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Rural smallholder livestock keepers represent almost 20% of the world population and steward most of the agricultural land in the tropics. In India, livestock is an important livelihoods providing segment of traditional farming systems and about 546 million people are involved in livestock related livelihoods. It contribution is substantial (about 23%) to the agricultural gross domestic product in the country. The predominant farming system in almost all rural areas is the “mixed crop-livestock farming system”, where in livestock plays vital role in sustaining the livelihoods of poor as they absorb shocks due to droughts, a phenomenon commonly observed in rainfed areas. Traditional, resource-driven and labour intensive ruminant sector, which produces a multitude of services to subsistence agriculture in general and multi-faceted contributions to socioeconomic development of the dryland areas in particular. Livestock are consistently and widely owned by small farmers for a variety of advantageous reasons (Devendra, 1983):—

· Diversification in the use of production resources and reduction of socio-economic risks

· Promotion of linkages between system components (land, crops and water)

· Generation of value-added products (e.g. meat, milk, eggs and skins)

· Income generation, investment, insurance and economic security when aberrant weather conditions prevail
· Supply of draught power for crop cultivation, transportation and haulage operations

· Contribution to soil fertility through nutrient cycling (dung and urine)

· Contribution to sustainable agriculture, and environmental protection

· Prestige, social and recreational values, and 

· Development of stable farm households.

The watershed development projects (WDPs) have evolved from being purely technically oriented soil and water conservation (SWC) to more integrated and participatory programmes with focus on crafting sustainable rural livelihoods. At least 10% of project cost was earmarked for activities related to animal husbandry, including stakeholder training under watershed guidelines. In arid areas, about 30% of the project fund was provided for livestock development. However, this traditional, resource-driven and labour intensive livestock sector which produces a multitude of services to subsistence agriculture in general and multi-faceted contributions to socioeconomic development of the rainfed areas in particular was neglected in most of the WDPs. Increase in cropping intensity and agricultural productivity makes available more residues for feeding livestock and would results in production enhancement. Further, improving the rural livelihoods through participatory watershed development with more focus on intensifying livestock production systems is the prime requisite in these areas for enhancing income, productivity and livelihood security in a sustainable manner.
Feeding and nutrition are the major constraints to animal production in drylands. Animal production within the mixed farming systems is predominantly dependent on the efficiency of use of the available coarse crop residues and grazing resources. The level of efficiency will dictate to a very large extent improved per animal performance and increased productivity from different livestock resources. Hence, feed and fodder base both at village and household level should be strengthened to increase the productivity and profitability from livestock.  

Potential for intensification of livestock production systems: 

Livestock development has become an essential module in most of the rural development programs as it is felt as an important tool in changing socio-economic status of the rural poor. The potential of livestock to reduce poverty is enormous as they contribute to the livelihoods of 19 million people, of which women constitute 71 percent of the labour force (GOI, 2005). Over the last two decades, the country evidenced with significant increase in expenditure share (from 10.01 and 3.43 in 1972-73 to 15.03 and 5.22 in 1993-94, respectively) towards milk and meat consumption. This trend is also consistent with the fact that consumers have been obtaining an increasingly greater share of calories and protein from animal food products. The improvement of livestock production will be important in the coming years, in view of the future demand of livestock products, which is expected to be doubled by 2020. Further, increased human population growth and increasing urbanization, will significantly drive the demand for animal foods. The expanding market for livestock products offers an opportunity for the resource poor farmers and even for those who do not have access to land and could provide livelihoods through livestock production. However, to enable the resource poor to take benefit of market demand, a favorable policy environment will have to be placed to improve common property resources (CPRs) besides addressing technical and socio-economic constraints in watershed areas. 
1) Strategies for intensification of livestock production systems/off farm livelihoods in WDP:

a) Animal Health Camps: Diseases reduce the production potential of livestock hence, entry point activities like animal health camps to establish credibility of the Watershed Development Team (WDT) and create a rapport with the village community are essential. Most of the diseases affecting livestock in general and small ruminants in particular were due to lack of awareness, supply constraints in availability of vaccines and deworming drugs and insufficient human resources with animal husbandry department to tackle the problems in time. Hence, animal health camps and prophylactic vaccination campaigns needs to be conducted at regular intervals to create awareness among farmers regarding the adoption of better livestock health management practices and containment of all endemic diseases in watershed areas. 

b) Streamlining livestock service delivery mechanisms: Livestock services that are currently provided by state governments are largely inaccessible to the poor and their quality is also dubious and these households cannot afford private services. Hence, capacity building of local youth as service providers and participatory involvement of stakeholders while streamlining the animal health services as community activity would better facilitate in this process. Further, developing linkages with animal husbandry and other rural developmental departments would help in promoting the innovative livestock practices and providing sustainable rural livelihoods. Even though some watershed projects tried to promote livestock development a little, this was not accompanied by making provisions for attendant service delivery, be it credit or health and breeding services. Limited access to formal/institutional sources of credit affects livestock production possibilities of poor farmers and pastoral communities, hence a revolving fund mechanism is desirable, where in the needy farmers take loan from the seed money of revolving fund with nominal interest. Over the years the revolving fund becomes a substantial amount with added interest amount and helps in providing more loans to the needy farmers. 
c) Access to skills, knowledge and information

Skills, knowledge and information are the most critical factors that help in empowering landless, small and marginal farmers. The training curriculum should be expanded to include livestock rearing families under the productivity enhancement activities, under the works budget, rather than under the training budget which is inadequate to provide such inputs. Mapping animal disease outbreaks through advanced technology like GIS and providing updated information related to livestock management and health aspects through Information Kiosks in the village resource center/knowledge share center certainly facilitate knowledge empowerment of the stakeholders.

d) Revival of common property resources: It is estimated that 60-65% of the total feed requirements of small ruminants and large ruminants are met by the CPRs. There are three major concerns about these CPRs 

· Appropriate strategies to use of common property resources (CPRs): As there is no control over the number of animals allowed to be grazed, causing severe damage on the regrowth of no. of herbaceous species in grazing lands (Table 1). Thus causing severe impact not only on herbage availability from CPRs but on the productivity of livestock  

· Communal management of these lands: CPRs need to be reseeded with high producing legume and non-legume fodder varieties (Table 2) at every 2-3 years intervals as a community activity. Further, grazing restriction till the fodder grows to a proper stage as community decision would improve the carrying capacity of CPRs.  

· Lean season feeding: It has severe impact on the productivity of livestock as the herbage availability comes to all most negligible during summer months. Hence, supplemental feeding becomes essential to maintain optimum productivity in livestock

e). Fodder production from arable lands: Non availability of arable land has been severely affecting the area under fodder cultivation. As a result, the green fodder availability both qualitatively and quantitatively is much lower than requirement and leading to many nutritional deficiencies ranging from energy, protein to micronutrients like minerals and finally lowered production from livestock. Hence, each farmer should at least allocate 10% of their land for fodder production. Alternatively farmers should be encouraged to cultivate winter crops like Lucerne, Horse gram etc., as second crop under rainfed conditions, where as fodder maize/ sorghum with little irrigation facilities. Further, on the bunds of all SWC structures, seeding of fodder varieties like Stylo and Cencherus must be encouraged. This helps in not only providing fodder but also stabilizes the bunds.

f). Development of integrated production systems: It is an efficient and integrated land use management system of agricultural crops, horticultural/forest tree species and or livestock simultaneously on the same unit of land, which results in an increase of overall production. Future development of these integrated systems will require policy support concerning land use and also to encourage the introduction of ruminants and to increase unit land productivity.
· Annual and perennial crops: Relatively more attention will need to be given to mixed (crop-livestock) farming systems that involve annual crops, not only because of the importance of rice and wheat as food staples, and the opportunity to integrate annual legumes into the cereal cropping to develop food–feed systems. 
· Trees: The decreased availability of arable land in many areas and the need for more food from animals could encourage further integration of ruminants with trees in the form of silvopastoral (Forestry + Pasture + Livestock), agrisilvipastoral (Agriculture + Forestry + Pasture + Livestock) and hortipastoral systems (Orchards+ Pasture+ Livestock). 
g).Alley Cropping: Alley cropping is a system in which food/fodder crops are grown in alleys formed by hedgerows of trees or shrubs (Leucaena leucocephala, Gliricidia, Calliandra, Sesbania etc.). The essential feature of the system is that hedgerows are cut back at planting and kept pruned during cropping to prevent shading and to reduce competition with food crops. The main objective of alley cropping is to get green and palatable fodder from hedgerows in the dry season and produce reasonable quantum of grain and stover in the alleys during the rainy/cropping season.  This necessarily calls for cutting back (lopping) of hedge rows during the dry season fodder requirements. A welcome feature of alley cropping is its ability to produce green fodder even in years of severe drought.  At Rajkot in 1985, rainfall received during the season was only 30% of normal precipitation.  There was total failure of 3 legume crops tried in the system.  In sole crop plots, production was limited to 0.5 – 1.7 t/ha of green fodder.  However, in alley cropped plots, Leucaena hedgerows produced over 5t/ha of green fodder.  Similar was the experience at the Anantapur Centre in 1984. The cropping season rainfall was only 144 mm as against normal of 495 mm.  All crops (groundnut, pigeonpea and sorghum) failed, and even stover production was severely affected.  However, the Leucaena hedgerows produced 2t/ha of dry leaf material.  Thus, alley cropping systems if properly planned, can remove a part of the risk faced by the small farmer in India.
h).Tank beds- Common Pool Resources for fodder production: Due to silt deposition, tank beds are fertile and retain adequate moisture in the soil profile for cultivation of short season fodder crops like sorghum and maize fodder. Cholamarri village, Anantapur District has several tanks (45 tanks) but remained unfilled and was in the grip of severe drought during 2002 resulting in distress sale of livestock. This motivated the youth and organized the community for cultivation of fodder on the tank bed of Cholamarri village in early 2003. The farmers could produce substantial biomass worth Rs. 4.75 lakh by cultivating 184 ha of tank bed area and the fodder produced could support the livestock for entire summer (Ramana et al, 2007).
i). Increasing feed and fodder base at household level: Azolla, a blue green algae which is having more than 25 % CP and can be doubled in quantity with in 5-7 days was encouraged to establish in pits at backyard depending on the number of milch animals of the farmer. Azolla yield is much more than the perennial fodder varieties like APBN-1/CO-3 etc and is around 1000 MT per hectare at the rate of 300 gm./sq.m/day even after taking into account wastage space between two Azolla beds. It is more nutritious than the leguminous fodder crops like lucerne, cowpea , berseem etc and can be fed to cattle, buffalo, sheep, goat and also poultry after mixing with concentrate mixture at the ratio of 1:1.1/

j). Efficient feed and fodder utilization options: Feeding and nutrition are the major constraints to intensification of Livestock production in rainfed areas. Livestock production within the mixed farming systems is predominantly dependent on the efficiency of use of the available coarse crop residues and grazing resources. The level of efficiency will dictate to a very large extent improvement per animal performance and increased productivity from different livestock resources. The limited purchasing power forces farmers to manage livestock by carefully adjusting the resources and production factors of their farms. Hence, capacity development of the stakeholders about feeds and their efficient use should be imparted in the form of action learning exercise along with providing chaff cutters in each village, so that the stake holder would practically see how the chopped fodder is going to benefit not only to the animal but also to the farmer. 
k). Reproductive management opportunities: Increased prevalence of reproductive problems is becoming a potential threat to the profitability of livestock farming by bringing down the production and income. Reproductive problems like delayed onset of oestrus, anoestrus, abortion, failure of conception etc are more common in buffaloes and crossbred cows under village conditions because of deficiency of micro minerals and some fat-soluble vitamins due to under feeding and or sole feeding of roughages. The other reproductive disease conditions like prolapse, retained placenta and metritis in the early postpartum period, a sequel to the nutritional stress in the lactating animals will reduce the production efficiency and reproductive performance. Supplementation of top fodder, concentrate mixture, mineral mixture, vitamin premix, and synchronization of oestrus etc., inaddition to the individual animal managemental practices like timely identification of oestrus and insemination will improve the life time productivity of livestock. Incase of small ruminants, changing the breeding ram for every 2-3 years (ram lamb exchange from other district herd) or artificial insemination with proven breed semen will help in enhancing the productivity. 
l). Breed improvement policies: Cross breeding of indigenous dairy cattle and upgradation of buffaloes would improve the productivity of animals, but it has certain limitations. A case study of Gujarat farmers show that remote farmers with local cows under the assumed price conditions hardly benefit from feeding concentrates, however, farmers with crossbred cows and better market access may consider feeding of concentrates in all situations. This explains farmer’s preference for crossbreds in conditions with a favorable milk/concentrate price ratio, and it illustrates the limitations of concentrate feeding where concentrates/milk ratios are unfavorable, due to prices, management and/or genetic potential. 

m) Social organization: Without organizing livestock producers into common interest groups (CIGs), livelihood- livestock-environment interactions are not sustainable in the watershed. Linking up of different CIGs who would not otherwise normally interact helps in increased cooperation among stakeholders, creation of awareness on the identified issues and created synergy and a critical mass for action. Further, it would be possible to create the mechanism like revolving fund when there is a social organization in active mode. 

n) Market access: Creation of market access for smallholder livestock producers and capacity building in production of qualitative produce certainly drive the farmers for more intensification of the livestock production systems. Further, value addition to the products and byproducts and knowledge sharing among communities would helps in providing sustainable off farm livelihoods in rural areas. 
2) Livelihood Orientation: 
Productivity enhancement and livelihoods shall be given priority along with conservation measures in WDPs. Resource development and usage will be planned to promote farming and allied activities to promote local livelihoods while ensuring resource conservation and regeneration. The new approach would systematically integrate livestock and fisheries management as a central intervention and encourage dairying and marketing of dairy products. In the rainfed areas, the animal resources become a major source of income for the people. When effectively integrated with the Watershed Development Projects, a comprehensive animal husbandry component would contribute significantly to ensuring a better and sustainable livelihood for the people of the rainfed areas.
3). Technology transfer issues: 
Livestock development is affected by many factors, such as farmers’ access to resources, availability of knowledge and skills, consumer demands, national and international policies and social aspects. As a result, a large number of technologies  are not readily accepted by the stake holder. Indeed, low adoption rates of technologies by stake holders are at least partly due to differences among farmers in terms of their access to resources, such as land, water, livestock and credit and personal values, status, food habits, and to cultural barriers. Many development programmes lack a proper perspective on the local resources, the environment and the needs of the farmers (Van den Ban and Hawkins, 1988; Chambers et al., 1989; Röling, 1996). Action research relevant to particular area and to a specific problem in livestock needs to be given utmost priority. What is useful for one farmer may not be useful for another, and certain technologies can even have negative trade-offs. Hence, basket of technological options with site specific and problem targeted should be made available to the stake holders, so as to choose according to their resources and environmental conditions.
4). Policy issues: 

There exist major opportunities for the use of improved policy issues. These relate to institutions, services and delivery systems that affect livestock production systems. In view of the bio-physical focus among the livestock production systems, despite the economic benefits of added value, integrated systems with trees remain underestimated. Policy interventions are required to stimulate more integration with livestock, for example through tax incentives, and also encourage increased private sector investments. The market chain involves rural, urban and international markets. In an era of globalization and improved marketing, presently, the rural–urban market linkages are weak, and closer integration is very necessary. Rural markets are especially important to rural communities and their households, and are also used for the sale of live animals for slaughter in the urban areas. Appropriate policies are required to provide good links between rural and urban markets, infrastructural and communication facilities that must be in place, as also collection and processing centres. Horizontal and vertical coordination and the development of cooperatives are also important initiatives. Because of the greater market demand for livestock products in urban areas, such facilities become more essential. 
CONCLUSIONS:

There should be optimum budget allocation towards livestock related activities in WDPs considering opportunities and role of intensification of livestock production system in providing sustainable livelihoods.  Capacity building and participatory involvement of stakeholders while streamlining the animal health services as community activity would better facilitate containment of animal diseases in rural areas. Further, use of technological advances along with appropriate management practices would help in providing healthier livelihoods and income from large and small ruminants. Improved cultivars along with efficient fodder utilization practices and integrated systems would augment fodder resources substantially in rural areas and reduces distress sale of animals during lean season. Improvement in services and delivery system along with creation of market linkages and better polices would drive the stake holder for adoption intensive systems. Thus results in higher productivity, more stable livelihoods and income. 
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Table 1. Number of herbage species and production as influenced by management 

              of CPRs

	Management type
	Herbage production (t/ha/year)
	No. of species

	Open grazing lands (CPRs)
	0.9
	13.0

	2 years protected CPRs
	2.4
	21

	3 years protected CPRs
	3.0
	25


Source: Pathak, 2002

Table 2. Identified constraints to low productivity of CPRs

	Problem
	Causative factor
	Remedial Measures

	Poor regeneration of forages species
	Severe damage due to over grazing and stampede
	Rotational and restricted grazing

	Low forage production
	Low yielding annual grass species and competition by unpalatable shrubs and trees
	Reseeding of  high yielding perennial grass species and bush clearing

	Low nutritive value of the forage
	Lack of legume forage species
	Seeding of legumes like Stylo just before onset of monsoon and application of P as basal dose

	Non-availability of green fodder during lean period
	Very few tree species suitable as top feed in CPRs
	Development of silvopastoral system 
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