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Punjab State occupies an important place in the agricultural economy of India.  Having just 1.5 and 3 per cent of the geographical and agricultural area respectively (Statistical abstract of Punjab) it accounts for 19 per cent of wheat and 10 per cent of rice production.  About 84 per cent of the geographical area of the state is cultivated of which 95 per cent is irrigated either by canal or tube wells.  Punjab State is a major contributor towards the public distribution system supplying 50 to 60 per cent foodgrains to the federal pool of foodgrains (Sidhu and Johl, 2002) meant for distribution in deficit region and among the poor.  In this way Punjab State had been a significant player in the food security of the country for the last three and a half decades.  The historical review of agricultural development provides a very interesting picture.  India faced the chronic food shortages after independence and it became alarming in the second half of sixties
.  It was the period when the green revolution technology was available at the international research institutions especially at the CYMMYIT, Mexico and IRRI, Philippines.  However, this technology required a symbiotic action of seeds, irrigation, chemicals and fertilizers and was most suitable in fertile areas having sufficient surface or ground water for irrigation.  Punjab being situated in the catchments areas of Himalayan Rivers had sufficient surface as well as ground water resources and emerged as highly suitable region for dissemination and adoption of green revolution technology.  Besides the land and water resources, the research and development infrastructure for testing, modification and dissemination of this technology had also taken fairly a good shape by this time
.  Therefore, to increase foodgrains production, to feed the growing population, the seed -chemical -irrigation technology was instantly disseminated in this region. Increasing area under foodgrains and enhancing the production of cereals were facilitated through policy and research and development support.  The government of India institutionalized the price fixation system for foodgrains by establishing Agricultural Prices Commission in 1965 that assured the remunerative minimum support prices (MSP) for wheat and rice.  The Food Corporation of India insured the procurement of wheat and rice at MSP in case the prices fell below it.  In fact it was a one way model of contract farming under which the federal government acted as the major contractor and the farmers were asked to grow as much of cereals as they can and the government was there to purchase that produce at pre-determined prices.  Since irrigation was the main requirement of adoption of this technology, the canal water was supplied at a nominal cost and the canal network was strengthened and maintained at the government expenses. The rural electrification programme was launched to energize the tube wells
.  The electricity was supplied to agricultural sector, to pump out water, at highly subsidized rates even free of cost for some years, which is still there
.  Liberal institutional credit at interest rate lower than the market rate was made available to the farmers to install new tube wells.  Consequently the number of tube wells increased at a very fast rate.  In 1974-75 the tube well density i.e. the number of tube wells per thousand hectares, was just 32 which increased to 67 in 1980-81 and further to 209 in 2004-05 as shown in the table 1. Similarly fertilizer subsidy was also given to the farmers. These policy interventions made the wheat-rice combination as the most profitable crop sequence with minimum yield and absolutely no price risk (Singh, 2001).  As a result the substantial area shifts in favor of these two crops took place resulting in the monoculture of wheat in winter and rice in summer.  The traditional diversity of cropping pattern was eroded in this process.  It can be seen from the table 1 that in winter, the proportion of area under wheat which declined from 45.30 per cent of the net sown area in 1950-51 to 37.26 per cent in 1960-61, started increasing at a very high rate reaching 67.10 per cent in 1980-81 and 82.88 per cent in the year 2004-05.  The total number crops in the cropping system and proportion of area under the crops other than wheat started declining.  The total number of crops in the cropping system declined from 21 in 1960-61 to 10 in 1980-81 and 9 in 1990-91 and stagnated there after.  The proportion of area under the crops other than wheat also declined from 62.74 per cent in 1960-61 to 22.40 percent in 1990-91 and the decline continued reaching 17.12 per cent in 2004-05.  In the summer season the rice emerged as the single main crop.  The proportion of area under rice was just 6.05 per cent in 1960-61 and it went up to 47.77 per cent in 1990-91 and further to 63.02 per cent in 2004-05. Cotton remained the second major crop but it was grown in a small pocket of South-Western Punjab.  Even rice has encroached upon   the     cotton   area   as   the area under this crop has also 
Table 1: Temporal behavior of cropping system and its related variables










(area in 000 hectares)

	Sr No
	Particulars
	1950-51
	1960-61
	1974-75
	1980-81
	1990-91
	2000-01
	2004-05

	1
	Area under main (wheat) crop in winter
	1634

(45.68)
	1400

(37.26)
	2207

(53.93)
	2812

(67.10)
	3273

(77.60)
	3408

(80.18)
	3481

(82.88)

	2
	Area under other crops in winter
	1943

(54.32)
	2357

(62.74)
	1885

(46.07)
	1379

(32.90)
	945

(22.40)
	842

(19.82)
	719

(17.12)

	3
	Number of other crops grown in winter
	21
	21
	15
	10
	9
	9
	9

	4
	Area under main crop in summer
	
	
	
	
	
	

	
	Rice
	244

(6.82)
	227

(6.05)
	569

(13.90)
	1183

(28.23)
	2015

(47.77)
	2612

(61.46)
	2647

(63.02)

	
	Cotton
	280

(7.83)
	447

(11.89)
	547

(13.37)
	649

(15.48)
	701

(16.62)
	474

(11.15)
	509

(12.12)

	5
	Area under other crops in summer
	3053

(85.35)
	3083

(82.06)
	2976

(72.73)
	2359

(56.29)
	1502

(35.61)
	1164

(27.39)
	1044

(24.86)

	6
	Number of other crops grown in summer
	20
	20
	18
	16
	10
	9
	9

	7
	Net sown area
	3577
	3757
	4092
	4191
	4218
	4250
	4200

	8
	Crop diversification index 
	
	
	
	
	
	

	
	Winter
	0.7315
	0.7955
	0.6892
	0.5329
	0.3859
	0.3448
	0.3028

	
	Summer
	0.9780
	0.9573
	0.9313
	0.8752
	0.7300
	0.5958
	0.5766

	9
	Electronic tubewells 
	
	
	
	
	
	

	
	Number (thousands)
	9*
	15
	130
	280
	600
	788
	880

	
	Per thousand hectare
	2.52*
	3.99
	31.77
	66.81
	142.25
	185.41
	209.52


Source: 1. Statistical Abstracts of Punjab

             2. Department of Economics, Punjab Agricultural University Ludhiana

Note: 1. Figures in brackets show percentage to the net sown area  i.e.  agricultural area.

        2. * denotes that the figures shown are for the year 1956-57
declined after 1990-91.  Like winter crop season, the proportion of area under crops other than rice and the total number of crops in the system also declined in summer season as shown in the table 1. The area under crops other than rice was 82.06 percent in 1960-61 and it declined to 35.61 percent in 1990-91 and further to 24.86 percent in 2004-05. The number of crops grown declined from 20 to 9 during this period. To put forward statistically more refined and precise analysis of the situation the crop specialization index i.e. Herfindahl Index (Theil, 1967) was calculated for some selected years.  The value of Harfindahl Index varies from zero to one. It takes the value of one when there is a complete specialization and value zero when there is a perfect diversification (Singh et. al. 1985). Then to observe the trend of crop diversification and to facilitate the overtime comparison Crop Diversification Index (CDI) was calculated as one minus the value of Herfindahl Index.  Thus the value of CDI closer to one indicated the diversification and closer to zero specialization.  It can be seen from the table that CDI fell very sharply in winter season and the fall is still going on though at a slower pace. The value of CDI was 0.7955 in 1960-61 and it declined to 0.5329 and 0.3028 for the years 1980-81 and 2004-05 respectively. The value of CDI also declined significantly in the summer crop season but the decline was less pronounced as compared to winter season. The value of CDI for summer crop season was 0.9780 in 1960-61 and it came down to 0.8752 in 1980-81 and 0.5766 in 2004-05.
Land and water resources status


The total surface water availability at different head works is about 1.80 million-hectare meter (m.ha.m.) per annum. Out of this, 0.35 m. ha. m. is lost during  conveyance and only 1.45 m.ha.m. is available at the outlet that irrigates about 1.0 million hectares of land. The remaining 3.20 million hectare of land is irrigated with the use of groundwater. The total sustainable availability of groundwater is 1.68 m.ha.m. per annum.  Therefore the total water availability, including surface as well as groundwater, is 3.13 m. ha.m. per annum.  The current crop production pattern dominated by wheat-rice crop rotation requires 4.37 m.ha.m. of irrigation water per annum (Government of Punjab, 2002). So there is gap of 1.24 m.ha.m. between demand and supply which is met through over utilization of groundwater resources. The over-exploitation of groundwater in the last three decades has played havoc with the groundwater resources of the state. There are about 880 thousands electric pump sets in the state for pumping out groundwater (Government of Punjab, 2005). The study conducted by the Directorate of Water Resources, Department of Irrigation in 1999 reported that out of 138 water blocks of the state, 84 blocks were either overdeveloped or dark, 16 grey and 38 white blocks on account of groundwater availability and pumping. The study was repeated in the year 2004 by the same agency and it was found the number of overdeveloped/dark blocks increased to 113 and the number of grey and white blocks came down to 8 and 16 respectively
. The water blocks of entire central Punjab, i.e. rice belt of the state fell in the dark block category (Hira et. al. 2004) except for few areas close to the rivers. Table 2 presents the overtime changes in the depth of groundwater table in the central Punjab. It is evident that 39 percent of central Punjab was having the water table depth less than 5 meters in 1973 which declined to zero percent in the year 2004. The areas with water table depth in the range of 5 to 10 meters went down from 58 percent to 10 percent during this period. However, the proportion of area, where the water table was below the critical depth of 10 meters, gone up from just 3 percent in 1973 to 25 percent in 1990 and further to 53 percent in 2000. The recent situation is quite serious, as just in four years i.e. from 2000 to 2004, the proportion of areas having water table depth more than 10 meters has jumped from 53 percent to 90 percent. Within the central Punjab, the situation in some districts is very critical and going to become very critical in the coming 20 years as shown in the table 3. The demand and availability of groundwater was projected on business as usual basis which means that the area under rice and wheat remain constant, rainfall is normal and there is no change in the water usage coefficients of the crops grown in the state. The predictions for these districts show that the groundwater table depth in these districts will cross 25 meters by 2013 and 30 meters by 2023. This will require very high capital investment for converting the centrifugal pumps to submersible pumps, as it will be technically not feasible to lift water from such deeper level by centrifugal pumps. A survey conducted by the authors brought out that by the end of 2004 nearly 17 percent of the existing centrifugal pumps were converted into submersible pumps. In this way the energy use and cost of pumping out of groundwater is increasing substantially. The groundwater situation in other areas of the state is also similar but severity is less. The minimal expected fall will be in the foothill region (table 4). In southwestern zone that was facing the problem of water logging in the decade of nineties, the rate of decline in the groundwater level is expected to be less in the coming decade and likely to increase thereafter. It is therefore clear that though the groundwater resources were depleted all over Punjab but the situation is going to be very critical in the high productivity foodgrains zone of Punjab. 

Table 2: Percent area under different water table depths in Central zone of Punjab

	Water table depth

(Meters)
	Percent area

	Years
	1973
	1990
	2000
	2002
	2004

	0-5
	39
	9
	6
	2
	0

	5-10
	58
	66
	41
	22
	10

	>10
	3
	25
	53
	76
	90


      Source: Aulakh, 2004 

Table 3: Average water table depth (m) in some districts of central Punjab

	District
	Measured
	Predicted

	Years
	1993
	2003
	2013
	2023

	Patiala
	11.7
	18.4
	25.2
	32.0

	Sangrur
	13.8
	20.6
	27.5
	34.3

	Moga
	9.4
	18.6
	27.8
	37.0


Source: Aulakh, 2004
Table 4: Average water table depth (m) in different zones of Punjab

	Region
	Measured
	Predicted

	Years
	1993
	2003
	2013
	2023

	Foothill
	17.6
	18.5
	19.4
	20.3

	Central
	11.1
	16.2
	21.3
	26.5

	South-West
	6.8
	8.9
	10.9
	13.3


Source: Aulakh, 2004

Intensive agriculture is considered to have seriously eroded the fertility levels of Punjab soils (Venkatasubramanian, 2002). The use of nutrients through application of chemical fertilizers is the highest in the state at 181 kg/ha of cropped area in 2003-04. The efficiency of fertilizer use presents an interesting picture. Wheat and rice are the most nutrient exhaustive crops of the state removing 80% of N, P and K, 80% of S and 77% of Zn of the total removal of nutrients per year (Aulakh and Bahl, 2001).  Based on nutrient requirements for each crop based on their productivity levels, it was estimated that the addition of N through chemical fertilizers was higher than removal since 1980-81 and this positive difference between addition and removal has been increasing over years resulting into positive N balance. In many areas of the state, the application of nitrogen is higher than the recommended doses especially for wheat and rice crops. The status of N nutrient in Punjab soils thus improved in the nineties. The proportion of samples low in available N decreased from 78 percent of total samples tested during 1981-90 to 66 percent during 1991-02 (Table 5). The consumption of P increased progressively till 1990-91, building positive balance, but decontrol of P prices by Government of India in 1992 led to some rise in prices and decrease in its use. Since the absorption of P by the crops does not exceed 50 percent of its application to the soil, the requirement of P is partially met from soil sources. Consequently, the deficiency of P in Punjab soils has increased over time. In nineties, 62 percent of soil samples were found to be low in P compared with 48 percent in eighties. The use of K is negligible at 2 kg/ha in Punjab soils. The K balance in wheat and rice is (-)61 and (-)141 kg of K2O/ha. Mining of soil K has increased from 132 thousand tones in 1960-61 to 683 thousand tones in 1998-99 in the State (Aulakh and Bahl, 2001). The deficiency of K, however, neither appeared in Punjab soils nor impacted the production because Punjab soils are rich in K illitic clay minerals. Intensive   agriculture also drains the micronutrients from soil. Micronutrient deficiencies especially of iron, sulphur, manganese, etc. are appearing in Punjab soils. In the absence of adequate levels of organic matter in the soil, which is decreasing day by day, the efficiency of fertilizer use is decreasing fast leading to decline in total factor productivity (Venkatasubramanian, 2002).

Table 5: N,P, K Status of Punjab Soils, 1981 through 2002(samples deficient in percent)

	Nutrient availability
	Low
	Medium
	High

	Years
	1981-90
	1991-02
	1981-90
	1991-02
	1981-90
	1991-02

	N(OC)
	78
	66
	22
	32
	0
	2

	P
	48
	62
	29
	23
	23
	15

	K
	8
	9
	45
	51
	46
	40


Source: In personal communication with Dr. J.S. Brar, Senior Soil Scientist and In charge, Soil Testing Laboratory, Punjab Agricultural University, Ludhiana

The ecological and economic impacts of monoculture have forced the policy maker to bring out the shifts in the crop mix (Government of Punjab 1986, Government of Punjab 2002) and it has been popularly termed as diversification of agriculture.  Since the farmers have got accustomed to grow wheat and rice and on farm and off-farm infrastructure required for these crops is there, it will take some time to induce and persuade the farmers to bring out changes in the crop mix.  

Determinants of diversification

The most important factor that is going to determine the pattern and pace of diversification is the market (Vyas, 1996).  There are agricultural commodities, which are responsive to the change in the prices and elasticity of supply is quite high.  Along with this, the crops which have high income elasticity of demand at the national level have to be identified and promoted through policy as the national market is being opened up and controls on procurement, movement and distribution of commodities are being softened.  The competitiveness will also have to be taken care of.  The competitive advantage and export to other regions in the country and in the global market will depend upon the following four factors:

1) the crop should be successfully grown and its productivity and costs should be comparable with other regions;

2) the cultivation of the crop is remunerative to the farmers

3) the  product enjoys the export competitiveness in terms of price; and

4) ability to produce the quality product demanded in the national and international market


The second important aspect in the diversification of agriculture is the research and development.  It has to be strengthened not only for the alternative crops but also for the existing crops.  The existing crops of wheat and rice are important from the national food security perspective and it is desirable that their incremental production should come from the productivity growth instead of area only. The growth in the productivity will spare land and other resources from wheat and rice without widening the gap between demand and supply of foodgrains.  Although the country has reached  ‘food security thresh hold’ yet it cannot afford to have diversification at the expense of food security (Vyas, 1996) and the political directorate of the country will never allow this to happen. Improvement and stabilization of the productivity of alternative crops is must to make them profitable and risk free as it was done for rice and wheat in past. Currently the productivity variations in the alternative crops are quite high in comparison to wheat and rice. The coefficient of variation in the de-trended yield of wheat and rice was 4.88 and 9.08 respectively during the period 1970-71 and 2001-02 while it was 25.74, 15.65, 13.33, 13.5 and 19.57 for cotton, sugarcane, maize, rapeseed and gram respectively during the same period.


The third important aspect for diversification is the education and extension of the farmers.  The farmers’ mindset usually accepts the changes that are induced from within the system and these changes ensure higher income and employment.  Current studies (Sidhu et al, 2004, Singh 2006) show that dairying is emerging, from within the system, as the major source of diversification and consequently resulting in the higher proportion of area under fodder crops.  The income and employment growth in dairy is quite high as compared to crop sub sector as shown in the table 6.  It can be seen from the table that income per farm from crops at constant prices increased at the compound growth rate of 2.08 percent but in case of dairy the increase was 4.66 percent during the trienniums 1987-90 and 2000-03. The dairy is also absorbing the labor released from the crops due to mechanization of operations. The employment per farm in crops declined from 385 man-days to 297 man-days per year but it increased for dairy from 182 to 257 man-days. Nevertheless importance of education and extension cannot be undermined as instruments of change and bring in other crops/enterprises in the system to increase diversity in production.

Table 6: Income and employment growth in crop vis-à-vis dairy sub sectors 

	Years
	Income per farm

(Rs. at 1980-81 prices)
	Employment per farm

(Man days)

	
	Crops
	Dairy
	Total
	Crops
	Dairy

	1987-90
	26426

(81.00)
	6216

(19.00)
	32463

(100.00)
	385
	182

	1994-96
	30999

(75.70)
	9933

(24.30)
	40932

(100.00)
	353
	225

	2000-03
	35027

(76.90)
	10547

(23.10)
	45573

(100.00)
	297
	257

	Income growth rate (CGR percent)
	2.08*
	4.66*
	2.64*
	-
	-

	Net increase/decrease in labour employment
	-
	-
	-
	-88
	+75


*Significant at 5 per cent level 

Source: Sidhu et al, 2004
The monoculture of wheat and rice has seriously impinged upon the nutrition level of the farming families themselves as the intake of pulses, vegetables and fruits is far less than the normative requirements (table 7) prescribed by the Indian Council of Medical Research.  The consumption of pulses was almost one third of the normative level on both marginal and small farms. Similarly the consumption of fruits and vegetables was also less than the requirement resulting in nutrient deficiencies in the rural population. It is due to the fact that in pursuit for higher money income farmers discarded the traditional family farming system under which the many commodities were produced for family consumption though at a tiny scale. There fore, the popularization of home gardens can be an important instrument of adequate nutrition and diversification. A recently conducted study on small and marginal farmers (Singh, 2006) showed that if just 900 square meters area is put under vegetables, pulses, fruits etc. on per farm basis it can ensure the normative nutrition to the farm families.  Moreover a shift of 12 per cent and 7 percent of area on marginal and small farmers respectively will take place towards vegetables, fruits and pulses.

Table 7: Recommended and actual dietary intake by marginal and small farmers in Punjab (2003-04).


 (Per household kg per year)
	Food-items


	Marginal


	Small



	
	Recommended 
	Consumed 
	Difference
	Recommended 
	Consumed 
	Difference

	Pulses
	125.85
	40.42
	-85.43
	149.80
	49.33
	-100.47

	Vegetables
	422.67
	174.52
	-248.15
	521.95
	194.90
	-327.05

	Fruits
	64.53
	21.60
	-42.93
	64.24
	25.98
	-38.26

	Fats & Oils
	62.93
	39.56
	-23.37
	74.90
	45.39
	-29.51


Source: Singh, 2006

Overview

The Punjab model of agricultural growth was cited as a success story in economic literature and other regions within India or in other developing countries may follow the same path. This model based on the creation of monoculture of rice in summer season and wheat in the winter season has resulted in serious land and water problems and depleted soil health and water resources are emerging as the crucial constraints to the future growth of agriculture in the state. The first lesson that follows from Punjab’s experience is that the monocultures do have the potential to over utilize and degrade a crucial natural resource or a set of resources essential for sustainable growth of agriculture in that region. There fore while planning for agricultural growth in new areas, a prior assessment of the long run effects of monoculture is must and the monocultures should be allowed to the extent up to which these does not degrade a resource or a set of resources beyond their permissible limits.  Even the planning for diversification in the problematic regions like Punjab need utmost care as diversification policies can lead to another type of monoculture. Secondly an effort should be made to match the cropping system with soil capabilities, sustainable water availability and other resource endowments. The large scale soil and groundwater surveys which were either not feasible or cost prohibitive in the past, can be undertaken by remote sensing techniques at much lower cost and are feasible too. In Punjab, the surveys of two districts have already been conducted (Sharma et. al., Walia, 2004) and these surveys have shown a mismatch of high order between the soil capabilities and the crops grown. Thirdly, the uses of crucial recourses require economic and legal regulation for long run optimization of their use. There fore the regulation of the recourses needs to be institutionalized by establishing appropriate 
institutions.
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� India imported 7.4, 10.3 and 8.7 million tones of foodgrains in the years 1965, 1966 and 1967 respectively. This was a period of severe foodgrains shortages and the five years economic plans were discontinued and annual plans were formulated to cope with the situation.


� Punjab Agricultural University Ludhiana was established in the year 1962 and in a short span of time it emerged as the pioneer agricultural research and extension institution in the green revolution region of Northern India.


� Rural electrification programme was launched in Punjab in 1973 and 100 percent villages were linked with the electricity supply system to provide electricity for household and agricultural needs.


� In the decade of nineties the average annual electricity subsidy to agricultural sector was Rs. 10470 millions. The electricity supply to agriculture was made free of cost in March 1997. However the electricity tariffs were reintroduced in June 2002 but again withdrawn in September 2005.


� A block is categorized as overdeveloped when rate of exploitation of groundwater is more than 100 percent of the rechargeable capacity, dark when exploitation rate is between 85 to 100 percent, grey when exploitation rate is 65 to 85 percent and as white when exploitation rate is less than 65 percent. Out of 113 blocks noted above as overdeveloped/dark, 104 were in the category of overdeveloped and only 9 were in the dark category.








