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CHapter - ii

STATISTICAL REVIEW

Land use Pattern


The geographic area of the country is 32,87,263 sq.km. and the population density is 304 people per km2. The country has a forest cover of 6,75,538 km2. Recent shanges in land use and irrigation are dramatic.

 Net sown area is gradually decreasing, was roughly constant in the Nineties, but is now falling. About 2% reduction in set sown area is observed in recent years (Fig.1). 
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Fig.1. Changes in Gross and Net Sown Area

In 2002/03, the last year for which we have a number, the Net Sown Area in India was 132.86 million hectares (Table2). Planning Commission studies had earlier predicted that net area sown would be stuck at 141 million hectares and growth needs would need to be sourced from productivity and more intensive cropping.    Growth in net area sown at around 1% annual in the early period of planning fell to around 0.6% and then to 0.3% in subsequent decades and was then not growing at all.  It was reasonable to assume that the geographical area of the country or the extensive land frontier for exploitation had reached its limits and the Planning Commission had correctly projected that the net area sown or arable land of the country would remain constant.  But now for the first time in Indian economic history we are told that net area sown, rising slowly earlier and constant since the early nineties has gone down by eight million hectares. The last year in which NAS was less than the 2002/03 number was in 1958/59. 

	Table2

	Net Area Sown in India 1999-2002

	(also years after 1960/61 with NAS below 135 million hectares)

	

	S.No.   Year         NAS (million hectares)

	

	                                        1.     1987/88         134.09

	

	                                        2.     1991/92         141.63

	

	                                        3.     1999/00         141.10

	

	                                        4.     2000/01         141.08

	

	                                        5.     2001/02         141.40

	

	                                        6.     2002/03         132.86


Source: Government of India, Ministry of Agriculture, Nov.2005, Agricultural Statistics at A Glance:2005, Table 14.2, p.176.    

It would be imprudent to brush aside the decline in cropped area as a consequence of the drought of 02/03. It is true that in the South West Monsoon, 2002, 21 meteorological sub-divisions out of 36 had deficient/scanty rainfall. In the earlier drought in the late Eighties, NAS also fell and the severity of the drought in 1986/87 and 1987/88 was comparable. But in the Eighties even in the second year of drought NAS was 134 million hectares and it was 139.58 million hectares in 1986/87. More basic factors seem to be now at play. We need to disentangle the ‘drought’ effect from these more basic factors leading to diversion of land from agriculture and this needs analysis with statistical and GIS data and field level verification, but at a more general level soil degradation, urbanization and slow down of irrigation have been suggested as reasons. ( For details of the issues discussed below, see Yoginder.K.Alagh, S.K.Dey Centenary Memorial Lecture, NIRD, Journal of Rural Development, July-September 2006, pp.304-325)

  Soil degradation has been extensively studied. (Ratna Reddy has done considerable work in this area. Also see the summary of studies in G.K.Chaddha, S.Sen and H.R.Sharma, Land Resources, Delhi, Academic, 2004.)
It is now being suggested that urbanization is proceeding much faster than earlier estimates of scholars like A.Kundu, who worked with the low urbanization growth rates of the Census 1991/2001 period. For example for Gujarat, Yoginder.K.Alagh and P.H.Thakkar worked out that a number of habitations which met the Census 2001 criteria of urbanization were still classified as ‘villages’. According to Population Census-2001, Census Towns are non-statutory towns and are actually rural areas, but satisfy the following criteria:
(A)
Minimum population of 5,000

(B)
Density of population of at least 400 persons per sq. km.

(C) 
75 per cent of the male working population engaged in non-agricultural activity.

 It was found that in the decade 1991-2001, in Gujarat, rural non-agriculture main workers increased more than urban non-agriculture main workers. As per the 2001 Population Census, there were 122 big villages in Gujarat, each of them satisfying the three Census criteria of non statutory towns. These villages had a total population of 11.21 lakhs. If this is taken as a correction factor, then the revised estimate of degree of urbanization of Gujarat for the period 1991-2001 will be nearly 39.57 per cent (earlier estimate being 37.36 per cent and the correction factor being 2.21 per cent). 

	Table 3

Level and Growth of Urbanization in Gujarat



	Year
	Number of Towns
	Population (in Million)
	Urbanization (in %)

	
	
	Entire State
	Urban Areas
	

	1
	2
	3
	4
	5

	1961
	181
	20.63
	5.32
	25.77

	1971
	216
	26.70
	7.50
	28.08

	1981
	255
	34.09
	10.60
	31.10

	1991
	264
	41.30
	14.25
	34.49

	2001
	242
	50.67
	18.93
	37.36

	2001 Revd      364           39.46           30.14            39.57

	Source: Yoginder.K.Alagh and P.H.Thakkar,  Short Notes on Urbanization Levels, Ahmedabad, SPIESR, 2006




  The level of urbanization in Gujarat has therefore not increased by 2.87 % points, but 5.06% points ( Table 3), which is close to double the earlier estimated change and makes a big_difference in policy and forecasting work, since it is well known that urban projections are based on urban-rural growth differences and changes in first differences of the magnitudes considered can make big impacts on outcomes. Earlier land use studies found little effect of urbanization on land use. For example decadal release of land for urbanization was generally less than 5%. This may now change.

Water

There is an intimate relationship between cropping intensity, land use and water development. Irrigation permits the possibility of multiple cropping by bringing additional land under cultivation and the same land to be used more than once. Application of new technologies in the past was related to assured water supply. The new technology obviously raises productivity. But on account of photo insensitivity properties, newer technologies permit shorter duration crops, which also is associated with increase in cropping intensity. The use of these kinds of relationships has been common in Indian agricultural policy and plan models, since the mid-Seventies when the first agricultural sub-model of Indian planning was formulated for grain self reliance and is used in the current generation of water forecasting models also. 

 In the Nineties arable area had stopped growing and so the land constraint was far more severe. Growth was seen as now to be sourced from double cropping and yields.This fundamental relationship was used to project the intensive resource base of the economy. Table 3 shows that it was projected that by the end of the decade India would have used up most of its balance water reserves, with the irrigated area reaching around 114 million hectares by 2010. Projections for 2020 were a requirement of irrigation of 122 million hectares. (K. Chopra and B. Golder, Sustainable Development Framework for India: The Case of Water Resources, Delhi, Institute of Economic Growth, 2001. Table 2.6 )

 The projections assume a vastly improved performance on the land and water management frontiers.  It needs to be remembered that the balance ground water reserves are now more limited. A very dramatic effort will be needed to harvest and carefully use the available water. 

Meanwhile in actual fact in this decade irrigated area stopped growing. (Table 5)

	Table 5

	Irrigated Area in India 1998/99-2002/03(mn.hec.)

	______S.No  Year    Net Irrigated Area   Gross Irrigated Area  Irrigation Intensity

	                0      1                    2                                  3                               4_______ 

	               1.    98/99             56.51                          77.64                          121.13

	               2 .   99/00             56.76                          77.99                          121.23

	                3.   00/01             54.83                          74.29                          119.46

	                4.   01/02             55.88                          77.00                          121.12

	                5.   02/03             53.07                          70.67                          117.60

	Source: Government of India, Ministry of Agriculture, Nov.2005, Agricultural Statistics at A Glance:2005, Table 14.2, p.176.    


6. 
Table 4

Perspectives on Land and Water

	Variable
	1991/2
	1996/7
	2001/2
	2006/7

	Population (millions)


	
	
	
	

	a.   Planning Commission(
	856
	938
	1016
	1099

	b.   UN (Unrevised )


	874(
	955
	1042
	1130(

	Net Area Sown (mn. hec.)


	
	
	
	

	a. Planning Commission estimate
	140
	141
	141
	141

	b. Revised


	
	141
	141
	141

	Gross area sown (mn. hec.)


	
	
	
	

	a. Planning Commission estimate
	182
	191
	197
	203

	b. Revised


	183
	191
	197
	205

	Gross Irrigated Area (mn. hec.)
	
	
	
	

	a.  Planning Commission estimate
	76
	89
	102
	114

	b. Revised


	64
	78
	92
	107

	Cropping Intensity
	
	
	
	

	a. Planning Commission estimate
	1.30
	1.35
	1.40
	1.44

	b. Revised


	1.30
	1.35
	1.40
	1.45

	Gross Irrigated Area as % of Gross Area Sown
	
	
	
	

	a.  Planning Commission estimate
	41.5
	46.9
	51.7
	56.1

	b.  Revised
	35.0
	41
	46
	51




·  Source:Uma Lele,Y.K.Alagh, et.al., Forestry in India: An Evaluation, Washington, World Bank, 2000, Annex H
Forecasts that cropped area would remain constant were wrong, ( Table: 4) but the planners were right in the warning they gave. The decline in canal irrigated area is equally recent and shocking, having been discovered by Tushar Shah of the International Water Management Institute in this neat little picture copied from the IWMI website.
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 We really do not have a detailed analysis of the debacle in irrigation. The first issue is the failure of the Advanced Irrigation Benefit Programme. This programme for completing on going irrigation projects was started in the mid-nineties .It was started because we have a long history of successes with such programmes. The first such programme was started in 1975/76, when we had formulated a plan for food self reliance. Table 6 shows that it worked and irrigated area went up by 5 million hectares and irrigation intensity from 108.77 to 110.25. We then reinvented it in 1987/88 when the late Rajiv Gandhi wanted a Plan for stepping up stagnating agricultural production. It again worked and over a brief period irrigated area went up by around 5 million hectares and irrigation intensity from 113.15 to 115.15. (See, Yoginder.K.Alagh, State of the Indian Farmer: An Overview, Delhi, Academic and Ministry of Agriculture, 2004, pp.40-42, for a description of the Seventies programme, the skepticism of Western scholars and aid agencies and the support of the then Prime Minister Indira Gandhi and pp.48-51 and 253 for the support of the then Prime Minister, Rajiv Gandhi for the Eighties programme.)

 There has been very little progress since. These earlier programmes and the critical role they played have been described elsewhere, but the real issue is why did the AIBP fail? ( See Table 6 ).We need a serious professional evaluation, but more important water management strategies are clearly called for.

7. 

Table 6

Impact of Special Irrigation Programmes in the Seventies and Eighties

S.No     Year           Net Irrigated Area     Gross Irrigated Area    Irrigation Intensity

  0            1                          2                                    3                                   4            

  1          74/75                33.71                             41.74                           108.03

  2          75/76                34.59                             43.36                           108.77

  3.         76/77                35.15                             43.55                           108.40

  4.         77/78                36.55                             46.08                           109.53

  5.         78/79                38.06                             48.31                           110.25

  6.          87/88               42.89                             56.04                            113.15

  7.          88/89               46.15                             61.13                            114.98

  8.          89/90               46.70                             61.85                            115.15

  _______________________________________________________________________

Source: Government of India, Ministry of Agriculture, Nov.2005, Agricultural Statistics at A Glance:2005, Table 14.2, p.176.                                  
  There are, however more basic factors at play. As compared to relief against rainfall failure, the farmer now wants yield enhancing water supplies for water stress periods of diverse crops grown with modern technology. Access to ground water gives them this facility, badly planned and inefficiently managed canals don’t. farmers and their communities now want control on water deliveries. Water harvesting, ground water management and conjunctive use are important and successful models are at the crux of development.We have just started canal systems which employ for example hydraulic controls upto distributory levels and the successful examples are few and far between. In a recent critique of the Ken Betwa project put on web by the Interlinking of Rivers Project we have described how the soil scientists have shown that the area is unsuitable for paddy and irrigation would enhance yields from oilseeds, pulses and fodder crops, but the system is designed largely for flood irrigated paddy. We have also described the alternatives now possible, like the computer controlled delivery systems being constructed in the Sardar Sarovar Command.*

 The implications of these trends are not being realized with the urgency they deserve, since at a basic level resource constraints of a more severe kind faced by certain East Asian economies are now being approached in India. Organizations, communities, households and individuals will have to grasp this fact and live with it. The severity of the blow will take time to sink in. But time India does not have. A few years ago I had warned that we are getting close to the kind of land and water shortage East Asian societies like China, Japan and Korea have grappled with, but have built up institutions through the centuries to cope. I had argued that we need to hasten. We would we hoped harvest water and improve irrigation deliveries.

*. Yoginder.K.Alagh, Methodology of Irrigation Planning: The Ken-Betwa Case, in Yoginder.K.Alagh, Ganesh Pangare and Biksham Gujja, Ed., Interlinking of Rivers in India , Delhi, Academic, 2006, pp.81-102. 

 
During the same period, it was observed that area under forests, area for non-agricultural uses, fallow land and area not fit for cultivation had increased.  On the other, wastelands (barren and unculturable lands, culturable wastelands, land under permanent pastures etc) were reduced (Table 7). 

Table 7. Changes in Land Use Pattern

	Land Use   
	Area (m.ha)
	

	
	PE ending 1994
	TE ending 2003
	Change, %

	Gross sown area
	184.4
	185.8
	0.75

	Net sown area
	142.3
	139.1
	-2.20

	Area sown more than once
	42.2
	46.7
	10.69

	Forest area
	67.9
	69.3
	2.17

	Not available for cultivation
	41.0
	42.3
	3.11

	Area under non-agricultural uses
	21.6
	23.7
	9.85

	Barren and unculturable land
	19.4
	18.5
	-4.40

	Other uncultivated land excl. fallow land
	29.9
	27.7
	-7.14

	Permanent pasture and grazing lands
	11.3
	10.8
	-4.80

	Miscellaneous 
	3.7
	3.4
	-8.78

	Culturable waste land
	14.8
	13.6
	-8.50

	Fallow land
	24.0
	27.0
	12.73

	Current fallow
	14.1
	16.5
	16.51

	Other fallows
	9.8
	10.6
	7.30


Source: CMIE database

PE Five years average ending with the year

TE Three years average ending with the year

Miscellaneous  Land under misc. tree crops and groves not included in net area sown
Growth of Crop Production

The growth performance of different crop groups is summarized in the table below. The growth behavior is examined for the whole country and rainfed regions. Coarse grains (sorghum, bajra and maize), millets, pulses oilseeds and cotton are the major crops grown in the rainfed regions of the country. The growth performance of these crop groups is summarized here (Table 8).

Table 8. Growth performance of different crops and crop groups in India and rainfed regions, 1980-2003 (%)

	
	Growth rate %

	 
	1980-2003
	1981-1990
	1991-2003

	Coarse grains

	Area (All India)
	-1.49
	-0.81
	-1.62

	Area (RF)
	-1.95
	0.18
	-3.82

	Production (India)
	0.72
	0.87
	0.00

	Production (RF)
	0.23
	2.17
	-2.37

	Productivity (India)
	2.24
	1.69
	1.60

	Productivity (RF)
	2.23
	1.91
	1.47

	Millets

	Area (India)
	-3.97
	-3.01
	-3.72

	Area (RF)
	-1.67
	-1.74
	-2.17

	Production (India)
	-2.11
	-1.13
	-3.07

	Production (RF)
	0.85
	1.33
	-1.95

	Productivity (India)
	1.96
	2.01
	0.72

	Productivity (RF)
	2.49
	3.31
	0.29

	Pulses

	Area (India)
	-0.27
	-0.14
	-0.85

	Area (RF)
	2.68
	4.78
	2.74

	Production (India)
	3.93
	5.11
	3.14

	Production (RF)
	0.98
	1.22
	-0.23

	Productivity (India)
	1.22
	1.36
	0.62

	Productivity (RF)
	1.21
	0.32
	0.39

	Oilseeds

	Area (India)
	1.71
	2.40
	-1.02

	Area (RF)
	7.05
	8.83
	3.10

	Production (India)
	3.79
	5.41
	-0.56

	Production (RF)
	8.99
	9.59
	3.87

	Productivity (India)
	2.04
	2.94
	0.44

	Productivity (RF)
	1.84
	0.70
	0.75


The production of coarse grains did not show any significant trend during 1980-2003 in the country as well as in rainfed regions. The growth in production was found to be significant (2.17%) in rainfed regions during 1981-90. This growth was largely driven by increases in productivity (1.91%). During 1991-2003, the coarse grains continued to lose area at much faster rates (-1.61% in the country and –3.81% in the rainfed regions). The moderate growth in productivity levels could not neutralize the declining trend in production caused by the shrinking of area.

Similar is the situation with respect to millets. There was a reduction in the area sown to these crops throughout the period.  Even the production showed significant declining trends. The production trends did not show any pattern over a long term (1980-2003). However, the significant growth observed during 1980s did not sustain in the nineties. At the national level, there was steep fall (-3.07%) in the production during 1991-2003. 

During the period 1980-2003, the area sown to pulses declined marginally in the country though it increased at an annual rate of 2.7 per cent in the rainfed regions. The growth in productivity was however low at about 1.2 per cent in all India and rainfed regions.  Compared to 1980s, growth in area and production slowed down considerably in the rainfed regions during the period after 1990. The growth in productivity was less than 1 per cent during this period. 

The production of oilseeds increased in the rainfed regions at much faster rate compared to the all India growth during 1980-2003. The growth was however more rapid during the 1980s largely because of the introduction of technology mission on oilseeds during this period. As a result, the oilseeds gained area at a rate of 8 per cent. This was however not accompanied by the yield gains.  After 1990, the area expansion stopped, in fact there was a small loss of area to other crops in rainfed regions. The growth rate in productivity in rainfed regions never exceeded 1%.

There was reduction in area under cotton during 1980s in the country as a whole and in the rainfed regions. The productivity growth was much higher (4.04%) in the country compared to rainfed regions (1.94%). After 1990s, the production in the rainfed regions and in the country as a whole showed declining trend in spite of expansion of area under the crop.

 
To summarize, the slow down or negative trends in production and productivity of major rainfed crops after 1990’s is a matter of concern.  Declining profitability, continued weather related risks, lack of major technology break through are some of the generic causes.  The specific factors however vary depending on the crop, region and other local factors that influence the farmers’ decision on investments and crop choices (Table 9).
Table 9. Trends in acreage, production and productivity

	 Crop

 
	Year

 
	Area sown m.ha
	Irrigated area m.ha
	Rainfed Area

m.ha
	Total production m.t
	Yield

Kg/ha

	Rice

 
	1990-94
	42.4
	19.9
	22.3
	75.1
	1774

	
	2000-05
	43.2
	23.4
	19.9
	85.2
	1971

	
	Change, %
	2.0
	16.8
	-11.2
	13.4
	11.1

	Sorghum

 
	1990-94
	13.5
	.8
	12.6
	11.3
	844

	
	2000-05
	9.6
	.8
	8.8
	7.4
	774

	
	Change, %
	-28.5
	-1.2
	-30.3
	-34.5
	-8.2

	Maize

 
	1990-94
	5.9
	1.3
	4.6
	9.3
	1561

	
	2000-05
	6.9
	1.4
	5.5
	12.8
	1869

	
	Change, %
	15.7
	10.1
	17.2
	38.7
	19.7

	Redgram

 
	1990-94
	3.6
	0
	3.6
	2.4
	687

	
	2000-05
	3.6
	0
	3.6
	2.3
	661

	
	Change, %
	-0.6
	 
	-0.6
	-4.5
	-3.8

	Soybean

 
	1990-94
	3.2
	0
	3.2
	3.0
	915

	
	2000-05
	6.5
	0
	6.6
	6.3
	960

	
	Change, %
	102.6
	 
	102.6
	108.9
	4.9

	Groundnut

 
	1990-94
	8.4
	1.6
	6.9
	7.8
	928

	
	2000-05
	6.4
	1.2
	5.3
	6.3
	981

	
	Change, %
	-23.7
	-26.2
	-23.2
	-19.6
	5.7

	Rapeseed & Mustard

 
	1990-94
	5.9
	3.3
	2.7
	5.1
	850

	
	2000-05
	5.4
	3.3
	2.2
	5.5
	999

	
	Change, %
	-8.8
	0.0
	-19.4
	7.9
	17.5

	Sunflower 

 
	1990-94
	1.9
	0
	1.9
	1.1
	541

	
	2000-05
	1.6
	0
	1.6
	0.8
	518

	
	Change, %
	-16.1
	 
	-16.1
	-20.1
	-4.2

	Safflower

 
	1990-94
	0.7
	0
	0.7
	0.4
	501

	
	2000-05
	0.4
	0
	0.4
	0.2
	489

	
	Change, %
	-46.4
	 
	-46.4
	-48.2
	-2.4

	Sesame

 
	1990-94
	2.4
	0
	2.4
	0.7
	305

	
	2000-05
	1.7
	0
	1.7
	0.6
	346

	
	Change, %
	-27.0
	 
	-27.0
	-17.0
	13.4

	Cotton

 
	1990-94
	7.5
	2.6
	4.9
	10.6
	240

	
	2000-05
	8.4
	2.9
	5.5
	11.6
	237

	
	Change, %
	11.5
	11.5
	11.5
	9.6
	-1.4


Source: CMIE database

Rainfed area is reduced by about 4 m.ha and 1.6 m.ha under Sorghum and Groundnut respectively. About 4m.t of production is reduced in case of Sorghum.

 Crop Diversification

In order to overcome the problems of soil fatigue due to intensive cultivation, saturation of high yielding varieties in terms of yield, vulnerabilities which arose through the spread of monoculture in which indigenous land races have been replaced, depletion of soil nutrients and water resources, creation of salinity and waterlogging, resurgence of pests and diseases, increased environmental pollution, factor productivity decline and last but not the least decline in farm profits.

Crop diversification is recommended as one option in agriculture, crop diversification essentially refers to a shift from one crop to another crop. But in real sense it is bringing out a discernible change in the existing cropping pattern towards more balanced cropping systems to meet ever increasing demand for cereal, pulses, oilseeds, fibre, fodder, fuel etc. and aims at improving soil health and agro-ecosystem.

Important cropping systems for 20 agro-regions covering the entire country is given Table. 10.
Table 10: Important Cropping systems for 20 agro-eco-zones

	S. No
	Eco-System and Name
	Soil type
	Growing period (days)
	Important cropping systems*

	Arid-Eco-system

	1
	Western Himalayan
	Shallow skeletal soil
	<90
	Maize-Wheat, pea/cabbage/potato/cauliflower-millet-red cloves

	2
	Western Plain
	Saline soils
	<90
	Cotton-onion/napier, Pearlmillet hybrid/fodder sorghum/maize-wheat-cowpeas (f), Pearlmillet-potato-pearlmillet 

	3
	Deccan plateau having hot arid climate
	Red & black
	<90
	Maize-gram, hybrid Cotton-sunflower, Pearlmillet/groundnut-sorghum-gram

	Semi-arid Eco-system

	4
	Northern Plain and Central highlands
	Alluvium derived soil
	90-150
	For parts of Rajasthan

Bajra/maize-wheat, millet-wheat-mung bean, cluster bean-barlye

	
	
	
	
	For Punjab and Utter Pradesh

Rice-wheat, rice-wheat-cowpea, sugarcane-wheat

	
	
	
	
	For part of Madhya Pradesh

Jowar-wheat

	5
	Malwa highlands and Gujarat Plains
	Medium to deep black soil
	90-150
	Groundnut-wheat-green gram, soybean-wheat-green gram soybean-wheat-fallow

	6
	Deccan plateau having semi-arid climate
	Shallow and medium black soil
	90-150
	Sorghum-wheat, cotton-sorghum, green gram-rabi sorghum-wheat

	7
	Talengana plateau and Eastern ghats
	Red & Black
	90-150
	Rice-rice, rice-groundnut, rice-black gram/green gram

	8
	Eastern ghats, Tamil Nadu uplands and Red loam soils Karnataka Plateau
	Red loam soil
	90-150
	Wet land: rice-rice-pulse 

Garden lands: rice-groundnut-pulse

	Sub-Humid Eco-system

	9
	Northern Plains
	Alluvium derived
	150-180
	Rice-wheat, rice-wheat-green gram/black gram/cowpeas, rice-sunflower/gobhi serson/sugarcane-wheat

	10
	Central highlands (Malwa, Bundelkhand and Saptura)
	Black & Red
	150-180
	Cotton-wheat, soybean-wheat, sorghum-gram-fallow

	11
	Eastern Plateau
	Red & Yellow
	150-180
	Rice-gram, rice-wheat/black gram/green gram

	12
	Chotanagpur plateau and Eastern ghats
	Red lateritic
	150-180
	Rice-wheat, arhar + groundnut/black gram, rice-groundnut

	13
	Eastern Plain
	Alluvium derived
	180-210
	Rice-wheat, rice-maize, rice-sugarcane + coriander/leafy vegetables, rice-potato/tobacco

	14
	Western himalaya with warm sub-humid climate
	Brown forest & pod-zolic soils
	180-210
	Maize-wheat, rice-wheat, millets-potato/tomato/capsicum

	Humid-per Humid Eco-system

	15
	Bengal and Assam Plains
	Alluvium derived
	>210
	Rice-rice, rice-mustard-rice

	
	
	
	
	In diara areas

Potato/rajma-rice, sweet potato-rice, rice-buck wheat/niger

	16
	Eastern Himalayas
	Brown & Red hill soil
	>210
	Rice-sugarcane, rice-potato/sweet potato/mustard/sesame, maize-rajma

	17
	Northern-eastern hills (Purvanchal)
	Red & lateritic
	>210
	In Valley areas

Rice-mustard/black gram/green gram/lentil, jute-pulse/oilseeds

	
	
	
	
	In hilly areas

Maize-potato, millet-pulses

	Coastal Eco-system

	18
	Eastern Coastal Plains
	Alluvium derived
	90-120
	Rice-groundnut, rice-rice-black gram, rice-vegetables (bhindi)/cowpeas/cauliflower

	19
	Western ghats and coastal plain
	Lateritic & alluviam derived
	>210
	Rice (autumn)-rice (winter)-cowpeas/green gram/black gram/sesame/groundnut, rice-pulses

	Island Eco-system

	20
	Islands of Andaman & Nicobar and Lakshdweep
	Red loamy and sandy soils
	>210
	Rice-sasame/bhindi/cowpea, rice-rice-cowpea (f), rice-rice-black gram/green gram, rice tomato/groundnut


· Gill and Ahlawat(2006)
· These potential/important cropping system were proposed by the Project Directorate for Cropping System Research, Modipuram on account of the information generated by the network of All India Coordinated Research Project on Cropping System at the country level.


About 30 promising diversified cropping systems identified by PDCSR for 20 agro-eco-regions of the country like rice-potato-sunflower (22.6 t wheat yield equivalent (WEY)/ha), rice-potato-wheat, rice-potato-groundnut, summer groundnut-potato-pearlmillet fodder, rice-chickpea, rice-berseem and rice-potato-onion (26.1 REY/ ha) in Punjab; rice-wheat-sorghum+cowpea (11.8 rice yield equivalent (REY)/ha) at R.S. Pura;  Maize+Soyabean-wheat (21.4 t REY/ha) at Palampur; rice-vegetables pea-wheat-greeengram (16t REY/ha) at Modipuram, Meerut; rice-wheat-green gram (10.9 t REY/ha) at west coast of Navsari; rice-maize (cob) (26.4 t REY/ha) at north konkan coast; rice-tomato-lady’s finger (48.8 t REY/ha) at east coast of Bhubaneshwar; rice-rice-soybean (16t REY/ha) at Cauveri Delta of TN; pearl millet-potato-groundnut/greengram at S.K.Nagar; rice-berseem (13 t WEY/ha) with maximum energy (18.6 x 106 Kcal/ha) and nutrient use productivity (45 kg grain/kg nutrient ) and rice-tomato (11t WEY/ha) with maximum water use productivity (98.4 kg grain/ ha-m water) at Raipur;   soybean-wheat/ chickpea/ lentil with the highest productivity, black gram-linseed with the highest net return and soybean-lentil with the highest net return and soybean-lentil with the highest nutrient use productivity (29.6 kg grain/kg nutrient) at Sehore; soybean-wheat (7.4 t WEY/ha) with the highest profitability and nutrient use productivity (23kg grain/kg nutrient applied) and pigeonpea-wheat with the highest water use productivity (105 kg grain/ha-cm water) at Indore. Oilseed based cropping systems with improved practice also showed 25-30% yield advantage with only 25% extra cost over the traditional practice in different regions. Thus region specific crop diversification is one of the potential options for sustainability and profitability of our agricultural production.

Minor Irrigation

During past 15 years, net rainfed area decreased by about 9.8% with corresponding increase in 12.1 % under net irrigation. Much of the increase in irrigation is through groundwater (Table 11, also see IWMMI graph above). 

Table 11. Changes in rainfed and irrigated area

	Area, m.ha
	PE ending 1994
	TE ending 2003
	Change,%

	Net rainfed area
	93.0
	83.9
	-9.8

	Net irrigated area
	49.3
	55.3
	12.1


Source: CMIE database


The net area irrigated through canals and tanks has reduced over a period of time in spite of increasing in the potential created for irrigation through canals (Table 5).

Table 12.  Changes in minor irrigation area  
	 Area , m.ha
	PE ending 1994
	TE ending 2003
	Change,%

	Net irrigated by canal
	17.2
	16.3
	-5.1

	Net irrigated by tanks
	3.1
	2.3
	-24.1

	Net irrigated by tubewells
	15.1
	25.1
	66.0

	Net irrigated area by wells
	25.9
	33.8
	30.6


Source: CMIE database

Other salient observations include -

· Increase in rainfed area and increase in productivity in case of Maize and Soybean 

· Increase in rainfed area and decrease in productivity in case of cotton

· Decrease in rainfed area with increase in case of Rice, Groundnut, Rapeseed mustard and sesame

· Decrease in area and decrease in productivity in case of Sorghum, Redgram, Sunflower, and Safflower.

· Decrease in rainfed (6.9 to 5.3 m.ha) and irrigated area( 1.5 to 1.15m.ha) is observed in Groundnut

· Over 100% increase in area under Soybean cultivation during last 15 years (3.2 m.ha to 6.4 m.ha)
· About 4 m.ha and under 2 m.ha is reduced under total cultivated area of Sorghum and Groundnut.
As per the third census (2000-2001) of Minor Irrigation schemes conducted by Ministry of Water Resources, Govt. of India, about 70% (52 m ha) of potential area created through minor irrigation schemes (ground water & surface water schemes) is being utilized Table 12. 

Table 12. Status of Minor Irrigation Schemes for States

	S.No
	Region
	State
	Ultimate pote-ntial (m.ha)
	Poten-tial Created (m. ha)
	Utili-sed potential  (m. ha)
	Potential created with reference to ultimate potential (%)
	Utilisation with reference to ultimate potential (%)
	Utilisation with reference to potential created (%)

	Over exploited

	1
	North 
	Uttar Pradesh
	17.5
	18.4
	14.1
	105
	81
	76

	2
	North 
	Punjab
	3.0
	6.3
	5.8
	213
	194
	91

	3
	West
	Maharashtra
	4.9
	5.5
	4.0
	113
	82
	72

	4
	West
	Rajasthan
	2.4
	6.1
	3.9
	255
	165
	65

	5
	West
	Gujarat
	3.1
	4.9
	2.8
	157
	89
	57

	6
	South
	Tamil Nadu
	4.0
	4.2
	2.4
	103
	59
	57

	7
	North 
	Haryana
	1.5
	2.4
	2.3
	161
	150
	94

	Safe exploitation

	8
	Central
	Madhya Pradesh
	11.4
	5.9
	3.5
	52
	31
	59

	9
	South
	Andhra Pradesh
	6.3
	5.3
	3.4
	84
	54
	64

	10
	North 
	Bihar
	5.7
	4.2
	2.9
	75
	51
	68

	11
	East
	West Bengal
	4.6
	3.4
	1.9
	74
	42
	57

	12
	South
	Karnataka
	3.5
	2.4
	1.8
	68
	51
	76

	13
	East
	Orissa
	5.2
	1.4
	0.6
	27
	12
	43

	 
	 
	India
	81.4
	74.3
	51.9
	91
	64
	70


· States, where MI schemes play a significant role include Uttar Pradesh, Punjab, Maharastra, Madhya Pradesh, AP, Bihar &Gujarat.  

· Dark (Alarming) states ( percent of created and utilized potential is more than ultimate potential) include Rajasthan, Punjab and Haryana (14.8 m ha out of 74.3 m ha of potential created) 

· Critical states ( where potential created is more than  ultimate potential but utilized potential is less than ultimate potential) include Gujarat, Uttarpradesh, Maharastra and Tamilnadu (33 m ha out of 74.3 m.ha).

· States, which can be categorized as safe, include Bihar, MP, AP and West Bengal.

· States with higher potential created than the ultimate potential include Gujarat, Maharastra, Punjab, Haryana, Tamilnadu, Uttar Pradesh and Rajasthan 

· States with utilization is more than the ultimate potential include Punjab, Haryana and Rajasthan

· Major states in which the utilization is less than the national average include AP, Chattisgarh, Gujarat, MP, Rajasthan, Tamil Nadu, Orissa 

Groundwater schemes: include dug wells, shallow tube wells and deep tube wells (Table 13 ). 

Table 13. Status of Ground water Irrigation schemes

	S.No
	State
	Ultimate (m.ha)
	Created (m.ha)
	Utilsed (m.ha)
	Potential created with reference to ultimate potential (%)
	Utilization with reference to ultimate potential (%)
	Utilization with reference to potential created (%)

	Over exploited

	1
	Rajasthan
	1.8
	5.8
	3.8
	322.2
	211.1
	66

	2
	Punjab
	2.9
	6.3
	5.7
	217.2
	196.6
	90

	3
	Haryana
	1.5
	2.4
	2.3
	160.0
	153.3
	96

	4
	Gujarat
	2.8
	4.4
	2.7
	157.1
	96.4
	61

	5
	Maharashtra
	3.7
	4.6
	3.3
	124.3
	89.2
	72

	6
	Uttar Pradesh
	16.3
	18.3
	14
	112.3
	85.9
	77

	7
	Tamilnadu
	2.8
	3
	1.7
	107.1
	60.7
	57

	Safe exploitation 

	8
	Bihar
	4.1
	3.6
	2.5
	87.8
	61.0
	69

	9
	Andhra Pradesh
	4
	3.3
	2.3
	82.5
	57.5
	70

	10
	West Bengal
	3.3
	2.4
	1.4
	72.7
	42.4
	58

	11
	Madhya Pradesh
	9.3
	4.7
	2.8
	50.5
	30.1
	60

	 
	India
	64
	62.5
	45
	98
	70
	72


· Utilised area through GW schemes is about 44.5m.ha out of total utilized area of 52m. ha (combined utilization of GW and surface flow schemes). About 72.1% of potential created through GW is utilized

· Area covered by GW schemes across states is UP, Punjab, Rajasthan, Maharastra, MP, Bihar, Gujarat, AP, Haryana, Tamil Nadu. 

· Dark (Alarming) states (percent of created and utilized potential is more than ultimate potential) include Rajasthan, Punjab and Haryana (14.5 m.ha out of 58.8 m.ha potential created)

· Critical states (where potential created is more than ultimate potential but utilized potential is less than ultimate potential) include Gujarat, Uttarpradesh, Maharastra and Tamilnadu (30.3 m.ha out of 58.8 ha).

· States which can be categorized as safe include Bihar, MP,AP and West Bengal.

· States, where utilization of GW is less than national average include AP, Chattisgarh, Gujarat, Madhya Pradesh, Orissa, Rajasthan & Tamil Nadu.

· In case of Punjab and Haryana, utilization is much higher than ultimate potential. However, the coefficient of variability for area irrigated through wells based on the data for the past 15 years is about 10.5 & 6.7% for Punjab & Haryana respectively. Further based on the groundwater level data in different villages (based on 3rd census of MI schemes by MOWR), about 78.4%(5551)& 93.6% (12459) villages in Haryana & Punjab respectively are having depth to water level at a level less than 30 m which indicates that canal flows are ensuring the recharge of ground water in a big way. But the situation in Haryana is slightly alarming as 10% of villages have >60m (Depth to water level). 

· In case of Rajasthan, the higher utilization than the ultimate/created potential is associated with higher coefficient of variability indicating the pressure on groundwater resources & lack of opportunities for groundwater recharge through either rainfall / canal water.

· In case of other states where GW is major source for irrigation, the coefficient of variability along with percent of villages with different depth to groundwater levels is given below.

	Percent of villages with water table < 30m
	Coefficient of variability

	
	<15
	15-30
	30-45
	>45

	<50
	
	
	
	

	50-75
	AP
	Rajasthan Gujarat,
	
	

	76-100
	Maharastra, Bihar,
	MP
	UP,Tamilnadu
	


	Percent of villages with water table > 60m
	Coefficient of variability

	
	<15
	15-30
	30-45
	>45

	<10
	Maharastra, Bihar,
	MP
	UP 
	

	10-20
	AP
	Rajasthan 
	Tamilnadu
	

	>20
	
	Gujarat,
	,
	


· Priority may be given to states where coefficient of variability is high and percent of villages with deeper water table is high. The states, which are covered under this category, include Rajasthan, Gujarat, AP and Tamil Nadu.

· Priority in terms of better utilization of potential created through improved water management systems by reducing the losses through conveyance especially for surface lift schemes, adoption of improved irrigation systems, changing cropping pattern from high water consuming to ID crops / alternate land uses / dryland horticulture. 

Reasons for under utilization of minor irrigation schemes  

· Inadequate power 

· About 11% of under utilized MI schemes are due to inadequate power.

· Out of this, UP, Punjab, Karnataka and Maharastra contribute about 22.5%, 18.8%, 14.4% and 8.5% respectively. 

· Majority of schemes which could not be energized include shallow tube wells (67%) and dugwells (23.7%) with UP, Punjab, Karnataka, Bihar and AP. dominating under shallow tube wells and Maharastra & Rajasthan dominating under dug wells. Hence, ensuring sufficient power supply would be able to bridge the gap between potential created and utilized.

· Mechanical breakdown of equipment

· Less water discharge

· About 43% of under utilized schemes are due to less available discharge. 

· Maharastra, Tamil Nadu, MP and AP states got large share of under utilized schemes due to less available discharge. This indicates that sufficient recharge is not taking place even in states like MP and AP despite the fact that the potential created is less than ultimate potential. 

· About 80% of under utilized schemes due to less available discharge are in the case of dugwells indicating the increase in depth to water table across these states. 

· Under uitlised schemes in the category of shallow tube wells dominate in UP. 

5. Impact of Irrigation

In view of the high variability for the response to irrigation, an exercise is undertaken to delineate the effect of irrigation along with its association, production factors, from the secondary statistics. The effect of irrigation and no irrigation was studied for various crops in the 16 states covering arid, semi arid and dry sub humid climatic regions with a rainfall of less than 1500mm.  The districts with same agro climatic conditions having both irrigation (more than 30% irrigation area for a crop in the district) and rainfed (less than 30% irrigated area under the crop) were identified for each crop. Quinquennial average production, area and irrigation (for the period ending 2000-01) and the agro eco sub region (AESR)  (NBSSLUP 1996) were utilized for the data base preparation.  No data on irrigation was available for the pulses.  Other AESRs, which are having either exclusively irrigated or rainfed districts, were eliminated to avoid skew effect.  Frequency classes are made for the selected districts with 5% class intervals for irrigation cutting across Agro Eco Sub regions.  The overall productivity of the class was calculated.  A linear equation was derived for productivity as a function of irrigation intensity for each of the crops.  Productivity estimates were made for 0% (Rainfed) and 100% irrigation.  The standard error of mean for the intercept was given. This slope provided increase in productivity with increase in irrigation.  The achievable yields are presented by the crop improvement projects (wide DARE Reports 1996-2004) are also included. Gross returns based on MSP (minimum support price of 2004-05) were also estimated for rainfed and irrigation conditions and are also given (Table.12).

Table 12.  Effect of Irrigation on yields of selected crops from district database

	Crop
	Estimated Yield (kg/ha)
	
	Percent Response
	Minimum support price     (Rs/ uintal)
	Gross Returns (Rs)*
	
	Estimated increase in yield, kg, per one percent increase in irrigation
	Reported achievable potential yield t/ha

	
	With no irrigation
	With irrigation
	
	
	With no irrigation
	With irrigation
	
	

	Rice, Kharif
	1236
	1630
	32
	560
	6922
	9128
	3.94
	4

	Rice, Rabi
	445
	2907
	552
	570
	2537
	16570
	24.61
	-

	Wheat
	954
	1554
	63
	640
	6106
	9946
	6
	6.5

	Barley
	1368
	1658
	21
	540
	7387
	8953
	2.89
	3.7

	Maize
	1351
	1690
	25
	525
	7093
	8873
	3.39
	10

	Sorghum

_Kharif
	405
	706
	74
	515
	2086
	3636
	3.01
	4.3

	Sorghum

_rabi
	919
	1299
	41
	525
	4825
	6820
	3.8
	3.4

	Pearl millet
	925
	1164
	26
	515
	4764
	5995
	2.38
	3.2

	Finger millet
	1611
	1868
	16
	515
	8297
	9620
	2.57
	4

	Sesame
	177
	263
	49
	1500
	2655
	3945
	0.13
	1.1

	Castor
	346
	532
	54
	1500
	5190
	7980
	1.85
	2.8

	Linseed
	400
	429
	7
	1500
	6000
	6435
	0.29
	1.1

	Rapeseed /Mustard
	653
	796
	22
	1700
	11101
	13532
	1.43
	1.7

	Sunflower
	704
	1032
	47
	1340
	9434
	13829
	
	2.5

	Soya beans
	603
	605
	0
	900
	5427
	5445
	0.01
	4

	Groundnut
	955
	1085
	14
	1500
	14325
	16275
	1.3
	2.2 (pods)

	Cotton
	254
	306
	21
	1760
	4470
	5386
	0.52
	0.8

	* Based on MSP for 2004-05. MSP of Sesame is considered for Linseed and Castor
	
	


Salient observations based on above analysis are given below.

· Productivity increase due to irrigation varies between 7-74% except for Soya beans (0%) and Rice (Rabi) (550%). 

· Achievable yields are much higher than productivity level from irrigation and full protection including complete fertilization. 

· Productivity enhancement due to irrigation is less than 30% among oilseed crops except for castor (52%) and sunflower (47%).

· Among cereals, millets (pearl millet and Finger millet), maize and barley recorded less than 30% increase in productivity due to irrigation.

Difference between irrigated and rainfed areas are more pronounced when the crop is grown in divergent agro ecological regions. The difference is quite low when crop is restricted to few agro ecological regions (eg. Soybean) or when crop is predominantly rainfed  (eg.Cotton). The difference between productivity from irrigated and rainfed areas is highest for rabi rice followed by wheat. The difference is lowest for Soybean followed by Sesame. It is to be noted that much of soybean cropped area lies in Central India with high seasonal rainfall. Possible reasons for low productivity where rainfall is of the order of 1000mm could be attributed to it’s improper distribution with in the crop season and management practices. In order to address the issue of low productivity from high rainfall rainfed areas, it is necessary to understand the probable drought scenarios from the past climatic records. The improper distribution of rainfall with in season also leads to water logging and drought conditions with in the same season requiring greater attention on water management in terms of drainage/ water harvesting. 

Though the influence of irrigation on crop yields suggest very low for few crops, experimental results from on-station and evaluation reports of watershed projects (Annual Report of AICRP on Water Management, 2005, PK Joshi et al, YVR Reddy et al, Kulkarni et al 1999) suggest that the irrigation effect on crop yields is considerably higher. The contradictory results could be mainly due to non-availability of irrigation at critical stages (irrigation systems mainly concerned with supply management rather than demand management) and low efficiency of irrigation system and because of issues of scaling up. Therefore an assessment was made to identify opportunities for water harvesting and supplemental irrigation to overcome mid/terminal droughts so as to stabilize the production. 

Returns from Canal/Ground water

· Districts were identified for greater than 30% irrigation (NIA/NCA*100)

· All districts except IGP were considered. 

· Districts where canal + ground water irrigation   is more than 85% of NIA were identified. Thus selected districts are 60 in number.

· For these districts, cropwise source of irrigation is not available. 

· Total returns on weighted basis from different crops for which MSP is available were calculated and summed up. From these returns per ha were calculated. In the absence of clear-cut information on source of irrigation the contribution of canal + ground water was treated as 100% and an attempt was made to separate the effect of other by using simultaneous equation.

Returns form canal irrigation
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Fig. 2. Returns from canal irrigation

It is expected most of the ground water irrigation is used for cash crops like vegetables, flowers and fruits. In the absence of data on these items, the returns could not be accounted.  The direct measurements of returns from source of irrigation on crop basis could not be attempted due to absence of data.

Desertification

Desertification is not confined to the desert areas or to the arid region, but relates to land degradation in about two-thirds of our country’s geographical area falling within the arid, semiarid and dry sub-humid regions. Land degradation has a direct impact on land and other natural resources which results in reduced in reduced agricultural productivity, loss of bio-diversity and vegetative cover, decline in groundwater and availability of water in the affected regions. All these lead to a decline in the quality of life, eventually affecting the socio-economic status of the region. A major part of our country is degraded in some form or other. In some regions, problems of land degradation have reached serious proportions threatening the very existence of the people.

About 12 per cent of India suffers from the threat of desertification in the arid northwest and in a broad semi-arid zone from the Punjab in the northwest to Tamil Nadu in the south. There is an estimated 1.7 million km2 of arid land in India and Pakistan. 

India's Rajasthan region is just one of a number of examples of the impact of population growth in the desertification process. Data from FAO show that while only 20 percent of the arid land in Rajasthan could be cultivated in the 1970s, 30 percent was being cultivated in 1951 and 60 percent was being cultivated in 1971, mainly at the expense of grazing lands and traditional long fallow periods (Grainger). By 1972, sand dunes had increased in height by as much as 5 meters and the water productivity of wells was declining. 
Increased population and demand for animal products lead to overgrazing. Herd sizes increase and put pressure on grazing lands, which, at the same time, are decreasing because of over cultivation. For example, in northern Iraq, rangelands carry 11 million sheep, which, according to Grainger, is four times the land's sustainable capacity. 

The area under water erosion, wind erosion, chemical degradation (acidic and salt affected)  and physical degradation (Waterlogged)  are 57.16, 10.46, 13.80 and 11.60 m.ha, respectively (MoA, GoI (1994) and NBSS&LUP (1994).

Soil erosion by water and wind account for 87% of the area affected by soil degradation. It has been estimated that between 1977 and 1997 the area critically affected by erosion has almost doubled.

Vast areas in the otherwise productive Indo-Gangetic plain cutting across the states of Haryana, Punjab, Uttar Pradesh and some coastal regions of Gujarat have lost their productivity due to soil salinity–alkalinity. Water logging is estimated to affect about 8.52 mha of the land surface. The problem is severe in the Indira Gandhi Canal Command Area in Rajasthan, where excess irrigation in the soils having gypsum-rich barriers at shallow depth and wrong drainage planning are the major causes for degradation in these canal command areas, leading to saline-sodic water and salt-rich hard pans. Some areas of Uttar Pradesh, Haryana and Punjab under agriculture also have this problem. According to a World Bank study, India loses 1.2-2.0 million tonnes of foodgrain production every year due to water logging (ICAR, 1999).

Sandy land forms in the western part of the desert (Agro-ecological Sub-Region (ASER): 2.1, 2.3) are more unstable and vulnerable than those in the east. This is especially due to the decreasing rainfall and increasing gradient in the wind velocity from east to west direction. The threshold velocity for initiating wind erosion has been estimated to be around 10 km/hr (Prasad & Biswas, 1999).

On an average, the area with good grass species in the < 300 mm average annual rainfall has declined by about 7% while in the >300 mm average annual rainfall zone the decline has been far greater from 8 % to 12%. This has a significant effect on the potential fodder production from these lands (Singh, et.al. 2000).

The reduction in the extent of availability of land for grazing has led to more and more forests being used as grazing grounds.  The Livestock grazing on forestland are 35, 60 and 90 millions respectively in 1957-58, 1973-74 and 1995 (estimate) Source: NFAP, 1999

The availability of renewable freshwater resources per capita in India has fallen from 6000 cubic metres in 1947 to about 2300 cubic metres in 1997 (TERI report).

According to a World Bank study, India loses 1.2-6.0 million tonnes of food grain production every year due to water logging (Prasad & Biswas, 1999).

The States that currently overexploit groundwater the most are also the country’s agriculturally important States, each with a net irrigated area of over 0.3 million hectares, groundwater is the predominant source of irrigation in eight States (TERI-GREEN, India 2047). During the past decade, ground water table has dropped at a rate of 0.5-0.8 m per year in Haryana and 0.2-1.0 m per year in Punjab. Major metros such as New Delhi, Chennai have over exploited their ground water and the levels have dropped drastically. The overexploitation of groundwater in some areas has made its extraction increasingly expensive and not viable. The effect of such high costs is likely to be particularly severe on small and marginal farmers. A falling water table requires greater expenditure on extraction, which the small and marginal farmers can ill afford. In Kutchh region of Gujarat, over extraction of ground water has led to saline water intrusion into coastal aquifers resulting in deterioration of water quality. Reclamation of saline ground water is one of the most difficult problems of reclamation of degraded lands.

India’s Livestock Economy


At 485 million India has the World’s largest livestock population – accounting for over 55 and 16% of the World’s buffalo and cattle populations respectively (the World’s largest bovine population).  It ranks second in goats, third in sheep and camels, and seventh in poultry populations in the World.   During the year 2004-05 we were globally the largest producer of milk with an annual production of 91 million tones.  The same year, the country recorded a production of 45.2 billion eggs (seventh in the World), 44.5 million kgs of wool and 2.2 million tones of meat, which ranked us eight in the world in meat exports. 


Taken together, the value of livestock output (2003-04) accounts for over six per cent of GDP, just a little under a third of the contribution of agriculture and allied sectors.  By all accounts it appears that India has an extremely fast growing livestock economy, and there is much to be proud about.It is one of the great success stories in rural development and accounts for substantial productive employment, particularly of women. The Dudhwala, Verghese Kurien is the great Indian  icon of the twetiwth century


It is estimated that almost 18 million people derive their livelihood from livestock (Government of India, Report of the Working Group on Animal Husbandry and Dairying, Tenth Five Year Plan (2002-2007), Planning Commission, New Delhi, 2002)


Women continue to play a key role in livestock production at the household level, with over 71% of the labour force being women.   


However, it is a matter of growing concern that despite 70% of India’s livestock being owned by landless, marginal and small farmers, recent studies across India indicate that over half of all these households are ‘non-livestock owners’ While total population and density of livestock has increased over time, the number per rural household has declined.  There was a drastic decline of bullocks post the eighties, with the share of farm animals in power supply declining from 71% in 1961 to less than 23% in 1992. The 59th round of the NSSO reports that working cattle in rural areas declined by 25% between 1991-92 and 2002-03.  There has been a corresponding shift in composition of the bovine population from cattle to buffalos.


A mere 56% of the households reported ownership of at least one livestock in 1998-99.   Decline in livestock holding being sharpest amongst landless households.  Only 15-20% of households own sheep and goat.  


There has been an increasing dependence on irrigation for the livestock economy, leading to unsustainable use of ground water. 


The X Plan argues that since close to 70% of milk is traded through traditional milk markets and in the unorganized sector, it can be tapped by private capital and investment through creating a favourable environment. The government withdrew the Milk and Milk Products Order (MMPO), which placed restrictions on the quantum of milk traded by a private dairy enterprise, to create ‘level playing field for the private sector to complete with the government supported cooperatives’, as recommended by the World Bank in 1996.

The first five decades of development investment clearly by passed the concerns of the vast majority of livestock rearers who live in the dryland regions of India in singularly advocating a dairy development program centered around extremely water-intensive technologies, which in the long run are completely unviable for water-scarce and resource poor farmers. The current ‘livestock revolution’ vision 2020, tends the divorce of livestock and agriculture.  The recommendations may not be empowering the small-holder (1996 World bank Livestock Sector Review of India). The production and per capita availability of milk and eggs increased significantly throughout. However, the rates of growth were slower during 1990s compared to the 1980s (Table 13).  
Table 14. Compound growth rates (%) in production of milk and eggs in India

	Description
	1980-2004
	1981-90
	1991-00

	Milk
	4.39
	5.03
	4.29

	Per capita availability of milk
	2.41
	2.86
	2.46

	Eggs
	5.88
	7.97
	4.90

	Per capita availability of eggs
	3.98
	5.73
	3.07


In 2003-04, the production of milk in the country was 88.1 million tones, of egg 34 billion nos.  of wool 53 million kgs (Table 14). 

Table 15.   Changes in livestock population

	Livestock population (000)
	% Increase/ decrease

	
	1997
	2003
	

	Crossed cattle
	20099
	24686
	22.82

	Indigenous cattle
	178782
	160495
	-10.23

	Total cattle
	198881
	185181
	-6.89

	Buffaloes
	89918
	97922
	8.90

	Yaks
	59
	65
	10.17

	Mithuns
	177
	278
	57.06

	Total Bovines
	289035
	283446
	-1.93

	Sheep
	57494
	61469
	6.91

	Goats
	122721
	124358
	1.33

	Pigs
	13291
	13519
	1.72

	Horses & Ponies
	827
	751
	-9.19

	Mules
	221
	176
	-20.36

	Donkeys
	882
	650
	-26.30

	Camels
	912
	632
	-30.70

	Fowls
	315428
	457399
	45.01

	Ducks, etc.
	32183
	31613
	-1.77

	Total poultry
	347611
	489012
	40.68

	Total livestock
	485385
	485002
	-0.08


NK. Chawla, MPG. Kurup and Vijay Paul Sharma State of the Indian Livestock Farmers and the Indian Livestock Sector: A Status Paper.  Indian Institute of Management, Ahmedabad, 2002.

As per the 17th livestock census, crossbred cattle constitute 13.3% of the total cattle and 86.7% are indigenous cattle.  Out of total livestock in the country, around 38.2% are cattle, 20.2% are buffaloes, 12.7% are sheep, 25.6% are goats and only 2.8% are pigs.  All other animals are less than 0.50% of the total livestock.


There is a tremendous increase in the crossbred cattle in the country ie. 22.8% but the indigenous cattle declined by 10.2% during the inter-censal period from 1997 to 2003.  The total cattle population has decreased by 6.9% during the period. The buffalo population has increased by 8.9%; sheep, goat and pig population has increased by 6.9%, 1.33% and 1.72% respectively.  There is an increase of 10.2% and 57.1% in yaks and mithuns population in the country.  There is small decrease in total bovines in the country by 1.9% between 1997 and 2003.  Horses and ponies, mules, donkeys and camels have decreased between the two-census period by 9.2%, 20.4%, 26.3% and 30.7% respectively. The total livestock in the country has decreased from 485.385 million to 485.002 million between 1997 and 2003 showing a negligible decrease of 0.08%.

There is a decline in male cattle and buffaloes population used for work purposes in the country.  During 1997 to 2003, there is a decline of 4.3% and 14.2% in the working cattle and buffaloes respectively.

The crossbred milch cattle have increased heavily during the period 1997 to 2003 (34.4%), as well as there is an increase of 10.5% in milch buffaloes. The indigenous milch cattle have decreased by 6.1% during the said period.

  Many of the cooperative dairies are in serious financial crisis and also in areas where livestock development has been successful, suggesting a mid life crisis in organizational effectiveness.


Out of total poultry around 93.5% are fowls and the rest 6.5% are duck, drakes, ducklings, turkeys and other poultry birds in the country. 

There is a sharp increase in the fowl population in the country during the period from 1997 to 2003.  The fowl population has increased by more than 45.0% and the total poultry by 40.1% in the country. The population of duck drakes, etc., has decreased marginally by 1.8% during the same period.

Table 16. Changes in Livestock Population by Species Annual Growth Rate (%)
	Species
	1951-56
	1956-61
	1961-66
	1966-72
	1972-77
	1977-82
	1982-87
	1987-92
	1993-97
	1997-03

	Cattle
	0.43
	2.44
	0.07
	0.24
	0.19
	1.35
	0.74
	0.49
	-0.56
	-1.18

	Adult Female cattle
	-2.76
	1.52
	0.31
	0.61
	045
	1.63
	0.95
	0.73
	0.02
	0.02

	Buffalo
	0.68
	2.66
	0.69
	1.61
	1.55
	2.39
	1.71
	2.08
	1.32
	1.43

	Adult Female Buffalo
	0.66
	2.29
	0.89
	2.40
	1.82
	0.76
	3.78
	2.29
	1.32
	1.44

	Total Bovines
	0.49
	2.18
	0.21
	0.56
	0.53
	1.62
	1.00
	0.93
	0.00 
	-0.33

	Sheep
	0.10
	0.45
	1.07
	-1.16
	0.50
	3.53
	-1.29
	2.13
	2.51
	1.12

	Goat
	3.26
	1.91
	1.19
	0.88
	2.29
	4.73
	2.96
	0.90
	1.26
	0.22

	Horses and Ponies
	0.00
	-2.82
	-3.29
	-3.93
	0.00
	0.00
	-2.33
	0.50
	0.24
	-1.68

	Camels
	5.92
	2.38
	2.13
	1.92
	0.00
	-0.37
	-1.53
	0.59
	-2.45
	-5.94

	Pigs
	2.18
	1.20
	-0.78
	6.65
	1.95
	5.79
	1.09
	3.77
	0.77
	0.29

	Mules
	-7.79
	4.56
	9.86
	0.00
	2.38
	7.63
	5.51
	2.25
	2.98
	-4.21

	Donkeys
	-3.29
	0.00
	0.00
	-1.89
	0.00
	0.40
	-1.21
	0.21
	-1.93
	-4.92

	Yak
	NC
	NC
	8.45
	5.92
	26.58
	0.00
	21.00
	8.45
	0.00
	0.00

	Total Livestock
	0.92
	1.87
	0.47
	0.55
	0.90
	2.58
	1.19
	1.13
	0.61
	-0.01

	Poultry
	5.22
	3.79
	0.21
	3.72
	2.82
	5.47
	5.79
	2.21
	2.51
	5.85

	Dogs
	NC
	NC
	NC
	NC
	NC
	NC
	-0.64
	3.93
	3.20
	2.19

	NC: Not collected; Source: Basic Animal Husbandry Statistics, 2004, GOI


Livestock interventions needs to be undertaken in watersheds

For regions with rainfall less than 500mm:  Priority should be given for ensuring fodder and drinking water availability for livestock. Fodder banks can be created at Mandal/Panchyat level to meet fodder requirement of the livestock. Provision of community water trough at village level can be made for drinking of livestock under watershed development programmes.   Silvopastoral model needs to be promoted on CPRs and waste lands. Provision for livestock health control measures can also be made under watersheds

Rainfall (500-700mm): Crop-livestock integrated farming system can be promoted. Emphasis should be given for better utilization of agricultural crop waste (caster/red gram stalks, sunflower heads, etc.).  Hortipastoral model can be promoted for small ruminant production on a larger scale. Perennial grasses and fodder trees needs to promoted on CPRs. At least 10% of cultivated area needs to be devoted for fodder production with limited irrigation facility under watersheds. Provision for livestock health control measures can also be made under watersheds.

Rainfall (700-1100mm): Dairy based farming systems can be promoted. Fodder cultivation needs to be undertaken with assured irrigation to boost the productivity. Integrated farming system with fisheries, ducks, pigs can also be encouraged. Provision for livestock vaccination and augmentation of reproductive problems can be made under watersheds

Based on experiences from different watershed studies, the following technological interventions can be undertaken: 

Emerging Issues:

· Improving the non-descript breeds with superior germplasm

· Enhancing the fodder availability by promoting superior grasses and fodder crops

· Developing silvopastoral and hortipastoral model for small ruminants

· Developing crop-livestock integrated farming systems for different agro-ecosystems 

· Need for more effective interventions at the organizational levels, particularly reform of the Cooperative systems

· Creating awareness among stakeholders through training, exposure visits and demonstrations

· Increasing demand for water across rainfed areas

· Uncertainty in the available water resources for irrigation (ground water and tanks) due to climate variability

· Large scale dependence on groundwater across rainfall regions

· Upstream and downstream conflicts due to excessive watershed activity in low to medium rainfall activities

· Emphasis on livelihoods generation through watershed

· Limited potential for increasing canal irrigation
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		473		Andhra Pradesh		CUDDAPAH		2005		93		14		80		117.21		0.02		0		0.3		0.01		11.85		0		1.3		0		0.01		0		0		1.11		4.16		48.79		0.03		0		0.32		0.03		26.21		0		4.06		0		0.04		0		0		2.94		3.4		10496

		474		Andhra Pradesh		EAST GODAVARI		2006		87		63		24		1300.04		0		0		0.04		0		0.28		0		0.1		0		0.01		0		0		0.02		0.01		353.15		0		0		0.02		0.01		0.22		0		0.37		0		0.02		0		0		0.05		0.01		20961

		475		Andhra Pradesh		GUNTUR		2007		95		84		11		750.24		0		0		0.01		0.91		1.28		0		0.03		0		0.04		0		0		0.79		0.09		231.1		0		0		0.01		1.51		0.68		0		0.08		0		0.11		0		0		0.43		0.07		18438

		478		Andhra Pradesh		KRISHNA		2011		86		74		12		793		0		0		0		0.01		4.56		0		0		0		0		0		0		0.09		0.03		272.38		0		0		0		0.01		2.74		0		0.01		0		0		0		0		0.06		0.04		16677

		491		Andhra Pradesh		WEST GODAVARI		2024		86		50		36		1431.59		0		0		0		0.01		5.36		0		0.07		0		0		0		0		0.18		0.01		383.23		0		0		0		0.03		2.75		0		0.43		0		0.01		0		0		0.14		0.02		21323

		383		Chhattisgarh		DHAMTARI		7005		97		85		13		5.15		0		0		0		0		0		0		0		0		0		0		0		0		0		4.7		0		0		0		0		0		0		0		0		0		0		0		0		0		6246

		385		Chhattisgarh		JANJGIR-CHAMPA		7007		95		87		8		245.76		2.77		0		0		0		0.03		0		0		0		0		0		0		0.19		0		204.6		4.33		0.01		0		0		0.03		0		0.01		0		0		0		0		0.25		0		6787

		393		Chhattisgarh		RAIPUR		7015		88		73		14		3.33		0		0		0		0		0		0		0		0		0		0		0		0		0		32.1		0		0		0		0		0		0		0		0		0		0		0		0		0		591

		348		Gujarat		ANAND		12004		100		6		94		0.09		38.66		0		0.35		0		6.33		0		0		0		0		0		0		0.08		0.46		0.1		16.77		0		0.53		0		9.8		0		0		0		0		0		0		0.27		0.37		12643

		351		Gujarat		BHAVNAGAR		12007		100		0		100		3.47		5.41		0		0.05		6.19		3.56		0		0.02		0		0		0		0		3.03		0.42		2.1		6.33		0		0.1		11.4		3.43		0		0.1		0		0		0		0		3.8		0.5		7720

		356		Gujarat		JUNAGADH		12011		100		22		78		0.17		25.11		0		7.46		0		2.86		0		0		0		0.2		0		0		0.05		0.19		0.1		17.43		0		11.23		0		20.43		0		0		0		0.2		0		0		0.3		0.37		6307

		359		Gujarat		Mahesana		27003		100		2		98		9.18		0		0		0		0		0		0		0		0		0		0		0		0		0		5.96		0		0		0		0		0		0		0		0		0		0		0		0		0		8780

		363		Gujarat		PATAN		12018		100		0		100		18.41		40.23		0.09		6.54		0		7.66		0		0.04		0		0.1		0		0		1.67		4.09		26.8		23.07		0.17		9.03		0		7.27		0		0.2		0		0.1		0		0		3.07		5.43		8050

		366		Gujarat		Sabar Kantha		12021		100		0		100		0.17		96.12		0		2.6		0.23		4.79		0		0.03		0		0.1		0		0		0.5		1.46		0.1		42.67		0		3.83		0.3		13.77		0		0.25		0		0.1		0		0		0.7		1.47		11734

		367		Gujarat		SURAT		12022		100		30		70		5.23		110.39		0.81		2.97		0.03		3.22		0		0		0		5.46		0.3		0		1.42		6.42		5.6		48.23		0.67		2.8		0.1		3.23		0		0		0		5.6		0.3		0		3.7		9.83		11998

		263		Karnataka		Chamrajanagar		17009		94		0		94		48.57		0.01		0		0		0		1.38		0		0		0		0		0		0.33		0.57		0.11		16.43		0.01		0		0		0		1.06		0		0		0		0		0		0.63		0.96		0.15		15926

		266		Karnataka		Dakshina Kannada		17012		93		0		93		57.04		0		0		0		0		0		0		0		0		0		0		0		0		0		27.42		0		0		0		0		0		0		0		0		0		0		0		0		0		11857

		267		Karnataka		Davangere		17013		88		38		51		342.03		0.2		0		0		0		8.92		0		0		0		0		0		1.73		11.23		0		103.4		0.28		0		0		0		7.46		0		0		0		0		0		3.22		6.11		0		18024

		205		Madhya Pradesh		DATIA		20013		86		23		63		1.92		25.6		0.03		0		0		0.01		0		0		0		0		0		0		0		0		2.66		26.67		0.03		0		0		0.01		0		0		0		0		0		0		0		0		5962

		212		Madhya Pradesh		HOSHANGABAD		20021		89		59		31		0		0		0		0		0		0		0		0		0		0		0		0		0.16		0		0		0		0		0		0		0		0		0		0		0		0		0		0.12		0		7000

		222		Madhya Pradesh		Narsimhapur		20029		96		1		95		4.18		0		0		0		0		0		0		0		0		0		0		0		0		0		2.25		0		0		0		0		0		0		0		0		0		0		0		0		0		10589

		2		Rajasthan		ALWAR		29003		97		1		96		0.02		48.47		18.06		1.22		0		0.12		0.05		0.01		0		0.04		0.14		0.01		0.1		0.53		0.02		35.49		10.02		2.33		0.01		0.29		0.04		0.03		0		0.22		0.37		0.01		0.41		1.14		8616

		6		Rajasthan		BHARATPUR		29007		100		0		100		0		39.83		0.09		0.03		0		0.01		0		0.01		0		7.31		0.03		0		0.09		2.36		0		15.55		0.04		0.04		0		0.01		0		0.05		0		8.03		0.08		0		0.29		13.51		10084

		7		Rajasthan		BHILWARA		29008		88		5		83		5.87		538.22		10.57		4.39		0.08		0.01		0.01		0		0		0		0.01		0.09		0.02		0.03		4.24		150.39		4.05		3.24		0.09		0.01		0.01		0.03		0		0		0.02		0.09		0.03		0.03		22196

		9		Rajasthan		BUNDI		29010		97		47		49		0.03		75.27		1.67		39.34		0.01		29.88		0		0.04		0		0.02		0.19		0		0.09		0.36		0.02		53.07		0.8		55.59		0.03		21.27		0		0.14		0		0.04		0.36		0		0.29		1.11		11395

		12		Rajasthan		DAUSA		29013		100		0		100		0		44.51		1.84		1.93		0		14.65		0		0		0		0.02		0.03		0		0.02		1.55		0		17.48		1.55		6.12		0		8.37		0		0		0		0.01		0.08		0		0.08		4.69		14436

		13		Rajasthan		Dhaulpur		29014		96		9		87		0.01		290.15		14.62		10.29		0.05		3.5		0		0.01		0		0		0.01		0		0		0.3		0.01		93.33		6.34		9.34		0.07		2.65		0		0.02		0		1.12		0.03		0		0.01		0.24		18897

		15		Rajasthan		GANGANAGAR		29016		100		100		0		0.25		40.94		0.6		0.99		0.14		0.13		0		0		0		0.01		0.01		0		0.01		0		0.9		17.38		0.28		1.1		0.19		0.12		0		0.01		0		0.03		0.02		0		0.02		0.02		14205

		16		Rajasthan		HANUMANGARH		29017		100		98		1		9.54		653.86		21.74		22.04		0.04		1.04		0.08		0.46		0		0.01		0.25		0		0.01		2.11		4.89		232.86		12.28		37.94		0.04		1.01		0.06		1.89		0		0.02		0.87		0		0.04		3.41		15950

		17		Rajasthan		JAIPUR		29018		99		0		99		87.87		640.53		20.26		6.37		0.02		0.22		0.02		1.86		0		0.02		0.02		0		0.02		0.83		32.96		208.17		10.48		11.58		0.02		0.22		0.02		4.14		0		0.03		0.06		0		0.05		1.68		17958

		19		Rajasthan		JALORE		29020		97		17		80		0		29.79		0.15		3.25		0		0.85		0		0.01		0		0.03		0.45		0		0.01		0.12		0		11.57		0.07		4.42		0		0.75		0		0.05		0		0.07		1.11		0		0.02		1.15		13516

		20		Rajasthan		JHALAWAR		29021		94		10		84		0.04		46.76		0.91		0.85		0		0.02		0		0.01		0		13.2		0.29		0		0.03		5.03		0.03		34.23		0.45		1.08		0.01		0.02		0		0.06		0		21.54		0.46		0		0.09		15.21		7468

		21		Rajasthan		Jhunjhunun		29022		100		0		100		0.05		141.64		0.62		5.54		0		0.01		0.72		0.01		0		0		0		0		0.01		0		0.04		55.44		0.29		6.25		0.01		0.01		0.78		0.05		0		0		0		0		0.02		0		15836

		24		Rajasthan		KOTA		29025		97		51		46		0.03		165		1.83		3.44		0.01		0.12		0.01		0		0		0		0.02		0.04		0		0.01		0.06		58.63		0.88		2.3		0.03		0.11		0.01		0		0		0		0.05		0.03		0		0.01		18002

		28		Rajasthan		SAWAI MADHOPUR		29029		97		2		96		0.01		21.78		4.89		0.45		0		0.05		0.01		0		0		0		0.01		0		0.01		0.01		0.01		10.04		2.56		0.62		0		0.06		0.01		0		0		0		0.02		0		0.02		0.01		12988

		29		Rajasthan		SIKAR		29030		99		4		95		0.48		129.62		1.81		7.14		0.01		0.26		0.45		0		0		0		0.03		0		0.03		0.05		0.4		63.8		1.27		5.79		0.03		0.27		0.44		0.02		0		0		0.08		0		0.04		0.05		13200

		31		Rajasthan		TONK		29032		93		8		85		0.01		33.33		2.68		1.31		0		0.3		0		0		0		6.76		0.03		0		0.03		1.9		0.01		17.81		1.25		1.78		0.01		0.29		0		0.06		0		10.59		0.07		0		0.11		3.49		10237

		51		Tamilnadu		CUDDALORE		31005		95		58		37		43.83		0.01		0		0.01		0.03		6.86		0.07		0.05		0		0		0		0.02		2.5		0.42		12.31		0.01		0		0.02		0.05		4.99		0.15		0.12		0		0.01		0		0.09		6.45		0.2		15236

		54		Tamilnadu		ERODE		31008		98		43		55		110.74		0		0		0.01		0.05		16.21		0.03		0.16		0		0.02		0		0.13		12.66		3.32		22.06		0.01		0		0.02		0.06		6.41		0.04		0.35		0		0.04		0		0.26		8.01		1.84		24740

		57		Tamilnadu		KARUR		31011		94		1		93		136.4		0		0		0		0		0.02		0		0		0		0		0		0		0.05		0		29.61		0		0		0.33		0		0.02		0		0.01		0		0		0		0		0.03		0		25935

		59		Tamilnadu		NAGAPATTINAM		31014		99		74		25		335.49		0.01		0		0.01		0.01		2.37		0.01		0.03		0		0.01		0		0.04		0.64		0.21		77.42		0.02		0		0.02		0.02		1.64		0.01		0.09		0		0.01		0		0.04		0.55		0.16		24436

		65		Tamilnadu		SALEM		31020		93		5		88		112.66		0		0		0		0.06		0.09		0		0.01		0		0		0		0		0.02		0.08		54.74		0		0		0		0.1		0.06		0		0.04		0		0		0		0		0.02		0.12		11711

		68		Tamilnadu		THENI		31023		86		4		82		619.93		0		0		0		0.01		6.44		7.31		0.41		0		0		0		0.02		0.02		0.02		189.34		0		0		0		0.02		3.35		3.3		1.12		0		0		0		0.02		0.02		0.01		18786

		70		Tamilnadu		THIRUVARUR		31025		97		77		20		327.7		0		0		0		0.06		61.31		0.01		0.91		0		0		0		0.03		0.2		1.04		89.85		0		0		0		0.11		18.72		0.04		2.43		0		0		0		0.04		0.12		0.56		25224

		75		Tamilnadu		VELLORE		31029		94		6		88		367.53		0.02		0		0		0.04		42.94		0.03		0.85		0		0.01		0		0.14		0.37		1.95		116.9		0.03		0		0		0.1		27.87		0.05		1.7		0		0.01		0		0.13		0.4		2.1		18596

		76		Tamilnadu		Viluppuram		31030		92		2		89		247.15		0.01		0		0.01		0.01		18.64		0.07		0.51		0		0.02		0		0.38		0.15		1.26		63.19		0.02		0		0.02		0.02		11.37		0.07		0.94		0		0.04		0		0.27		0.13		0.69		22334

		38		Uttaranchal		Hardwar		33009		87		8		79		53.97		106.69		0.14		0.02		0.01		0.01		0		0		0		0		0		0.19		0		0.01		23.43		40.55		0.06		0.02		0.01		0.01		0		0.01		0		0		0		0.14		0		0.01		15484

		44		Uttaranchal		UDHAM SINGH NAGAR		33014		98		0		98		290.18		245.86		0.1		0.01		0.01		0		0.06		0		0		0		0		0.3		0		0		104.06		81.93		0.05		0.01		0.01		0		0.12		0		0		0		0		0.27		0		0		17342
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