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The search for food is as old as human evolution. Since times immemorial man’s search for food to satiate his hunger has led to the development of agriculture and animal husbandry. Both were complementary to each other in several ways. Agricultural activity leads to generation of animal feed and fodder as by product. Animal’s covert the crop residues to value added products like milk, meat, eggs etc. In turn, animal excreta enrich soil fertility leading to better crop production. Integrated livestock farming systems not only lead to increase in farm incomes and rural prosperity but also mitigate the problem of urban migration with its consequent environmental implications.

 Since independence India has made great strides in various facets of economy resulting in transition of a predominantly agrarian economy towards an industrialized one. However industrialized a nation may be, food security is very much vital for its integrity and sovereignty. The role of livestock in ensuring the same, is significant due to the higher biological values of the animal products vis a vis crop products. The demand for animal products is increasing over the years as reflected in higher MPCE (mean personal consumption expenditure) of Indian’s on milk, meat and eggs compared to decline in the overall MPCE of food products.

Livestock plays an important role in sustaining livelihood, nutritional and environmental security and in growth of Indian agriculture and inter alia national economy.  The contribution of livestock sector to GDP is gradually increasing as against the decline in contribution from agriculture in the same period.  Further, Milk is the largest agricultural commodity at Rs 2,28,809 crore in 2009-10 as against Rs 1,35,307 crore from  rice.  The 3.7 percent annual growth rate in milk production during 1999-00 and 2009-10 surpasses the 1.8 growth rate in human population. Livestock sector has consistently grown at the rate of 4 per cent for the last four decades as against 2-3 per cent growth rate in agriculture. Hence, sustainability of integrated livestock farming systems is of vital importance to the economy of a developing country like India (table 1).
Table 1: Compound annual growth rates of major agricultural products

	
	Compound annual growth rate (%)

	
	1980s
	1990s
	2000s

	Food grains
	3.0
	1.8
	2.4

	Cereals
	3.2
	2.0
	2.5

	Pulses
	1.7
	0.5
	2.2

	Oil seeds
	5.6
	0.4
	6.4

	Fruits & Vegetables
	2.2
	6.3
	3.5

	Livestock
	4.6
	3.7
	3.8

	Milk
	5.2
	4.3
	3.6

	Meat
	5.2
	2.6
	3.9

	Fisheries
	6.0
	4.7
	2.9

	Condiments & Spices
	4.7
	5.0
	3.5

	Crop sector
	2.5
	3.0
	3.5

	High value agriculture
	3.9
	4.6
	3.6

	Agri. & allied sectors
	3.0
	3.2
	3.5



Per capita availability of milk, meat and eggs in India is 263 ml/day, 3.42 kg/year and 51/year respectively in the year 2009-10. The requirement as per ICMR guidelines are 300 ml/day of milk, 10.95 kg/year of meat and 180 eggs/year. At the present production levels, there is a shortfall of 37, 7.53 and 129 per cent respectively of milk, meat and eggs in 2009-10. To meet the per capita requirements of ever increasing population by 2025, India needs to produce 153.3 million tons of milk, 15.33 million tons of meat and 252 billion eggs. This can be achieved only by optimal utilization of available resources by means of integrated livestock farming. 
Table 2: Per capita requirement and availability of milk, meat and eggs in India

	Livestock

Product
	ICMR 

guide

line values
	Per capita availability (2009-10)
	Deficit/surplus

in per capita

(2009-10)
	Quantities required to meet ICMR guidelines (2009-10)

(million tons)
	2009-10 production

(million tons)
	Quantities required to meet ICMR guidelines (2020-25)

(million tons)

	Milk( ml/day)
	300 
	263 
	- 37.00
	128.12
	112.5
	153.3

	Meat (kg/year)
	10.95 
	3.42 
	- 7.53
	12.81
	4.0
	15.33

	Eggs (no's/year)
	180 
	51
	- 129.00
	210.6 billion
	59.84 billion
	252



The importance of integrated livestock farming in Indian agriculture is evident from the fact that the total irrigated area from all sources is just  44.74 per cent and 32.47 per cent respectively of net area sown and total cropped area respectively, in the country.  Hence around 60 percent of the net sown area is dependent on monsoon or rain fed. Conversely, 59 per cent of the irrigated agriculture is dependent upon groundwater. Over exploitation has resulted in this particular natural resource becoming critical in most parts of the country with serious implications for crop productivity and hence livestock production. Similarly the area under respective crops has not grown much over the years but the production of individual crops has almost doubled. This will have serious implications for further enhancing the crop production per hectare, which requires huge investments.  Further, there is a shift in agriculture towards high value crops as against cereals, impacting the availability of crop residues for livestock feeding.
Table 3: Trends in area and production of major crops/crops groups: 1983-84 to 2008-09

	
	Area (million ha)
	Production(million tones)

	Crops
	1983-84
	1993-94
	2008-09
	1983-84
	1993-94
	2008-09

	Rice
	40.1
	42.3
	43.8
	53.5
	75.9
	95.0

	Wheat
	2305
	24.3
	28.1
	41.9
	57.6
	80.0

	Coarse cereals
	41.5
	33.6
	27.9
	60.9
	31.1
	38.2

	Pulses
	23.4
	22.4
	23.0
	12.1
	12.7
	14.6

	Food grains
	128.5
	122.6
	122.8
	138.4
	177.4
	227.8

	Oil seeds
	18.5
	26.0
	26.8
	11.6
	20.1
	27.5

	Sugarcane
	3.2
	3.6
	4.6
	183.3
	237.2
	303.7

	Fruits & Vegetables
	5.1
	8.3
	13.6
	-
	95.6
	188.7

	Condiments & Spices
	2.2
	2.3
	2.6
	-
	2.5
	4.15

	Net area sown
	142.0
	142.2
	140.8
	-
	-
	-

	Total cropped area
	176.4
	184.8
	194.0
	-
	-
	-


Source: GOI
Over the years there is gradual decrease in farm size. The share of small and marginal farmers has increased from 69.7 per cent in 1970-71 to about 83 per cent in 2005-06 while their total operational area has increased from 20.9 per cent to over 41 per cent during the same period. Similarly average farm size has declined from 2.3 ha in 1970-71 to 1.23 ha in 2005-06. The inverse relationship between farm size and crop productivity is well documented. This will be directly proportional to the availability of crop residues for livestock feeding. Increasing use of inorganic fertilizers and pesticides has resulted in degradation of soil fertility and productivity, increasing salinity, water logging, soil erosion, host of complex pests and diseases resulting in air and water pollution.  In addition over the years there is a decrease in public expenditure in agriculture, more so in the last two decades. 
Under these circumstances, the only alternative is integrated livestock farming which will result in efficient utilization of scarce resources and providing gainful employment. Integrated farming systems are common throughout the world. They involve several sub-sectors like crops, animals, fish, sericulture, agro forestry, biogas, mushroom cultivation, horticulture, vermi culture, silvipasture etc., which are used in a mutually reinforcing manner. The interactions of these components are synergistic, and result in greater total effect than the sum of their individual effects. More specifically, the benefits often result in ecological and economic sustainability.
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The rationale for the type, extent and intensity of integrated farming systems is influenced to a very large extent by environmental dictates, notably, rainfall, temperature and elevation, availability of local resources, and market opportunities. Diversification is central to such efforts, and integrated farming systems also have other distinct advantages as follows:

· diversification in the use of production resources

· reduction in, and spread of, socio-economic risks

· involvement of a preponderance of small farms and small farmers

· use of large populations of ruminants (buffalo, cattle, goats and sheep)

· integration of crops (annual and perennial) and animals

· use of animals and crops play multipurpose role

· low input use and traditional systems

· involvement of the three main agro-ecosystems (highlands, semi-arid and arid tropics, and sub humid/humid tropics).


Types of integrated systems

Broad categories of integrated farming systems are:

I. Crop-livestock-forestry farming system

II. Crop-fish-poultry farming system

III. Crop-livestock-poultry-fishery farming system

IV. Crop- agrosilvipasture-livestock farming system


Economic benefits of integrated farming systems

Integrated farming enables more efficient utilization of land, capital, inputs and labour resources of the farmer . Hence, returns in integrated farming were in general more compared to arable farming or livestock alone farms. Further, profitability of the integrated farming varies depending upon the local factors like demand and supply of livestock products like milk. Studies conducted over a period of time in different places of India, have indicated that integrated farming with small to medium herds to be profitable in rural areas, whereas large herds were found to be more profitable in peri and semi urban areas. 

Studies conducted in Gujarat, indicated that about 75 per cent of rural households kept cattle in the face of under employment and milch cattle contributed 32 and 20 per cent respectively of farm income. Whereas integrated farming with other species like goats along with cows & buffaloes contributed between 54-68.9 per cent of the total farm income
Table 4 : 
Comparative economics of different farming systems under paddy-wheat 
farming sequence in rice-belt of Haryana

	Particulars
	Arable farming
	Buffalo rearing
	Mixed farming

	Net returns /ha (Rs)
	6326
	39.4
	10966

	Net returns / Rs 1000 invested
	223
	241
	250

	% net returns over  gross expenditure
	22.29
	24.10
	24.99

	% returns over other variable costs
	39.69
	33.87
	39.99

	% labour expenses over total expenditure
	12.90
	18.99
	25.36



 The total cropped area in the country can not be significantly increased any further under the present circumstances. With the increased pressure on cropping system to meet the cereal requirements of population, it will be a herculean task to increase the land under fodder crops from the present levels of 4 per cent of total cropped area. Hence, reclamation of fallow and barren lands under silvipasture systems will not only ensure availability of animal fodder and also meet the human requirements of wood and prevent soil erosion. 

The benefits of integrated livestock farming can be summed up as 

Agronomic 
:
Retrieval and maintenance of soil productivity
Economic
:
Product diversification, reduction in input costs of agriculture

Ecological
:
Reduction in pests and soil erosion

Social

: 
Reduction in rural-urban migration, economic disparity between rural-



urban areas

Constraints to Integrated Farming systems
Feed and fodder availability: Feed constitutes approximately 70 per cent of the cost of milk production. With the advent of mechanization in agriculture, introduction of high yielding varieties of cereal crops has resulted in reduction the availability of crop residues for livestock feeding. The problem is further compounded by the export of crop by products such as oil cakes and brans, diversion straws towards packaging, fuel industries and filed burning of straws. This can be over come to some extent by efficient identification and utilization of newer non conventional feed resources and agro industrial by products. 
Net availability of feed resources in terms of DM (dry matter), CP (crude protein) and TDN (total digestible nutrients) was given in table 7. Surplus and deficit of DM, CP and TDN under different feeding systems was presented in table 8. The shortage of DM, CP and TDN was to the tune 32.70, 14.37 and 22.17 per cent respectively for the year 2011-12 if all the livestock were to be fed as per the actual requirements. It is expected that shortage will increase to 43.42, 35.50 and 33.48 respectively by 2025, if the present trend in livestock population growth is continued. However, under field conditions farmer’s rarely feed the unproductive animals. Assuming that productive animals are fed fully and unproductive animals at 50 per cent of the requirements there will be surplus of feed resources in 2011.
Intensifying the use of non conventional feed resources& agro industrial by products: Popularization of total mixed ration and compounded feeds can mitigate the problem to some extent by enabling use of various agro industrial by products and non conventional feeds. At present utilization of these resources is hampered by their low levels of inclusion in animal feeds, small farm sizes and localized availability of these feed ingradients.

Improving the post production facilities for efficient marketing of livestock products. Production of value added livestock products will enhance the profitability of the enterprise and consequent sustainability. Improving the digestibility of crop residues will reduce their diversion towards industry and enhance the livestock productivity.


Potential improvements and increased productivity from this enterprise can only come from a better understanding of the nature and extent of the interactions between different sub-sectors, like crops, animals and natural resources, economic benefits, as well as the impact on the livelihoods of small farmers and the environment. Research on these aspects provides major challenges for sustainable integrated farming systems in the future.

“Sustainable development is that which meets the needs of the present without compromising the ability of future generations to meet their own needs”(World Commission on Environment and Development, 1987, United Nations)

Table 5: Number of Combined Harvesters used by farmers over the years (All India)

	Year
	Tractor operated
	Self Propelled
	Total
	Cumulative increase over base year (No. of times)

	1982-83
	13100
	27500
	40600
	-

	1987-88
	11500
	27100
	38600
	-0.05

	1996-97
	363569
	209018
	572583
	13.10

	2001-02
	497499
	424506
	922005
	21.71


Source: Input Survey, Agriculture Census, Ministry of Agriculture, GOI

Table 6: Area under high yielding varieties in 1990 and 2000(million hectares)

	Crops
	1990
	2000
	% change

	
	Area under crop
	Area under HYV
	Yield/ha
	Area under crop
	Area under HYV
	Yield/ha
	Area under crop
	Area under HYV
	Yield/ha

	Rice
	42.17
	25.41
	1745
	44.80
	33.00
	2130
	6.24
	29.87
	22.06

	Wheat
	23.50
	20.18
	2121
	27.52
	24.00
	2830
	17.11
	18.93
	33.43

	Bajra
	10.90
	5.87
	610
	9.29
	7.2
	728
	-14.77
	22.66
	19.34

	Sorghum
	14.84
	6.11
	869
	9.7
	9.3
	911
	-34.64
	52.21
	4.83

	Maize
	5.92
	2.54
	1632
	6.21
	3.6
	2002
	4.90
	41.73
	22.67


Source: Directorate of Economics and Statistics, Department of Agriculture and Cooperation.

Table 7: Availability of feed resources in terms of DM, CP and TDN - Net estimates in 
million tons (2011- 2025)

	
	2011
	2025

	
	DM
	CP
	TDN
	DM
	CP
	TDN

	Availability
	
	
	
	
	
	

	a. Crop residues

( including straws, concentrates, grains, brans and chunnies, greens etc)*
	511.75
	44.72
	265.56
	580.81
	49.48
	300.87

	b. Agro industrial by products**
	62.87
	9.81
	36.87
	62.87
	9.81
	36.87

	Deductions
	
	
	
	
	
	

	a. Export of oil cakes and brans
	4.11
	1.83
	2.88
	5.74
	2.54
	4.04

	b. Burning of straw in parts of India,
	44.18
	1.63
	17.67
	52.39
	1.94
	20.96

	diversion towards packaging industry, roofing purposes etc
	
	
	
	
	
	

	Net estimated availability
	526.33
	51.07
	281.88
	585.55
	54.81
	312.74


*Estimated from 40 years crop production data 


**Based in literature(only 50% was assumed to be available as livestock feed)

Avaialbility of DM, CP and TDN from agro industrial byproducts is from literature. Hence the same figure was assumed for 2011 and 2025.

Table 8 :
Percent surplus/deficit of feed resources  in different scenario's
 


	
	2011
	2025

	
	DM
	CP
	TDN
	DM
	CP
	TDN

	Model 1: 100% fed to productive animals and 100% to non- productive animals

	· Availability
	526.33
	51.07
	281.88
	585.55
	54.81
	312.74

	· Requirement
	698.42
	58.41
	344.38
	839.78
	74.27
	417.46

	· % Surplus/deficit
	-32.70
	-14.37
	-22.17
	-43.42
	-35.50
	-33.48

	Model 2: 100% fed to  productive animals and 50%  fed to non- productive animals

	· Availability
	526.33
	51.07
	281.88
	585.55
	54.81
	312.74

	· Requirement
	489.78
	42.51
	243.72
	624.13
	56.95
	312.87

	· % Surplus/deficit
	+6.94
	+16.76
	+13.54
	-6.59
	-3.90
	+6.94


+ surplus; - deficit

Productive animals include milch cattle and buffaloes, poultry and fish

Table 9: Surplus/deficit in terms of raw feed resources (Million tons)

	
	
	2011
	
	2025
	
	

	
	Requirement
	Available
	Surplus/Deficit
	Requirement
	Available
	Surplus/Deficit

	Dry Fodder
	485
	358.27
	-26.13
	620
	432.89
	-30.18

	Green Fodder
	998
	641.26
	-35.75
	1150
	600.24
	-47.81

	Concentrates
	90
	53.15
	-40.94
	112
	65.06
	-41.91


Note: Does not include non conventional feed resources
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