers. Moreover, fish culture in hills encourage conserving the water as well as 

indigenous biodiversity. Prospects of polyculture of exotic carp in hills, trout in upper hills 

and conservation of local fish species in different elevations or agro-climates of Himalayan 

region may bridge existing wide supply-demand gap and promote sustainability of fisheries 

production. Even due to endemic problems, the coldwater fishery is recognized as potential 

enterprises in the hills which may provide opportunities for providing animal protein to the 

dwellers and support the other agriculture activities for improving socio-economic life. In 

this context, locally farm produced fish is suggested to be the best substitute. Moreover, 

fish culture in hills encourages conserving the water as well as indigenous biodiversity. 

Therefore, fishery is an important option, which directly supports the livelihood of the hill 

people. To achieve the goal it is necessary to harness fish for food, sports and livelihood 

security of hill communities through assessment, generation, refinement, adoption of 

appropriate technologies and capacity development in the sector.  
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Introduction 

India contributes about 5% of world’s egg and 2.25% to chicken production (FAOSTAT, 

2013). Indian Poultry Sector has been one of the fastest growing components of Indian 

economy with an annual compound growth rate of about 6% and 12% in egg broiler 

production, respectively. The poultry sector accounts for about 1% of the India’s Gross 

Domestic Product (GDP) and 11.7% of the livestock GDP (National Account Statistics, 2013). 

With a turnover of over Rs. 600 billion, the sector provides employment to over six million 

people. The annual per capita availability has increased from 7 eggs in 1961 to 58 eggs in 

2012; and poultry meat from 0.16 kg to 2.6 kg during the same period. However, the present 

availability levels are still far below the ICMR recommendations of 180 eggs and 11 kg meat 

per capita per annum. Ironically, consumption of poultry products has been highly skewed 

in favour of urban population. In fact, only 31% population residing in urban areas 

consumes 65% eggs and 70% of poultry meat and in a typical Indian village the egg 

consumption is not more than 10 eggs per capita per year. Despite higher prices of poultry 

products in rural areas, the penetrability and reach of poultry products have remained 

limited in rural India owing to fragmented markets and infrastructural bottlenecks. Sekhon 

and Tejinder (2007) have estimated that under the moderate growth scenario of 6% per 

annum in the Country’s GDP the demand for meat and eggs is likely to shoot up to 9.7 and 

15.32 mmt by 2021 and 2030, respectively. India would be easily able to meet this demand 

provided, the poultry, egg and meat production continue to grow at the current levels. 

India’s temperate regions (cold regions in the colloquial sense) comprise of the hilly regions 

in the states of Himachal Pradesh (HP), Uttarakhand (UKD), Jammu & Kashmir (J&K), 

Arunachal Pradesh (ARP) and Sikkim (SIK). These regions, mainly the part of the Indian 

Himalayan Region, are sparsely populated and relatively less developed and are one of the 

most fragile and vulnerable ecosystems in the world due to their unique agro-ecological 

features and socioeconomic conditions. The regions are characterized by winter and 

summer temperatures ranging 4°-7°C and 13°-18°C, respectively. The higher reaches are 

perpetually under snow and ice. The average annual rainfall exceeds 200 cm in the east, 

but it is much less in the west. The positive attributes of this region are the niche 

advantages in the form of temperate climate for livestock and crop production as well as the 

nature-based farming tradition which still prevails. Notwithstanding the many hardships 

and the difficult terrain, local communities have created livelihood opportunities with great 

determination.  

The human population in the five states under reference together accounted for about 24.66 

million (2.03%) of the country’s population. ARP was the most sparsely populated states 

followed by HP, J&K, UKD and SIK (Table 1). Population density in all these states was less 

than that of the average population density of the country.  
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Table 1. Human population and density of various states 

States Human Population (millions) Density 

(per sq. km) Male Female Total 

HP 3.47 3.38 6.86 123 

UKD 5.15 4.96 10.12 189 

J&K 6.67 5.88 12.55 124 

ARP 0.72 0.66 1.38 17 

SIK 0.32 0.29 0.61 201 

India 623.72 586.47 1210.99 382 

Source: Census of India 2011, GOI. 

A closer look on Tables 2, 3 and 4 reveals that that 88-95% farmers have either small or 

medium land holdings in the states of HP, UKD and J&K with the exception of ARP where 

such farmers account for about 37% holdings. The farmers in the states of HP, UKD and 

J&K operated about 54, 73 and 73% of total land available for cultivation. On the other 

hand, in the states of ARP and SIK, the proportion of cultivated area operated by semi-

medium, medium and large farmers was 90 and 67%, respectively. Thus, majority of 

farmers in these states had larger holdings as compared to those in Northern temperate 

states. Needless to emphasize that majority of farmers particularly in the states of HP, UKD 

and J&K had meager resources to sustain their livelihood.  

Table 2. Average size of holdings (hectares) by size groups 

States Marginal Small Semi-medium Medium Large 

HP 0.41 1.39 2.72 5.66 15.44 

UKD 0.44 1.43 2.71 5.45 23.11 

J&K 0.35 1.40 2.68 5.43 22.34 

ARP 0.55 1.34 2.76 5.54 14.90 

SIK 0.37 1.20 2.49 5.44 15.77 

India 0.38 1.42 2.71 5.76 17.37 

Source : Agricultural Census 2010-11, Dept. of Agri. & Coop., GOI. 

Table 3. Distribution of operational holdings (%) by size group 

States Marginal Small Semi-medium Medium Large 

HP 69.69 18.23 8.86 2.88 0.34 

UKD 73.65 17.24 7.10 1.90 0.12 

J&K 83.25 11.53 4.39 0.79 0.04 

ARP 19.63 17.69 31.14 25.56 5.97 

SIK 54.02 22.61 14.43 7.90 1.04 

India 67.04 17.93 10.05 4.25 0.73 

Source: Agricultural Census 2010-11, Dept. of Agri. & Coop., GOI 

As per 19th Livestock Census, the highest poultry population was reported in the state of UKD 

followed by J&K, ARP, HP and SIK amongst temperate states. Despite highest poultry 

population in UKD, the state reported the least per capita availability of poultry meat (Table 

3). On the other hand, ARP had the highest per capita availability of poultry meat followed by 

SIK and J&K. The meat availability was observed to be better than country’s average in these 
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three states. UKD being primarily a layer belt, the per capita availability figure for eggs was 

more decent as compared to that of poultry meat. HP reported the least per capita availability 

of eggs.  

Table 4. Proportion of area (%) of operated by size groups 

States Marginal Small Semi-medium Medium Large 

HP 28.52 25.53 24.21 16.43 5.31 

UKD 41.30 31.46 10.53 13.17 3.55 

J&K 46.51 26.19 19.05 6.94 1.31 

ARP 3.09 6.75 24.47 40.34 25.34 

SIK 13.88 19.12 25.25 30.22 11.53 

India 22.24 22.07 23.59 21.18 10.92 

Source: Agricultural Census 2010-11, Dept. of Agri. & Coop., GOI. 

Table 5. Status of poultry in various temperate states 

States Poultry Population Production Availability  

Rural Urban Eggs 

(Lakh no) 

Meat (000 t) Egg/ 

person 

Meat/ 

person (g) 

HP 1088792 15684 1069 7.65 16 1116 

UKD 4567486 74451 2712 0.78 31 7 

J&K* 2500200 277800 2400 33.60 34 4670 

ARP 2188749 55482 439 35.66 35 25792 

SIK 445734 6232 146 6.77 23 11141 

India 697895256 31314064 675702 2681.60 58 2216 

* includes only Kashmir Division; Source- BAHS-2014; 19th Livestock Census Report, 2012 and Department of 

Animal Husbandry, J&K 

Looking at the growth figures (Table 6), it is evident that the poultry population has been 

increasing in the rural areas of all the five states under reference, whereas sharp negative 

growth has been witnessed in the urban poultry population in SIK and ARP followed by 

UKD. At all India level also, it has witnessed a modest negative growth for the obvious 

reasons. Despite high growth in rural poultry population, the overall egg production in UKD 

has declined marginally, mainly due to negative growth in urban poultry population. ARP, 

J&K and SIK have witnessed a sharp upswing in production of poultry meat. 

Table 6. Annual compound growth rate (%) 

States Poultry population@ Production 

Rural Urban Eggs# Poultry Meat$ 

HP 4.69 2.83 2.94 38.39 

UKD 11.67 -5.20 -0.44 2.28 

J&K* 1.91 2.93 64.00 

ARP 5.09 -18.11 21.87 106.15 

SIK 5.61 -19.49 2.78 67.46 

India 5.66 -2.98 5.58 5.55 

Data source: @Livestock Census 2003, 2007, 2011; #2001-02 to 2012-13; $2007-08 to 2012-13;  

* includes only Kashmir Division for the period 1996-97 to 2012-13 
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Poultry plays a significant role in the temperate states of the country as reflected by the 

proportion of households (HH) having poultry (Table 7). Rural areas of ARP followed by SIK 

and J&K have high concentrations of HH rearing, poultry as compared to national average 

figures. However, in rural areas of HP and UKD, the proportion of farmers keeping poultry 

is lower than the country’s average. Similarly, proportion of poultry keeping HH in urban 

areas of ARP, J&K and UKD is higher than the country’s average. In HP, even the HH 

without any dedicated land resources have been rearing poultry. In other states, the share 

of land devoted to poultry varies from 2.3% to about 10%. HH in Urban areas in these states 

allocated far more area to poultry out of total share of land allocated for livestock (including 

poultry) as compared to the national average. The figures reflected the importance of poultry 

as means of livelihood in the urban or peri urban areas in the states. 

Table 7. Distribution pattern of poultry in the temperate states (59th Round NSS) 

States No. of HH having Poultry per 

thousand HH 

% share of land dedicated to poultry out of 

total land share for livestock farming 

Rural Urban Rural Urban 

HP 37 10 0.00 0.00 

UKD 60 36 6.09 12.38 

J&K 389 129 2.38 51.45 

ARP 744 264 2.8 72.34 

SIK 472 5 9.61 100.00 

India 143 23 6.58 14.85 

Source: Livestock Ownership Across Operational Land Holding Classes in India, 2002-03, NSS Report No. 493 

(59/18.1/1). 

Table 8A further reinforces the importance of poultry rearing in the states. It is observed 

that even the landless households have been rearing, poultry particularly in ARP, J&K and 

UKD. The proportion of HH keeping poultry in ARP, SIK and J&K across almost all the 

categories of land holding was very high as compared to the national average figures. 

Similarly, the number of poultry reared per thousand HH (table 8B) was highest in ARP 

followed by J&K, SIK, UKD and HP. Thus, it is amply proved that (a) poultry can be reared 

even without dedicated land resources (b) that poultry can provide a means of livelihood to 

the poorest of the poor. 

Table 8A. No. of HH having poultry per thousand HH across various land holdings (Rural) 

States Nil <.002 0.002-.5 0.5-1.0 1-2 2-4 >4 Average* 

HP 5 0 88 30 42 45 1000 37 

UKD 36 0 287 68 41 0 0 60 

J&K 40 0 274 424 239 99 132.5 389 

ARP 76 1000 837 879 925 811 841 744 

SIK 11 781 414 707 718 856 796 472 

India 44 161 182 213 186 151 73 143 
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Table 8B. No. of poultry per thousand HH across various land holdings (Rural) 

HP 11 0 170 196 566 273 4000 193 

UKD 36 0 1280 1069 130 0 0 505 

J&K 119 0 11270 3840 8099 1773 4996.5 5523 

ARP 440 14738 15225 13618 21377 15961 22987 14355 

SIK 50 2518 2705 6142 7392 8821 5571 3809 

India 148 1128 1433 1866 1906 1268 2580 1232 

*Weighted; Source: Livestock Ownership Across Operational Land Holding Classes in India, 2002-03, NSS Report 

No. 493(59/18.1/1).  

The Value of Output (VoP) of output per capita from all agriculture and allied activities was 

highest in HP followed by ARP, J&K, UKD and SIK (Table 9). The per capita VoP from poultry 

rearing (egg production) was higher than the national average in J&K. Other temperate 

states also derived reasonably high value of output from poultry activities vis-à-vis national 

average.  

Table 9. Per capita value (Rs. per annum) of output of various sub-sectors of agriculture (2010-11) 

States Total 

agriculture 

Total 

livestock 

Total 

forestry 

Total 

fisheries 

Agriculture 

and allied 

activities 

Eggs Meat* 

HP 8309 299 2324 62 13681 19 171 

UK 4433 208 1847 15 8374 35 113 

J&K 5273 247 2000 156 9903 87 451 

ARP 3918 229 5558 176 11938 58 1534 

Sikkim 5928 117 638 18 7753 54 319 

India 4758 197 689 347 7768 65 358 

* Total meat of livestock;  Source: Director General, Central Statistics Office, Ministry of Statistics and Program 

Implementation Govt. of India, New Delhi 

Indian poultry Industry is primarily chicken oriented since its emergence. However, of late, 

India’s poultry production portfolio has widened with the inclusion of diversified poultry 

species such as Quail, Turkey, Duck, Guinea fowl and more recently Emu. Chickens 

accounted for over 93% of the 942 million poultry populations of the Country during 2011. 

In India, a number of poultry breeds, varieties and strains are available which are quite 

suitable for rearing of poultry commercially as well as in rural set up under sub-optimal 

input regime. 

Poultry Breeds  

Although a number of poultry breeds were available in India, the Cobb 100 - a relatively 

older breed based on breeding stock imported from the United States and adapted to Indian 

climatic and disease conditions, owned by Venkateshwara Hatcheries (VH) currently 

accounted for 60-70% of all broilers in India. The nationwide infrastructure of VH supplied 

its stock to broiler operators, either as grandparents, parents, or DOCs, and also provided 

comprehensive veterinary services to its growers. At present, all broilers supplied by VH 

were Cobb 100. Another strain -Cobb 500, based on more recent imported breeding stock, 
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has been reported to be under development, so was the case of Cobb 400-based on a cross 

between Cobb 500 and the acclimatized Cobb 100 strains.  

Appendix-I provides details of some of the important Indian native breeds as also the strains, 

which were developed as a result of R&D in the public sector for commercial exploitation 

and rural poultry farming purposes. Other breeds present in India included Ross (UK), 

Hybro (Netherlands), Hubbard (U.S.), Avian (U.S.), and Anak (Israel). Most of these breeds 

entered only since 1995. Industry sources reported that the dominant role of the Cobb 100 

breed and VH in the Indian broiler hatchery industry had both advantages and 

disadvantages for the growth of the broiler industry. On the technical side, the well-

acclimatized Cobb 100 also proved to be a good breeder’s bird, producing higher number of 

hatching eggs per parent, compared with other breeds. Besides, ready availability of chicks 

and veterinary support services from VH’swidespread operations were other added 

advantages. The Cobb 100, however, was primarily a layer and, hence, provided a relatively 

low meat yield (75%), as compared to 77-78% from specialized broiler breeds. It remained 

to be seen as to how long it would it take for the new breeds to become sufficiently 

acclimatized to Indian conditions to counter the hardiness and breeding advantages of the 

Cobb 100.  

Poultry rearing in the hills 

The primary reason for slow growth of poultry in the hilly areas is extremes of climatic 

conditions especially during winters. Housing for poultry in cold, arid climate is one of the 

most challenging tasks as a requirement of optimum temperature of 25-35°C inside brooder 

and 15-20°C inside grower and layer houses is most difficult to achieve and required 

modifications in designs of traditional poultry houses.  

The houses used for poultry in temperate hilly regions are aboveground mud walled poly 

sheds, semi-underground mud or stone walled houses, walls and sheds covered with plastic 

coated tarpaulin sheets and poultry houses kept in direct sunlight with provision for night 

shelter. According to Biswas et al., 2010, the fertility and hatchability were the main 

problems in the Himalayan region due to extreme cold conditions. Singh et al., 2009 

estimated economic potentials of free range indigenous fowl reared by rural women in 

Uttarakhand. The implications of research and extension agencies for further improvement 

and propagation of Giriraja breed in backyard poultry system were studied by Semmaran 

et al., 2008. Mittal et al., 2008 concluded that the strategy for mitigation of the challenges 

of livelihoods and nutritional security in hilly regions may reduce migration and enhance 

the quality of life of people living in villages. The positive feature of hill districts was that 

they have enormous potential for high-value agriculture, livestock and poultry development. 

They suggested that the development strategy for Uttarakhand hills should be based on 

brand equity as an Organic Green State to reap its benefits. This can be achieved by a goal 

in infrastructure development, agriculture diversification; poultry based livelihood security.  

Analysis ofpoultry based farming system with respect to livelihood security and women 

empowerment. The analysis based on the data collected from hill districts of Kumaon region 

for two production years, 2011-12 and 2012-13 revealed that farmers’ access to critical 

inputs such as day-old chicks (DOCs) and feed played a key role in popularization of poultry 

based mixed farming systems. The government/private agencies promoting rural family 
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poultry for women empowerment and poverty alleviation in the Kumaonhills, emphasized 

on chicks brooding and trained a few Self Help Groups’ (SHG) members to minimize chicks 

mortality during the early brooding phase by contract chicks-rearing. The DOCs purchased 

from the mother hatcheries were reared by the trained SHGmembers-turned-chick nursery-

operators till 3-5 weeks. The grown up chicks were then sold to others-members. This 

contractual model yielded a net profit of about 10% shared between SHG and the farmers 

in the ratio of 75:25. The farmers (SGH members) further reared the procured chicks in 

backyard system in small flocks of 5-25 birds depending upon availability of open space 

and resources to procure them. Feed and chicks cost together accounted for 90% of the 

total cost of rearing. The adult male birds weighing about 3-4 kg in 20-24 weeks were sold 

in the neighborhood market whereas the female birds were reared for eggs. On an average, 

two batches of poultry were reared annually per family with a BC ratio of 2.94. The 

commercial broilers production in semi intensive system appeared to have very thin profit 

margins primarily due to high input cost with a BC ratio of 1.10. Lack of finance, improper 

housing facilities, harsh climate and losses/ damages to standing crops caused by free 

range poultry were the major impediments/constraints reported by the farmers in 

promotion of backyard poultry. Heavy mortality during the first 3-4 weeks of rearing of 

DOCs due to limited technical knowhow in respect of brooding was yet another major 

constraint in the backyard poultry system. However, the model of poultry farming prevalent 

in the hilly regions of Kumaon was quite successful and was in sync with the socio-economic 

status of the hill population which was essentially resource poor. The model was successful 

in addressing gender and equity issues also through women empowerment. 

In most of the temperate regions the supplies of poultry egg and chicken is sourced from 

nearby production centers in the neighboring states to fulfil the demand of hilly regions. 

Besides demand and supply disequilibrium, high transportation and overhead expenses 

lead to limited poultry products availability and inflated prices in hilly areas further 

depriving the poor rural in remote hills.Thus, high prices of poultry products and limited 

availability in the hilly regions offer a great opportunity for the rural poor in these regions 

to adopt poultry as means of livelihood security and employment generation.  

Challenges and Way Forward 

Despite the spectacular performance of the Indian poultry sector in the last few decades, 

poultry rearing in hilly areas has lagged due to the climatic, topographical and other 

associated constraints. Nutritional gaps at the grass root levels, trade liberalization under 

WTO, inequitably rising incomes, ever growing consumerism, depleting feed and other 

resources, leading to an escalation in feed prices and consequently in production cost, 

impending threats of climatic shifts and their impact on poultry, including resultant 

predictable shortages of agro based feed ingredients and quality water as also growing 

consciousness for quality foods amongst consumers pose newer challenges. Besides, 

growing concerns for animal welfare, emerging and re-emerging poultry diseases and 

appropriate management of poultry waste to ameliorate its adverse environmental effects 

etc. are the added dimensions. Further, the whole array of poultry sector has been highly 

skewed and chicken centered eclipsing the growth potentials of other poultry species such 

as the duck, Japanese quail and turkey etc. which have been contributing significantly to 

the global poultry basket.  
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Poultry egg and meat are considered to be the cheapest source of animal protein. Hence, 

poultry may play a vital role in alleviating malnutrition among the rural poor and 

economically weaker sections. The need of the hour is to think beyond conventional poultry 

production systems and to evolve innovative system befitting to the present demand to 

satisfy both qualitative and quantitative aspects of poultry production. Besides, linking 

production with national and international markets through suitable value chains is also 

of utmost importance to ensure viability of the production systems and revenue inflows.   
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Appendix-I 

Some native breeds and their characteristics 

Breed Habitat Important feature 

Aseel Andhra Pradesh is 

home, but now in 

whole country 

Game bird, known for its pugnacity, high stamina, 

majestic gait and dogged fighting qualities, large body size 

Ankaleshwar Ankaleshwar Small body, single comb, hardy, poor layer 

Bursa Gujarat and 

Maharastra 

Small to medium sized bird having non-significant 

characters 

Brown Desi Uttar Pradesh A light to deep brown layer type single combed bird 

Chitagong or 

Malay 

North-eastern states A large, heavy bird, strong and hardy, quarrelsome 

temperament 

Daothigir Assam A fairly heavy breed with good juvenile growth mostly 

reared by Bodo community 

Denki Andhra Pradesh Fairly heavy breed, glossy and lustrous plumage, single 

comb, long necks and legs 

Kalasthi Andhra Pradesh Birds closely resembles Denki, but are smaller 
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Frizzle fowl Hot and humid 

coastal regions and 

North Eastern 

regions 

The feathers are curved due to curving of rachis of the 

feather. The birds have better heat dissipation, hence show 

good adaptability in tropical climate especially for arid 

zones 

Ghagus Andhra and 

Karnataka 

Small sized-bird, small comb and wattles, thick neck, 

feathered shank 

Haringhata Black West Bengal Small bodied black bird, good layer 

Kadakanath Madhya Pradesh Known as Kalamasi and characterized by presence of black 

pigments on external and internal surfaces 

Faverolla Kashmir Small sized birds, small comb and wattles. Feathered 

Comb is the peculiarity of this breed 

Miri Assam A small sized black bird, mostly reared by Miri tribes of 

Assam 

Naked Neck Hot and humid 

coastal regions and 

North Eastern states 

Birds are characterized by having no feather or small tuft 

of feather on the neck. The birds are well adapted to high 

temperature due to better heat dissipation mechanism 

Punjab 

Brown 

Punjab and Haryana Heavy breed, brown plumage, yellow beak, legs and feet 

Tellichery Kerela Small bird, black skin, plumage range from black to grey 

in color or various combination of color 

Titri - Small bird, speckled black and white feathers, yellow beak 

and legs 

Teni All parts of country It is a small bird, active forager and excellent sitter. It 

tolerates high temperature 

Nicobari Nicobar group of 

isolands 

Small size birds, short legs, compact and round body, stout 

back, brown matte colored plumage, good layer 

Genetically superior poultry strains developed in public sector 

Name of commercial stock Type of stock Name of the Institute 

ILI 80 (White egger) Commercial layer Central Avian Research Institute, Izatnagar 

ILM 90 (White egger) Commercial layer Kerala Agricultural University, Mannuthy 

ILR 90 (White egger) Commercial layer Andhra Pradesh Agricultural University, 

Hyderabad 

HH 260 (White egger) Commercial layer Central Poultry Breeding Farm, Bangalore 

BH 78 (White egger) Commercial layer Central Poultry Breeding Farm, Bombay 

Kalinga Brown (Brown egger) Commercial layer Central Poultry Breeding Farm, 

Bhubaneswar 

CARI Gold 92 (Brown egger) Commercial layer Central Avian Research Institute, Izatnagar 

CARI-RAINBRO (B-77) 

(Colored Plumage) 

Commercial 

Broiler 

Central Avian Research Institute, Izatnagar 

IBL 80 (Colored plumage) Commercial 

Broiler 

Punjab Agricultural University, Ludhiana 

IBB 83 (Colored plumage) Commercial 

Broiler 

University of Agricultural Sciences, 

Bangalore 

CARIBRO-VISHAL (91) 

(White plumage) 

Commercial 

Broiler 

Central Avian Research Institute, Izatnagar 

CARIBRORANGEELA 

(Multicolored Plumage) 

Commercial 

Broiler 

Central Avian Research Institute, Izatnagar 
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CARIBROMRITUNJAI (CARI 

Naked Neck) 

Commercial 

Broiler 

Central Avian Research Institute, Izatnagar 

Poultry germplasm for the rural-based poultry production 

Name Type Characteristics Developed at 

56-day body 

wt. (kg) 

Feather color Purpose 

Vanraja Breed cross 1.40 Graded brown Dual/meat PDP, 

Hyderabad 

Giriraja Breed cross 1.53 Graded brown Dual/meat Bangalore 

AVM colored Breed cross 1.05 Mixed Meat Coimbatore 

Croiler Synthetic 1.20 Graded brown Meat Keggs, Delhi 

Maines T Synthetic  0.70 Mixed Tandori Hyderabad 

Krishipriya Breed cross 0.90 Graded brown Dual Kerala 

Grampriya Breed cross 1.00 Wheatish brown Dual PDP, 

Hyderabad 

Krishna J Synthetic  0.60 Mixed Egg Jabalpur 

CARI-Gold Breed cross 1.00 Brown Dual Izatnagar 

High yielding Germplasm (other than broiler and layer chicken) developed at CARI, 

Izatnagar 

Germplasm Developed Plumage  Utility Performance Status 

Desi type (cross) 

CARI-Nirbhik (Aseel Cross) Colored Backyard 190 eggs/year and plentiful meat 

CARI-Shyama (Kadaknath Cross) Colored Backyard 210 eggs 

UPCARI (Frizzle Cross) Colored Backyard 220 eggs, Adopted to hot climate 

HITCARI (Naked neck Cross) Colored Backyard 220 eggs, Adopted to hot climate 

Quail (Japanese) 

CARI-Shweta White Meat type 165 g at 5 wk, 245 eggs/year 

CARI-Uttam Wild Meat type 182 g at % wk, 285 eggs/year 

CARI-Ujjwal White 

breasted 

Meat type 167 g at 5 wk, 270 eggs/year 

CARI-Pearl Wild Egg type 113 g at 5 wk, 280 eggs/year 

Guinea Fowl 

Guncari-Swetambri White Meat Body weight of 964.1 g at 12 weeks. 

Guncari-Kadambri Pearl Meat Body weight of 1084.2 g at 12 weeks 

Guncari-Chitambri Lavender Meat Body weight of 1068.6 g at 12 weeks 

Turkey 

CARI-Virat White Meat Body weight at 

-8th wk, M- 1860 g; F-1750 g 

-16th wkM- 4640 g; F-3123 g 

-24th wkM-6123 g; F-3957 g 

Source: Saran et al., 2005 

Application of nano-technology in forestry for efficient utilization of 

resources and enhanced productivity 

Praveen Kumar, N.R. Panwar and R.C. Kasana 
ICAR-Central Arid zone Research Institute, Jodhpur - 342 003, Rajasthan 
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Nanotechnology is a term frequently used in recent years to describe an interdisciplinary 

set of technologies that deal with objects with sizes of 1-100 nm in at least one of their 

dimensions (a nanometer is one-billionth of a mater). Such technologies are also used to 

manipulate matter at the atomic and molecular scale and develop materials and/or devices 

in this range. The nano revolution (the science that works at the nanoscale) is happening 

because (i) the properties of nanoparticles (NPs) may differ in important ways from the 

properties of bulk materials and single atoms or molecules (ii) the nanoscale may be 

considered as the dimension where the surface effects are predominant compared to bulk 

volume effects (iii) unusual physical, chemical and biological properties can emerge in 

materials at the nanoscale (iv) matter behaves differently at the nanoscale, where the laws 

of quantum physics apply and objects can change size, shape, and identity (phase 

transformation) easier than at other scales. The ability to organize, characterize, and 

manipulate matter at the nanoscale has launched a revolution in science, engineering and 

technology. These unique properties are what make potential nanomaterials and 

nanotechnology so promising to scientists and engineers. With careful attention to potential 

risks and promising rewards, nanotechnology has massive potential to drive global 

economic growth. 

The world's forests and oceans are natural regulators of carbon dioxide in the atmosphere 

and forest products industry is an approximately $260 billion sector in the U.S. economy. 

Forest product industry relies on the vast renewable resource of trees to manufacture 

products like lumber, panel products, paper and paperboard apart from wood. It provides 

base for a range of manufacturing activities. Further, even if only the formally recognized, 

officially reported monetary contributions, of forests to the economies of the developing 

world are taken into account, they exceed US$ 250B - easily more than double the flow of 

total development assistance and more than the annual global output of gold and silver 

combined (Anonymous, 2009). These direct, cash exchange‐based contributions of forests 

represent approximately 1% of the global output. 

Wood directly and cellulose indirectly are the major products of the forest. Fibrous nature 

of wood has made it one of the most appropriate and versatile raw materials for a range of 

products. Two properties, (i) dimensional changes when subjected to fluctuating humidity 

and (ii) susceptibility to biodegradation by microorganisms however, restrict its wider use. 

Also the cellulose produced in the forests can be converted to a range of compounds. 

Nanotechnology can help to further enhance the enormous potential of trees by two ways: 

(i) enhancing growth of trees and (ii) improving quality, usability and residence time of lingo-

cellulosic products obtained from forests. Therefore, enhancing forest growth, better 

utilization of wood and cellulose using nano-technology are the focal area of this 

presentation  

Nano-technology for enhancing plant growth 

Studies on effect of nano-particles on growth of forest plants are scarce therefore the effect 

of nano-particles on lower and higher plants was considered to draw some generalization. 

Response of plants to nanomaterials varies with the type of plant species, their growth 
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stages and the nature of nanomaterials (NPs) and have been extensively discussed by Aslani 

et al. (2014).  

Lower plants: Potential negative impact of engineered metal nanoparticles C60 fullerens 

on rhizobacteria have been reported. This might be due to antioxidant behavior of fullerens, 

which generate reactive oxygen species causing disruption of membrane lipids and DNA. 

Silver nanoparticles (SNPs) have also been shown to have powerful bactericidal properties 

even in far lower concentration. SNPs damaged and pitted the cell wall of E. coli and 

accumulated in the cell wall, leading to increased cell permeability and ultimately cell death. 

Other reports suggest bactericidal effect of nano-silver by destroying the enzymes that 

transport the cell nutrient and weakening the cell membrane or cell wall, leading to 

increased cell permeability and cell death. Ag NPs impaired the stages of cell division and 

caused cell disintegration. Toxic effect of titanium nano particles have been reported on 

algal population (Hund-Rinke and Simon, 2006). Various other studies have also pointed 

out the potential for hazardous effects at lethal and sublethal levels (e.g., behavior, 

reproduction, growth, and development) towards the production of reactive O2 species, 

inflammatory responses, and cytostatic effects. This is supported by some of the studies on 

the potential effects on the movement of ENs to embryos, accumulation, and food chain 

transfer (Stamm et al., 2012; Kreider and Halperin, 2010; Musee, 2011). 

Higher plants: Root tips and hairs of higher plants can secrete large amounts of mucilage, 

coating the root surface. This mucilage is a highly hydrated polysaccharide, probably a 

pectic substance, which might contribute to the adsorption of nano-particles (NPs) on the 

root surface. Rhizosphere solution, containing root exudates, may change property and 

behavior of NPs. The high active reaction occurring on the root-solution interface could 

make the adsorbed NPs on the root surface dissolve and transport into the root. 

Additionally, NPs may exert that influence through the effect on rhizo bacteria. Both 

negative and positive effects of NPs on higher plants have been reported. Corn, cucumber, 

soybean, cabbage, and carrot showed negative effects of NPs (Begum et al., 2011). On the 

other hand, there have been reported the positive effects of NPs on plants. For example, 

several articles have shown that nano-sized TiO2 can have a positive effect on growth of 

spinach when administered to the seeds or sprayed onto the leaves. Under light, nano-TiO2 

is able to generate superoxide ion radical and hydroxide. These active oxygen species can 

be effective antimicrobial agents. Photo sterilization by nano-TiO2 could, perhaps, be the 

cause of increased strength, resistance to stress thus improving the growth and 

development of plants. Also Nano-TiO2 could increase light absorbance, accelerate the 

transport and transformation of the light energy, protect chloroplasts from aging, prolong 

the photosynthetic time of the chloroplasts and might accelerate electron transport and 

oxygen evolution. But effect of nano-particles on plant still largely remains inconclusive 

(Lombi et al., 2012). 

Nano-technology in better utilization of wood  

The varying moisture content of wood results in dimensional and conformational instability 

and compromise performance of the products. Until relatively recently, these shortcomings 

were addressed by impregnating wood with appropriate hydrophobes but of late nano 
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materials are being used to modify or enhance selected properties of wood more or less 

permanent fashion (Clausen et al., 2010; Mantanis and Papadopoulos, 2010a, b; Sahin and 

Mantanis, 2011; Moon et al., 2006; Wegner and Jones 2005a,b).  

In recent years, nano-size oxides such as Ti02, ZnO, and Ce02 have been used to protect 

wood against UV radiation provide long term protection to wood. In coatings, nano titania 

is also being studied as a replacement for organic UV stabilizers like hindered amines. 

Comparable or better behavior of nano-size (6-92 nm) rutile and anatase titania, as a UV 

absorber in water based acrylic vis a vis isocyanate based acrylic coatings has been reported 

(Fernando, 2009). ZnO is a good broad-band UV absorber whereas Ce02 is more efficient in 

UV-B region and both these materials can be used in waterborne as well as in solvent based 

systems. 

Nano-technology for improved utilization of ligno-celluloses 

Lignocelluloses are one of the most abundant biological raw materials. Cellulose has unique 

tensile properties and in its pure form it can create fibers that are as strong or stronger 

then Kevlar® (Cellulose = 70 to 137 GPa, Kevlar = 100 GPa). Structure of wood is the result 

of the cellulose nanofibrils forming liquid crystal arrays under the influence of the 

hemicellulose. These interactions are typically non-covalent, such as hydrogen bonding and 

Van der Waals forces, but because of the extremely small size, the interactions add up to 

provide a high degree of strength. Wetting and surface area play key roles in the formation 

of high strength interfaces between the matrix, matrix components, and cellulose. 

Nanomaterials can provide unique levels of surface area for the formation of chemical 

bridges between the cellulose, the matrix, and other fillers used. The strength of cellulose 

composites is influenced by the chemical interface and cellulose particle geometry. 

Interfacial interactions are governed by adhesion, water sorption, durability, and processing 

of the material. Cellulose derivatives can also be combined with nanomaterials and used in 

conjunction with cellulose fibers, or other fibers to form nano-composites, after clear 

understanding the self-assembly process and non-covalent, interactions leading to the 

structure of wood, including, ways to modify the side chains of inorganic compounds, such 

as siloxanes, silanes, or sodium silicates to link the cellulose fibers through Si-OH bonds 

forming an organic/inorganic matrix (Wang et al., 2007; Wang and Sain, 2007; Bhatnagar 

and Sain, 2005). However, potential of cellulose as a nanomaterial and their interaction 

with other nanomaterials remain largely unexplored. By harnessing the potential of the 

combination of trees and nanotechnology a variety of benefits for sustainable energy 

production, storage and utilization as well as new approaches for producing engineered 

wood- and fiber-based materials is possible (Gardner and Han, 2012). New or enhanced 

wood-based nanomaterials and products could also offer cost-effective and provide 

sustainable substitutes for non-renewable materials used in the manufacture of metallic, 

plastic, or ceramic products. Some of the uses are discussed below: 

1. Improving the strength/weight performance of paper and wood-based structural 

materials: It would increase efficiency of wood use and reduced volumes of materials 

being processed with proportional decreases in energy and environmental footprints. It 

would substantially reduce mass of non-recoverable paper and other products ending up 
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in landfills and would replace non-renewable materials in a wide range of markets with 

sustainable and renewable materials made from wood-based alternatives, reduce energy 

costs for shipping and transporting materials (e.g.structural products, packaging, mail, 

books, magazines, etc.).  

2. Reduction of decay period of wood by controlling water/moisture interactions with 

cellulose: Understanding and manipulating the interactions between water and 

wood/paper will permit huge reductions in energy and water usage in processes by which 

products are made. It will result in the more economical (effective and efficient) use of 

the raw materials in a broad base of new and existing products. It also will enable the 

substitution of products based on a sustainable renewable resource for some of the 

products derived from a more limited and less environmentally friendly material such as 

petroleum. It will make products more durable and resistant to mold and decay, and 

reduce the need for failure-related replacement of products under high moisture end use 

conditions. 

The response of wood’s and wood-based material’s lignocellulosic composite structure to 

moisture (both liquid and vapor) is due almost entirely to the super molecular structure 

of its biopolymers (i.e., cellulose, hemicelluloses and lignin), the nanoscale structures 

that comprise the wood fiber, and the hierarchical characteristics of these nanoscale 

structures in cell walls. Elementary nanofibrils, which have cross-section dimensions of 

about 3 - 5 nm are composed of cellulose polymer chains arranged in ordered (crystalline) 

and less ordered (amorphous) regions. The nature of these structures greatly influence 

the way in which the woody plants respond to moisture. Thus by controlling nanoscale 

cellulose/water interactions improved products can be prepared and more efficient and 

effective processes can be developed.  

3. Producing hyper-performance nanocomposites from nanocrystalline cellulose: 

Combining wood-base with nanoscale materials has the potential to develop new or 

improved composite materials with unique multifunctional properties. Properties which 

may undergo substantial improvements include mechanical properties (e.g. strength, 

dimensional stability), thermal stability, chemical resistance, surface appearance, optical 

properties and electrical conductivity. If these improvements can be achieved, they will 

lead to a reduction and far more economical use of raw materials in a broad base of new 

and existing products such as paper products and paperboard packaging. It will also 

reduce or eliminate creep under load experience by composites. Higher performance, 

lighter weight structural materials will be much more durable and will not need to be 

replaced as frequently and can be tailored to meet unique end use performance 

requirements. This will also allow substitution of sustainable lightweight materials for 

non-sustainable materials in a wide array of end uses. Some such products are 

mentioned below:  

(a) Cellulose nanocrystal filmswithceramic-like thermal expansion: The coefficient of 

thermal expansion is important characteristics of material in electronics industry where 

thermal mismatches may cause failure of components such as electrodes, and 

composites where thermal mismatches cause dimensional shape changes. One of the 
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unique properties of cellulose nanocrystals (CNC) are their low dimensional change with 

changes in temperature. Therefore, CNCs are being used as substrates in some specified 

areas in electronics and as fillers in composites. Thin films with 100 percent CNCs have 

been shown to be metal-like in their coefficient of thermal expansion (i.e. 25 ppm/K). By 

using shear based casting techniques it is possible to get preferential alignment of the 

CNCs, and in the direction of CNC alignment it is possible to get ceramic-like CTE (i.e. 9 

ppm/K).  

(b) Cellulose nanofiber composites can serve as substrate for flexible electronics: 

Flexible electronics have many potential applications including malleable displays, solar 

cells, smart cards, radio frequency tags, medical implants, and wearable computers. 

Transparent films made from cellulose nanofibers, a renewable nanomaterial, have low 

thermal expansion and thus the potential to serve as a foundation for flexible electronics. 

Current work with high-speed, flexible electronic substrates uses plastics for the flexible 

substrate. These plastics typically have drawbacks, however, such as high thermal 

expansion coefficients. Transparent films made from cellulose nanofibers, a renewable 

material using the smallest workable particles of wood, have low thermal expansion, and 

thus, the potential to serve as a superior substrate for flexible electronics. Researchers 

from the Forest Products Laboratory and University of Wisconsin, Madison, have 

demonstrated the first example of using cellulose nanofiber composite substrates for 

flexible electronics. Although some challenges remain, the cellulose nanofiber composite 

showed good chemical and thermal resistance, which is necessary for electronic 

fabrication, and the use of cellulose nanofibers as a sustainable component for high-

speed flexible electronics is extremely promising. 

(c)  Removing organic compounds from water with reusable nanofiber films: 

Researchers at Purdue University have developed cellulose nanofibers (CNF) for 

engineering a variety of hybrid inorganic-biological materials. Functional films with 

potential applications in water decontamination have been produced with the 

incorporation of silver, gold and titanium dioxide nanoparticles with CNF. Composite 

films of titanium dioxide-CNF were shown to be strongly photo-catalytically active in 

ultraviolet light, and subsequent modification with gold and silver nano-clusters were 

shown to enhance photo-catalytic efficiency in visible light. Additionally, gold and silver 

modifications improved the reusability of the titanium dioxie-CNF films by minimizing 

mechanical deterioration. 

Many revolutionary products from cellulose nanomaterials can be produced either with new 

or existing manufacturing infrastructure and bring new jobs to rural areas. In addition to 

the potential for a dramatic impact on the national economy (estimated to be $600 billion 

worldwide by 2020), wood-based nanotechnology creates a pathway for expanded and new 

markets utilizing renewable forest-based nanomaterials, thereby helping accelerate the 

restoration of environment. But lignocelluloses are some of the most poorly defined plant 

cell wall component. They are highly cross-linked polymer composed of phenylpropene 

monomers (p-coumaryl, coniferyl, and sinapyl alcohols), celluloses and hemicelluloses. 

Thus even-though theoretically possible major scientific and engineering breakthroughs will 
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be required to take advantage of the opportunities that nano science offers the forest 

products industry. 

References 

Anonymous 2009. Critical nanotechnology needs in forest product industry -White Paper. Agenda 

2020-Technology Alliance, Washington USA 

Aslani, F., Bagheri, S., Julkapli, N.M., Juraimi, A.S., Golestan Hashemi F.S. and Baghdadi, A. 2014. 

Effects of Engineered Nanomaterials on Plants Growth: An Overview. The Scientific World 

Journal 2014 Article ID 641759 .doi.org/ 10.1155/2014/641759 

Begum, P., Ikhtiari, R. and Fugetsu, B. 2011. Graphene phytotoxicity in the seedling stage of 

cabbage, tomato, red spinach, and lettuce. Carbon 49: 3907-3919. 

Bhatnagar, A. and Sain, M. 2005. Processing of cellulose nano-fibre -reinforced composites. Journal 

of Reinforced Plastic Composites 24: 1259-68 

Clausen, C.A., Green, F. and Nami Kartal, S. 2010. Weather ability and Leach Resistance of Wood 

Impregnated with Nano-Zinc Oxide. Nanoscale Res Lett 5:1464-1467 

Fernando, R.H. and Sung Li-Piin (2009) Nanotechnology Applications in Coatings, ACS Symposium 

Series; American Chemical Society, Washington, DC. 

Gardner, D.J. and Han, Y. 2012. Nanotechnology applications in forest production: current trends. 

Proceedings of 55th International Convention of Society of Wood Science and Technology, 

August 27-31, 2012, Beijing, China 

Hund-Rinke, K. and Simon, M. 2006. Ecotoxic effect of photocatalytic active nanoparticles (TiO2) on 

algae and daphnids. Environmental Science and Pollution Research 13: 225-232. 

Kreider, T. and Halperin, W. 2010. Engineered nanomaterials: learning from the past, planning for 

the future. Journal of Occupational and Environmental Medicine 53: S108-S112  

Lombi, E., Nowack, B., Baun, A. and McGrath, S.P. 2012. Evidence for effects of manufactured 

nanomaterials on crops is inconclusive. Proceedings of the National Academy of Sciences of 

the United States of America, vol. 109, no. 49, Article ID E3336, 2012.  

Mantanis, G.I. and Papadopoulos, A. 2010a. Reducing the thickness swelling of wood-based panels 
by applying a nanotechnology compound. European Journal of Wood & Wood Products 68: 237-

239 

Mantanis, G.I. and Papadopoulos, A. (2010 b) The sorption of water vapour of wood treated with a 
nanotechnology compound. Wood Science and Technology 44(3): 515-522. 

Moon, R.J., Frihart, C.R. and Wegner, T.H. 2006. Nanotechnology applications in the forest products 

industry. Forest Products Journal 56 (5): 4-10.  

Musee N. 2011. Nanowastes and the environment: potential new waste management paradigm. 

Environment International 37:112-128.  

Sahin, T.H. and Mantanis, G. 2011b. Nano-based surface treatment effects on swelling, water 

sorption and hardness of wood. Maderas. Ciencia y tecnologia 13: 41-48 

Sahin, T.H. and Mantanis, G. 2011a. Color changes in wood surfaces modified by a nanoparticulate 

based treatment. Wood Research 56: 525-532 

Stamm, H., Gibson, N. and Anklam, E. (2012) Detection of nanomaterials in food and consumer 

products: bridging the gap from legislation to enforcement. Food Additives and Contaminants 

A, 29: 1175-1182. 

Wang, B. and Sain, M. 2007. Disperssion of soybean stock based nano-fiber in plastic matrix. 

Polymer International 56: 538-546. 

Wang, B., Sain, M. and Oksman, K. 2007. Study of structural morphology of hemp fiber from micro 

to nano scale. Applied Composite Materials 14: 89-103. 

http://www.hindawi.com/60640498/
http://www.hindawi.com/90670913/
http://www.hindawi.com/58047318/
http://www.hindawi.com/36301701/
http://www.hindawi.com/14346026/
http://www.hindawi.com/36134582/


 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

208 
 

Wegner, T.H. and Jones, P.E. 2005. Nanotechnology for forest products. Part 1. Solutions for people, 

processes and paper, Solutions - for People, Processes and Paper (July 2005): 44- 46.  

Wegner, T.H. and Jones, P.E. 2005. Nanotechnology for forest products. Part 2. Solutions for people, 

processes and paper, Solutions - for People, Processes and Paper (July 2005): 43- 45. 

 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

209 
 

Scope of renewable energies in cold arid region 
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Introduction 

Energy and food are the two main requirements for human civilization; however the 

demands for these two resources are increasing in a fast rate. About 12% of electricity 

production capacity in India is met through renewable energy sources. In India, national 

solar mission was launched in November 2009 with a target of 4000 MW grid and 1000 MW 

off-grid electricity generation from solar energy by the end of phase II (2013-2017), whereas 

these targets are 20,000 MW and 2000 MW, respectively by 2022. The target has been 

revised in 2015 to a total grid connected solar power generation of 1,00,000 MW comprising 

of 40,000 MW roof top generation and 60,000 MW grid connected solar power plants 

(Resolution of MNRE, Govt of India, No. 30/80/2014-15/NSM dated 1st July 2015). 

Table 1. National solar mission targets 

Application segment Target for Phase I 
(2010-13) 

Target for Phase II 
(2013-17) 

Target for Phase III 
(2017-22) 

Grid connected 

solar power 

generation 

1,100 MW 4,000 MW 1,00,000 MW* 

Off-grid solar 

applications  

200 MW 1,000 MW 2,000 MW 

Solar thermal 

collectors 

7 million sq. m. 15 million sq. m. 20 million sq. m. 

Solar lighting 
systems 

5 million 10 million 20 million 

        *Revised target, Source: Ministry of Renewable Energy Sources, Govt. of India 

As on 31st March, 2015.grid connected solar power plant installation in the country is 3077 

MW and off-grid installation including solar pumps, solar lighting system, decentralized 

system is368.7 MW. India was ranked 4th in the world for new capacity addition in 2011 

with a total installed capacity of 7.37 million sqm metres equivalent to 5144 MWth. 

Achievement in capacity addition in the year 2012-13 was 1.4 million sqm equivalents to 

980 MWth. The growth is largely supported by India’s own ambitious mission to promote 

the use of solar energy under the Jawaharlal Nehru National Solar Mission (JNNSM). The 

target set under JNNSM by the year 2022 is 20 million sqm of solar thermal 

collector area. Given the extreme climatic conditions of the Ladakh region, with water and 

space heating a constraint during the long winter months, application of solar PV and 

thermal technology will largely benefit the entire Leh district. 

At an annual rate of increase of 7%, power requirement in Ladakh is set to swell to 140.5 

MW by 2025. Currently, 8000 litres of diesel are needed to generate sufficient power for a 

day’s consumption in Ladakh, and all of this fuel if imported from outside. Supplying power 

to isolated remote areas specifically during winter season is aformidable challenge, and it 

is virtually impossible to do so by the use of transmission lines from a centralised grid, 

which is neither a technically feasible nor an economically viable option. Solar energy is 
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obviously the most potent form of renewable energy that Ladakh can tap for its needs. Micro 

hydel projects also hold a lot of promise for Ladakh. Another potential sources of renewable 

energy in Ladakh are geothermal energy and wind energy. Apart from relying on renewable 

energy for most of Ladakh’s power needs, we also need to foster a culture of energy 

conservation in Ladakh. Under this strategy, energy efficient equipment should be used as 

often as possible. From incandescent lamps or CFL lamps, there is a need to shift towards 

energy efficient lamps like white light emitting diodes (LEDs).  

Availability of solar energy in Leh 

Solar radiation available in Leh is plenty. Average annual solar radiation is about 5.54 kWh 

m-2 day-1, however the maximum amount of radiation is received during the month of 

September. Average monthly variation of solar radiation in Leh is presented in Fig. 1. 

Average solar radiation on a tilted surface with a tilting angle of 35 is about 6.36 kWh m-2 

day-1. 

 
Fig 1. Availability of solar radiation in Leh 

 
Ambient temperature in Leh remains sub-zero for most period in a year and reaches to a 

low of about -28C during January-February. Average hourly variation of temperature in 

Leh is presented in Fig. 2. 

Solar energy applications 

There are three primary groups of technologies that convert solar energy into useful forms 

for consumption. 

Solar PV technologies consist of semiconductor or other molecular devices called 

photovoltaic or solar cells that convert sunlight into direct current (DC) electricity. PV 

modules consist of multiple cells assembled on a common platform, connected in series and 

sealed in an environmentally protective laminate. If the power provided by one PV module 

is not enough, then multiple modules are linked together to form an array to supply power 

ranging from a few watts to many megawatts. In addition to the modules, other components 

0

1

2

3

4

5

6

7

8

S
o
la

r 
ra

d
ia

ti
o
n

 (
k

W
h

/m
2
/d

a
y
)



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

211 
 

(for example, inverters, batteries, charge controllers, wiring and mounting structure) maybe 

required to form a complete PV system.  

 

 
Fig. 2. Average hourly variation of temperature in a year at Leh. 

Solar thermal technologies heat water or air, and other possible working fluids, for non-

electricity uses of energy. Solar water heaters can displace conventional electrical water 

heaters in homes and in commercial establishments. Hot-air-based thermal collectors can 

displace fossil fuel use in cooking, agricultural drying and more generally in industrial heat 

processing. In India, solar water heaters have been commercialized and are an economically 

viable option for many regions. Other applications are still in nascent stages. 

Concentrated solar thermal power technologies first convert solar energy into heat energy 

and then into electrical energy. Most CSP technology options, namely, the parabolic trough, 

Fresnel mirror system and central tower, are meant for utility-scale use. Further, with 

thermal storage, these three CSP technologies can provide electricity several hours after 

sunset. However, a less proven CSP option, the Stirling engine system, can be used in 10 

to 25 kW decentralised applications, and can also be easily aggregated for utility-scale 

plants. Unlike other CSP technologies, this requires little water, but it also lacks inherent 

storage of thermal energy. 

Future scope of solar energy in Leh 

In the following sections, future scope of solar energy applications in Leh is discussed 

covering solar PV technology and solar thermal technology. 

Solar PV pumping system 

Irrigating crops at right time with right quantity is highly essential for sustainable food 

production, however is highly energy intensive. Electrified pumps or diesel operated pumps 

are mostly used for this purpose throughout the country, however, may be replaced with 

solar photovoltaic pumps to enhance the energy productivity. A solar PV system is mainly 

composed of i) PV panels (ii) mounting structure (iii) pump unit (AC/DC) and (iv) tracking 
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system. Sizing of PV panel depends on the capacity of pump to draw water. If the suction 

head is about 4-5 m, which is applicable in case of a surface water reservoir, 1 hp capacity 

pump is sufficient which require about 900 Wp panel in case of DC pump and 1400 Wp 

panel in case of AC surface pump. An example installation of 1hp solar pumping system 

with AC and DC pump is shown in Fig. 3. If the solar PV pump is to be used for drawing 

more deep water from wells or tube wells, panel size will be higher accordingly. The 

mounting structure for erecting the panels with an angle from horizontal surface, which is 

generally equal to the latitude of any place require strong mounting structure to withstand 

the wind forces. The pumps to be used in a solar pumping system may be either DC or AC 

type and surface or submersible type as per situation. As the PV panels generate DC 

current, additional DC-AC inverter system is required for AC pumping system. To track the 

panel perpendicular to the sun, tracking system is required. Two types of tracking system 

are available i) one axis tracking which tracks the solar panel as per azimuthal rotation of 

sun from east to west, ii) in additional to azimuthal rotation PV panels can be tracked as 

per zenith angle of sun using a two axis tracking system. Both manual and auto tracking 

system is available in the market however in case of auto tracking system there will be an 

additional cost of tracker. Cost of available solar PV pumping system in market with 3 hp 

capacity pump is about Rs 4.00 lakhs with additional cost of Rs 14,000/- for auto tracker 

and about Rs 8,000/- for providing lighting systems. 

 
Fig 3. solar photovoltaic pumps at experimental fields of Central Arid Zone Research Institute, 

Jodhpur, (a) solar pump with 1 hp AC motor and 7×200 Wp PV array,  

(b) solar pump with 1 hp DC motor and 4×230 WpPV array. 

Solar farming 

Installation of solar power plants for electricity generation require about 2 ha MW-1, however 

due to ever increasing pressure on land requirements, there is a need for their optimum 

and judicious use by integrating the cropping practices with the erection of PV arrays . 

Moreover, the problems of dust deposition on solar panels require regular washing with 

water, which is again a scarce resource in arid region. In addition, extending electric grids 

in isolated hamlets and farm fields is not economical and poses practical problems. In view 

of these problems, the concept of integrating solar power generation and agricultural 

farming for both grid connected and off-grid electricity generation may be introduced. In 

this system it is proposed to either ascertain a portion of land for erection of PV modules in 

a farmer’s field or introducing crop cultivation in the same piece of land where PV panels 

are erected for electricity generation purpose. By adopting such system, the risk of loss due 
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to crop failure during aberrant weather events may be marginalised in farm scale and may 

prove to be an effective drought proofing strategy.   

PV panels are placed in a solar power plant for electricity generation conventionally in long 

rows with sizeable areas left blank by default to avoid shading of one row by another. These 

inter- panel areas and below -panel areas can be effectively utilized for growing such crops 

that can tolerate certain amount of shade for different durations of the day. In arid zone 

this small amount of shading actually serves as a boon by stopping evaporation of water as 

well as reducing transpiration losses. Secondly, all solar PV plants in arid zone have a 

problem of deposition of a fine film of wind born sand on panels requiring a water spray to 

clean it. This water washes down the panel into the soil. Thus, there is an availability of 

partially shaded space and recurrently available washout water, which can both be 

harnessed for growing crops. Ideally, crops for these sites should be such that it is not taller 

than 50-70 cm, preferably perennial, spreading, and do not interfere in any way with the 

functional efficiency of solar power plant.  

Solar air heater for buildings 

In the cold arid region at Ladakh during winter, when the region facessub-zero 

temperatures, traditional and conventional indoor heating methods are adopted. People in 

residential buildings generally use crude heating devices such as bukharis (wood-burning 

stove), kerosene/wood stoves, and sometimes LPG to keep their homes warm during the 

harsh winter, when temperatures drop to as low as-28°C. Solar thermal systems offer a 

great potential for room heating in this cold arid region because availability of solar 

radiation in Ladakh is among the highest in the country. Use of solar thermal based room 

heating system will reduce dependency on conventional fuels for heating, efficiency of which 

may be increased by integrating it with a thermal energy storage and insulation of the 

houses. 

In the system, the heat needed to warm up the buildings is collected bya solar air heater on 

the roof of a house. The system heats up air during sunshine hours and the heated air is 

circulated inside the building through highly efficient fans powered by solar photovoltaic 

panels of 60 W each. The hot air circulated is used to heat up the pebble bed thermal energy 

storage under the floor of the building. This serves not only as a heat storage system, but 

also as an under floor heating system and heats the room directly. In extreme cold weather, 

the heated air can directly be circulated through the indoor and gives a warm effect 

instantaneously. To save the energy generated from the sun, the house is insulated for 

protection against external weather. The system can meet up to 97% of the average yearly 

heating demand at a room temperature of 15°C. Details of such air heating system may be 

found in Shukla (2014). 

Solar green house 

In cold arid region of Ladakh, it is very difficult to grow crops in open fields specifically 

during winter season when air temperature is sub-zero and snowfall occurs frequently. It 

is perceived that the greenhouse technology with controlled environment facilities may 

provide the required ambient temperature and other conditions suitable for crop production 

in Ladakh region. Practically, the technology should help maintain a temperature of about 
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20C (±5C) inside a structure when the outside temperature is about-40C. Since there is 

ample sunshine (3-7 kWh m-2 day-1) in the region for 300days in a year, harnessing this 

nonconventional resource, i.e. solar thermal energy for heating would be cost effective and 

eco-friendly. Polyhouse made of white transparent polythene generally makes the inside 

temperature warmer than outside, but when the outside temperature is below freezing then 

it is very difficult to maintain congenial environment for crop growth. Under such situation, 

heating inside the protected structure is required. It may be achieved by circulating the cold 

air through earth tube heat exchanger, which are generally placed underneath the soil 

profile at a depth 1-2 m, which generally remains warmer even during cold seasons. Forced 

circulation of air may be achieved through a solar PV operated DC fan. Otherwise, air may 

be heated using evacuated solar tube heating system, which may be further circulated 

inside the protected structure to maintain congenial environment. Suitable phase change 

material may also be used as heat storage material inside the structure to maintain suitable 

environment. 

Roof top PV system 

Roofs of building specifically the office buildings, hospitals, guest houses, hotels etc can be 

utilized to generate electric energy for their own use. In this system, PV panels are installed 

on the roof of a building with a tilting of about 35 facing towards south and are connected 

to a DC-AC inverter to supply electricity to the electric loads of a building. A battery back 

can also made to store the energy for off-time usage or even during periods in a day when 

sufficient sun radiation is not available as per attached load. An initial analysis has shown 

that a 4 kW roof top system can generate 6660 kWh electricity in a year at Leh (34.15N 

and 77.55°E). 

Solar PV duster/sprayer    

The solar PV duster (Fig. 4) essentially comprises a 

photovoltaic panel carrier, storage battery and 

especially designed compatible dusting unit. The PV 

panel is carried over the head with the help of a light 

PV panel carrier, which provides shade to the worker 

and simultaneously charges the battery to run the 

duster. The battery is stacked in a bracket, which is 

fixed in situ to the panel carrier.With this device one 

can dust insecticide powder at a rate up to 30-50 g 

min-1 on crop covering about 0.75 ha in 1 hour when 

wind speed is about 5 km h-1. ULV sprayer can also 

be run from the PV output to spray fluid insecticides. 

With additional components the PV system can also be used to operate a compact 

fluorescent lamp or LED for lighting. The cost of the solar PV duster is about Rs. 9000.  

 

Solar lighting system 

 

Fig. 4. Solar PV duster. 
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Solar lighting system or solar lantern is a stand-alone portable system consisting of 

CFL/LED light, battery, electronic system and a solar PV panel. Whenever the system is 

exposed to open sun radiation, it generates electric energy for lighting or to store the energy 

in battery. Generally, 8-12 Wp capacity PV panel is used with 12 V 7 AH battery storage in 

a solar lighting system. The system is very effective in remote areas, where electric supply 

for lighting or even other energy sources for lighting is scarce.  

PV winnower cum dryer 

The PV winnower cum dryer (Fig. 5) can be used for winnowing threshed materials in the 

absence of erratic and unreliable natural winds and also for dehydrating fruit and 

vegetables more effectively and efficiently.  

 

Fig 5. PV winnower cum dryer. 

The system comprises PV module and compatible especially designed winnower with dc 

motor-fan assembly. 35 to 50 kg grain could be separated with in 1 to 1.5 hours from 

threshed materials of pearl millet, mustard grain and cluster bean. The same fan of 

winnower is used in a dryer to use the system for dehydrating fruit and vegetables under 

forced circulation of air.Drying of mint, spinach, onion, mushroom, ber etc. can be 

accomplished with retention of color and aroma.  

Solar cookers  

Solar cookers can be used for boiling rice, lentil, vegetables; roasting groundnut, potato 

etc., baking vegetables and cooking local food and feed for animals. With the use of such 

cookers one can save about 30-40% of fuel requirement. Various types of CAZRI solar 

cookers are: solar oven, better for cooking food for a family quickly but requiring tracking 

of the device after every half an hour, double mirror box type solar cooker with sun tracking 

for extended time of three hours and a stationary cooker with optimised width to length 

ratio for using it without sun tracking.  

The solar cooker for animal feed employs locally available materials such as clay, horse 

excrete and pearl millet husk. The commercial material for its fabrication are plain glass, 

mild steel angle and sheet, wood and aluminium sheet cooking utensils. The cooker is 

capable of boiling 10 kg of animal feed, sufficient for five cattle per day. The efficiency of the 

cooker is 21.8%. The cooker saves 6750 MJ of energy per year.  
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Inclined solar dryer  

Solar dryer is a convenient device to 

dehydrate vegetables and fruits faster 

and efficiently under control conditions 

while eliminating the problems of open 

courtyard drying like dust 

contamination, insect infestation and 

spoilage due to rains. Among solar 

dryers like forced, natural, tilted and 

domestic type. CAZRI designed solar 

dryers, a low cost tilted type solar dryer, 

costing about Rs. 3500 per m2, has been 

extensively tested for drying onion, 

okra, carrot, garlic, tomato, chillies, ber, date, spinach, coriander, salt coated amla etc. The 

powdered products from some of these solar dried materials have been tested for instant 

use. Local entrepreneurs have adopted such inclined solar dryers (Fig. 6) of variable 

capacities (10-100 kg). One can save about 290 to 300kWh/m2 equivalent energy by the 

use of such dryers and farmers can accrue higher benefits from solar dried products.  

Solar water heaters 

Substantial amount of fuel can be saved by using solar waters heaters for domestic 

purposes like bathing, washing of clothes and utensils and in industries like textiles and 

dairy. The natural circulation type solar water heaters with flat plate collector have been 

installed in hotels, hostels, guest-houses etc. Collector-cum-storage solar water heaters 

reduces the cost, almost half of the cost of conventional solar water heater. Now evacuated 

tube collector type solar water heaters are available in market and can be used in hotels, 

guest houses etc. 

Integrated Solar Devices  

With a view to using the same device throughout the 

year for one or other purposes, dual and multipurpose 

solar energy appliances have been developed at CAZRI, 

Jodhpur. A solar cooker cum dryer can cook food for 4-

5 persons without sun tracking and in this dual 

purpose device fruit and vegetable can also be 

dehydrated. Integrated Solar Device (Fig. 7) is unique 

three in one solar device, which can be used to cook 

food round the year. The geometry of the device enables 

one to cook food for a family without sun tracking. 

Further the device can produce hot water of 50-60oC 

utilising the low altitude position of sun during winter 

and thus having energy gain both from top and front 

windows. The device can also be used for drying fruit 

and vegetables for their use in off- season.The main 

 
Fig 6. Inclined solar dryer. 

 

Fig 7. Integrated three in one 

solar device. 
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feature of the device is that during dehydration the water also gets heated and the 

dehydration process continues even in night and simultaneously the temperature of the 

product is regulated for optimum dehydration of fruit and vegetables.  

Conclusion 

Energy forms an integral part of Ladakh’s physical infrastructure set-up. There is a great 

shortage of power in the region, constraining the development of all other sectors in turn. 

Solely depending on the fossil fuel based energy, which again very scare throws up a host 

of problems, including environmental degradation and economic unsustainability. 

Moreover, it is very difficult to supply power through gridded network in remote areas of 

Ladakh. Several future renewable energy utilization options are discussed here, which can 

be exploited in Ladakh and several of discussed technologies here can suitably be adopted 

by people in rural areas.  
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Biodiversity informatics for cold deserts 

A. Arunachalam1, K. Arunachalam2 and J.P. Mishra3 
1Indian Council of Agricultural Research, KrishiBhawan, New Delhi 110 001 

2School of Environment & Natural Resources, Doon University, Dehradun 248 001 
3NITI Ayog, Government of India, New Delhi 110 001 

 
Cold deserts have been vital in maintaining the ecological stability of the greater Himalayas 

and livelihoods of human in the region has been dependent earlier on nomadism and 

pastoralism. However, the present day development scenario has enabled human 

settlements in this difficult area, and warranted agricultural development, apart from 

mundane livelihoods from the natural resources. In this regard, importance of biodiversity 

need not be reiterated, as it has cultural impediments and rich traditional knowledge 

system to add value to it. While we document biological diversity and understand its 

dynamics as influenced by human utilization pattern and also natural causes, it is also 

extremely important that we initiate a program to augment the scientific information on the 

above into a user-friendly and dynamic datasets, particularly by using web-GIS technology 

that could be effectively used for both assessment also for setting conservation and/or 

development priorities. For this, we need to build the capacities of human resources to 

enable them to undertake biodiversity informatics in the country at large, and for strategic 

areas such as cold deserts. 

 

Performance evaluation of almond genotypes in Kashmir valley 

N. Ahmed, Megna Rashid and J.I. Mir 
ICAR-Central Institute of Temperate Horticulture  

Old Air Field, Rangreth, Srinagar - 190007 

 

Almond (Prunus dulcis L) is one of the important temperate nut crop of India mainly grown 

in the state of Jammu and Kashmir.Due to its high nutritive value and favorable effect on 

human health, its demand is increasing both domestic and international markets. Inspite 

of having good climatic conditions and India imports a huge quantity of almond worth 1200 

crores annually. Its productivity is quite low due to lack of high yielding soft shelled 

cultivars. With objective to find out superior cultivars for the region, an evaluation 

experiment on was carried out at Experimental Farm of ICAR-Central Institute of Temperate 

Horticulture, Srinagar involving twenty eight genetically diverse indigenous and exotic 

genotypes for consecutive three years (2009-2011) for various economic traits.A large 

variability for maturity, nut and kernel traits, duration of blooming period(short, medium, 

long), harvest maturity (early medium, late), ease of hulling (easy, intermediate ,difficult), 

nut shape (elongated, ovate, oblong cordate), shell color intensity (extra light, light,dark) 

marking on outer shell (without pores, sparsely pored Intermediate, densely pored, scribed) 

softness of shell (very soft, hard, semi hard, soft, extremely hard) kernel colorintensity (light, 

amber, dark amber) nut and kernel weight(g) length, width and thickness(mm) was 

observed.During the study 18 elite almond cultivars with superior nut and kernel quality 

were identified for temperate region of Kashmir Valley. 
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Rodent diversity in Leh-Ladakh 

Vipin Chaudhary, R.S. Tripathi and Surjeet Singh 
ICAR-Central Arid Zone Research Institute, Jodhpur 

 

Survey of rodents in crop fields, grasslands, horticultural plantations and godowns located 

at various altitudes in and around Leh was carried out for understanding the rodent species 

distribution and composition in cold arid ecosystem of Leh. Little Indian field mice, Mus 

booduga (gray) weighing 20-30 g with tail slightly shorter than head body was trapped from 

the crop fields (wheat, barley, oats, alfa alfa and vegetables viz., potato, onion, cabbage, 

cauliflower, broccoli, cucurbits etc. grown at different altitudes ranging between 11000 to 

12000 feet above MSL). The same mice were also encountered under stacks of harvested 

crops maintained in the fields for post-harvest storage. Damage due to presence of mice 

was estimated to be 5 kg ha-1 day-1. The burrow system of mice was very simple and shallow 

with 15-20 cm depth and 60-75 cm long with two burrow openings, one for entrance and 

other for exit. Each burrow system was occupied by 2-5 animals. In godowns and shops in 

Leh city a medium size rodent, Turkistanicus rat, Rattus pyctoris (Hodgson) (Rattus 

turkestanicus Satunin) weighing 150-200 g with tail as long as head body were trapped. The 

burrows were shallow up to 8 cm deep spread in 8-10 m length with several intermediate 

openings. A single burrow system was generally occupied by a pair of vole. Another rodent 

species, Himalayan marmot, Marmota himalayana (Hodgson) was also observed sharing the 

same habitat as that of voles, however, their burrows were well separated and they were 

encountered up to altitude of 17500 feet. The burrow system of marmots was very extensive 

spread in an area of 15-20 meters with 4-5 openings. A single burrow system is usually 

occupied by a single marmot. Young ones remain with the mother and share the same 

burrow system.The study thus revealed presence of at least four rodent species in the cold 

arid regions of Leh, which included two murids (M. booduga and R. pyctoris) one cricetid (P. 

leucurus) and one sciurid fauna (M. himalayana). 

 

Performance of different genotypes and change of genetic parameters of leaf 

yield over different environments in henna (Lawsoni ainermis) 

S.K. Jindal and Anjly Pancholy  

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

 

Henna (Lawsoni ainermis L.), leaf based dye yielding perennial crop of Rajasthan, is mainly 

grown in Pali district. Cuttings from twenty shrubs selected on the basis of high leaf yield, 

minimum flowering and fruiting, free from insect pests, etc were collected from Gujarat and 

Rajasthan. Cuttings were rooted and the plants were evaluated during 2004 to 2014 in RBD 

with three replications for dry leaf yield. Mean rainfall during the period was 338.6 mm. The 

differences among the clones were highly significant. Mean dry leaf yield plant-1 was 44.8 g, 

ranging between 11.7 g during 2009 and 72.6 g in 2004; 14.7 g for Accession Jodhpur and 

80.5 g for Khedbram (averaged over ten years). Average performance of the clones from 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

222 
 

Rajasthan performed better than those from Gujarat, and during 2009 and 2012 the 

differences were significant. Coefficients of variation of leaf yield were more than 60.0% in 

genotypes Amirgarh, Anand and Sojat showing that these genotypes were not stable. The 

relationships of dry leaf yield with rainfall in all the genotypes were positive and the 

magnitude of relationship was maximum for Accession Sojat, showing that 44.7% of the 

variation in leaf yield of this Accession was due to rainfall. Per cent of variation due to 

genotypes varied from 21.6 to 68.6. Heritability changed from 43.1 to 70.6%, genetic advance 

as per cent of mean from 48.5 to 71.8, GCV from 35.5 to 52.7% and PCV from 46.2 to 79.6%. 

During most of the year’s high heritability coupled with high genetic advance showed that the 

variability for dry leaf yield might be attributed to additive gene action.  

 

Collection, evaluation and improvement of some  
underutilized fruits in hot Indian desert 

P.R. Meghwal and Akath Singh 

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

Email:meghwal_pr@yahoo.in 

 

Underutilized crops have the potential to provide great social and nutritional benefits to the 

rural poor as well as the global community at large, and it is increasingly recommended 

that they are identified, researched and promoted in much the same ways and levels of 

resourcing as the world’s main staple food plants. Under-utilized crops are defined as 

‘species’ with under-exploited potential for contributing to food security, health 

(nutritional/medicinal), income generation and environmental services. Though, Indian 

desert is considered to be very harsh climatically for growing of fruit crops in general but 

there are several underutilized fruits mostly indigenous ones which can be grown 

commercially with supplemetary irrigation facility. Many species in arid zone known for 

their edible fruits or as vegetables viz. kair (Capparis decidua), lasora (Cordia myxa), jhar 

ber (Ziziphus nummularia), pilu (Salvadora oleoides), khejri (Prosopis cineraria), phalsa 

(Grewia subinaequalis), bael (Aegle marmelos), karonda (Carissa carandas), fig (Ficus carica) 

and prickly pear (Opuntia ficus-indica) etc. Of these, the work on germplasm collection, 

evaluation and improvement on lasora, karonda and khejri have resulted in identification 

of several high yielding genotypes in these crops. In case of lasora, 15 germplasm accessions 

were collected and evaluated of which four high yielding accessions viz. CAZRI-G2025, 

CAZRI-G2021, CAZRI-G2012 and CAZRI-G2011 have been found promising ones. Among 

the 10 accessions collected and evaluated in karonda, the accessions, CZK-2011, CZK-

2013, CZK-2022 and CZK-2031 have shown high yield potential.Seven germplasm 

collection of budded khejri including the variety Thar Shobha were evaluated for pod quality 

and yield.The highest pod yield was recorded in CAZRI- 

Kh-1 (13.2 kg plant-1) followed by CAZRI-Kh-2 (11.6 kg plant-1) in seventh year.  

DUS test in pomegranate: Procedure and description  

of important varieties 
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ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

 
Pomegranate (Punica granatum L.) is an economically important fruit crop of arid and semi-

arid regions of India. It is commercially cultivated in Maharashtra, Karnataka, Andhra 

Pradesh, Gujarat and Rajasthan. Most of the varieties and land races of pomegranate 

available in India have not been registered as national wealth. Registering 

germplasm/genotypes, commercial and extant varieties are a pre requisite for protection of 

the rights of breeders and farmers under WTO regime. In this context, PPV&FRA, New Delhi 

has a Distinctness, Uniformity and Stability (DUS) test procedure and national DUS test 

guidelines for most of the field crops and fruit crops. The DUS test guidelines for 

pomegranate includes thirty six essential (morphological and biochemical) and two special 

(Abiotic and biotic) test characters. Twelve popular varieties viz. Mridula, Sinduri, Ganesh, 

Phule Arakta, G 137, P-23, P-26, Jalore Seedless, Dholka, Basein Seedless, Jodhpur Red 

and CAZRI Selection were evaluated at field gene bank of ICAR-CAZRI, Jodhpur Rajasthan 

for three consequent years (2012-14) in a randomized block design with three replications 

as per DUS test guidelines. Characterization of pomegranate varieties in present study 

showed distinct variation with respect to 36 essential characters identifies as DUS 

descriptors. These tested varieties may be used as reference for comparison against the 

future candidate varieties to be developed in India. This investigation may also helpful to 

the researchers in quantification and organization of genetic diversity in future breeding 

progarmmes and to develop pomegranate varieties for particular traits in arid and semi arid 

regions. 

 

Genetic diversity analysis in ajwain (Trachy spermumammi L.) germplasm 

S.S. Meena, R.K. Kakani, R.K. Solanki and S.P. Kumawat 

ICAR-National Research Centre on Seed Spices, Ajmer 

 

Ajwain is one of important seed spices crop of arid and semi-arid areas. Very limited work 

has been carried out to improve the genetic potential of this crop. Information on nature 

and magnitude of diversity for different characters is necessary, to judge the potentiality of 

the germplasm collection. Therefore, a field experiment was conducted during the rabi 

season of 2011-12 with eighty four genotypes of ajwain in augmented randomised block 

design having three checks (Ajmer Ajwain-1, Ajmer Ajwain-2 and Gujarat Ajwain-1). Total 

seventeen traits were studied viz., plant height at 60, 90 DAS and at harvest, days to 50% 

flowering, length of first internodes, primary branches, secondary branches, effective 

branches, number of umbels, umbellate per umbel, seeds per umbel, seeds per umbellate, 

diameter of main umbel, days to 75% maturity, seed yield per plant, test weight and harvest 

index. The analysis of genetic variation carried out for all the characters indicated 

considerable amount of variability suggesting an ample scope to identify desirable 

genotypes. The analysis of genetic diversity by using SAHN sub program of NTSYSpc 
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software, indicated wider genetic diversity in the population. 84 genotypes were grouped 

into seven clusters. The diagrammatic presentation of genetic distance between clusters 

formed in the present study revealed that the inter-cluster distance ranged from 180 to 

27.68.Cluster III-I and cluster III-II showed the highest genetic distance between them. In 

evaluated materials it shows that high amount of genetic diversity are present. The 

clustering pattern did not establish a clear relationship between genetic diversity and 

geographical diversity. Cluster mean values showed that clusters I,II and VII had the 

maximum divergence among themselves,suggesting that for hybrid breeding program. 

Genotypes from clusters I, II and VII should be selected as parents to make crosses to obtain 

high heterotic expression in F1. These findings can help breeder to do effective selection in 

segregating populations of crosses between parents of different clusters. 

 

Analysis of MYB genes in Acacia senegal: An important  

species of arid environment 

Kamlesh Pareek*, J.C. Tewari and Rajwant K. Kalia 

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

*Email: kbiopareek@gmail.com 

 
The MYB (myeloblastosis) gene family comprises of one of the most diversified group of 

transcription factors in plants. Plant MYB proteins are characterized by a highly conserved 

MYB DNA-binding (an N-terminal DNA-binding domain, a central transcriptional activation 

domain and a C-terminal domain) domain. MYB proteins are classified into four major 

groups viz., 1R-MYB, 2R-MYB, 3R-MYB and 4R-MYB based on the number and position of 

MYB repeats. MYB transcription factors are involved in plant development, control of 

secondary metabolism, hormone signal transduction, disease resistance and abiotic stress 

tolerance. The study was to standardize a method for isolation and purification of genomic 

DNA from Acacia Senegal leaves followed by amplification of MYB genes. The yield of DNA 

ranged from 1240-1500 ng μl-1 using modified CTAB protocol and the recorded absorbance 

was 1.7-1.9. Primers were designed using online Genefisher2 and Primar3 software with 

high reproducibility at an optimal annealing temperature of 54°C. The isolated DNA was 

successfully amplified with all seven primers designed from MYB gene sequences of 

Arabidopsis plant genome. PCR was carried out in a final reaction volume of 25 μl with 

1.5mM MgCl2, lower concentrations of primer (0.2μM) and Taq polymerase (1U). The 

amplified products were visualized as single compact bands of expected size of 400-500 

base pairs. These sequences have been successfully submitted to NCBI public database and 

obtained nucleotide Genbank Accession number (KF364950.1) for public database. This 

analysis can be used to study the genetic diversity of MYB genes in the arid trees. Moreover, 

it enables us to further understand the genetic diversity through sequence analysis and 

find conserved molecular markers linked to secondary metabolite regulatory mechanism. 

Biodiversity and conservation of Indian forests 

M.K. Yadav1 and Vishnu K. Solanki2 
1Department of Horticulture & Farm Forestry, Office of the DDH, Satna 485 001 
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2Department of Forestry, Mewar University, Gangrar, Chittorgarh -312 901  

Email: manoj_bioversity@hotmail.com 

 

The hurried human population growth of India and associated demands on natural 

resources threaten the biodiversity of the nation's natural ecosystems, including forests. 

Though limited to about 22% of the total land area of the country, maintaining healthy 

forests is vital to support sustainable development in country. The purpose of this paper is 

to introduce the current status of Indian forests, present the national objectives for forest 

conservation and sustainable use, and describe the actions needed to protect forest 

biodiversity. While India has numerous laws, regulations, and programs that seek to 

promote biodiversity, implementation of these guidelines requires increased commitment 

and vigilance. Conservation programs should be increased in number and effectiveness, 

particularly in light of increasing demand for forest products. Management plans for all 

conservation programs require completion and implementation. Creating monitoring 

programs and building quantitative databases for conservation programs will be essential 

to assess future success in maintaining biodiversity. Conservation of natural resources 

requires public education and promoting awareness of the vital role of maintaining a healthy 

environment for sustainable development. Agroforestry endeavors can provide practical 

means of meeting both environmental protection and agricultural product production goals. 

 

Genetic variability, character association and path analysis in sorghum  

V. Khandelwal*, M. Shukla, B.S. Jodha and S.K. Dashora 
ICAR-Central Arid Zone Research Institute-Regional Research Station, Pali-Marwar-306 401 

*Email: vikasnau@gmail.com 

 

Two hundred and twenty four germplasm lines of sorghum were evaluated in randomized 

block design with three replications during kharif-2013 under rainfed condition at CAZRI, 

RRS, Pali. Each genotype was raised in 3.5 m row, spaced at 50 cm between rows and 

spacing of 15 cm between plants was maintained. Recommended cultural practices were 

adopted for raising the crop. Observations were recorded for grain yield and contributing 

traits on randomly selected five competitive plants from each entry and replication. 

Significant variation were recorded among 224 sorghum genotypes for various 

morphological and yield traits studied. In general phenotypic coefficients of variation (PCV) 

were higher than the genotypic coefficients of variation (GCV) in all traits under 

investigation. High values of GCV and PCV were observed for harvest index, grain yield per 

plant, dry and fresh weight per plant and panicle length. Estimates of heritability varied 

from 63.6% (panicle width) to 96.3% (days to flowering). High heritability coupled with high 

genetic advance and GCV were noticed for fresh weight plant-1 and leaf area. The result of 

path coefficient analysis showed, positive correlation as well as high or moderate direct 

effects of HI, dry weight plant-1 and seed index on grain yield plant-1. Results from both 

correlation and path coefficient analysis indicated that seed index, HI, dry weight plant-1, 

panicle length and leaf area will be the best indirect selection indices for increasing grain 

yield plant-1. 
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Correlation and path analysis in tomato (Solanum lycoperssicon L.) 

N.K. Nagariya1, S. Mukherjee2, Rahul Bhardwaj2, Nemichand Sharma1and Umesh*1 

1College of Agriculture, SKRAU, Bikaner; 2RARI, Durgapura, SKNAU, Jobner 

*Email:umesh7155@gmail.com 

 
Twenty genotypes of tomato (Solanum lycopersicon L.) were evaluated for yield and yield 

component characters in RBD with three randomized replication. Fruit yield per plant was 

positively and significantly associated with numbers of fruits per plant and yield per plot. 

Path coefficient analysis revealed that average fruit weight had the highest direct positive 

effect on fruit yield per plant followed by plant height, days to first fruit set and number of 

flowers per clusters. Hence this character may be simultaneously selected to develop the 

high yielding varieties.  

 

Genetic diversity in henna under hot arid environment  

P.K. Roy, S.K. Jindal and Nisha Patel 
ICAR-Central Arid Zone Research Institute, Jodhpur - 342003 

 

India is the world’s largest producer and exporter of henna (Lawsonia inermis L.) leaves 

used as cosmetic dyestuff. The crop is cultivated in plantations occupying about 35 

thousand ha in western Rajasthan. The planting material used is of diverse type broadly 

grouped into muraliya and desi types in Pali region. For better understanding of genetic 

diversity existing in the crop twenty shrubs were selected from diverse sites in Gujarat and 

Rajasthan based on visual assessment for high leaf yield and absence of diseases and pests 

and multiplied through rooted cuttings to form separate clones. The clones after 

establishment in field were evaluated for leaf yield and five growth parameters during 4th to 

7th year of growth. Overall, the genotypes grouped in the cluster I viz., Khedbrahm and 

Malan showed maximum divergence from the genotypes of cluster V viz., Amirgarh, Anand, 

Vasada, Jodhpur, Sojat and Wav for leaf yield and other growth parameters studied during 

most of the years. The highest and lowest leaf yielding clusters were I and V, respectively. 

Among the genotypes belonging to the highest yielding cluster Khedbrahm and Malan 

appeared to be more stable for high leaf yield. Among the clones maximum damage due to 

semi-loopers occurred in Bikaner and Pali clones whereas Khedbrahm and Malpur showed 

the least damage. With respect to whitefly attack Wav, Khedbrahm, SK Nagar and Sidhpur 

clones appeared tolerant to whitefly infestation.  

 

Intimidation to medicinal plants biodiversity 

M.K. Yadav1* and Vishnu K. Solanki2 
1Department of Horticulture and Farm Forestry, Office of the DDH, Satna 485 001 M.P. 
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Extremely increasing current rate of development, population growth and migration 

communities are increasingly unable to meet their sustained need. Growing demand for 

fuel and other forest and agricultural products, population due to industrialization, and 

make a market for rare medicinal plants have all threatened the biological diversity and 

there by hampered a sustainable human development. Further, the race for development 

and cultivation of improved verities in larger area has threatened biodiversity to a 

considerable extend. The biodiversity in India i.e. medicinal plants, forests, grasslands, 

wetlands, mountains, desert and marine ecosystem face many pressures. One of the major 

causes for the loss of biological diversity in India has been depletion of vegetative cover in 

order to expand agriculture. Since most of the biodiversity rich forests also contain the 

maximum medicinal wealth and also the best sites for its conservation. In this paper we 

discuss the threats and conservational strategies for some very important for humans use 

but they are under endangered situations in India.  

 

Cultivation of high altitude arid medicinal plants: Challenges and opportunities 

Padma Gurmet, Tsering Lhamo and Rigzin Angmo  

National Research Institute for Sowa-Rigpa (CCRAS), Ministry of Health and FW, 

Govt. of India, Leh Ladakh J&K  

Email-drgurmet@rediffmail.com 

 

High altitude cold arid desert exhibits a great diversity in soil, climate, vegetation and 

topography. This calls for focusing on multiple, goal centered strategies for resource 

cultivation and rehabilitation. An important component of such strategies would be choice 

of the species that can simultaneously satisfy the long term conservation needs as well as 

the short term economic needs of the people depending upon rapidly degrading mountain 

resources. Owing to the great diversity of ecosystems, the tans Himalayas act as a store 

house for whole range of medicinal plants. 

According to WHO estimates, about 80% of the population living in the developing countries 

depends on herbal based products for their healthcare needs and developed countries used 

traditional and other alternative remedies at least once for their healthcare. The tendency 

of going back to nature is growing rapidly, thus the herbal Industry is one of the fastest 

growing sector. Most of manufacturing units involved in production of herbal medicine and 

herbal product require tones of herbal raw material annually and 90% of raw materials are 

collected from wild only few of them are collected from cultivated farmer. Some of the 

important species of the high altitude plants are Podophyllum hexandrum, Picrorhiza 

kurrooa, Saussurea lappa, Carum carvi, Aconitum heterophyllum, Dactylorhiza hatagirea, 

Polygonatum verticillatum, Hippophae rhamnoides, Cicer microphyllum, Bunium persicum, 

Bergenia stracheyi, Arnebia euchroma, Arnebia benthamii and Allium carollinianum. Only few 

species are cultivated by farmers, presently most of the important species are on the verge 

of extinction due to continuous exploitation over a long time. In the wake of 

commercialization, which has brought substantial changes in the natural resources 

particularly herbs throughout the Himalayas remains a challenge. The growing 
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commercialization of natural resources could have negative impacts on fragile ecosystems 

of Himalayas if it is not planned in a proper manner. A modern agriculture technology 

suitable to high altitudes and the indigenous knowledge of the Sowa-Rigpa would help to 

make commercialization a promising venture for sustainable use of natural resources. 

Growing of nurseries as well as propagation through seeds, seedlings, roots, rhizomes, 

bulbs and tubers should be encourages throughout the region. The cultivation of medicine 

plants permits better species identification, improved quality control and increased 

prospects for genetic improvements. Attempts are made by organization to cultivate 

medicinal plant species, including rare and endanger categories. The cultivation of high 

altitude plants is an incentive to reduce human pressure on the natural resources, 

providing enough time for these herbs to regenerate after sever degradation due to over 

harvesting exploitation impacts in the recent past, it will be necessary to organized current 

cultivation practices and improved them by using more technical and scientific inputs. The 

cultivation of medicinal herbs could be substantially increased by more advanced 

techniques, growth of scarcely distributed, threatened plant species and proper 

management.  

Medicinal plants biodiversity of some selected villages of Zanskar valley 

Tsering Lamo, Tashi Stobgais and Padma Gurmet 

National Research Institute for Sowa-Rigpa (CCRAS), Ministry of Health and FW, 

Govt. of India, Leh Ladakh, J&K 

Email-drgurmet@rediffmail.com 

 

The paper deals with the ethno-botanical studies of medicinal plants of some selected 

Zanskar valley covering four villages Rangdum, Padum, Muney and Raru. Zanskar is one 

of the most remote, underdeveloped, hilly region and least populated valleys of Ladakh. 

Because of its cold climate condition and inaccessible, the valley is cut off from rest of the 

world most of the time. Though the valley looks barren and lifeless but it represents a 

treasure house of diversity of plants with high medicinal, aromatic and other useful 

properties like food, fodder, fuel and ritual purposes. The livelihood of Zanskar valley is 

based on the agriculture and animal rearing. Dominant species of these area are: 

Podophyllum hexandrum, Codonopsis sp., Meconopsis aculeate, Artemesia dracanculus. 

Inspite of medicinal uses it may be used as fuel, fodder, incense, etc. These medicinal plants 

listed below are highly used to prepare medicine for curing various diseases in Sowa Rigpa. 

Sowa Rigpa, a Tibetan system of medicine practicing by the people of trans-Himalayan 

region from long years ago. This system of medicine dependent on species available in the 

region for preparation of medicine. People have strong belief and faith on Tibetan system of 

medicine therefore we need to develop it for the future present and future generation. 

Paper enumerated 22 medicinal plants alphabetically along with detail information which 

belongs to different families and genera. Conservation and cultivation of these medicinal 

plants are important for sustainable use because due to the unaware exploitation by locals, 

anthropogenic activities, overgrazing, etc may leads to the extinction of these rare species 

of medicinal plants. Other reason for the rarity of species may be change in climate and 

environmental pollution. With the rise in demand of herbal medicines globally, conservation 
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and cultivation of medicinal plants has assumed great significance for the farmer’s and in 

turn ease the pressure on the natural population. 

 

Studies on some traditional medicinal plants of Suru valley of  

Ladakh region used in Sowa-Rigpa 

Rigzin Angmo, Tashi Stobgais and Padma Gurmet 

National Research Institute for Sowa-Rigpa (CCRAS), Ministry of Health and FW, 

Govt. of India, Leh Ladakh, J&K 

 

The present study reveals that Suru valley is rich in medicinal flora. The traditional 

knowledge on native plants species indicates the Amchi system of medicine which helps to 

maintain the healthy state of human being and also the harsh climate, high altitude 

condition and inaccessibility are the factor which forces the people to depend on the wild 

flora for health care. The excessive extraction of medicinal plants use in various 

pharmaceutical industry as well as in Amchi system of medicating the various diseases like 

kidney problem, fever, cold and cough, stomach problem, lung problem, septic wounds, and 

many more. In order to treat the disorder with medicinal substance the proper identification 

of medicinal knowledge on the potency and secondary quality of medicinal value must be 

thoroughly be accomplished and eventually the practical application should be followed 

accordingly. 

We all know that Himalaya is considered as treasure house of medicinal plants since the 

time immemorial. The people of Ladakh region still prefer herbal prescription based on 

traditional system of medicine which is known as Amchi system. Amchi used to collect 

medicinal plant from nearby areas of Ladakh region. Some of the medicines were made up 

of purely plants species and their parts. The medicine is rarely made up of single constituent 

and most often it is a combination of 3 to 40 ingredients. Gradually traditional medicine 

has gained considerable momentum in western countries due to the growing awareness 

about the side effect of allopathic medicine. The consumption of herbal medicine is 

widespread and increasing in recent years and approximately 80% of the people in 

developing countries depend on traditional medicine for primary health care. The global 

market for herbal medicine is estimated to be worth US $800 billion a year. India is one of 

the leading countries in Asia in terms of wealth of medicinal plants. At the same time over 

exploitation of these species not only degraded the local vegetation and disappearing of 

natural beauty but also endangered certain species and one has to travel miles to find them. 

Therefore keeping the above fact in view the present article attempts to identify medicinal 

plant of Suru valley and highlight the potential and role of medicinal plant in the traditional 

system of medicine. 
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Sustainability of agriculture in arid ecosystems in India: A policy perspective 

Mahendra Singh*, R.P. Dwivedi, K.B. Sridhar, InderDev, Anil Kumar and  
S.K. Dhyani 

ICAR-Central Agroforestry Research Institute, Jhansi, Uttar Pradesh 
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Scarcity, risk and uncertainty, spatial and temporal variability of water availability are 

specific characteristics for natural resource availability in arid ecosystems, which provide 

high-risk livelihood options for the people in the region (Jodha, 2010). The present study is 

based on secondary data and analysed the constraints and opportunities related to 

sustainability of agriculture in the region. The specific objectives for the study are: a) to 

preparethesustainability index on the basis of available natural resources and 

infrastructure for agriculture development; b) to identify the technical and socio-economic 

constraints for agriculture development; c) to suggest the suitable policy prescriptions for 

sustainability of the system in the region. Results reveal that livestock rearing is playing 

seminal role for livelihood security in the entire arid ecosystem. However, this enterprise is 

contributing for degradation of natural resources in the region also. Deceleration in area 

under common property resources and their management is hampering the sustainability 

of the agriculture system. There are huge information gaps among stakeholders and lack of 

suitable infrastructure for agriculture development. The study suggests that adoption of 

region-specific, on-farm tested and refined-technology should be strengthen through 

suitable policy measures. Moreover, adoption of agroforestry systems would contribute 

significantly for sustaining the agriculture system. The suggestions for adoption of specific 

enterprise not merely based on financial analysis, but it should be based on socio-economic 

analysis which incorporate value of the ecosystem services, pressing needs of the 

stakeholders, externalities of the enterprise in the system. 

 
Gender indices and livestock situation in the dry Western  

agro-climatic zone of Tamil Nadu 

Anil Kumar*, J.C. Charles, S. Tanujaand S.K. Nayak 
ICAR-Central Institute for Women in Agriculture, Bhubaneswar 

*Email: anil.ciwa@gmail.com 

 

A study was undertaken to assess the gender indices and livestock situation in different 

agro climatic zones of Tamil Nadu. The 32 districts of Tamil Nadu (TN) were classified into 

eight agro-climatic zones (ACZ) to analyze the gender indices and livestock distribution and 

ownership. The data for human population were taken from Human Census 2011 and for 

livestock 19thLivestock census 2012 were taken from different government sources. The 

average annual rainfall ranged from 670mm in Western zone (ACZ8) to 1523mm in Hill zone 

(ACZ3). The human density (no. km-1) was 288 in ACZ3 to 1106 in High rainfall zone (ACZ2). 

Similarly, the female literacy (%) ranged from 64.6 in North-western zone ACZ5) to 90.5 in 

ACZ2. The gender gap in literacy was negatively correlated (p<0.05) with female literacy 
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indicating higher the female literacy the lower was the gender gap in literacy. The dry 

Western zone (ACZ8) comprised of 3 districts namely, Coimbatore, Erode and Tirupur which 

together had 12.1% of the geographical area and 11.4% of human population with a human 

density of 523 persons km-2. The sex ratio, female literacy and gender gap in literacy in this 

dry zone were respectively, 995, 73.1% and 12.9%. The livestock density (no. km-2) in the 

dry Western zone (ACZ8) of Tamil Nadu was 150 of which there were 52 cattle, 10 buffalo, 

41sheep and 46 goats km-2. This zone had 286 number of total livestock per 1000 human 

beings (PTH) of which there were 100 cattle, 19 buffalo, 78 sheep and 87 pigs. The total 

number of household in this ACZ8 was 2.24 million, of which 12.7% reared cattle, 2.7% 

buffalo, 8.3% goat, 2.7% sheep and 10.0% backyard poultry. 64.9% of the household in this 

ACZ8 had poultry farms and hatcheries. The dry Western zone has a sedentary grassland 

based production system which has evolved in an excellent production system. The 

Cenchrus based grassland is divided into paddocks fenced by a thorny bush Balsmodendron 

berryi in which cattle and Mecheri sheep are reared in the paddocks with rotational grazing 

among the paddocks. In spite of the meagre rainfall received in this dry Western zone, the 

livestock production system has evolved into a sustainable production system providing 

sustainable livelihood to the people. 

 

Need of some important modifications in the national agricultural policy 

focusing food security and safety from adulteration 

Himani B. Patel 

Department of Vegetable Science, ASPEE College of Horticulture & Forestry, NAU, Navsari 

Email: hbp_guj@yahoo.in 

 
In view of the vital importance of safe food security for human and animal life, for 

maintaining ecological balance, for maintaining harmony among people, for economic and 

developmental activities of all kinds, and considering its increasing scarcity in future, the 

planning and management of agriculture, water, and food and their optimal, economical 

and equitable use has become a matter of prime importance for India. Efficient agricultural 

activities, water management for all these purposes can only be done if we have an ideal 

National Policy for the country. National Policy for Agriculture should be modified by 

involving all concerned groups like farmers, residents, builders, NGO’s, government, 

building & property owners, industries and water supplying companies. The success of 

National Policy will depend entirely on evolving and maintaining a national consensus and 

commitment to its underlying principles and objectives. To achieve the desired objectives, 

State Water Policies backed with an operational action plan shall be formulated in a time 

bound manner. Also the National Agricultural Policy may be revised periodically as and 

when need arises. An attempt has been made in this paper to present some modifications 

needed for an effective & viable National Policy focusing food security and safety from 

adulteration.  
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Participation of rural women in decision making process in  

dryland farming of Rajasthan, India 

M.L. Meena*, Dheeraj Singh and M.K. Chaudhary 
Krishi Vigyan Kendra, Pali-Marwar (Rajasthan) - 306401 

*Email:mlmeenacazri@gmail.com 

 

This study was carried out in Pali district of Rajasthan. An exploratory design of social 

research was used. The two blocks namely, Raipur and Jaitaran were selected from Pali 

district. From each block 80 rural women were selected for the present study. Thus from 

two blocks 160 women respondents were selected by simple random sampling method from 

ten villages. The findings revealed that majority of the respondents were using more 

localized sources of information like neighbors/relatives/friends and progressive farmers. 

In case of extent of participation in decision making process in dryland agriculture it was 

observed that respondents were consulted in the area of preparation of land (51.88%), 

method of sowing (48.13%), proper time of sowing (45.0%), selection of rainfed crops 

(36.87%) and crop varieties to be sown (37.50%). The respondents’ opinion was considered 

while decision making for harvesting of crop (41.88%), followed by storage of farm produce 

(34.38%) and use of labor (30.63%). The respondents were actively involved in final decision 

making in area of use of labor (40.0%), storage of farm produce (39.37%), and 35.00% had 

medium level of overall participation in decision making process in dryland agriculture. 

Majority of respondents reported that reasons for non-participation in decision making were 

male dominance (56.63%), lack of technical knowledge (51.25%), education (38.57%), 

dryland agriculture development policies (36.88%) and control over resources (34.38%). 

Rural women were actively involved in final decision in areas of use of labors, storage of 

farm produce, harvesting of crop and intercultural operations. As rural women participate 

in decision making process in dryland farming the extension functionaries may organize 

specialized training programs and other extension programs especially for rural women for 

effective transfer of technology and popularization of drylad farming technologies in arid 

zone of Rajasthan. 

 

Awareness generation among farm women regarding water  

purification technique for good health 

Chandeshwar Tiwari, Anupama Pandey and Pratibha Singh 
Krishi Vigyan Kendra (GBPUA&T) Kashipur,U.S.Nagar, Uttarakhand 

 
Safe and clean drinking water is a basic necessity for maintaining good health. It has been 

observed that many water borne diseases and digestive disorders occur due to consumption 

of unsafe and unfiltered water. Hence, keeping this in view the present study was 

undertaken at Nai Basti village of block Gadarpur, distt-U.S.Nagar, Uttarakhand to create 

awareness among farm women regarding use of safe and clean drinking water to prevent ill 

health due to use of unsafe water. Three technologies viz. phitkari treatment, use of copper 

jugs and water filter Tata Swach (14 L capacity), each having 05 trials were conducted. For 
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the study, 15 families (5 in each treatment) were selected and were respectively given 

phitkari, copper jugs and Tata Swach water filters.  

The study was conducted for about 8 months and during this period families consumed 

filtered water as per the technologies distributed. Pre and post surveys were conducted to 

assess the impact of technologies on decrease in occurrence of disease, improvement in 

health status as observed through increase in Body Mass Index (BMI), awareness on water 

purification technique before and after use of technology and scores for acceptance on water 

purification techniques. Results of the study revealed that copper jugs were liked extremely 

(score of 4.2), followed by phitkari treatment which was liked very much (3.6). Tata Swach 

water filters were liked slightly (score 2.8) as compared to the other two. There was definitely 

decrease in occurrence of diseases as use of phitkari resulted in 77.77% decrease, water 

filters resulted in 50% decrease and use of copper jugs showed best result of 90% decrease. 

Increase in BMI of farm women was maximum with use of copper jugs (22.39%). It was also 

observed that awareness on water purification technique was generated among farm women 

through this study with per cent increase in knowledge 90, 85 and 68% respectively for 

copper jugs, phitkari and water filter Tata Swach. It is concluded from the study that use 

of copper jugs by families showed the best results as followed by phitkari treatment and 

Tata Swach water filters. 
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Climate change projections for Leh 
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The downscaled climate change projection data under four Representative Concentration 

Pathways (RCPs) contributed by eighteen global climate models to 5th assessment report of 

Intergovernmental Panel on Climate Change, along with baseline data, was used to get 

temperature and precipitation projections for Lehand its surrounding area (33.0-35.5°N and 

77.0-79.0°E). The average values of 18 models were used to get an idea of future climate 

under 4 RCPs. Annual precipitation is projected to increase by 65-71% by 2030s, 64-104% 

by 2050s and 75-140% by 2080s under the four RCPs. The increase is likely to be more 

during summer (April to September) than in winter (October to March) season and by 2080s 

winter season rainfall may increase by 96 (RCP2.6) to 154 (RCP8.5) per cent. During summer 

season, maximum temperature is expected to increase by 1.8-2.3°C in 2030s, 2.1-3.6°C in 

2050s and 2.0-6.0°C in 2080s, while the increase in minimum temperature is likely to be in 

the range of 1.9-2.5°C, 2.2-3.8°C and 2.0-6.2°C in 2030s, 2050s and 2080s. Warming is 

expected to be slightly more during winter months. Maximum temperature during winter is 

projected to increase by 1.9-2.4°C, 2.1-3.8°C and 2.0-6.2°C in 2030s, 2050s and 2080s. Like 

summer season, increase in minimum temperature is expected to be slightly more thanthe 

increase in maximum temperature during winter season also. Increase in minimum 

temperature may be in the range of 1.9-2.6°C, 2.2-4.1°C and 2.1-6.9°C in 2030s, 2050s and 

2080s under different RCPs. Substantial projected increase in precipitation, particularly 

snowfall in winter, may offset the adverse impacts of increased temperatures on agricultural 

productivity, if used judiciously with appropriate changes in farming systems and suitable 

modification of farming practices. 

 

Weather variation and rapid shifting of cropping pattern: A case  

study of Lehdistrict 

H.M. Meena1*, J.C. Tewari1 M.S. Raghuvanshi2 and C.B. Pandey1 

1ICAR-Central Arid Zone Research Institute, Jodhpur - 342003 
2ICAR-CAZRI, Regional Research Station, Leh-Ladakh, J&K 

*Email: hmmeena82@gmail.com 

 

Leh is the largest district (45,100km2) in India, which is situated between 32-36N and 75-

80E with analtitude ranging from 2300-5000m above MSL. Agriculture is the main 

occupation of the rural people and barley is the major food crop. Wheat, pulse, oilseeds and 

other millets are also grown in scattered areas. Snowfall during winter (November to March) 

is a common weather phenomena and therefore only one crop is grown. According to crop 

calander of Leh, barley is sown during mid of May and wheat is sown during last week of 

April to 2nd week of May. To understand the relationship between weather condition and 

crop growth performances, we have collected weather data and crop acreage data during 
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last one decade (2000-2010) of Leh from various departments. Initial analysis of the data 

revealed that the acreage of wheat crop increased from 2003 onward. Notably, a 

simultaneous decrease in acreage of barley crop was observed. Acreage under mustard crop 

remained almost constant. It was observed that from 2003 onward monthly mean of daily 

minimum temperature during May increased from 4°C to 8°C up to 2007. Similarly, 

monthly mean of daily maximum temperature was observed higher (>20°C) before 2003 but 

decreased during 2003 to 2009 (15-20°C). Snowfall was recorded on during month of May 

before 2003 but was not found during 2003 to 2009. Therefore, it is hypothesized that 

increase in both minimum and maximum temperature during May had enabled the farmers 

to grow wheat in place of barley. However, during last two years, the cropping pattern is 

again reversed. The acreage under wheat crop was decreased and the acreage under barley 

crop was increased. Therefore, it appeared that perhaps weather condition greatly influence 

the cropping pattern and crop acreage. However, many factors like timely availability of 

seed, quality of seeds, crop rotation pattern etc. may also play their role in such quick 

shifting on cropping pattern. 

 

Effect of climate change on diseases and pests outbreak in dry temperate 

zone of Kinnaur, Himachal Pradesh, India 

Pankaj Gupta 
Regional Horticultural Research Station and Krishi Vigyan Kendra, Sharbo, Kinnaur, H.P. 

Email: drpankajsml@gmail.com 

 

Kinnaur being a dry temperate and cold desert region, have unique climatic conditions 

which favours the development of powdery mildew on grapes, cucurbits, apple, poplar, rose 

and rust in willow, poplar in the district for last many years. The station was earlier well 

known for quality resin and grape production in the country but with the changing climatic 

scenario, grapes have become susceptible to fruit cracking besides powdery and downy 

mildew infection, moreover tendency of local people have also shifted to apple cultivation. 

Present investigations were undertaken with the objective to identify the emerging diseases 

and pests so that effective management practices can be done. Changing climatic conditions 

such as warm and humid days followed by cool nights in the district favoured the outbreak 

of epidemic diseases viz., shot hole in almond, apricot and cherries (Wilsonomyces 

carpophilus), powdery mildew in walnut (Podosphaera juglandis), rundu canker in apple 

(Cryptosporiopsis species), Gummosis in almond and apricot (Pseudomonas syringae), 

bacterial spot in pomegranate (Xanthomonas sp.), premature leaf fall in apple (Marssonina 

coronaria), Pistachionut rust, late blight in tomato and potato, core rot in apple (Alternaria 

species) as well as Sclerotinia rot in cabbage, turnip and radish is new and have become 

regular appearance in the district causing huge economic losses to the growers. The 

construction of dams make avenue for apple scab to occur regularly in Sangla valley and 

some areas of Nichar and Kalpa blocks because of more precipitation in day and cool night. 

With rise in temperature, European red mite and San Jose scale have become serious pest 

of apple in this region.  
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Soil C-sequestration potential of organic cultivation of crops in the western 

Himalaya region 

R.S. Yadav, D.K. Parmar1, M.P.S. Arya, V.P. Choudhary, N. Subash, D. Dutta,  
S. Kumar, N. Ravishankar and A.L. Meena 

ICAR-Indian Institute of Farming Systems Research, Modipuram - 250 110 
1CSK HPKVV, Hill Agril. Res. & Ext. Centre, Bajaura 

 

Emission of C in the atmosphere due to various anthropogenic activities is one of the major 

factors contributing to global warming. Global warming is reported to have appalling effects 

upon all the walks of life on the earth. Soils act as both source and sink for C emission. 

Carbon stored in soils across the world represents the 3rd largest sink in existence, after 

oceans and geologic sinks. Thus, soil C sink is being viewed as one that could potentially 

have a significant impact on sequestering C emissions. Application of organic manures to 

raise the crops organically is one of the management practices to enhance net C 

sequestration keeping other management practices constant.Keeping this in view, 

assessment of soil C sequestration potential was made after 10 years of continuous organic 

cultivation of different crops at HAREC, CSK HPKVV, Bajaura (H.P.).Averaged across 

different cropping systems, Walkley-Black C stock at 0 - 60 cm soil depth was found 66.3, 

51.7 and 40.7 t ha-1 under organic, integrated and chemical management of soil nutrients, 

respectively. Under the organic system, this buildup of Walkley-Black C stock was higher 

by 28.2 and 63.1% than to integrated and chemical application of nutrients, respectively. 

Further, Walkley-Black soil C sequestration rate in 0-60 cm soil depth under organic 

cultivation of crops was 1.46 and 2.57 t ha-1 yr-1 as compared to integrated and chemical 

application of soil nutrients, respectively. This study explicitly shows that continuous 

practice of raising the crops organically has good potential to sequester the C in the soil to 

offset the C emissions in the atmosphere. 

 

Enhancing carbon sequestration in arid zone through 

 integrated farming system 

S.P.S. Tanwar, Praveen Kumar, Akath Singh, M. Patidar, A. Verma, B.K. Mathur and R.K. Bhatt 

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

 

The global atmospheric CO2 concentration has increased from 280 ppm during 1750s to 
395.4 ppm in recent time. Consequently, the ill effects of global warming are now clearly 
evident. The role of cultivable land use systems in capturing atmospheric CO2 and storing 
the C in plant parts and soil became an important area of research during the past decade. 
In arid regions default agroforestry is in vogue. It provides a good opportunity to introduce 
trees and grasses in farming systems of the region. An Integrated farming system model has 
been developed for arid regions catering the synergies of trees-crop-grass-animal 
continuum. This includes sole crops (pearl millet, greengram, clusterbean, dewgram, 
agroforestry, agri-silvi culture, agri-horti, silvi-pasture, agri-pasture and horti-pasture land 
use systems. Four cattle with their heifers and 18 small ruminants are fed on this system.  
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Analysis of data showed a significant land use and depth interaction. Crop cultivation alone 

and with Prosopis cineraria had higher soil C in upper layer (0-15 cm) and with almost 

uniform distribution in H. binnata + crop system (0-60 cm). In Acacia tortilis plantation the 

soil was undisturbed and its high leaf litter fall, the carbon storage in upper soil layer was 

very high (21.0 Mg ha-1 in 0-30 cm) compared to 13.7 Mg ha-1 in lower layer (30-60). In Ber, 

higher built up was recorded in 15-30 and 45-60 cm soil depth. The total soil carbon stock 

followed the trend Acacia tortilis (34.7)> ber + crops > mopane + grass > ber + grass > agri-

pasture > Prosopis cineraria + crops >H. binnata + crops = sole crops. 

The aboveground biomass was highest in agroforestry system involving H. binnata + crops 

(12.69 Mg ha-1) followed by pure stand of Acacia tortilis (10.79 Mg ha-1) and Prosopis 

cineraria + crops (4.36 Mg ha-1).  

The Integrated farming system model has sequestered169.7 Mg C in 7 ha (av. 24.24 Mg ha-

1). From this study, it may be concluded that by incorporation of perennial components viz., 

trees and grass in farming systems not only provide resilience to the arid agriculture but 

also can become a great carbon sink due to abundant farming land available. 

 

Evaluation of Trichoderma isolates for the management of wilt (Fusarium 

oxysporum f. sp. cumini) disease of cumin 

Y.K. Sharma, R.D. Meena, Priyanka Singh, B.K. Mishra, S.S. Rathore,  
R.K. Solanki and Balraj Singh 

ICAR-National Research Centre on Seed Spices, Ajmer- 305 206 

 

Cumin (Cuminum cyminum L.) is an important seed spice crop commodity, which have great 

potential in export market from India. Fusarium wilt caused by Fusarium oxysporum f.sp. 

cumini affects the crop significantly and reduces the quantity of the produce. Due to lack of 

available resistant sources, chemical methods have been recommended for the management 

of the disease. But in the changing scenario for organic cultivation, biological approaches 

are required to combat the soil borne pathogens. Therefore, to work out the components of 

IDM and eco-friendly cost effective approaches for the management of Fusarium wilt 

pathogens of cumin, Trichoderma isolates isolated from cumin rhizosphere were evaluated 

against cumin wilt pathogen. Of the sixteen Trichoderma isolates, four isolates viz. Cu7-01, 

Cu7-02, Cu3-01 and Cu9-02 showed significant efficacy against wilt disease of cumin and 

enhanced the growth characters as compared to untreated control. The isolates showed 

variable reaction for over -growth, mycoparasitism, production of volatile and non-volatile 

anti-fungal compounds against F. oxysporumf.sp. cumini. Comparatively, maximum 

reduction in wilt disease and higher vigour index was observed with the application of 

consortium of Trichoderma isolates followed by individual isolates under pot and field 

conditions. 

 

Evaluation of Ziram as repellent against house rats 
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R.S. Tripathi, Vipin Chaudhary and R.C. Meena 
ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

 

The house rat, Rattus rattus is one of the major rodent pest causing immense losses in 

storage directly through feeding on stored commodities and structural damage besides 

contaminating the stored products with its urine and feces. In storage, rodents account for 

2.5% loses and therefore require effective management strategies. For management of house 

rats, it is imperative to use chemicals which are effective against the pest rodents and safe 

to non-targets. Rodent repellents could be an effective tool in such situations. In the present 

study efficacy of Ziram, a dithiocarbamate fungicide was evaluated for its repellent effects 

against house rats, Rattus rattus under bi-choice, multi-choice and simulated storage 

conditions. The test animal was exposed to 2 and 3% Ziram treated pearl millet bait with 

plain pearl millet food in bi-choice test in iron mesh cage for seven days and 3% Ziram 

treated pearl millet food in multi-choice long with plain wheat, jowar and pearl millet in 

plus maze for four days. In bi-choice trial the treated bait (2 and 3% conc. in pearl millet) 

was completely rejected by the test rodents whereas the alternative plain bait was consumed 

in the range of 4.19 to 4.67 and 4.37 to 5.23g/100g body wt when offered with treated bait 

at 2 and 3%, respectively during 7 day long test period. In multi-choice test the arm with 

Ziram 3% treated pearl millet bait was visited least (for 37 seconds/30 min), whereas, the 

arm with plain pearl millet bait was visited maximum (18.25 visits for 15.25 minutes/30 

minutes) followed by the arms with jowar (9.25 visits of 4.0 min/30 min.) and wheat (7.25 

visits for 3.50 min/30 min.). Under simulated storage condition, two experimental sets were 

maintained, in one set stacked grain filled bags were sprayed with ziram 3% and in other 

set ziram (3%) was applied on wall and floor of cage. One healthy house rat was released in 

each cage and its response was observed for seven days. In both the experimental conditions 

the test rodent foraged around the bags but never tried to damage the gunny bags for 

feeding on grains stored in it and died due to starvation on 5th day in one of the experimental 

sets. These findings therefore revealed that Ziram possesses repellent effects on house rats 

at least for a week. 

 

Antixinotic and allelochemical resistance traits of ridge gourd [Luffa 

acutangula (Roxb.) L.] against melon fruit fly (Bactrocera cucurbitae 

(Coquillett)) in arid region of Rajasthan 

Shravan M. Haldhar, B.R. Choudhary, R. Bhargava, D. Singh and S.K. Sharma 
ICAR-Central Institute for Arid Horticulture, Beechwal, Bikaner - 334006 

 

Plants genotypes possess different antixenotic and/or allelochemical properties, which 

resultantly induce in them different mechanisms of resistance. Various phenotypic traits 

including length of ovary pubescence, rind hardness, rind thickness, fruit length, fibre 

content, and fruit diameter and alleochemical traits including flavonoid content, ascorbic 

acid, free amino acid, tannins content, and phenols content of fruit were studied on fifteen 

varieties/genotypes of ridge gourd, L. acutangulain relation to resistance against Bactrocera 
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cucurbitae (Coquillett) under field conditions in the hot arid region of India. The larval 

density per fruit had a significant positive correlation with percentage fruit infestation 

(r = 0.96; p < 0.01). AHRG-29, AHRG-57 and Pusa Nasdar were the most resistant; Arka 

Sujata, AHRG-36, AHRG-41, S. Manjari, S. Uphal, AHRG-35, Jaipuri Long, AHRG-56, 

AHRG-53, AHRG-46 and AHRG-48 were moderately resistant; AHRG-49, AHRG-33, AHRG-

42, AHRG-30, AHRG- 23, AHRG-58, AHRG-50, AHRG-28, AHRG-43, AHRG-52 and AHRG-

59 were susceptible whereas AHRG-47, AHRG-31, AHRG-48 and AHRG-61 were the highly 

susceptible varieties/genotypes against fruit fly. The larval densities ranged from 9.97 to 

19.10 larvae per fruit and significantly lower in resistant varieties/genotypes than the 

susceptible varieties/genotypes. The larval density was highest in genotype AHRG-31 

(29.27 larvae fruit-1) followed by AHRG-61 (28.6 larvae fruit-1). The minimum larval density 

was found in AHRG-57 (13.6 larvae fruit-1) followed by Pusa Nasdar (14.77 larvae fruit-1). 

The per cent fruit infestation was highest in AHRG-31 (80.47%) and lowest in AHRG-57 

(16.47%) followed by AHRG-29 (18.13%). The length of ovary pubescence, rind hardness, 

fibre content and rind thickness ranged from 0.17 to 0.50 mm, 2.37 to 6.68 kg cm-2, 1.17 

to 2.28 g 100g-1 edible fruit and 0.56 to 1.07 mm, respectively, being significantly high in 

resistant and low in susceptible varieties/genotypes. However, the fruit length (3.67 to 

29.70 cm) and fruit diameter (3.35 to 6.53 cm) being significantly low in resistant and high 

in susceptible varieties/genotypes. The free amino acid of different varieties/genotypes 

fruits ranged from 3.36 to 5.77 (mgg-1 on dry weight basis) with values significantly lower 

in resistant and higher in susceptible varieties/genotypes. Flavonoids, tannins, phenols 

and ascorbic acid contents ranged from 1.31 to 2.37 mg 100 g-1, 6.64 to 9.49 mg100g-1, 

40.90 to 72.34 mg g-1 and 310.95 to 497.18 mg 10 g-1, respectively with values significantly 

higher in resistant and lower in susceptible varieties/genotypes. Free amino acid was lowest 

in resistant and highest in susceptible varieties/genotypes whereas phenols, tannin, 

ascorbic acid and flavonoid contents were highest in resistant and lowest in susceptible 

varieties/genotypes. 

 

Exogenous application of salicylic acid and its derivatives improves 

antioxidant defense mechanism, growth and yield of clusterbean (Cyamopsis 

tetragonoloba L.) under water limiting environment 

N.S. Nathawat*, V.S. Rathore, Birbal and N.D. Yadava  
ICAR-Central Arid Zone Research Institute, RRS, Bikaner, Rajasthan 

*Email: nathawatns@rediffmal.com 

 

Exposure of plants to water stress leads to serious physiological and biochemical 

dysfunctions including reduction in growth, photosynthesis and damages of cellular 

components. Seed priming has proved to be an effective method in imparting stress 

tolerance to plants. Seed priming is the induction of a particular physiological state in 

plants by the treatment of natural and synthetic compounds to the seeds before 

germination. Salicylic acid (SA) is a common plant-produced signal molecule of phenolic 

nature which participates in the regulation of numerous physiological processes. SA and 
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its derivatives are reported to improve growth, photosynthetic efficiency and productivity 

under stressed conditions. The hypothesis that physiologically active concentrations of SA 

and its derivatives can confer stress tolerance in plant was evaluated using clusterbean. 

Plants grown from seeds imbibed in aqueous solutions (0.5, 1.0 and 1.5 mM) of SA, thio 

salicylic (TSA) and 5-sulphosalicylic acid (SSA) displayed enhanced tolerance to stress.  

The seed priming with SA and its derivatives improved MSI and photosynthetic pigment 

contents and highest improvement was recorded with 1.5 mM SSA. Seed priming with SA 

and its derivatives had 10-27, 12-28, 8-20, 10-24% higher SOD, GPOX, MDH and NR 

compared to water soaked control. The highest activity of CAT, SOD and NR was found with 

1.5 mM SA. The activity of GPOX varied 1041 to 1412 µ mol min-1 mg-1 protein, being highest 

with 1.5 mM SSA (34%). The MDA content in leaves varied from 10 to 22%, being lowest 

accumulation with 1.5 mM SSA (22%) compared to water soaked control. The CGR varied 

from 0.430 to 0.673 g m-2 d-1 being highest with 1.5 mM SA. The seed priming with SA and 

its derivatives significantly enhanced yield components and seed yield of clusterbean. The 

greatest improvement in yield components and yields were recorded with application of 1.5 

mM SSA followed by 1.5 mM SA. The results of present study suggest that seed priming 

with SA and its derivatives confers water deficit stress tolerance in clusterbean. 

 

Strategies adopted by cyanobacteria for survival under  

extreme cold arid conditions 

Minu Kesheri1 and Swarna Kanchan2 
1Department of Life Sciences, Shridhar University, Pilani - 333 031 

2Department of Bio Sciences, Birla Institute of Technology and Science, Pilani - 333 031 

 

Photosynthetic primary producers at cold arid land masses are compelled to be exposed to 

extremes of climatic conditions due to the ecophysiological conditions confronted at their 

natural habitat. The present scenario of global climatic change posing the danger of ozone 

depletion aggravates the stresses faced by photosynthetic primary producers at cold arid 

lands. Reactive oxygen species (ROS) are generated during normal metabolic functions; 

however, abioticand biotic stresses enhance the level of ROS leading to oxidative stress. 

ROS are generated as a result of thylakoids, mitochondria and plasma membrane linked 

transport and subsequent leaking of electron to the molecular oxygen in the cell. ROS are 

highly reactive chemical entities that attack molecules by capturing electrons, thereby 

modifying their chemical structures and altering their functions. Thus, ROS damage cell 

macromolecules such as carbohydrates, nucleic acids, lipids and proteins. However, for the 

survival of cyanobacteria with oxygenic photosynthesis, the selection pressure led to the 

evolution of an array of enzymatic as well as non-enzymatic antioxidants. Cyanobacteria 

with their ubiquitous presence are bestowed with high adaptability in extreme habitats 

owing to the presence of four lines of defense mechanisms to cope with the hazards of 

oxidative stress arising due to biotic as well as environmental stresses. Cyanobacteria have 

also evolved strategies to mitigate damage due to harmful UV-B irradiation. Therefore the 

present research work aims at exploring cyanobacteria inhabiting cold arid lands 
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elucidating the mechanism of stress tolerance in these model organisms and exploiting their 

potential for production of compounds having agricultural as well as biotechnological 

significance. 

 

Physiological and nutritional analysis of Suaeda nudiflora (non grass 

halophyte) under salt affected environment 

Charu Lata1, Ashwani Kumar1 and Sourabh Kumar2 

1ICAR-Central Soil Salinity Research Institute, Karnal - 132 001 
2ICAR-National Dairy Research Institute, Karnal - 132 001 

 

The present study was carried out to evaluate the effect of different salt treatments on 

physiological and nutritional responses of Suaeda,non grass halophyte belongs to family 

chenopodiaceae. This non grass species was collected from extreme saline-sodic Kacchch 

plains (Rann of Kacchch, Bhuj, Gujrat) and established in microplots research areas of 

CSSRI. Different alkalinity/salinity treatments (control, pH-9.5, pH-10, ECe-15, ECe-25, 

ECe-35, pH-9 + ECe-10, pH-9 + ECe-15 and pH-9 + ECe-20) were imposed to evaluate 

physiological and nutritional behavior of Suaeda. Epicuticular wax load increased with 

increasing stress conditions and we recorded maximum epi-cuticular wax load (26.63 mg 

g-1) at ECe-35. Higher accumulation of Na+ andK+ was observed under saline stress. Na+ 

content was maximum at ECe-35 (10.40% DW) and K+ was maximum at ECe-25 (1.34% 

DW). Enzyme activities of ascorbate peroxidase and peroxidase was found maximum at pH-

9.5 and pH-10 respectively Among nutritional analysis, crude protein was maximum 

(9.44%) at control and marginal reduction was observed under sodic as well as saline stress. 

NDF, ADF and ADL significantly varied under different saline or alkaline treatmetns. Dry 

matter, cellulose content and hemicellulose content decreased with increased sodic and 

saline stress as compared to control. Non grass halophyte showed higher DMI and lowest 

values of digestible dry matter 52.63% for Suaeda nudiflora. Mean relative feed value index 

(RFVI) was 73.87% in S. nudiflora under different salt stress conditions. 

Safe use of sludge generated from effluent treatment plant of soft beverage 

manufacturing company in agricultural land 

J.K. Saha and M. Vassanda Coumar 
ICAR-Indian Institute of Soil Science, Bhopal - 462 038 

Email: jk_saha12000@yahoo.com 

 

Several long-term experiments have indicated the role of organic manure in improving soil 

productivity, reducing requirement of fertilizers, and in improving soil physical and 

chemical environment. However, availability of dung manure is considerably low (<2 t ha-1 

yr-1) in most of the areas of the country against the recommended dose. Wastes generated 

from effluent treatment plant (ETP) in different cities and industries contain considerable 

organic matter and plant nutrients. However, presence of high and variable amount of 

different heavy metals has also been observed in such sludge which has potential to 
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contaminate food chain. Field experiments were conducted with graded doses of sludge (2 

- 50 t ha-1) as well as recommended doses fertilizers to understand the utilization potential 

of ETP sludge application on growth and yield of food crops. ETP sludge generated from a 

soft-drink beverage company has high manurial value as indicated by high contents of 

organic matter (23% C), nitrogen (2.8%), phosphorus (2.6% P) and also considerable amount 

of secondary nutrients Ca & Mg and micronutrients Cu, Fe & Mn. As per the quality control 

limits of heavy metals for city waste compost (FAI, 2007), contents of Cd, Cr and Pb in ETP 

sludge were more than the permissible limits. ETP sludge also contain high amount of salts 

(EC2: 10.3 mS cm-1). Application of sludge enhanced production of maize, wheat and 

spinach and magnitude of increase was more with higher rate of sludge application. 

Although application of ETP sludge, particularly at high rate of application, increased 

concentrations of several heavy metals in straw portion of maize and wheat crops, grains of 

these crops didn’t get contaminated. Spinach, a leafy vegetable got contaminated with Cd 

due to sludge application. On the contrary, high rate of sludge application reduced As 

contamination in spinach leaf. Results indicated that this ETP sludge can be used safely 

with lower rate of application (< 5 t ha-1) under integrated nutrient management approach 

for increasing productivity of cereals and oilseed crops. Repeated application of this sludge 

on the same field is however, not advisable. 

 

Effect of land configurations on physiological parameters in rabi crops 

Sudhir Kumar*, B. Gangwar, K.K. Singh and Omkumar Tomar 
ICAR-Indian Institute of Farming Systems Research, Modipuram (Meerut) 

*Email: sudhirnpf@gmail.com 

 

Land configurations are measures for utilizing the residual soil moisture effectively for crop 

cultivation. A field experiment was conducted during the winter (rabi) season at Project 

Directorate for Farming Systems Research to evaluate performance of different rabi crop 

combinations under bed planting (FB), broad bed furrow (BBF) and furrow irrigated raised 

bed systems (FIRB) with wheat, mustard, vegetable pea and lentil crops. Crops were raised 

alone under bed planting system and in combinations in BBF and FIRB systems i.e. 

wheat+lentil, wheat+vegetable pea, wheat + mustard (wheat in furrows) and mustard+lentil 

(mustard in furrows). Periodical observations on photosynthetic rate, transpiration rate, leaf 

area index (LAI), plant height, dry matter accumulation and relative water content (RWC) 

were recorded which showed that vegetable pea under FIRB and BBF system showed higher 

plant height and higher LAI in comparison to the FB, While mustard showed higher plant 

height with high photosynthetic water use efficiency amongst all the treatments. In initial 

stage of growth, lentil showed higher LAI under both land configurations i.e. FIRB and BBF, 

but after 45 days it showed some stagnation which results due to shading effect of other 

crop. Wheat also showed better physiological indices under FIRB and BBF. RWC content in 

BBF and FIRB system was higher in all crops indicate that water availability i.e. residual 

soil moisture, remain available under BBF and FIRB in comparison to BP. Overall 
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physiological observations indicate that land configuration affects the various rabi crops 

which in consequence is reflected in growth and development. 

 

Innovative crop geometry for salinity management in semi arid zone:  

A case study from Pali, India 

D. Singh, M.K. Chaudhary, M.L. Meena and Chandan Kumar 
Krishi Vigyan Kendra, ICAR-CAZRI, Pali-Marwar 

 
Water scarcity is a major problem threatening food security due to poor water-use 

management practices being followed by most farmers inhot arid region of India. Thus, 

there is an urgent need for public extension and advisory organizations to allocate more 

resources and effort to educate the farmers for sustainable natural resource management 

practices. Sindhio-ki-dhani is a small village located in Pali, Rajasthan in semi-arid zone of 

India. A major problem in this region is shortage of ground water and saline soil (8.2 pH 

and 1.2 EC) with saline water (pH 7.9 and EC 2.2). Due to this problem the socio-economic 

condition of most of the farmers in this area is very poor. Looking to these conditions one 

of the young motivated farmer Mr Kalu khan came forward and addressed these issues by 

his continues efforts with technical guidance from KVK, CAZRI and state agriculture 

department. Looking to the agro-climatic situation of his village, he selected the crops which 

were heat tolerant, resistant to insects and pest, disease tolerant, salinity tolerant, requires 

less water, have good shelf life and were economically profitable. He planted okra, long 

melon and multi-cut fodder sorghum in a unique geometrically designed pattern to reduce 

solar radiation, prevention from hot winds and for reducing water requirement. Planting of 

seed was carried on bund slants so that salt accumulates over the top and salt load is 

reduced in the root zone. He used various interventions in his field for composting, moisture 

conservation and salinity management etc. Long melons and okra were planted in alternate 

pattern as okra grows upright and long melon is spreading type vine so it covers the 

moisture free area in between two channels. Due to this innovative planting pattern the 

farmer harvested bumper crop of okra and long melon with optimum utilization of water. 

His earning from vegetables reached Rs.two lac per hectare with side income from fodder 

sorghum. The farmer’s success can be measured by his enhanced sense of appreciation for 

better learning and adoption of new ventures. This Agri-enterprise became a role model for 

others in his village and nearby areas for generating on farm employment, increasing 

production and in ensuring food availability throughout the year. Thus there is a great 

scope to increase the production as well as the productivity of most of the crops for which 

this innovative concept is a noval and highly practical approach, the need is to promote 

these through management and collective action to facilitate food and livelihood security at 

village level. 

 

Management of wilt in brinjal through integrated approach in  

cold arid region of India 
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Vikas Gupta1, D. Namgyal1, Lyaqat Ali1 and Sanjay Kumar2 
1KVK - Leh (Ladakh), SKUAST-K. 2KVK - Nyoma (Ladakh), SKUAST-K. 

 

The eggplant or brinjal (Solanum melongena L.) is an important commercial and new 

vegetable crop of Ladakh region. Brinjal crop suffers from many biotic stresses, out of which 

soil borne diseases are of great economic importance. Studies were carried out from 2013 

to 2014 with the objectives to know the status of these diseases, causal agents involved and 

to arrive at the effective disease management strategies. Pathogenicity tests indicated that 

Fusarium oxysporum f. sp. melongenae (Fo), Pythium aphanidermatum (Pa), Rhizoctonia 

solani (Rs) and Ralastonia solanacearum (Ra) were the causal organisms associated with 

the soil borne diseases of brinjal crop. Plant diseases are considered an important biotic 

constraint, which leads to significant crop looses world-wide. Integrated disease 

management, which combines biological, cultural, physical and chemical control strategies 

in a holistic way rather than using a single component strategy proved to be more effective 

and sustainable. Among fungal antagonists Trichoderma viride and among bacterial 

antagonists Pseudomonas fluorescens were found most efficacious against the soil borne 

pathogens. In vitro evaluation of fungicides against fungal soil borne pathogens revealed 

that carbendazim was most effective against Fo and Rs at all the concentrations tested, 

whereas, in case of Pa metalaxyl + mancozeb was most efficacious at all the concentrations 

tested with cent per cent inhibition. In case of Ra, combination of streptomycin sulphate + 

tetracycline was efficacious antibiotic. Under in vivo conditions it was found that root dip 

treatment with carbendazim + drench with carbendazim at 15 day intervals was effective 

IDM strategy in reducing the wilt incidence. 

 

Distribution pattern of weedy species along altitudinal gradient in cold arid 

region of Leh Valley 

M.S. Raghuvanshi1*, J.C. Tewari2, S. Landol1, J. Stanzin1 and R.K. Bhatt2 
1Regional Research Station, ICAR-Central Arid Zone Research Institute, Leh-Ladakh 

2ICAR-Central Arid Zone Research Institute, Jodhpur 
*Email: omsai.msr@gmail.com 

 

Himalaya constitutes multi-diversity and multidimensional montane ecosystems, 

categorised by harsh climate, high degree of seasonality, and diversity of plant communities 

and species. Overexploitation, habitat loss and invasions of alien species under global 

climate change pose major threats to ecosystems and biodiversity. The vegetation 

distribution pattern, communities, and population dynamics in high altitude cold-arid 

regions of Trans- and Tethys-Himalaya needs immediate attention. Weeds are the integral 

part of crops growing that make 30% of the fodder mixture and thus play most important 

and foremost role in developing strong weed seed bank and situation is further aggravated 

by further dissemination through undecomposed manure, winds and water (glacier 

recharge). The rapid change in diversity due to various biotic and abiotic factors poses major 

threat of weedy nature of plant species, which may replace the desired pasture ecology.  
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The present survey was conducted with the objective to assess the weedy vegetation along 

the altitudinal gradient in cultivated and non-cultivated areas of cold arid region of Leh 

valley involving identified villages and river side belt. For the purpose, bio-geographical 

survey was carried out at six villages (Saboo, Stakmo, Nang, Phey, Thiksey and Spituk) to 

understand the weedy ecology. This study gives an insight into the floristic diversity and 

community structure of weedy species in Leh Valley. It was observed that major weeds of 

the crop fields belongs to family Amaranthaceae, Asteraceae, Malvaceae, Chenopodiaceae, 

Convolvulaceae, and Poaceae, while Fabaceae families were dominant in non-cultivated 

land. 

 

Strawberry cultivation in low tunnels: A high value fruit for  

diversification in Leh and Ladakh 

Akath Singh, P.R. Meghwal and Pradeep Kumar 
ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003, Rajasthan  

 
Apricot and Apple are the main fruit crops of cold regions of Leh & Ladakh. Estimated area 

under fruits is 1279 ha, out of which apricot occupies 707 ha. The potential area for 

horticulture in the district is more than 8000 ha, and Districts Horticulture Department’s 

main strategy for increasing the area under fruit crops through introducing newer crops 

like strawberry (Fragaria × ananassa Duch). Besides providing nutritional security, it is 

more remunerative and considered as high value fruit crops. Development and introduction 

of long day or day neutral varieties (Confetura, Festival, Ofra, Camarosa, Selva, etc.) have 

opened the avenues for its successful cultivation in Leh & Ladakh for home consumption 

and commercial cultivation as well. Under the ruthless climatic condition of the region that 

include wide diurnal and seasonal fluctuations in temperature (-40°C to 35°C) and 

extremely low precipitation, protected cultivation is the more efficient means to overcome 

climatic adversity. The existing opportunities can be capitalized in diversification of 

traditional farming with suitable high value crops like strawberry. Potential of strawberry 

cultivation under Leh & Ladakh conditions is unlimited because its fruits are harvested in 

the month of June-July. Further, the cropping season of strawberry can be extended from 

March to August under protected structures as compared to April to July in open field 

conditions. Amongst the different protected structure, cultivation in low tunnel may be the 

most suitable for the agro-climatic condition of the region to attain early production as well 

as to extend cropping season. Strawberry is one of the most suited crop for cultivation in 

low tunnel due to its short stature, bearing habit and root phenology. Low tunnel creates a 

favorable microclimate for plant growth and protect the crop from impact of cold wind and 

severe winter or adverse weather conditions. The modification caused by the low tunnel 

provided a better microclimate inside the tunnel resulting in early vigorous crop growth and 

better yield.  

 

http://en.wikipedia.org/wiki/Asteraceae
https://en.wikipedia.org/wiki/Malvaceae
https://en.wikipedia.org/wiki/Chenopodiaceae
https://en.wikipedia.org/wiki/Convolvulaceae
http://en.wikipedia.org/wiki/Poaceae
http://en.wikipedia.org/wiki/Fabaceae
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Performance of thiourea and thioglycolic acid with moisture stress on yield 

and quality of summer green gram (Vignaradiata L.) 

Soma Devi*1, Mahendra Partap1 and P.T. Patel2 
1College of Agriculture, S.K.R.A.U., Bikaner-334006, 

2S.D. Agricultural University, Sardarkrushinagar-385506 
*Email: somabishnoi@gmail.com 

 

A field experiment was conducted at Agronomy Instructional Farm, C.P. College of 

Agriculture, S.D. Agricultural University, Sardarkrushinagar during summer 2011. Sixteen 

treatment combinations comprising of two moisture stress treatments viz., M1- No moisture 

stress (irrigation at all growth stages) and M2 - Moisture stress at vegetative stage (missing 

irrigation at vegetative stage) with eight treatments of SH-compounds viz., S1 - control, S2 

- water spray, S3 - Thiourea 250 ppm, S4 - Thiourea 500 ppm, S5 - Thiourea 750 ppm, S6 

- Thioglycolic acid 100 ppm, S7 - Thioglycolic acid 200 ppm and S8 - Thioglycolic acid 300 

ppm were tested on summer green gram cv. GM 4. Both the SH compounds and water spray 

was performed twice i.e., at 25 and 45 DAS. The yield attributes viz., number of pods per 

plant, numbers of seeds per pod and seed yield per plant were also not significantly 

influenced due to moisture stress treatments. However, improvement in length of pod and 

1000 seed weight was found under M1 (no moisture stress) whereas harvest index was 

increased with M2 (moisture stress at vegetative stage). With regard to yield, seed yield was 

not influenced but stover yield was significantly reduced due to imposing of moisture stress 

at vegetative stage (M2). Moreover moisture stress treatments did not reflect conspicuous 

effect on protein content and protein yield. Raising of crop without moisture stress (M1) 

realized higher net return and CBR over the stress treatment (M2). Among the SH 

compounds, Thiourea 500 ppm (S4) remaining at par with Thiourea 750 ppm (S5) showed 

its superiority over rest of the treatments recording improvement in plant height, number 

of branches per plant, leaf area index, dry matter accumulation per plant and chlorophyll 

content in leaves. Both these treatments surpassed rest of the treatments with respect to 

yield attributes viz., number of pods per plant, pod length, 1000 seed weight, seed yield per 

plant and harvest index. The increase in seed and stover yield with Thiourea 500 ppm (S4) 

over control (S1) was to the tune of 58 and 84% respectively. In case of protein content and 

protein yield, the Thiourea 500 ppm (S4) emerged out as a leading treatment among the SH 

compounds. Foliar spray of thiourea@ 500 ppm twice at 25 and 45 DAS proved most 

effective to get higher yield and net return from summer greengram. 

Temprature vs gum yield in Acacia senegal L. Wild  

J.C. Tewari*, Pratibha Tewari, A.K. Sharma, Kamlesh Pareek, 
Prahlad Singh and Vikas Chaudhary 

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 
*Email: drjctewari@gmail.com 

 
Gum Arabic is the natural gum exudate of Acacia senegal. The gum exudes from the cracks 

on the bark of the tree under difficult conditions such as heat, dryness, wounds, and 

diseases. The gum flows naturally from the bark of the trees in the form of a thick and 
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rather frothy liquid, and speedily converted tears in sunlight. In general, the higher average 

temperature, the higher is the yield of gum. Trees with wounds and large cracks in bole 

gave larger yield of gum. Gum yield is improved by natural factors, like hot weather, lack of 

moisture, and other abiotic stress. An experiment was carried out using different 

concentration of ethephon to work out the optimum dose. It was observed that maximum 

gum was produced when plants were treated with ethephon @ 780 mg 4 ml-1 of gum 

inducing solution. The study concluded that 780 mg 4 ml-1 is most suitable dose for getting 

higher gum production from A. senegal. 

The study of gum exudation in relation to temperature in A. senegal was carried out for six 

months at CAZRI Research Farm. Gum yield was recorded after treatment of CAZRI gum 

inducer at regular intervals and data for temperature was recorded at regular intervals. 

Results indicated that maximum gum Arabic production from A. senegal occurred after 

treatment when average day temperature ranged from 30°-35°C. In month of April and May 

when temperature was in said range, the gum production was i.e. 310.0 g tree-1 and 302.1 

g tree-1 in April and May, respectively. However even further increase in temperature in the 

month of June did not resulted in higher gum production. These finding clearly 

demonstrated that once the stress conditions are relived, gum production is gradually 

decreased substantially. However, one should avoid treating the tree if weather is humidand 

cloudy or rain is expected. 

 

Effect of rodenticides on seed yield of rabi crops in arid zone 

Bhagwan Singh and R.S. Tripathi 
ICAR-Central Arid Zone Research Institute, Jodhpur - 342003 

 
Mustard, wheat and cumin are the major crops grown under irrigated condition in arid 

zone. The productivity of mustard, wheat and cumin are 1380 kg ha-1, 3515 kg ha-1 and 

356 kg ha-1, respectively (2012-13) which is low as compared to its potentiality, which mau 

be due to biotic and a biotic factors. Among the biotic factors, rodents are also cause 5-10% 

loss in yield of these crops. There is a considerable scope for increasing the production of 

these crops by adoption of improved technologies for management of pest rodents. Keeping 

this in view, a study was undertaken to evaluate the effect ofthe rodenticidal treatments on 

rabi crops in an adopted village Bheenjwadia of Jodhpur district.  

Rodent surveys and 14 demonstrations on rodent management technologies along with 

rodenticidal evaluations were conducted at farmer’s fields in rabi crops during 2010-11 to 

2012-13. Four treatments, viz., zinc phosphide (2%), bromadiolone (0.005%) and zinc 

phosphide (2%) followed by bromadiolone (0.005%) and an untreated control were imposed 

inmustard, wheat and cumincrops. The results of the field demonstrations on these crops 

indicated that rodent control success with zinc phosphide was 60-68% on 4th day after 

treatment, whereas with bromadiolone it was only 24-26%. However being a chronic 

rodenticide, the success with bromadiolone treatment increased to 62-65% after 15 day of 

first treatment. The double baiting where acute rodenticide (zinc phosphide) was integrated 

with application of chronic bromadiolone, the success rate was 71-72% on 4 DAT which 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

251 
 

increased further to 78-80% (15 DAT). In the untreated control plots the rodent infestation 

increased from 6-16% during this period. Due to rodenticidal treatments the seed yields 

recorded an increase of 5.34, 7.68and9.45% in comparison to control in mustard, wheat 

and cumin crops respectively.The net returns due to use of rodenticide was Rs. 2700, Rs. 

3189.95 and Rs. 3733 ha-1 in mustard, wheat and cumin respectively as compared to 

control. 

 

Physiological characterization of sugarcane varieties under  

water stress in subtropical India 

Pooja*1, A.S. Nandwal1, Mehar Chand2, Ashwani Kumar3and Babita Rani4 
1Department of Botany & Plant Physiology  

CCS Haryana Agricultural University, Hisar - 125 004, Haryana, India 
2Regional Research Station, CCS HAU, Karnal - 132 001, Haryana, India 

3ICAR-Central Soil Salinity Research Institute, Karnal - 132 001, Haryana, India 
4Department of Chemistry & Biochemistry, CCS HAU, Hisar - 125 004, Haryana, India 

*Email: poojadhansu@gmail.com 

 

To investigate the effect of water stress with a view to study the physiological characters, a 

field experiment was conducted at Regional Research Station, Chaudhary Charan Singh 

Haryana Agricultural University, Karnal (at 245 metres above mean sea level with a 

longitude of 670581 North and latitude 290431 East in sub-tropical zone) during 2014-15. 

The experiment consisting of three moisture regimes based on available soil moisture (ASM). 

50% ASM (control), 40% ASM (Mild stress) and 30% ASM (sever stress) in main plot and 

four commercial sugarcane varieties i.e. CoS 767 (Mid late), CoH128 (Mid late), CoJ 64 

(Early) and Co 0238 (Early) in sub plot was laid out in split plot design with three 

replications; The soil moisture stress was started after 45 days of planting (DAP). Significant 

difference was observed among varieties in term of germination parameters. Sugarcane 

variety CoJ64 showed higher germination (64.2%) followed by CoS 767, CoH 128 and lowest 

in Co 0238. The observations recorded on physiological (RWC, MI, chlorophyll content, Pn, 

gS, E, Fv/Fm and Y [II]), biochemical (total soluble sugars, proline) attributes have 

suggested possible key characteristics of drought tolerance. Total chlorophyll content 

significantly decreased in drought stressed plants as compared to control plants. Sugarcane 

varieties exposed to these stress exhibited a significant decline in photosynthetic rate, 

stomatal conductance, transpiration rate, chlorophyll fluorescence and photon quantum 

yield. All varieties showed increased accumulation of TSS and proline with inclined stress 

which helped in osmotic adjustment. It might be concluded from this study that growth 

parameters, physiological and biochemical traits had a significant varietal variation, 

indicating that these parameters could be used as novel screening criteria for selecting the 

tolerant and sensitive cultivars exposed to water limiting stress. 
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Canadian thistle enters Changthang: Major threat to ancient pasture 

M.S. Raghuvanshi1*, A.K. Mishra2, J.C. Tewari2, Stanzin Landol1,  
Lakhan Singh1 and R.K. Bhatt2 

1Regional Research Station, ICAR-Central Arid Zone Research Institute, Leh-Ladakh 
2ICAR-Central Arid Zone Research Institute, Jodhpur 

*Email: omsai.msr@gmail.com 

 

Canadian thistle (Cirsium arvense), also referred to as Canada thistle and California thistle 

of family Asteraceae, is a perennial, most widely spread and important weed in the world. 

It is native to South-eastern Europe and the eastern Mediterranean, but is now thought to 

be naturalized world wide and is generally found in the northern temperate region of North 

America. Creeping thistle thrives well in cold arid zones of India and adapted to environment 

like Changthang region where Changpa nomads living for centuries, supposed to preserve 

their pasture land. It is occasionally found in dry habitats but occur in high density in wet 

areas of cold arid region of Ladakh. CAZRI, RRS, Leh carried out a field survey during 2014-

15 at Tsangse, Muglek and Pangong areas of Changthang valley to study the distribution 

pattern of Cirsium arvense weed under pastoral systems.  

During the survey of Tsangse, Muglek and Pangong areas of Changthang Valley, Cirsium 

arvense has been found along the entire tract in dense patches. Survival of flocks of sheep, 

yak, goats and horses is under threat due to the decline in balance of pasture ecology. The 

spiny leaves of C. arvense are unpalatable to livestock; therefore, the forage productivity of 

pastures and range lands is reducing due to its infestation. Density of C. arvense along the 

Changthang pastures ranged from 30 to 50 plants m-2. Further more, due to allelopathic 

effects of C. arvense, vegetation cover of palatable species in Changthang region is declining 

with rapid pace. Ethanolic extract of C. arvense roots and foliage was found to be similar in 

their ability to reduce radicle growth of barley, cucumber, green foxtail, and redroot pigweed 

in petridish studies. It has higher competitiveness against palatable vegetation cover for 

nutrient uptake, mainly in water deficit conditions in soil as compared to sufficient soil 

moisture conditions. Changthangi pastures are dominated by the smallest Cyperaceae 

endemics, growing not taller than 2 to 3 cm, covering more than 90% area and consist of 

only 8 to 10 mostly tiny rosette species (e.g. Thalictrum alpinum, Potentilla saundersiana, 

Aster flaccidus, Primula walshii, Pedicularis spp., Cortiella caespitose, etc). The open humic 

soil is colonized by rosettes (like Lancea tibetica, Lagotis brachystachya, Potentilla bifurca, 

Przewalskia tangutica, Persicaria glacialis, and Lasiocaryum densiflorum. Changthang 

pastoral ecosystems, the back bone of nomadic livestock economy has not been investigated 

properly. Prolific seed production (1530-5,300 seeds with approximate viability for 21 years) 

from Cirsium arvense may pose a major crisis in future for local pastures and thus, 

immediate attention is required to make strategic efforts for identifying and managing the 

invasive weedy plants. C. arvense is very intense competitor, absorb high quantity of 

moisture and nutrients due to its massive root systems. It is widely known that losses 

caused by weeds exceed the loss caused by any other category of pests. 

Fodder quality evaluation of wild grass halophytes under salt stress 
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The present study was aimed to evaluate the nutritional value of wild grass (Dicanthium 

annulatum, Sporobolus marginatus, Aleuropus lagopoides and Urochondra setulosa) 

halophytes. For this study, seeds as well as rootslips of these grasses halophytes were 

collected from extreme saline sodic Kachchh plains, Bhuj, Gujrat and established in 

microplots. The experiment was designed in two factorial randomized block design having 

4 grass halophytes and 9 different treatments of salinity/sodicity i.e. control (pH2: 7.1 and 

ECe: 0.43), sodic (pH2: 9.5 and 10.0) and saline (ECe: 15, 25, 35 dSm-1) separately and in 

combination i.e. saline-sodic (pH2: 9.0 + ECe: 10.0, pH2: 9.0 + ECe: 15.0 and pH2: 9.0 + 

ECe: 20.0). The ash level of vegetation showed a high range of variability, between 8.83% 

for Dicanthium annulatum, 10.54% for S. marginatus, 9.7% for A. lagopoides and 9.31% for 

Urochondra setulosa.No significant change was observed in ether extract of these halophytes 

with different salt stress levels in comparison to control. Aleuropus exhibited lowest mean 

dry matter (DM) content (22.1%) followed 35.04% in Sporobolus and 39.99% in Dicanthium 

(grass halophyte); whereas Urochondra (grass halophyte) recorded the significantly higher 

dry matter (41.45%). Highest values of crude protein were observed in S. marginatus (8.5%) 

followed by Urochondra (8.42%), A. lagopoides (6.1%) and the lowest values (5.26%) being 

shown by Dicanthium. NDF, ADF and ADL significantly varied among these halophytes. A 

significant positive correlation has been observed between DM and fiber parameters (CF, 

NDF and ADF) whereas a negative correlation was found between DM and crude protein 

content. The highest and lowest values of digestible dry matter were 62.91% in Urochondra 

setulosa and 51.3% for Dicanthium annulatum respectively. Mean relative feed value index 

(RFVI) was highest in U. setulosa (84.84%) followed by S. marginatus (72.87%), A. lagopoides 

(69.13%) and D. annulatum (68.68%) under different salt stress conditions.  

 

Prevalence of animal diseases in arid districts of Rajasthan 

A.K. Kataria*, N. Kataria, Rajneesh, R. Pachaury and A.K. Gahlot 
College of Veterinary and Animal Science, Rajasthan University of Veterinary and Animal Science, 

Bikaner - 334 001  

*Email: akkataria1@rediffmail.com 

 
There has been a significant contribution of livestock sector in the economy and sustenance 

of arid districts of Rajasthan and in event of rain failures the livestock remains the mainstay 

of livelihood for agrarian community in these districts. Largely the sector is unorganized 

and most of the farmers follow traditional animal husbandry practices. In this situation 

heavy losses are incurred in case of disease outbreaks. The arid districts possess a large 

population of cattle, sheep, goat and camel with now increasing population of buffaloes and 

decreasing population of sheep and camel. This centre is engaged in disease investigation, 

monitoring and surveillance of animal diseases in the state and provides immediate relief 

to farmers through diagnosis and control of disease outbreaks. As per the monitoring and 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

256 
 

surveillance of diseases during last 12 years, Foot-and-Mouth Disease was the maximum 

reported disease in cattle and buffalo followed by gynaecological disorders, haemorrhagic 

septicaemia, mastitis, deficiency diseases, black quarter in descending order of occurrence. 

The most common disease in sheep and goats was Enterotoxaemia followed by peste des 

petits ruminants, pox, gastrointestinal disorders, respiratory tract infections, 

gastrointestinal parasitism, mastitis in descending order of occurrence. The diseases 

reported in camel is fewer as compared to that in other animal species, the most common 

of which is mange followed by trypanosomosis, gastrointestinal disorders, pox and pica. 

Most of the districts show presence of almost similar diseases albeit with difference in their 

magnitudes but disease like botulism are mostly restricted to Jaisalmer, Barmer and 

Jodhpur. The most of the diseases can be prevented or their magnitude of occurrence can 

be reduced through vaccination, deworming, supplementation and better management 

practices by educating the farmers in this regard.  

 

Assessment of forage production and livestock feeding  

interventions at farmers field 

M. Patidar, A.K. Patel, R.N. Kumawat, P.R. Meghwal and A.K. Mishra 
ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

 

The nutrient requirement of livestock in this region is generally met out by grazing on 

pasture lands, waste lands, common lands, etc. and concentrate feeds are generally 

inadequate and nutritionally imbalanced, which causeslow productivity in animal.To 

address this issue a study was conducted in 12operational villages of Nagaur district. 

Results showed that the dry matter yield of improved pasture grassesranged from 1.5 to 3.0 

t ha-1.The grain and fodder yields of improved cultivars of crops were higher by 21 and 

14.32% in pearl millet, 25.38 and 15.93% in sorghum and 21.2 and 3.05% in clusterbean, 

respectively. Green fodder yield of lucerne recorded 18% higher yield over the farmers 

practice. The summer grown Rijka Bajra introduced in the villages recorded green fodder 

yield of 277 to 432 qha-1 while sorghum varieties recorded 168 to 517 q ha-1. 

The feeding trial of multi nutrient feed block (MNB) conducted on 188 lactating cattle and 

293 buffalo revealed positive response on the milk yield of bovines. The increase in daily 

milk yield in cattle and buffaloes were 12.63 and 6.9% with B: C ratio 4.38 and 4.6, 

respectively. Similarly, feeding of multi-nutrient mixture (MNM) in 883 goats also increased 

average daily milk yield by 17.35% in goats with B: C ratio 2.05. In addition to this, 14529 

complete fodder blocks of 4 kg each were prepared in farmers’ participatory mode and used 

by 98 farmers and 3 Gaushala for feeding their animals. All these interventions helped in 

improving the feeding conditions in farmers’ fields for all livestock species. It has been 

concluded that livestock centric approach is the ultimate way to improve the animal 

productivity in rainfed regions of the country. 
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The Tharparkar cow: White gold of the Thar desert needs an attention 

A.S. Sirohi*, B.K. Mathur, A.C. Mathur, A.K. Misra and R.C.Bohra 

Division of Livestock Production Systems and Range Management, 
ICAR-Central Arid Zone Research Institute, Jodhpur 342 003, India 

*Present address: Senior Scientist (LPM), ICAR-CIRC, Meerut Cantt 250001 

Email: ajaysirohi35@gmail.com 

 

Recently demand for the milk produced from indigenous cows has gained up due to its 

superior quality for human health than the milk obtained from exotic/crossbred cows. 

However, as per 19th livestock census, indigenous cattle population of India has decreased 

by 8.9% from the year 2007 to 2012. Tharparkar is one of the important dual purpose cattle 

breeds of India raised primarily in arid region. The population of these animals is decreasing 

rapidly and based on one of the classifications for Indian conditions, Tharparkar breed is 

in insecure stage and needs conservation. The important factors responsible for the decline 

in number of pure animals are deliberate cross breeding with exotic breeds, unavailability 

of suitable germplasm, deficiency of balanced feed and fodder, lack of breeding services and 

technologies, lack of farmers’ knowledge about government policies etc. The performance of 

Tharparkar cattle has been evaluated at different locations in our country. Tharparkar cows 

maintained in arid region (CAZRI, Jodhpur) had average lactational (305 days basis) yield 

of 2080 litres which was comparable with the yield of 2104 litres from the cows of same 

breed maintained at NDRI, Karnal. Best individual peak yield and daily yield of these cows 

at this institute was 15.2 and 6.8 litre/day. Average calving interval (13.88 months) was 

also comparable with that of NDRI herd. Thus conservation of this breed of cattle is essential 

due to its potential for milk production, high resistance to diseases, efficiently utilizing local 

non-conventional feed resources and heat tolerance ability particularly in arid region. In 

situ and ex situ conservation activities have to be integrated for survival of Tharparkar cattle 

with best performance in arid region. The performance data of Tharparkar cattle in arid 

region indicate that this breed urgently needs strategic conservation activities for 

maintaining in its native tract. 

 

 

 

 

 

In-silico analysis of insulin analogue from primary structure of camel 

(Camelus dromedaries) milk protein 

Kamlesh Pareek*1, Kirtesh Dudhawat1, J.C. Tewari1 and Asha Rani Arora2 
1ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

2BNPG College, Udaipur 
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Many folk stories describe the use of camel milk in the treatment of type-1 diabetes mellitus. 

One of the camel milk proteins has been reported to have similar characteristics to insulin. 

Camel milk was found to contain approximately 52 micro unit ml-1 insulin and it may be 

the reason for a lesser requirement of insulin in diabetic patients consuming camel milk. 

Past study confirms a significance hypoglycaemic effect of camel milk when given an 

adjunctive therapy, presumably due to presence of insulin/insulin like proteins.  

A homology modeling done on public database viz. NCBI server with keyword “Camel Milk 

Protein” and search performed. Its result filter by default value and finally 8 template 

sequence found depending on the maximum similarity. These are 1DTZ; 1GZZ; 2J4U; 

2R2K;2Z9N; 3CN3; 3CG9; 3COR; 3CXA and 2HIU as a PDB file and Q9TUM0; Q9GK12; 

Q1D297; PO1308; PO5019; PO6996 as Uniport KB file. 

General help for CLUSTAL x (2.0) software in (local System) were used for protein pair wise 

sequence Alignments (PSA) by using the previously collected sequences with standard 

parameters. Input file for PSA are target sequence (PO1308) used in “fasta” format and 

compare sequence (Q9GK112; P05019; Q9TUM0 and P06996). Pre- PSA were calculated, 

because which peptide conserved without post PSA. In the case of pre- PSA, sequence of 

target sequences Q9GK12 viz. (2R2K; 2Z9N; 3C9C; 3CG9; 3CO; and 3CXA) are maximum 

similar in IGF-1 viz. P05019 (22.18%) followed by Q9GK12 (18.13%). Above results are 

clearly show that camel milk protein functionally similar in the form of protein primary 

structure however, it’s may be presence in little free or bond form in camel milk. Utilizing 

this property if the camel milk protein is co-related with insulin molecule then it maybe 

mimic its function and therefore can be utilized as sugar regulatory molecules. 

 

Transhumance: An important livestock rearing activity of the  

Himalayan region  

Inder Dev, M.S. Pathania* and Madhulika Srivastava  
Central Agroforestry Research Institute, Jhansi (U.P) 284 003 

Department of Agricultural Economics, CSK HPKV, Palampur (H.P.) 176 062 

 

Pastoralism is very common in the Himalaya, where several nomadic communities are 

found. A considerable decline has taken place in the number of nomadswith changing 

times. Migratory routes are for transit purpose only, the flocks stay for most of the time 

either in the lower hills plains or in the alpine pastures. This study in the state of Himachal 

Pradesh was confined to Gaddinomads who rear sheep goat under a well-defined migratory 

system. About 30% of the Gaddis are still fully migratory, 70% have adopted a sedentary or 

semi- migratory mode of life.Gaddis follow a patriarchal and patrilineal family system. The 

economy of Gaddi tribes is mainly agro-pastoral and animal husbandry is the main 

occupation. The number of sheep and goats reared per sampled household was about 120 

and 49, respectively. The sheep and goats were grazed for 7 to 8 hours day-1 on common 

grazing lands/pasturelands during different seasons. By and large in alpine pastures, 
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where migratory graziers graze their sheep and goats for 3-4 months during summer were 

dominated by Festuca, Cyperus, Artemesia, Phleum,etc. Festuca was found to be most 

dominated species in the alpine pastures. Dry matter of Festuca was observed about 90% 

with an average crude protein content of 14.3%. The carrying capacity of alpine pastures 

ranged from 0.32 to 0.47 ACU ha-1 annum-1. The Gaddis transhumance system has gone 

on for centuries and will continue so long as it is profitable; this involves hard work, season 

separation from the family, and an uncertain future. 

Livestock disease and production management analysis using GIS  

Ravi Kumar, N. Mohammed, Abhimanu and A.K. Kataria  
College of Veterinary & Animal Science,  

Rajasthan University of Veterinary & Animal Sciences, Bikaner 

Email:ravigisrs@gmail.com 

 

Livestock plays a dynamic role in the agricultural and rural economy and is very precious 

for a developing country like India. Livestock management systems in developing countries 

are characterized by rapid change, driven by factors such as population growth and thereby 

increase in the demand for livestock products. Livestock diseases are the greatest 

impediments in livestock production systems, causing population and production losses 

with many subsequent financial impacts as well as risk to human health through 

communicable diseases. Livestock disease management can reduce these losses through 

improved animal husbandry practices viz. controlled breeding, controlling entry to farm 

lots, and quarantining sick animals and vector control techniques etc. 

GIS can be used as significant tool for any discipline, which deals with the data that is 

related with geographical locations such as regions, countries, or community. GIS has been 

used as decision support system for control of infectious diseases in animals. The 

developments in Information Technology over the past few decades are tremendous and 

offer great potential in improving animal health through various measures like effective 

disease forecasting, rapid and accurate disease diagnosis, modern therapeutic measures 

etc. 

Epidemiology of livestock disease and production managementcould be understood in a 

better way by using advantages of mapping locations of farms, animal population and other 

facilities for livestock. In case of a disease outbreak it could make the management of the 

situation efficient and easier, and also provide a tool to evaluate different strategies in 

preventing the spread of infectious disease. Strategies can be formulated and can be 

generated with the help of GIS. 

A study on drinking water requirement of indigenous  

cattle in western Rajasthan 

A.S. Sirohi*, B.K. Mathur, A.C. Mathur and N.D. Yadav 
ICAR-Central Arid Zone Research Institute, Jodhpur 342003 India 

*Present address: Senior Scientist (LPM), ICAR-CIRC, Meerut Cantt 250001 

Email: ajaysirohi35@gmail.com 
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In the last few decades, increase in human and livestock populations have put tremendous 

pressure on the fragile water and land resources of Rajasthan. Frequent and prolonged 

droughts, particularly in the western arid part of the state, is a common phenomenon 

exacerbating water shortages. Despite water resources depletion, there is a significant 

potential for harvesting and conserving water if an integrated water resources management 

approach is adopted. The experiments were conducted during August to October 2013 

(rainy season) and December, 2013 to February, 2014 (winter season) to study the drinking 

water requirement of Tharparkar and Rathi cattle at CAZRI, Jodhpur and its Regional 

Research Station, Bikaner, respectively. Lactating cows and heifers of Tharparkar and Rathi 

cattlewere randomly distributed into 2 groups i.e. grazing and stall-fed having 4 animals in 

each group. All the animals were bucket watered twice daily. Total daily water intake (DWI) 

was recorded biweekly during each season. DWI of Tharparkar cows was higher in winter 

than in rainy season, however, in Rathi cows no significant change was observed. The 

average DWI kg-1 dry matter intake (DMI) of Tharparkar heifers was 4.13 and 1.41 litres in 

rainy and winter season, respectively. During winter season, DWI of Rathi heifers was more 

than that of Tharparkar heifers. During rainy season, the DWI of Rathi cows was 

significantly higher than Tharparkar, whereas, milk yield was more in Tharparkar (5.95 L 

day-1) than Rathi cows (4.73 L day-1). The average DWI kg-1 DMI was 3.24 and 4.76 litres in 

Tharparkar and Rathi stall-fed cows, respectively. During winter season average DWI kg-1 

DMI was 2.87 and 3.39 litres in Tharparkar and Rathi stall-fed cows, respectively. The 

average DWI kg-1 milk yield in Tharparkar cows was 7.16 and 5.35 litres in stall-fed and 

grazing condition, however, in Rathi cows was 9.92 and 9.88litres, respectively. Study 

revealed that on per kilogram dry matter consumed and per litre of milk produced basis 

daily water intake in Rathi cattle was higher than that ofTharparkar cattle during rainy and 

winter season. 

 

Evaluation of different cropping systemsto sustain feed and fodder supply in 

Crop -Livestock farming system for marginal farmers 

L.R. Meena*, Kamta Prasad, N. Ravishankar, R.S. Yadav and Sanjeev Kumar 
ICAR-Indian Institute of Farming Systems Research, Modipuram - 250 110 

*Email: lrmeena63@gmail.com 

 
The country, as on datedeficit by 35.6% ingreen fodder (GF), 10.95% in crop residues(CR) 

and 44% in concentrate ration (CR).Country possess huge livestock population(512.05 

million).However, productivity per animal is very low as compared to other countiesbecause 

of insufficient supply of green fodder, dry matter and concentrate ration to animalsand poor 

management. In present times, the marginal farmers can’t devote all the resources for the 

cultivation of fodder crops to meet the feed/fodder requirement of livestock.Therefore, it is 

demand of the time to identify the suitable cropping systems to fulfill the requirement of 

both farm family as well as livestock. The present experiment was conducted during kharif, 

rabi and summer seasons of 2014.The experiment was laid out in RBD with five replications. 

Thetreatments were consisted of five cropping systems.The results of study exhibited that 
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maximum maize equivalent yield was recorded under maize-pea-sorghum (245.5 qha-1) 

cropping system (CS-1) followed by stylo-carrot-cowpea (236.34 q ha-1)cropping system (CS-

2) and the minimum maize equivalent yield was seems when Cenchrusgrownround the year 

for green fodder under assured irrigation (211.9 q ha-1). Similarly, adaptation of maize-pea-

sorghumcropping system fetched highest gross returns (Rs. 2.69 lakh ha-1) as compared to 

other cropping systems in western plain zone of Uttar Pradesh.  
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A geomorphic assessment of cold arid terrain of Leh-Ladakh region using 

digital elevation model and GIS 

P.C. Moharana, R.K. Bhatt, M.S. Raghuvanshi and C.B. Pandey 
ICAR-Central Arid Zone Research Institute, Jodhpur 

 

The present study depicts an assessment of landforms in the cold desert terrain of the Leh-

Ladakh region. Unlike hot arid regions in Rajasthan, this cold arid terrain is endowed with 

high altitude mountains and extreme case of aridity.  

The study is supported by a rapid survey of natural resources carried out in some selected 

villages in the Leh valley extending between Nimoo village in the north-west and Karu village 

in the south-east. The study presents some of our observations on landscape, landforms, 

water resources and life in this transect. The assessmentis supported by interpretation of 

SRTM DEM of the region and high resolution satellite images in GIS. 

Topographically, location of studied villages has following patterns; 

1. Steep, mountainous settlements on the linear valleys at 3543 m to 3889 m elevation: 

Umla, Taroo, Phyang and Nang. 

2. Moderately steep, river bank settlements at 3400 m to 3500 m elevation : Saboo, Leh and 

Stok 

3. Low altitude flat alluvial plain settlements of IndusRiver and its tributaries at 3100 m to 

3349 m elevation: Nimoo, Choglamsar, Phey, Shey, Thiksey, Spituk, Rambipor, Stakna 

and Karu. 

Based on the geomorphic assessment, landforms can be divided into glacial, fluvial, tectonic 

and Aeolian in origin. 

Umla, Taroo, Phyang and Nang are located on the elongated narrow valleys slopes. The 

shallow soils on the linear valleys is the contribution of tributaries like Umla and Nang 

rivers. The surface exhibits aggraded boulders and rock fragments of various sizes, 

morphologically similar to desert pavements in hot deserts of Rajasthan but genetically 

related to fluvial, glacial and tectonic processes. Intensity of fluvial activities and 

vulnerability of this terrain is supported by bank cut erosions, flood level marks and 

damages to the natural resources. Saboo, leh and stock are linear valley towns having 

gentler slope and flat plains supporting agricultural activities. Saboo is one of the major 

villages, where agriculture follows pattern of terrace farming. Among the settlements at low 

altitudes, Nimoo is a flat alluvial plain surrounded by high altitude mountains, where two 

gigantic rivers; Zanskar and Indus meet. The terrain is sculpted into gorges and steep 

valleys, creating sites for adventure tourism, a highly preferred economic activity for rural 

livelihood. On both sides, barren hills stand with of varied morphology, geological faces and 

structural plains with exposed hard rocks and boulder faced slopes. Further downslope, in 

the right flank of Indus River, there are three level of land faces, steeper mountains, 

piedmont slopes and alluvial fans. A sudden break in the slope on the alluvial fan and 

development of an elongated escarpment (40 km long) from Phey to Stakna village are the 

major geomorphic expressions of land development. Such fans, otherwise called as debris 
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flow fans contribute to significant sedimentation of the valley. The flood plains of Indus has 

deep soils with patchesof wetlands and dense growth of willow trees and alfaalfa grasses. 

In the left flank of the Indus, one can see well preserved obstacle sand dunes between Shey 

and Saboo village. These features represent desert conditions and action of wind erosion 

processes. At places they appear to climb on the hills. This would suggest intense wind 

activity and such interpretations are substantiated by deflation hollows near Shey village. 

The geomorphology of the region governs the soil as well as water resources. An estimate 

shows only 57,716 ha of land, constituting 0.6% of the total area, is inhabited; even within 

this area, only 28.23% is under cultivation. The entire cultivated area depends on assured 

irrigation from the waters of melting snow through long, winding streams from the upper 

mountain reaches.Ladakh people have developed an excellent irrigation system. Each 

village has a large network of canals and zings. Water is diverted from streams with the help 

of guiding channels, and towards the evening, it is taken to a small tank, locally known as 

a zing. The stored glacier water is then used the following day in the fields. So from the high 

mountains to riverine system, the sustainability of the landscape is well supported by 

unique land-soil relationship.  

 

Empowering farmers for agricultural entrepreneurial ventures 

Lyaqat Ali, Vikas Gupta, D. Namgyal and O.C. Sharma1 

Krishi Vigyan Kendra, Leh, SKUAST-Kashmir, Srinagar 
1ICAR-Central Institute of Temperate Horticulture, Srinagar 

 
Agriculture is still backbone of our national economy. Agriculture is an important sector in 

Indian economy as it contributes about 14.1% to the total GDP and provides employment 

to over 60% of the population. In Jammu and Kashmir most of the farmers were having 

small and fragmented land holding. The land man ratio in our state is becoming very 

narrow. The average land holding in our state was very low. Due to this shrinking land base 

and rampant unemployment, there was need to commercials and diversify agriculture in 

such a way that one can generate more income per unit area and time and create agro 

based employment opportunities. For this we need to convert agriculture into agribusiness. 

Now due to liberalization and globalization, whole worlds turn to be local market, where our 

farmers and their produce/products will have to compete with multinationals in terms of 

quality and price. Entrepreneurship among farmers should be developed through 

systematic awareness spread program, motivation. This awareness and motivation has to 

be developed not only in the farmers but also in the field level extension workers. In earlier 

times farmers who produce more considered successful farmer, but now farmer has to learn 

competencies of effective marketing, presentation and quality maintenance on lines of 

national and international standards. The farmers have to become agripreneur where he 

identifies real business opportunities, draws holistic benefit from support system and build 

the global competitive of their produce. In leh the growing season is very limited i.e (May to 

October). Traditionally, owing to nature farmers are producing cereals, vegetables and fruits 

especially apricot and also rearing animals. Here we can train self help groups to become 
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agri- entrepreneurship. Entrepreneurship development in agriculture needs to be taken up 

at war footing. Awareness generation, entrepreneurial skills inculcation and survival 

mechanism to cope with ambiguous market fluctuations is need of the hour. 

 

Improvement for livelihood status of the hill farmer through adoption of 

intensive integrated farming system in Manipur 

N. Prakash*, S.S. Roy, M.A. Ansari and S.K. Sharma 

ICAR-Research Complex for NEH Region, Manipur Centre, Imphal - 795 004 

*Email: nprakashicar@gmail.com 

 

Integrated farming systems assume greater importance for sound management of farm 

resources to enhance farm productivity, which also reduces environment degradation and 

improves the quality of life of resource poor farmers as well as maintain agricultural 

sustainability. The hill region of Manipur is characterized by marginality, fragility, 

inaccessibility and heterogeneity. Two hill districts namely Ukhrul and Senapati suffer from 

acute water scarcity during winter months and temperature drops up to sub-zero. The 

faulty land use pattern and prevalence of shifting cultivation not only resulted in 

degradation of natural resources but also decreased low crop productivity and farm 

profitability. Given this backdrop, participatory research program was undertaken on 

improvement for livelihood status of the hill farmer through adoption of integrated farming 

system. Two intensive integrated farming system (IIFS) were established at farmers' field 

involving cereal crops, horticultural crops, livestock, fishery, poultry and allied activities 

like mushroom production, apiculture, value addition and vermicomposting. Soil and water 

conservation was the crux of the IIFS. The experimental findings revealed that among the 

major enterprises, maximum benefit: cost ratio was recorded with fishery (6.27), followed 

by horticultural crops (5.50), poultry (2.34), livestock (2.00) and field crops (1.80). Among 

the allied enterprises, bee-keeping showed maximum benefit: cost ratio (10.00), followed by 

agro-forestry (6.15), vermicomposting (6.00), oyster mushroom production (2.20) and value 

addition (1.75). The overall benefit: cost ratio of the IIFS was found to be 4.40. On an average 

7.60 to 8.20 million litre water was harvested in each IIFS model. A significant build up in 

soil fertility has also been observed. The inclusion of fish breeding (circular carp hatchery), 

apiculture and agro-forestry (tree bean) has made significant contribution in enhancing the 

profitability; whereas, cultivation of field crops emerged as least profitable component. 

However, the crop residue of the field crops was effectively utilized for mushroom production 

and spent mushroom substrates was utilized for vermicomposting. The poultry droppings 

can be effectively integrated with fishery (as feed) or vermicomposting. The study revealed 

that the future agricultural system should be reoriented from the single commodity system 

to food diversification approach through integrated farming system for sustaining food and 

nutritional security in the sub-temperate hill region of Manipur.  

Production and prediction of dry fuel in Prosopis cineraria and  

Acacia tortilis under arid conditions 
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Anjly Pancholy and S.K. Jindal  

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

 

Prosopis cineraria and Acacia tortilis have been the mainstay of the local people in Thar 

Desert for several years. These provide excellent fire wood (calorific value, ca. 5000 kcal kg-

1 and 4400 kcal kg-1 respectively) and charcoal. Mostly height and dbh are used to estimate 

volume of the trees, where wood is used for timber purpose, and V= a+b D2H has been 

reported to be the best fit for constructing volume tables for Indian trees. Use of these two 

parameters for estimation of fuel in these two species at particular age and growing at 

Jodhpur are not available. Data were recorded for tree height, collar diameter (CD), DBH, 

dry stem weight, dry branches weight and total dry fuel yield on 93 trees of P. cineraria (20-

year-old half-sib progenies of eleven plus trees) and 14 trees of A. tortilis (23-year-old from 

five different accessions). Tree to tree distance was 3m x 3m and all plants were rainfed. 

Standard statistical methodology was applied for analysis of variance for regression using 

total dry fuel/tree as dependent and D2h as independent trait. Average annual rainfall was 

372.6 mm (range 50.6 mm during 2002 to 844 mm during 1990). There was much variation 

in P. cineraria for dry weights of stem, branches and total fuel yield per tree than other traits 

and also in A. tortilis. Linear regression equations were developed to predict dry fuel wood. 

Y= a +b (X); where, Y=dry fuel biomass in kg, X= growth parameters (D2h, cubic meter), 

a=constant, and b= regression coefficient. In P. cineraria per tree values were: mean tree 

height 335 cm, CD 7.50 cm, DBH 5.63 cm, dry stem weight 12.36 kg, dry branches weight 

2.93 kg and total dry fuel 15.4 kg. In A. tortilis, the mean values for tree height, collar 

diameter and DBH were 1.72, 1.73 and 1.8 times more than their respective values in P. 

cineraria. Dry fuel yield was 60.07 kg and dry stem weight was 36.0 kg. In case of P. 

cineraria, cv was minimum (35.0%) for tree height and it was more than 100.0% for dry 

stem and dry branches weight and total dry fuel yield tree-1. Regression coefficients were 

highly significant for both the species, showing that dry fuel yields were highly significant 

on D2h. 91.2% and 88.0% of variation in dry fuel yield is associated with D2h values in P. 

cineraria and A. tortilis respectively. All possible correlation coefficients of total dry fuel yield, 

their components and D2h of both the trees were positive and highly significant but their 

magnitudes were somewhat different. The prediction equations Y=3.014 + 707.3X for P. 

cineraria, and Y=34.87+313.9X for A. tortilis have been developed. D2h appears to be the 

best predictor for estimation of dry fuel wood. 

 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

268 
 

Biomass estimation of woody and non-woody components in  

eight villages of arid western Rajasthan 

Archana Verma, J.C. Tewari, Ram Partap, Poona Ram Bishnoi and Anil Sharma 

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

 

Vegetation biomass is an important ecosystem attribute for assessing the productivity and 

sustainability of the system. For woody and non-woody components, information on 

biomass is essential for understanding the changes in energy, carbon, and nutrient flows 

resulting from changes in land use. Keeping this in view, biomass of woody and non-woody 

components was estimated in eight villages under three districts Jodhpur, Barmer and 

Jaisalmer. The biomass of trees was estimated by applying of bio-statistics based allometric 

equations, and by destructive harvesting method for shrubs, grasses and crops. Biomass 

of trees ranged between 15.59 t ha-1 (Dhok) to 39.83 t ha-1 (Mansagar), whereas the shrub 

biomass ranged between 6.3 t ha-1 (Dedha) and 12.37 t ha-1 (Mansagar). Grass and crop 

biomass was also found highest in Mansagar village. The highest total biomass was 

recorded in Mansagar village (61.81 t ha-1) followed by Govindpura (50.52 t ha-1) and 

Sankaria (38.86 t ha-1) village. It was found that Khejri species was dominant tree species 

across the villages and contributed maximum in tree biomass (37%). Availability of biomass 

is directly related with availability of fodder as far as edible portion is concerned. The study 

will help to work out the availability of edible biomass in each village and in turn gap in 

fodder demand can be worked out.  

 

Effect of front line demonstrations on yield enhancement of kachri 

 (Cucumis cellosus): A case in arid zone of Rajasthan 

M.L. Meena, Dheeraj Singh and M.K. Chaudhary 

Krishi Vigyan Kendra, ICAR-CAZRI, Pali-Marwar (Rajasthan) - 306 401 

 

Kachri (Cucumis cellosus) is drought hardly cucurbitaceous vegetable found growing 

abundantly during rainy season in the arid and semi-arid region of north-western 

Rajasthan. However, the average district yield is 86.56 q ha-1, which is substantially lower 

than the national average (130 q ha-1). 45 FLD during 2008-09 and 2012-13 in five different 

villages, namely Bhagwanpura, Dayalpura, Hingolla Kallan, Sodawas and Bittura Kallan 

located in different blocks, namely Sumerpur, Jaitaran, Sojat and Raipur, respectively was 

conducted under KVK, ICAR-CAZRI operational area. The main reasons of low yield of 

kachari were found to be imbalanced use of nitrogenous fertilizer and indiscriminate 

practices to manage the powdery mildew disease and fruit borer. The economics and cost 

benefit ratio of both control and demonstration plotswere worked out. An average net profit 

of Rs. 73128 was recorded under recommended practices while it was Rs. 41788 under 

farmers’ practice. Cost benefit ratio was 3.7-4.9 under demonstration, while it was 0.8-1.5 

under control. By conducting FLDs of proven technologies, yield potential and net income 
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from kachri production technology can be enhanced to a great extent with increase in the 

income level of the farming community. 

 

Economics of moth bean processing in Nagaur district of Rajasthan 

Subhita Kumawat 

Department of Agricultural Economics, College of Agriculture, SKRAU, Bikaner 

Email:subhita.kumawat@gmail.com 

 

The present study was devoted to an economics of moth bean processing in Nagaur district 

of Rajasthan. The processing cost and returns analysis revealed that moth bean is 

processed into different products such as parched moth bean, parched moth bean dal, moth 

bean flour (besan), milled moth bean for human beings and livestock etc. The processor 

purchased moth bean at the rate of Rs. 5700 q-1 and sold moth bean dal at a price of Rs. 

7600 q-1. Broken moth bean dal which is generally used for besan making was sold @ Rs. 

5000 q-1 and churi which is used as livestock feed was sold @ Rs. 1600 q-1. The total cost 

incurred by the processor was Rs. 6058 and returns after processing of moth bean were Rs. 

6544. Net returns per quintal of processed moth bean were Rs. 486. The processors, on an 

average, earned a profit of 8.52% on the purchase price of moth bean. The mark-up (per 

cent increase) in moth bean price after processing was 33.33% . The policy implication 

based on the findings of the present study on pulse processing is beneficial to 

bothproducers, the public and govt. in general. For farmers, processing facilities create 

strong markets. Processors have a natural incentive to aggressively pursue commodity 

supplies to keep their plants fully utilized. This will result in famers receiving higher prices 

than they would get otherwise. The processing facilities create jobs, generate tax revenues, 

and increase economic activity to benefit many local businesses. 

 

Agri-voltaic system: A potential land utilization options for future  

*Priyabrata Santra, P.C. Pande, Suresh Kumar, D. Mishra, R.K. Singh, R.K. Bhatt 

ICAR-Central Arid Zone Research Institute, Jodhpur, Rajasthan, India 342003 

*Email: Priyabrata.Santra@icar.gov.in 

 

Energy and food are the two main requirements for human civilization; however the 

demands for these two resources are increasing with a much faster rate. Fossil fuels are 

being exhausted rapidly and in this context energy from biomass is sometimes claimed to 

be a possible substitute. However, the land area required to replace fossil fuels with biofuels 

would largely exceed the cropland area of the planet. Further, the low photosynthesis 

efficiency of most energy crops, which is less than 3%, will not be able to cope up with 

increasing energy demand. In contrast, commercially available photovoltaic panels have an 

efficiency of 12-15% and can supply the future energy needs. Therefore, solar PV based 

electricity generation is envisaged to compete with agriculture and even with bioenergy 
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crops for land. In view of the future requirement of energy and food production, Agri-voltaic 

system (AVS) has beenproposed, which is definedas “mixed systems associating solar panels 

and crop at the sametime on the same land area”.In this system it is proposed to ascertain 

a portion of land for erection of PV modules and to introduce cropsin between panel areas 

in farmers’ field. By adopting such system, the risk of crop failure loss during aberrant 

weather events may be marginalized and may prove to be an effective drought proofing 

strategy. Ideally, crops for these sites should not be taller than 50-70 cm andhave certain 

degree of shade tolerance.Moreover, regular cleaning of solar panels is required for their 

optimum performance and therefore suitable designs need to be prepared to harvest 

rainwater and to recycle washed water for irrigation purpose considering the water scarcity 

in arid regions. With such system, there is huge scope for optimum utilization of land and 

water resources for energy and food production specifically for arid regions, where solar 

radiation is available in plenty. Keeping in mind the future prospects of agri-voltaic system, 

the design criteria of such system for arid region with suitable crops and the possible 

rainwater harvesting system with recycling of water have been discussed. 

 

Assessment of short duration drought tolerant kharif  

cultivars at farmer’s fields 

R.R. Meghwal, Hari Dayal, R.N. Kumawat and A.K. Misra 

Krishi Vigyan Kendra, ICAR-CAZRI, Jodhpur 342005 (Rajasthan) 

 

Pearl millet, mung bean, and moth bean are the staple food crops of kharif season in arid 

region of country. These crops are capable of producing a reliable yield under the marginal 

environments and simultaneously responds to high management conditions. Its nutritious 

grain forms the important component of human diet and stover forms the principal 

maintenance ration for ruminant livestock during the dry season. Farmers of the district 

grow mainly pearl millet, mungbean, moth bean, clusterbean at the onset of monsoon. 

Although production technologies for higher production from these crops are available, but 

farmers are still using the age old agricultural practice. For yield realization of high yielding 

varieties,it is essential to disseminate the production technologies among farmers for 

making the agriculture more remunerative. Keeping this in view, KrishiVigyan Kendra, 

ICAR-CAZRI, Jodhpur conducted the front line demonstration with improved package of 

practices for major kharif crops (pearl millet, mungbean and moth bean) to establish its 

production potential at 275 farmers’ field during 2011 to 2014. The high yielding variety 

HHB-67(improved) of pearl millet, GM-4 of moonbeam and CZM-2 of moth bean were 

demonstrated in KVK operational villages (Pabunada, Janadeshar, LunawasKhara, Lavera 

Kala and PalriRanawata) of Jodhpur district. 

The FLDs results revealed that improved variety HHB-67 (improved of pearl millet), GM-4 

of mungbean and CZM-2 of moth bean recorded 969, 595 and 574 kg ha-1 grain yield which 

were considerably higher than the yield of these varieties at farmers field. The average 

production of these crops for the district during the corresponding year were 662, 387 and 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

271 
 

412 kg ha-1, respectively. The overall yield advantage of 44.24, 38.65 and 46.27% higher 

grain yield in pearl millet, mungbean and moth bean,respectively was observed B: C ratio 

ranging from 1.17 to 3.73 than the farmers practice.The farmers were satisfied with the 

improved varieties of kharif crops mainly due to higher grain yield, early maturity and 

drought tolerance.  
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Underutilized vegetable crops: Need for exploration and conservation for 

nutritionalsecurity for cold arid region 

Sonam Spaldon*, Rinchan Dolkar, Sharafat Hussain and Dechan Angmo 

Division of Vegetable Science and Floriculture, SKUAST-Jammu, Chatha-180009 

*Email: sonamphdscholar@gmail.com 

 

Ladakh is endowed with various underutilized vegetable species (Capparis spinosa, Allium 

prezewalskianum, Rheum webbenianaz, etc.) that grow naturally everywhere. Before the 

introduction of non-traditional vegetables the people of Ladakh used to survive on 

traditional wild/underutilized vegetables during winter. These wild species have great 

potential to withstand various biotic, abiotic stresses and have great medicinal properties 

which are being used by the Amchis (Ayurvedic doctors) for the treatment of various 

ailments like gastrointestinal infection, diarrhoea and rheumatism. Due to modernization 

many of these species, along with a wealth of traditional knowledge and use, are being 

eroding at an alarming rate. The cultivation of these crops will not only add to the food 

basket, but also enhance the income to local communities (women in particular) and thus 

favouring food security.The importance of underutilized species in contributing to food and 

nutrition security has received substantial coverage by scientists in recent years.The 

negligence of these underutilized species is due to lack of local knowledge and awareness 

of their economic and nutritional valueamong the local communities and lesswork in R&D 

sector is reported. So, there is an urgent need to highlight the importance of these crops 

through public awareness campaigns, better information and training for farmers, 

consumers and encourage scientists and policymakers to optimize and promote 

thesebenefits. The entire agricultural sector needs to recognize the importance of these 

underutilized species and to protect and conserve traditional knowledge for 

futuregenerations. Links between scientific and traditional knowledge systemswill need to 

be created and inter-disciplinary research networksestablished. 

 

Nutrient status and its impact on quality and yield of almonds 

Bilal A. Padder1, Wali M. Wani1, Jahangeer A. Baba1, Hilal A. Bhat1,  
Showkat A. Dar1 and Sajad H. Wani2 

1Division of fruit science, Sher-e-Kashmir University of Agricultural Sciences & Technology of 

Kashmir-190025 
2 ICAR-Central Institute of Temperate Horticulture, Srinagar, J&K-190007 

 
The present investigation “Nutrient Status and its Impact on Quality and Yield of Almonds” 

was carried out in almond growing belts of Kashmir. The nutrient status of orchard soils 

and leaves at twenty one locations, seven from each altitude (high, mid and low) in district 

Budgam and Pulwama were studied. A correlation between the soil chemical properties and 

leaf nutrient concentration was worked out. Correlation of nutrients with the nut 

characteristics was also worked out. The soil pH was almost neutral with normal EC. The 

organic carbon was however low. The N, P, K, Ca and Mg showed a range of 35.06 to 143.33, 
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4.12 to 7.66, 30.06 to 84.03, 769.9 to 1527.5 and 117.95 to 192.42 ppm, respectively. N, 

P, and K showed a decreasing trend with an increase in the soil depth while as Ca and Mg 

increased. N and K increased while as Ca decreased with an increase in the altitude of a 

location. Soil micro-nutrients, Fe, Mn, Zn and Cu ranged from 15.00 to 66.65, 20.90 to 

85.20, 0.13 and 1.50 and 0.70 to 3.81 ppm, respectively. All the micro-nutrients studied 

decreased with increase in the soil depth while as increased with increase in the altitude of 

location. Soil pH had a significant and negative correlation with available nitrogen and 

micro-nutrients.  

The leaf macro-nutrients N, P, K, Ca and Mg had a range of 1.46 to 2.50, 0.11 to 0.25, 1.37 

to 1.79, 1.72 to 3.13 and 0.34 to 0.67% , respectively. Among the macro-nutrients, N and 

K decreased with decrease in altitude while Ca and Mg increased. The leaf micro-nutrients, 

Fe, Mn, Zn and Cu ranged from 126.70 to 159.62, 28.29 to 56.32, 12.50 to 28.58 and 3.25 

to 7.68 ppm, respectively. All the leaf micro-nutrients studied increased with increase in 

the altitude of location.  

Nut yield, nut size and kernel weight and kernel protein content had a significant positive 

correlation with leaf nitrogen, however kernel oil content had significant negative 

correlation. Potassium content had a positive and significant influence on nut yield, nut 

length, nut weight, kernel weight, shelling percentage and oil content. Nut yield and kernel 

oil content had significant positive correlation with leaf zinc. Nut yield, nut weight shelling 

percentage showed a significant positive correlation with leaf copper content. 

 

Barley improvement in northern hills of India 

A.S. Kharub, R.P.S. Verma1, Dinesh Kumar, Joginder Singh, Lokendra Kumar, Vishnu 
Kumar, Anil Khippal, Naval Kishore2, D.P. Walia3 and Indu Sharma 

ICAR-IIWBR, Karnal 
1 ICARDA, Morroco, 2SKUAT ZARI Bajaura, 3RS IARI Shimla 

 
Barley (Hordeum vulgare L.) is an important cereal crop in Northern Hills in general and 

Leh & Ladakh area especially. It is important for feed and food purpose in the area. Six 

rowed wild barley (Hordeum vulgare ssp. agriocrithon) found in Tibet adjoining area of Leh 

was the progenitor of cultivated barley. In India, barley is cultivated on about 6.74 lacks ha 

area with production of 18.30 lacks tonnes and productivity of 27.1 kg ha-1. In J&K, it is 

grown in about 12000 ha area with a production of 7.1 thousand tons and productivity 5.67 

q ha-1 which is very low compared to national average of 27 q ha-1. Barley is utilized in India 

for different purposes such as food, fodder and livestock feed as primary use of barley while 

malt is secondary important use of the crop. In arid and semi-arid regions of India, marginal 

farmers prefer to grow barley varieties providing high forage yield for their livestock and 

food grain for human consumption. It is good source of calories and improves multi-

nutrition, hormonal balance and treatment of many acute diseases such as blood pressure, 

osteoarthritis, gastric, ulcer, kidney stone etc. It is a traditional crop of hill people, 

consumes in the form of a variety of foods like “Sattu” and “Chhang” the local beverages 

and for fodder requirements of livestock. HBL 113 was found to be good general combiner 
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for tillers per plant, ear length and biological yield in Northern Hills. Sindhu and Nurboo 

varieties were suitable for summer cultivation in Leh and Laddakh.Keeping in view, the 

importance of hulless barley in Hills, some varieties have been released in India and 

breeding work is being in pace way. Barley is a hardy crop which can easily be adapted to 

drought, salinity, alkalinity and marginal lands. Hence, it is a better option for poor farmer 

to cope climate change, land degradation and desertification. 

 

Seed source variation and polybag size on early growth of  

Jatropha curcas 

Megna Rashid1, S.B. Lal2, Muzamil Rasool3 and Samreen Mehboob3 
1ICAR-Central Institute of Temperate Horticulture, Old Air Field, Rangreth, Srinagar 

2Sam Higginbottom of Agriculture, Technology & Sciences, Allhabad 
3Sher-e-Kashmir University of Agricultural Sciences & Technology, Shalimar, Kashmir 191121 

 
Jatropha curcas L., a multipurpose, drought resistant, perennial plant belonging to 

Euphorbiaceae family has gained lot of importance for the production of biodiesel. The 

properties of the crop and its oil have persuaded investors, policy makers and clean 

development mechanism (CDM) project developers to consider jatropha as a substitute for 

fossil fuels to reduce greenhouse gas emissions. However, basic agronomic properties of 

jatropha are not thoroughly understood and the environmental effects have not been 

investigated yet.  

The study was carried out to find the variation in Jatropha curcas seed sources and the 

effect of polybag size on the growth of the seedlings. The germination experiment was laid 

in RCBD with 3 replications and the split plot design in RCBD with 3 replicates was used 

to lay the effect of polybag size and seed source on seedling growth. The results showed 

significant variation in seed weight from the various seed sources but no significant 

differences in seed length and seed width. The maximum seed germination was 98% and 

the lowest was 94%. Seedling growth of Jatropha curcas increased with increasing polybag 

size. Larger polybag size recorded the highest dry weight of seedling root (1.7 g), dry weight 

of seedling shoot (10.5 g), lateral root length (43.6 cm) and tap root length (21.3 cm). Based 

on the results obtained larger polybag size would be ideal for raising seedlings. It is also 

planted in some areas of arid and sub arid regions. The plant can be planted in the region 

where the annual temperature is 20°C. And the regions that have springs of water with good 

aeration and low nutrient content are also suitable for jatropha plantation. 

 

 

 

 

 

Response of integration to nutrient sources on the growth, fruit yield and 

quality parameters of kinnow in hot arid conditions of western Rajasthan 
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B.D. Sharma*, R.S. Singh, R. Bhargava and S K. Sharma 

ICAR-Central Institute for Arid Horticulture, Bikaner 

*Email : drbrijeshdutt@yahoo.co.in 

 
A field experiment was carried out on 10 years old kinnow plants to evaluate the response 

of integration of nutrients in sandy soils of research farm of Central Institute for Arid 

Horticulture, Bikaner. The eleven treatments comprising T1: recommended doses (RD) of N, 

P and K tree-1 yr-1 (1250 kg N, 750 kg P2O5 and 500 kg K2O), T2: T1 + 50 kg FYM, T3: T2 + 

Azotobactor (200 g) + PSB (200g), T3: 75% RD of N, P and K + FYM + Azotobactor + PSB, T4: 

50% recommended doses of N, P and K + FYM + Azotobactor + PSB, T5: T1 +FYM + 

Azotobactor, T6: T1 + FYM+ PSB, T7: 75% RD + FYM + Azotobactor, T8: 75%RD + FYM + PSB, 

T9: 50% RD + FYM +Azotobactor, T10: 50% RD + FYM + PSB and T11: Control were evaluated 

and plant growth, fruit yield and their quality parameters were recorded. The data revealed 

that maximum plant height (4.2 5m) and canopy volume (85.6 m3) were recorded in T3 

treatment. The maximum fruit yield (27.8 mt ha-1) was also recorded in T2 treatment which 

statistically at par with T3 treatment (25.8 mt ha-1). The maximum N (2.56%), P(0.23%) and 

K (2.14%) contents were highest in T2 treatment. The maximum juice recovery (52%), TSS 

(13.5° brix), minimum acidity (0.16%) were recorded in T2 and T3 treatments. Thus study 

revealed that inclusion of bulky manure like FYM and biofertilizers (Azotobactor and PSB) 

along with inorganic fertilizers increase the nutrient availability to the crop and increases 

the biomass and fruit yield of the crop. Present study also revealed that in poor fertile soils 

of hot arid region, requirement of inorganic fertilizers can be reduced up to 75 to 50% by 

applying the FYM and biofertilizers in kinnow fruit crop in hot arid region.  

 

Penicillium janthenillum a promising fungus for biosynthesis of  

magnesium nanoparticles 

R.K. Kaul and Tanu Mathur 

ICAR-Central Arid Zone Research institute, Jodhpur - 342 003  

 

Synthesis of nanoparticles through biological method is considered to be safer and 

environment friendly as it does not involve the use of toxic chemicals or specialized reaction 

conditions (high pressure, temperatureetc). Magnesium plays an important role in 

photosynthetic electron transport chain and is an important component of various 

metabolic pathways in plants. In the present study nanoparticles of magnesium were 

produced by using Penicillium janthenillum CZF-5 (NCBI accession no. KC412872). The 

fungus was isolated from the soil of Jodhpur and pure cultured on PDA medium. For 

nanoparticle synthesis, the fungus was cultured on PDB medium and after 15 days of 

culture mycelial extract was prepared and added to 500 ppm concentration of magnesium 

sulphate solution. The reaction mixture was kept on slow speed shaker up to 4 days at 

25°C. Observations for nanoparticle production were recorded up to 96 hours. At 

eachobservation the reaction mixture was centrifuged and subjected to particle cell 

analysis. The fungus was observed to produce nanoparticles within 2 hours of setting up of 
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the experiment. 2hrs reaction yielded production of nanoparticles in the range of 53.6-95.28 

nm with 4.9% scattering of light. With the passage of time the per cent light scattering due 

to nanoparticles increased and it was recorded maximum i.e. 15.5% after 48 hrs of 

incubation. The size of nanoparticles produced after 48 hrs was in the range of 44.5-99.1 

nm.Increase in the period of incubation for more than 48 hrs resulted in drastic reduction 

in nanoparticles. Mixing fungal extract and MgSO4 solutionin 1:1 ratio was observedto 

cause higher production of nanoparticles that 1:2 and 1:4 ratio. The nanoparticles produced 

in reaction mixture having mycelial extract and MgSO4 in the ratio of 1:1 was observed to 

be fairly stable and after two months 9.4% light scattering by nanoparticles in the range of 

42.9-91.9 nm was recorded. Penicillium janthenillum CZF-5appeared to be a good candidate 

for the production of magnesium nanoparticles. 

 

Performance of CropSyst simulation model for groundnut-wheat  

cropping system in IGNP Stage-II 

M.L. Soni1, S.R. Jat1, N.D. Yadava1, A. Kumawat1, Birbal1, V. Nangia2,  
M. Glazirina2 and V.S. Rathore1 

1ICAR-Central Arid Zone Research Institute, Regional Research Station, Bikaner 
2International Centre for Agricultural Research in Dry Areas, Amman, Jordan 

 

Simulation models are an important tool to understand soil-plant interactions on water 

balance components and their effects on crop growth and land productivity. Compared to 

field experiments, the use of crop models to evaluate crop responses to a wide range of 

management and environmental scenarios can give more timely answers to many 

management questions at a fraction of the cost of conducting extensive field trials. CropSyst 

is one of the most important process-orientedsimulation models largely used for field crops 

all overthe world to study the effect of climate, soil and management practices on crop 

productivity. In the present study, we have calibrated and validated the CropSyst model for 

groundnut-wheat cropping system of Bikaner region in IGNP Stage-II. 

Field experiments were carried out during 2012-13 and 2013-14 on TypicTorripsamments 

at the farmers field in Bajju (Bikaner) located between 072°47’79”E longitude and 

28°14’23”N latitude.The CropSyst model was calibrated for groundnut-wheat for different 

crop parameters, soil profile data and observed daily weather data of experimental site 

during 2012-13 and validated for aboveground biomass (AGB), grain yield, N uptake and 

moisture contentby comparing simulation outputs with observed data during 2013-14.  

The result of validation showed that the simulated seed yield (2926 kg ha-1) of groundnut 

agreed to the observed yield (3023 kg ha-1) with relative error of 3.3%. Simulations of 

aboveground biomass of groundnut showed good match with the observed data with relative 

error of 2.2%. Similar to groundnut, the simulated seed yield and above ground biomass of 

wheat matched closely with their observed values with 8.7 and 6.9% relative error, 

respectively. Simulation of N-uptake slightly matched with the observed data. The 

simulated N-uptake in groundnut (145.5 kg ha-1) and wheat (61.6 kg ha-1) was higher than 
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their respective observed N-uptake of 134.2 kg ha-1and 69.7 kg ha-1 with relative error of 

20.5 and 11.6%, respectively. The simulated soil moisture content matched well with 

observed soil moisture content. The simulated soil moisture content in groundnut predict 

well with observed values in 0-100 cm soil layer with 6%, 0.89 and 0.83 of RRMSE, 

correlation coefficient and index of agreement, respectively. 

 

Yield, returns and water productivity of cropping systems in  

hot arid north western Rajasthan 

V.S. Rathore1, N.D. Yadava1, M.L. Soni1, Birbal1, V. Nangia2,  

A. Kumawat1 and Mariya Glazirina2 

ICAR-CAZRI, Regional Research Station, Bikaner (Rajasthan), India 

International Centre for Agricultural Research in Dry Area, Amman, Jordan 

Email: rathoreiari@yahoo.co.in 

 

Assessing yield, returns and water productivity of crops and cropping systems under 

existing agro-climatic, crop management and socio-economic conditions prevailing in a 

region are prerequisite to develop and/or identify suitable management options for 

improving CWP. As the information pertaining to yield, returns and WP of crops and 

quantification of different variable determining yield and WP are scarce for IGNP command 

area of India; the present study was undertaken during 2012-2013 and 2013-2014 in Indira 

Gandhi Nahar Project (IGNP) Stage-I of North western Rajasthan, India. 

The EY (economic yield) and ABY (above ground biomass yield) varied considerably amongst 

studied cropping systems. The EY varied from 4017 to 6259 kg ha-1; and ABY varied from 

11865 to 17699 kg ha-1. Averaged across years, cotton-wheat system had greatest EY 

followed by cotton-barley, clusterbean-wheat, cotton-mustard and clusterbean-mustard 

cropping systems. Thus, cotton based cropping system was more productive compared to 

clusterbean based cropping systems. The profitability of cropping systems measured in 

terms of net return varied from Rs. 108467 to 191113 ha-1. Averaged across the years, 

clusterbean-wheat cropping system had greatest returns followed by clusterbean-mustard, 

cotton-wheat, cotton-barley, cotton-mustard cropping systems. The clusterbean based 

cropping system earned 1.5 to 1.6 folds higher returns than cotton based cropping systems. 

The water productivity of total water applied measured in terms of economic yield (WP TWY) 

varied from 0.41 to 0.63 kg m-3. Averaged across the years, the WPTWY for cotton-wheat, 

cotton-mustard, clusterbean-wheat, clusterbean-mustard and cotton-barley cropping 

systems were 0.51, 0.41, 0.63, 0.53, and 0.56 kg m-3, respectively. The water productivity 

of total water applied measured in terms of return (WP TWR) varied from Rs. 10.2 to Rs. 25.1 

m-3. Averaged across the years, clusterbean-mustard and clusterbean-wheat cropping 

systems had higher WP TWR than that of cotton-wheat and cotton-mustard cropping systems. 

Clusterbean based cropping systems had 2 to 2.5 times higher WP TWR than cotton based 

systems. 
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Bioprospecting of phosphate solubilizing bacteria from fennel (Foeniculum 

vulgare Mill.) rhizospheric soils of semi-arid region of India 

B.K. Mishra*, Balraj Singh, S.S. Rathore, O.P. Aishwath and P.N. Dubey 

ICAR-National Research Centre on Seed Spices, Ajmer, India 

Email: bkmmicro@gmail.com 

 

Soil microorganisms play important role in soil quality and plant productivity. The 

development of effective methods for studying the diversity, distribution, and behavior of 

microorganisms in soil habitats is essential for a broader understanding soil health. 

Phosphorus is an essential element for plant nutrition that can only be assimilated as 

soluble phosphate. A Number of soil microorganisms, which include bacteria, fungi and 

actinomycetes, are known to solubilize unavailable, from of calcium bound phosphate 

through metabolic activity, by excreting organic acids, causing acidity in the medium. 

Fennel plant and soil samples were collected from Ajmer, Pali, Jhalawar, and Kota Districts 

of Rajasthan that is part of semi-arid of India for isolation of rhizospheric bacteria on 

selective nutrient agar medium. Total fourteen soil samples were analyzed for EC, pH, 

phosphate solubilizing bacteria count. In present investigation of fennel soil samples the 

EC ranged between 1.02 to 0.15 dS m-1 whereas pH of collected fennel field soil samples of 

different districts of Rajasthan state in India ranged from 8.8 to7.6. Sixteen Phosphate 

solubilizing microorganism were isolated on Pikovskaya medium containing Tricalcium 

phosphate and these were further screened on National Botanical Research Institutes 

phosphate (NBRIP) broth with decoloring of bromophenol blue as indicator of acid 

production. Quantitative assay of Phosphate solubilization was done in NBRIP broth. The 

Maximum phosphate solubilization in broth assay was observed in bacterial isolates FEN-

14 which was at par with FEN-1 and FEN-5. 

 

Role of organic and inorganic source of nutrient on performance of  

kachri in hot arid region of Rajasthan 

M.K. Jatav, B.D. Sharma and S.R. Meena  

ICAR-Central Institute for Arid Horticulture, Bikaner - 334 006 

 

Kachari is important crop of hot arid region in solving food and nutritional and requires 

higher amount of nutrients for optimum productivity. Hence, arid vegetables crop shows 

very high response to nutrients application. However, information on response of nutrient 

has not been generated so far. Therefore, a field experiment was conducted at CIAH research 

farm with kachari cultivars AHK119 during 2014 in the kharif seasonto investigate the role 

of application of inorganic and FYM source of nutrient on kachari performance. The six 

manurial treatments consisting of control, 100% NPK from inorganic fertilizers, 75% (I)+7.5 

t ha-1 FYM, 50%(I) + 15 t ha-1 FYM, 25%(I) + 22.5 t ha-1 FYM and 30 t ha-1 FYM were 

replicated 3 times in a randomized block design. Nitrogen dose was applied in three splits 

i.e. 1/3rd at planting, 1/3rd at 25 DAP and rest 1/3rd 50 DAP from fertilizers and FYM as per 

treatment was applied in furrows at the planting time. 
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Application of organic and inorganic sources of nutrients significantly increased the yield 

of kachri as compared to control. Integration of organic and inorganic sources at equal 

proportion (application of 50% NPK from inorganic fertilizers and 15 t ha-1 FYM) gave the 

highest kachri yield (113.08 q ha-1) which was significantly higher than all other treatments. 

The increase in total yield was 26.77% higher over recommended NPK through fertilizers. 

Application of 100% NPK through FYM also increased yield significantly by 32.71% 

compared to control and gave only 5.12% more yield as compared to recommended dose of 

fertilizers. Maximum per cent yield response was observed with application of nutrients @ 

50%(I) + 15 t ha-1 FYM followed by 75% (I)+7.5 t ha-1 FYM. 

 
Rain water conservation through tillage and cropping system  

under semiarid rainfed agriculture 

R.S. Kurothe, Gopal Kumar, H.B. Singh, B.K. Rao and V.C. Pande 

ICAR-Indian Institute of Soil and Water Conservation, Research Centre, Vasad, Anand 

 

Agriculture is dependent on rainfall distribution under semiarid climate. Rain water 

conservation can only mitigate the ill effects of low and uneven distribution of rainfall. 

Conservation tillage is one of the most effective interventions for in situ moisture 

conservation. This study reports the quantification of conserved water from stubble mulch 

and ridge and furrow tillage systems tested with cowpea + castor intercropping system in 

semiarid climate of central Gujarat as against conventional up-down cultivation. The 

experiment was conducted on a very deep, well drained, coarse loamy, mixed Hyperthermic 

Typic Fluventic Ustochrepts soil at 1.5% slope. Stubble mulch treatment comprises one 

mould board plough across the slope, no planking to maintain surface roughness, 

application of stubble (chopped to 2 cm size) at the rate of 2 t ha-1. The ridge farming tillage 

treatment comprises making alternate ridges and furrows spaced at 45 cm with ridge height 

of 15 cm across the slope. A water budgeting system was used to quantify rain water 

conserved under above system. About 80-90% rainfall was conserved by improved systems 

highest in case of ridge and furrow system. Out of this most of the water was utilized by the 

crops and rest transmitted to deeper root zone or ground water under stubble much and 

ridge and furrow respectively. The conserved moisture was better utilized by crops under 

stubble mulch treatment and well reflected in terms increased crop yield (cowpea-100%, 

Castor-177%) as compared to conventional. Ridge and furrow system though conserved 

more water but relatively less response on crop may be attributed to high evaporation loss 

from exposed surface. Considering the water conservation as well as crop response, stubble 

mulch farming with intercropping of cow pea + castor was found better for semiarid 

conditions. 

 

High resolution satellite data for land use/land cover mapping - A case study 

of Bilara tehsil, Jodhpur district 

Mahesh Kumar Gaur, P.C. Moharana and C.B. Pandey 
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The availability of high-resolution Indian satellite data from IRS P-6 LISS-IV has made a 

significant impact on the mapping potential of varied natural and man-made resources. 

Land use and land cover change has become a central component in current strategies for 

managing natural resources and monitoring anthropogenic changes in the arid area of 

western Rajasthan.The present study was carried out using very high resolution IRS-P6 

LISS-IV-MX data of 2012-13 and information on existing land use/land cover and their 

spatial distribution was generated. The main objective of the present study was to interpret 

satellite data for land use/land cover mapping and to generate geo-database in GIS format. 

Ground truthing was also conducted to verify the doubtful features in the satellite image. 

Major land use/land cover classes identified in this area were crop land, forests 

andplantation, wastelands, drainage, rural and urban settlementsand water body. It was 

found that the large area is covered by agricultural land that covered around 82.30% of the 

total area. The study area occupies 1451.89 km2lands and out of which only 2.55%, 0.27% 

and 4.76% were taken up by the built up land (including hamlets, urban and rural areas), 

forest and grassland and grazing land respectively. The study concluded that the LISS-IV 

is a better source of data for natural resource mapping over commonly used satellite 

imagery and can serve the diverse application of needs of the user communities. 

 

Assessment and mapping of major and micronutrients in soils of north 

eastern part of Thar Desert of India 

Mahesh Kumar, P. Raina, P.C. Moharana and N.R. Panwar 
ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 

Email: maheshcazri@gmail.com 

 

The major and micronutrients are important elements that govern the fertility of the soils 

and control the yields of the crops. But in the recent decades the deficiencies of soil available 

nutrients in India are reported to have increased, with reported cases of multiple nutrients 

deficiencies in the croplands. There is fewer baseline data to identify and monitor the 

nutrient-deficient areas and their spatial pattern of variability under different land uses, 

especially in the arid areas that are now considered as most potential for expansion of 

agricultural enterprises. Consequently, it is difficult to analyze properly the trends in 

nutrient deficiencies and causes thereof. In view of the above, a study was undertaken in 

the north eastern part of of Thar Desert of Rajasthan covering Churu, Jhunjhunu and Sikar 

districts (Shekhawati region) to generate geo-spatial database and maps on the variability 

of available major and micronutrients and their relationship with important soil properties 

under different land uses during 2006-2011. Geo-referencedsurface soil samples (0-30cm) 

from Shekhawati Region of Rajasthan representing agriculture (rainfed and irrigated) and 

grazing landswere collected and analyzed for fertility assessment and its spatial variability 

mapping. The soils are mild to moderate in reaction (pH 7.7-9.8). The EC values of the soils 

ranged from and 0.02-5.5 dS m-1 respectively. The average SOC content in the soils varied 
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from 0.015-0.680% with the lowest content (0.015%) in rainfed croplands. Soils under 

rainfed croplands and grazing lands recorded 0.13-0.14% average SOC, respectively. Soils 

under irrigated agriculture recorded highest values for SOC (0.16%). Available phosphorus 

content varies from 1.65-94 kg ha-1 in the study area with mean values of 11.9, 16.0 and 

13.2 under rainfed agriculture, irrigated agriculture and grazing lands, respectively. The 

trend for available potassium content was reversed to that of available phosphorus with a 

highest mean values 240 kg ha-1 in grazing lands followed by rainfed agriculture (187 kg 

ha-1) and irrigated agriculture (184 kg ha-1), respectively. Deficiency of potassium (<130 kg 

ha-1) was more pronounced under agriculture than the grazing lands. Soils of the area were 

sufficient in available iron, manganese and copper with mean values of 7.8, 11.02 and 0.80 

mg kg-1 for respectively. However about 25% of samples were found below critical limit 

(<0.60 mg kg-1) for zinc content. 

 

Impact of watershed on production and prosperity in extreme 

arid part of Thar desert in Rajasthan 

D.K. Painuli, R.K. Goyal, Bhagwan Singh and Rajwant Kaur Kalia 
ICAR-Central Arid Zone Research Institute, Jodhpur - 342003, Rajasthan 

Email: painulidk@cazri.res.in 

 

Arid ecosystem is fragile and both water and productive soil are the scarce natural 

resources. Therefore, majority number of the farmers in the region practicing farming as 

their main economic activity lacks prosperity. This study investigated in the year 2013 the 

impact on production and prosperity of micro-watershed projects in Jaisalmer district of 

Rajasthan executed under Drought Prone Areas Program/Desert Development 

Program/Word Food Program and Desert National Park program of the Ministry of Rural 

Development, Government of India. 

Twenty micro-watersheds executed by forest departmaent and 10 micro-watersheds 

executed by Zila Parisad were selected randomly from 128 and 61 executed micro-

watersheds, respectively. Thus, total 30 micro-watersheds were covered in the study. From 

each micro-watershed one village and from each village 5 beneficiaries were selected 

randomly. Thus, total 150 samples beneficiary households were covered representing 

various castes/communities, land holding sizes, etc. Data were collected from the head of 

each household through a specially designed interview schedule, focused group discussion, 

in depth interview, etc. Besides the collection of primary data, block level and district level 

officials involved in the project were also contacted for detailed information in connection 

with the implementation of the program.  

Results revealed that execution of the watersheds had increased land under cultivation by 

244.07ha in kharif and 25.6 ha in rabi seasons. There was an increase in average yield (q 

ha-1) of all the major crops ranging from 10.1% for pearl millet to 81.6% for sorghum in 

kharif season, and 9.6% for taramira to 94.6% for wheat in rabi season. Implementation of 

watershed also resulted in adoption of high yielding varities, increased use of chemical 

fertilizers and crop diversification as moth bean and castor were the new crops introduced 
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in the area. According to the beneficiaries post project they had purchsased 911 new 

livestocks, procurred some permanent assets for household and agricultural activities, and 

made inctreased use of mobile phones and other electric gadgets - all indicating the 

enhanced income and overall prosperity of the beneficiaries. 

 

Ladakh agriculture: A decling phase and its future prospects  

M.S. Raghuvanshi1*, Stanzin Landol1, J.C. Tewari2, R.K. Bhatt2, Mohammed Raza1, Rigzin 
Dorje1 and Digamber Singh1 

1Regional Research Station, ICAR-Central Arid Zone Research Institute, Leh-Ladakh 
2ICAR-Central Arid Zone Research Institute, Jodhpur 

*Email: omsai.msr@gmail.com 

 
The Himalayan mountain range has significant bearing on the climate of India, as its 

towering height created a vast rain shadow zone in the extreme north part. Ladakh region 

suffers from an extremely harsh climate with very low winter temperature, which sometimes 

goes as low as -35°C. Agriculture and harvesting glacier water in the lap of Himalaya has 

developed a small-scale farming systems adapted to this unique and extreme environment. 

Families rely essentially on subsistence agriculture based on crops like wheat, barley, peas 

and potato. Bio-geographical survey was carried out by RRS, CAZRI, Leh during 2013-14 

and 2014-15 under TSP in some identified villages of Leh valley. The identified villages were: 

Saboo, Stakmo, Nang, Umla, Phey and Stakna.  

People, through the ages, have developed need-based and location-specific indigenous 

technologies for enhancing productivity and the concept of quality seeds is well known but 

the agronomic practices have not been standardised for the quality seeds as recommended 

by the breeders. Due to limited period of cropping season, rotation has been confined to 

cash crops rather promoting legumes for improving fertility in a majority of the situations 

in small land holdings. Mutual competition for crop cultivation in view of increasing tourism 

and public distribution system (PDS) is decreasing area under wheat and barley crops. 

Traditional germplasm of crops, well acclimatized to the harsh, dry and cold climate, are 

still in use as improved cultivars, especially for cereals are thought to contribute less fodder 

due to dwarf nature of high yielding varieties. Traditional practices for higher seeding 

through ancestral age are still followed under changing climate and as a result, crop-weed 

completion intensities. The incidence of insect-pests results in diminishing productivity 

under Buddhist culture i.e. upto 60% as they do not use any insecticides. Some of the 

production constraints such as reduced manure application in cropped lands by 60-75%, 

decline in pasture/grazing lands by 60%, negative impact of absence of forest cover and 

other vegetation resulting in soil erosion on sloping land by about 30%, reduced livestock 

size and productivity by 60%, low level of water-harvesting, and mechanization, non-

availability of poly-houses, absence of product processing and allied enterprises, inadequate 

energy with reduced/depleted natural resources under changing climate, less technical-

knowhow, out-migration and lack of interest, poor marketability avenues have resulted in 

decline of Ladakh agriculture. Overall, farmers are not in condition to reap more benefits 
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from their fields. Hence, weed control is the major consideration for cropped areas. Studies 

under cold arid region also revealed that energy budget of productivity in villages have 

surprising results on input-output relations. Large number of demonstrations and trainings 

along with significant policy planning should be prioritized to improve entire agricultural 

production systems in the region. 

 

Seabuckthorn: Nutritional status and soil health in cold arid region  

M.S. Raghuvanshi1*, J.C. Tewari2, P.C. Moharana2, R.K. Bhatt2,  
Stanzin Landol1 and Jigmat Stanzin1 

1Regional Research Station, ICAR-Central Arid Zone Research Institute, Leh-Ladakh 
2ICAR-Central Arid Zone Research Institute, Jodhpur 

*Email: omsai.msr@gmail.com 

 
Seabuckthorn (Hippophae rhamnoides L.) is a deciduous shrub, occurs sparsely and at low 

cover on a variety of landforms such as on sandy plains, dune slopes, bare rocky 

mountainous slopes and gravely plains. But the Hippophae scrub includes stands where 

this thorny, deciduous species is becoming a consistent and more prominent feature of 

native Europe and Asia.  

Seabuckthorn is a rich source of vitamins A, B1, B2, B6, C, and other active 

ingredients.High content of these in a single fruit type like sea buckthorn is of special 

interest in difficult terrain of high altitude with logistic constraints. It is also a good source 

of antioxidant vitamins and minerals like copper, zinc and manganese which are required 

in greater amount for preventing oxidative stresses. Nutritional analysis of seabuckthorn 

berries indicated that they are good to lower at least a portion of high altitude induced 

oxidative damage. Use of seabuckthorn as nutritional supplement can help in maintaining 

a normal balance of most of the ions. The present study was an attempt to assess the 

biochemical composition of sea buckthorn (SBT) and to understand the importance and 

characteristics of this useful plant for its association with other flora growing in Leh valley 

under high altitude habitats of cold arid region and and under different land use systems. 

Sea buckthorn orchard, wet-/marshy land, cropped area periphery, barren land, hilly slope 

and river banks of Leh valley was studied during 2013-14. Analysis of seabuckhorn for 

nutritional status revealed that it is rich in vitamin-C which was in the range of 600-620 

mg 100 g-1 including vitamin-E (202-216 mg100g-1) and A (90-104 mg100 g-1). Studies made 

in different land use systems indicated that barren and wetland samples showed high 

content of vitamin C, and minerals, total sugar. Vitamin E was significantly higher in river 

side and wetland systems i.e. 215 and 216 m 100 g-1 respectively as compared to slope and 

barren land use systems 202 and 210 mg 100 g-1, respectively. While other mineral like Fe, 

Na, K, P, Cu and Se were significantly at higher in sea buckthorn under barren and wetland 

systems as compared to river and slope land use systems. 

It has also been recorded that Hippophae is useful in conserving soil, especially on fragile 

slopes, due to its extensive root system as it possesses nodules in its roots that fixes 

nitrogen and improves fertility. In areas having no presence of Hippophae, the top soils were 

eroded and no vegetation was present. Erosion may be checked by growing seabuckthorn 
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which also improve fertility. Therefore seabuckthorn may be utilized for protecting soil 

health as it further supports other vegetation for reducing desertification. In addition to 

this, being an important plant species, the leaves, flowers, and fruits may be utilized for 

many other purposes like herbal medicine, processing beverages, spices etc. 

 

Performance assessment of CropSyst model for yield, nitrogen uptake and 

water use of crops in hot arid north western Rajasthan 

N.D. Yadava1*, V.S. Rathore1, M.L. Soni1, Birbal1, V. Nangia2,  
A. Kumawat1 and Mariya Glazirina2 

1ICAR-CAZRI, Regional Research Station, Bikaner - 334 004, India 
2International Centre for Agricultural Research in Dry Area, Amman, Jordan 

*Email: narendra_yadava@yahoo.co.in 

 
The crop yield and water productivity is a complex indicator because it can be ascribed mainly 

to agro-techniques, plant factors, and environment. Appropriate crop management strategies 

to improve yield and water productivity should be taken into account of these different factors 

and their potential interactions. Studying different factors and their interactions affecting 

yield and water productivity of crops are difficult, time consuming and expensive. To 

overcome these problems, simulation model offers the opportunity to gain detailed insights 

into the system behavior in space and time. A study was undertaken to assess the ability of 

the CropSyst model to predict yields, and nitrogen uptake of cotton, clusterbean, wheat, and 

Indian mustard in IGNP stage-I of north-western Rajasthan. The model was parameterized 

and calibrated using field data on leaf area index, nitrogen uptake, water use, above ground 

biomass and economic yield of crops collected from Mainawali site (74°20’34” - 74°20’60” 

East and 28°37’62”-29°21’39” North; 235 m asl) of Hanumangarh, Rajasthan. The model 

performance was evaluated using root mean square error (RMSE), relative root mean square 

error(RRMSE), coefficient of correlation (R2) and Willmott index of agreement (d) as criteria. 

The simulated and observed economic yield of crops matched well which ranged from 

(RMSE: 84.3-158 kg ha-1, RRMSE: 3.8-6.4, R2: 0.74-0.86 and d: 0.81-0.85). The model 

provide good prediction of biomass yields of crops (RMSE: 215-700 kg ha-1, RRMSE: 4.7-

8.9, CC: 0.73-0.88 and d: 0.51-0.90). The RMSE ranged from 6.2 to 14.3 kg ha-1 for 

simulating N uptake for different crops. Generally, the model performed better for 

simulating economic and biomass yields than N uptake. The results further indicated that 

CropSyst is capable of simulating crops yields under irrigated conditions of north western 

Rajasthan. 

Study of Gum Arabic production on different land forms of  

arid zone by using CAZRI Gum Inducer 

J.C. Tewari*, Kamlesh Pareek, Poonaram Bishnoi, Naveen Singh, Ram Partap, 
Anil Sharma and Pradhanaram Chaudhary 

ICAR-Central Arid Zone Research Institute, Jodhpur - 342 003 
*Email: drjctewari@gmail.com 
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Gum Arabic is an important non- wood forest produce. Acacia senegal is the source of gum 

Arabic. Due to multiple uses of this gum, and gap between national demand and supply, 

India has to import gum Arabic from Sudan and other African countries. A. senegal is found 

in abundance in many pockets of arid western Rajasthan and it is also an important 

component of traditional agroforestry systems in some pockets. The density of the species 

varies enormously from location to location.  

A study was conducted on five major land formations of arid zone in five villages of 

Chouhatan, Barmer and Shergarh, Jodhpur. The selection of villages was done on the basis 

of dominant land form in a particular village (Binjarad, dominant formation sand dunes; 

Jakhada, dominant formation deep sand; Chatarpura dominant formation rocky- gravelly 

soils; Sura, dominant formation to dunes and deep sand; and Bayatu, dominant formation 

of deep sand gravelly). In each land form, 25 trees of more or less, same girth class were 

marked and treated with CAZRI gum inducer standard dose (4.0) ml in each tree. Gum 

exudation started five days after treatment in dunes and deep sand. In case of mixed dunes 

+ deep sand formation, gum exudation started after seven days and in case of deep sand + 

gravelly formation, gum exudation initiated 10 days after the treatment. Gum exudation 

process started after 13- 14 days in case of gravelly land form. On an average, gum Arabic 

production was maximum on sand dunes 408.0 g tree-1 followed by dunes + deep sand 

formation 316.0 g tree-1. Gum Arabic production was in gravelly land form was only 12.0 

g tree-1. The data clearly indicated that sand dunes landform was highly suitable for gum 

Arabic production with optimum stress condition like, temperature, humidity and other 

kind of abiotic stresses. Barmer district, where A. senegal found abundantly in duny 

landform and as well as in dunes + deep sand is more suitable of gum Arabic production. 

Farmers’ earned substantial amount of additional income by using CAZRI gum inducer in 

past six years, even draught conditions. 

 

Natural resources assessment, monitoring and their impact on agriculture in 

arid Rajasthan - A case study from Mathania, Jodhpur district 

C.B. Pandey, P.C. Moharana, R.K. Goyal, Mahesh Kumar and Mahesh Kumar Gaur 
ICAR-Central Arid Zone Research Institute, Jodhpur 

 

The study was conducted in Mathania block of Jodhpur district to find out changes in 

natural resources status (geomorphology, surface and sub-surface water and soils) over the 

period of four decades and their impact on agricultural production. A cluster of seven 

villages i.e. Mathania, Umednagar, Bhainser Chundlai, Bahinser Kutri, Bhainser Kotwali, 

Mandai Khurd and Teori were selected for the study. The villages were located on sandy 

plains underwell/tube wellirrigationthrough electric pump sets and submersible motors. 

The study was done using three tier approaches i.e. image interpretation, ground truthing 

and GIS applications. The results revealed that at present ground water at the study sites 

is very deep (168.15 m, bgl) and is poor in quality (EC, 2.5 dS m-1). Groundwater level is 

depleting in the area at a rapid rate (6.24 m yr-1). The decline in groundwater table is mainly 



 

Sustaining Agricultural Productivity in Arid Ecosystems: Challenges & Opportunities 

 

288 
 

due to its excessive use by electric pump sets and submersible motors. Surface water 

resources in the area are available in the form of nadis. Each village has 5-10 nadis of 

different capacities (31250-546875 m3). Most of the nadis are poor in conditions and are 

almost abandoned. Water in these nadis stagnates for 6-9 months depending on the rainfall 

amount; the water is used mainly for cattle. Until 1982 only open wells were found in the 

villages, hence irrigation was available to a very limited extent, which made the farmers to 

grow pearl millet, mung bean, moth bean, sesame and clusterbean in the villages. Tubewells 

came into existence in only 1982 and at that time groundwater table was at 100-150 feet. 

Farmers started growing chilli, onion, garlic, wheat in addition to pearl millet, mung bean 

and moth bean. Within a short span of 15-20 years the water table declined to 500-600 feet 

and ground water quality turned saline and as a result yields of chilli declined from 40 to 4 

q/beegha. This prompted the farmers to switch to cotton, castor, onion, garlic and wheat. 

Now water table in the Block is 600 to 1000 feet and quality has deteriorated (saline) further. 

Hence, the farmer has resorted to follow following crops and cropping sequence: cotton-

onion/wheat, castor, pearl millet-cumin/garlic, clusterbean-wheat/cotton, carrot-onion, 

onion-cabbage and cabbage-wheat. 

 

Response of different mustard varieties to organic farming  

N.K. Jat1*, Sudhir Kumar2, Chandra Bhanu and Krishna Kumar 
ICAR-Indian Institute of Farming Systems Research, Modipuram, Meerut (UP) - 250 110 

Present address: 1ICAR-CAZRI, Jodhpur; 2ICAR-IARI, New Delhi; 

*Email- nandagro09@gmail.com 

 

Currently, Indian agriculture is passing through a very critical phase. On one hand, it has 

toensure food and nutritional security of its teeming millions withlow productivity of 

rainfed/dryland areas constituting approximately 44.2% of net cultivated area. Whereas, 

on the other hand, the ill-effects of ‘Green Revolution’ technologies in intensively cultivated 

areas is threatening the sustainability of agricultural system. In this scenario, organic 

farming has the potential to address each of these problems while ensuring food and 

environmental safety. To convert to organic farming, India has some natural advantage by 

having vast cultivated area as rainfed with meagre use of synthetic fertilizers and pesticides. 

Since, varieties bred for intensive-external input conditions are hardly suitable in low-

external input systems of organic farming. Hence, twelve cultivars of mustard selected 

based on crop duration, nutrient requirement; water requirement and disease-pest 

tolerance were evaluated under organic conditions. Result reveals that among all the 12 

cultivars of mustard, RH-406 and RGN-229 recorded the highest grain yield (18.9 and 18.4 

q ha-1) which was 9.1 and 6.0% higher over Pusa Bold (area check). Cultivars RH-406 and 

RGN- 229 also recorded higher LAI, photosynthetic rate and chlorophyll content. Cultivars 

like DRMRIJ-31, NRCDR-2, NRCHB-101, Pusa Mustard-25, Pusa Mustard-26 and 

PusaTarak were found poor yielders (13.4 16.1 kg ha-1). The cultivars like NRCHB-506, 

RGN-48, Urvashi and Pusa Bold were found medium in producing grain yield.White rust 

and Alternaria blight were recorded as predominant diseases and aphid among insect-pests. 
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Pusa Mustard-25 showed lowest white rust severity while, RH- 406 showed lesser attack of 

Alternaria blight and aphid as compared to other varieties. 

 

Growth attributes of green gram [Vigna radiate var. aureus (L.) wilczek] as 

affected by vermicompost and zinc under arid western Rajasthan 

Sitaram Tak, A.S. Bhati, M.L. Reager, Poonam Verma, and R.N. Kumawat 
College of Agriculture, Swami Keshwanand Rajasthan Agricultural University, Bikaner 

 

The pulses are the chief sources of protein in a balanced diet in Indian conditions and 

contribute about 15% of diet. The world’s arable land resources are finite and there is not 

much scope for significantly expending the area of land under cultivation. Hence, most of 

the increase in agricultural production will have to be obtained through increased 

productivity from the existing agricultural land. This can be achieved by improved 

management practices in general and fertilizer management in practices in particular. The 

experiment was conducted at Bikaner during summer season. The treatments comprised 

five organic matter (Control, FYM @ 10 t ha-1, vermicompost @ 5 t ha-1, vermicompost @ 7.5 

t ha-1 and vermicompost @10 t ha-1) and four spray zinc sulphate (control, at initiation of 

branching, at initiation of flowering and at initiation of branching as well as flowering) were 

laid out in randomized block design with three replications.  

Application of organic manure improved the growth parameter of the green gram as compare 

to control. Application of increasing levels of vermicompost from 5 to 7.5 t ha-1 significantly 

enhanced the growth attributes of green gram. The effect of FYM 10 t ha-1 at par with the 

vermicompost at 5 t ha-1 was also significantly increased growth parameter as compare to 

control. Humic acid in vermicompost enhances the availability of both native and added 

micro-nutrients in soil and thus plant growth increased. Further an application of foliar 

spray of zinc at both branching and flowering stage in green gram significantly increased 

the growth attributes of green gram as compare to single application of foliar spray of zinc 

at branching as well as flowering and control. 

 

 

 

Biosynthesis of potassium nanoparticles and its effect on Cicer arietinum 

Indira Rathore, Esther Thomas, Kirti Sankhla and J.C. Tarafdar 
ICAR-Central Arid Zone Research Institute, Jodhpur 342 003 

 

Potassium nanoparticles (<5nm) were synthesized biologically from the precursor salt KNO3 

at 0.1-1.0 mM concentration by two fungi Penicillium solitum TFR24 (NCBI Accession No. 

KC806054) and Aspergillus ochraceus TFR23 (NCBI Accession No. KC806053) isolated from 

desert soils. The fungal isolate was identified on the basis of morphological and molecular 
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parameters. Synthesized K nanoparticles were characterized for confirmation of size, shape, 

surface structure, crystalline nature, and study of elemental proportion. Characterization 

of nanoparticles was done by Particle Size Analyzer (PSA), Transmission Electron 

Microscopy (TEM) and Electron Dispersive X-Ray Spectroscopy (EDX). The nanoparticles 

were foliar sprayed on two weeks old gram (Cicer arietinum) plants (cv.S-8), grown under 

hydroponic condition, at a concentration of 10, 20 and 30 ppm. A comparison also made 

with the similar concentration of mega particle. The 20 ppm concentration was found to be 

optimum for application of K nanoparticles to the experimental plants. At optimum 

concentration a significant improvement in plant height (12%), root length (9%) and dry 

matter content (25%) was observed. A tremendous improvement in acid phosphatases (23%) 

and arylsulphatase (69%) secretion by the plant roots was noticed over control at 5 weeks 

old age, while insignificant effect was observed to release alkaline phosphatase. The present 

results were suggested that K nanoparticles may influence to gram plants to release more 

P and S mobilising enzymes resulted more plant available phosphorous and sulphur in the 

rhizosphere. 

 

Residual effect of nitrogen levels and its split application on fodder pearl 

millet in arid western Rajasthan 

M.L. Reager, S.R. Tak, R.C. Sanwal and Poonam Verma 
Krishi Vigyan Kendra, Rajasthan Agricultural University, Bikaner - 334 006 

 
Pearl millet [Pennisetum glaucum (L.) R.Br. Emend Stuntz] is a multipurpose cereal grown 

for grain, stover and green fodder. It shall continue to play a prominent role in the integrated 

agricultural and livestock economy of the country particularly in rainfed areas due to its 

drought hardiness and tolerance to high temperature. Nitrogen is one of the basic plant 

nutrients essential for profuse growth. It increases vegetative growth of plant and herbage 

quality which is highly desirable for the forage yield and dry matter accumulation. Nitrogen 

is an indispensable element for optimum functioning of the crop and generally nitrogen 

fertilizer account for about half of the cost of cultivation for most of the crops. Application 

of nitrogen at various times may be an important factor which can be used for exploitation 

the yield potential as well as nitrogen use efficiency.  

Field experiment was conducted during winter and summer season to find out the residual 

effect of nitrogen levels and its split application on fodder pearl millet in arid western 

Rajasthan. Application of nitrogen in preceding mustard crop at 100 kg ha-1 increase the 

fresh weight, dry weight, NPK content and their respective uptake fodder pearl millet in Ist 

and IInd cutting as well as total of both cutting. The increase of these parameters marginally 

varied from 163.89 to 177.73 q h-1 for fresh weight, 24.59 to 28.60 q ha-1 for dry weight, 

27.79 to 32.88 kg ha-1 for N uptake, 4.67 to 5.60 kg ha-1 for K uptake by pearl millet. 

However, results indicate that effect of nitrogen levels as well as splitting application was 

non significant on succeeding crop pearl millet. Whereas, 100 kg N ha-1 recorded 

significantly higher net returns (Rs. 31636 ha-1) and higher B:C ratio (2.01). Further 
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application of nitrogen in three equal splits (1/3 as basal + 1/3 at Ist irrigation + 1/3 at 

IIndirrigation) gave significantly higher net returns (Rs. 6806 and 32217 ha-1) and B:C ratio 

(1.25 and 2.06) respectively, in fodder pearl millet and pearl millet with mustard over other 

split and basal applications of nitrogen. This might be due to increase in seed yield in 

diminishing manner under the increasing levels of nitrogen. 

 

Productivity and quality assessment of improved pearl millet  

varieties under rainfed conditions  

Banshidhar, A.S. Bhati*, S.K. Sharma, P.K. Saraswat, G. Singh and Sitaram Tak1 
Krishi Vigyan Kendra, Banasthali Vidyapith - 304 022, Tonk 

1College of Agriculture, S.K. Rajasthan Agricultural University, Bikaner 

*Email: asbhati2107@gmail.com 

 
Pearl millet commonly known as Bajra is a major kharif field crop in Rajasthan. It is 

cultivated with great adaptiveness in arid areas, where no other crop thrives successfully. 

Pearl millet is quick growing cereal crop and produce green fodder in shorter duration. It’s 

fodder is free from dhurrin. The problem diagnosed was low productivity and poor quality 

green fodder at farmer’s field. An On Farm Trial (OFT) was conducted at 6 farmers’ field to 

access the productivity levels of improved high yielding variety as compared to local 

varieties. Three varieties of pearl millet (Raj-171, JVB-3 and AVKB-19) were grown and 

compared with farmer practice. Result given in table1 revealed that pearl millet fodder 

varieties AVKB-19 registered highest green fodder yield (320 q ha-1) and quality in single 

cut as compared to local check (250 q ha-1). The per cent increase in fodder yield was 28% 

higher over farmer’s practice (Bajra grain). On the basis of crop performance in field and 

farmers liking final inference could be drawn that under micro level situation in pearl millet 

fodder variety AVKB-19 may be recommended to be grown by the farmers in place of local 

variety and RAJ-171 in Tonk district. 

 

 

 

 

Effect of different micronutrients on plant growth, yield and flower bud 

quality of broccoli (Brassica oleracea var. Italica) 

Gajendra Singh and S. Saravanan 
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Email: gsdeora.rajput@gmail.com 

 

A field experiment was conducted to study the ‘Effect of different micronutrient on plant 

growth, yield and flower bud quality of broccoli (Brassica oleracea var. Italica) c.v. - Green 

Bud’ during rabi season of 2014-15 Horticulture Experimental field, Department of 
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Horticulture, Allahabad School of Horticulture, Sam Higginbottom Institute of Agriculture 

Technology and Sciences. The experiment consists of 10 treatment viz.,There were10 

treatment viz., T 0(control), T1 (B), T2 (Mo), T3 (Mn), T4 (B + Mo), T5 (B+ Mn +Zn), T6 (Mo +Mn), 

T7 (B +Mo +Mn +Zn), T8 (B +Zn), T9 (Zn) laid out in Randomized Block Design with three 

replications.The fourth micronutrients B, Mo, Mn and Zn were applied at the rate of 2-0.5-

2.5-3 kg ha-1 significantly increased the plant height (51.30 cm), number of leaves (22.92), 

Plant spread (52.83 cm), diameter of bud or head (16.90 cm), average bud weight of per 

plant (303.69 g), yield per ha-1 (121.48 q), vitamin ‘C’ (93.92 mg), TSS (0Brix) (8.37) content, 

Plant fresh weight (908.28 g), dry plant matter (95.61 g), root weight (45.02 g) and dry weight 

(11.65 g) were maximum in treatment T5 and lowest in T0 (control). The application of 

micronutrients was found economically best with net returns of (Rs. 2,23,699 and Rs. 

2,07,087) with the benefit: cost ratio of (3.79:1 and 3.58:1), respectively. 

 

Study on conservation technologies for resources saving and evaluation of 

different machineries under rice-wheat system in India 

V.P. Chaudhary and Anuj Kumar 
ICAR-Indian Institute for Farming Systems Research, Modipuram, Meerut (UP) - 250 110 

 

A field trial was carried out under different resource conservation technologies at research 

farm of IIFSR, Modipuram to evaluate the performance of different machineries in rice wheat 

system. The machineries were evaluated in the field for sowing viz., zero till drill (ZT), happy 

turbo seeder (HT), bed planter (BP), rotatory till drill (RT) and conventional sowing method 

(CS) after combine harvested rice fields.The happy turbo seeder was used for sowing of 

wheat crop with residue condition (6 t ha-1) in no-till field. The happy turbo seeder used 

time 4 h ha-1 and consumed diesel 8-10 l ha-1 for sowing of wheat. It was noticed that itsaved 

the diesel (70%), time (80%), and energy (65%) due to no-till sowing under crop residue. The 

wheat sowing was done 22 cm row spacing by ZT, HT, RT and CS. The highest effective field 

capacity was observed in ZT (0.44 ha h-1) followed by HT (0.41 ha h-1), RT (0.21 ha h-1) and 

BP (0.30 ha h-1), however, highest field efficiency was measured in HT (60%) followed by ZT 

(55%), BP (50%) and RT (45%). The time, labor, energy was saved 63-70% and irrigation 

water about 10-15%. The mulching of crop residues reduces the weed population about 

(60-65%) as in zero till drill condition. Energy use efficiency was influenced by different 

conservation practices adopted in rice - wheat system. Among the different tillage 

combination treatment, the no till sown crop saved significantly higher energy. 

 

Purification and filtration of stream water for irrigation purpose using 

indigenous method through de-silting tanks in Panamic block 

Stanzin Lakdan1, Rigzin Dorje2 and Stanzin Landol2 
1Integrated Watershed Management Program, DRDA, Leh-194 101, J&K 

2Regional Research Station, ICAR-Central Arid Zone Research Institute, Leh-194 101, J&K 

Email: prunus1988@gmail.com 
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A survey was carried out by IWMP, DRDA, Leh during 2013-14 in Panamic block with the 

objective to understand the utilization pattern of irrigation water, soil status and crop yield. 

For the purpose, Panamic block was chosen which cover about 29 villages where stream 

water collected for irrigation purpose, contains more than 60% siltation which creates 

silting resulting in flooding condition and nutrient losses through runoff. About 140 farmers 

were interviewed along with various field visits. It was found where the stream water being 

utilized directly affects the soil status through nutrient loss and crop growth and its yield 

significantly by 50% under traditional knowledge system under which farmers uses more 

seed rate which lodge the crops and thereby reducing crop yield drastically. An indigenous 

technology was come across where farmers utilize the de-silting tanks which filtrates the 

silt which settle down in the tank and the water is used for irrigation purposes. Farmers of 

the block have also realized good crop yield improved by 15-20% and improved the soil 

health. 
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