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1. [bookmark: _Toc251936525]Introduction
Water scarcity is a serious problem in in many arid and semi arid parts of India due to the mismatch of supply and demand of water. The agricultural being the biggest consumer of water which consumes around 80 percent, sustainability of using groundwater which irrigates 60 percent of the total irrigated area of India(IWMI-FAO, 2009), should be considered objectively.  The groundwater irrigated  areas are mostly served by wells and tube wells built by farmers with private investment (Shah et al., 2006). The accessibility of ground water combined with cheap and improved technology in groundwater pumping and certainty in timing and ownership rights associated with the water from wells made it a democratic resource for irrigation. This boom in groundwater wells happened 30 years ago (Shah et al., 2006), along with green revolution where traditional irrigation systems like tanks in south India were displaced by minor lift irrigation schemes based on privately owned ground water wells. The boom in groundwater demand was also encouraged when public investments in major irrigation projects declined and instead a favorable credit policy was settled for minor irrigation projects, mainly wells owned by individuals. Evolution of ground water development schemes was referred to as an effective poverty eradication tool and was thus promoted with a favorable institutional setting of credit accessibility for drilling bore-wells and power subsidies to the extent of free electricity (Anonymous 2007). As a result, the on-demand access to water yielded positive results to Indian agriculture by improving productivity but also negative impacts like failure of wells in recent years (Chaitra and Chandrakanth 2005). 
Karnataka is the eighth largest state of the country geographically with varying climate from humid monsoonal to warm dry climate. Drier areas get an annual rainfall of 500mm to 600mm. The state’s economy is predominantly agrarian and 75 percent of the cultivated land comes under the dry climate. Gross cropped area in Karnataka is around 12,097 million ha and 28 percent of this is under irrigation. 18 percent of the irrigated area comes under surface water irrigation and 10 percent comes under ground water irrigation. Many districts in Karnataka are currently classified under “grey zone” (by the Central Groundwater Board, India) indicating that water is becoming a critical resource.  Groundwater status in Karnataka shows receding water tables, increasing depth of bore wells and gradual failure of water wells both shallow and tube wells (Chaitra and Chandrakanth 2005) indicating economic scarcity of water in the region
Despite the fact that the state experiences scarcity of water and overexploitation of groundwater resource, the area under rice has been increasing. There was an increase of 233 thousand hectares in 2004-2005 compared to 2003-2004. This indicates the increase in the use of water. Sustainability of such increase in the irrigated crop sector is highly questionable under the current circumstances of water scarcity. Competitive extraction happens and therefore a decline in water table is inevitable where groundwater is the only means of irrigating the rice fields. The consequence of such extraction could be that, their profit levels decline because of the fact the additional investments they make to get access to water (for instance well deepening because of  an existing well’s failure) do not result in significant additional profit levels((Kajisa, Palanisami et al. 2006). 
In Karnataka, 43 taluks is reported to have over exploitation of ground water resources. Further, groundwater exploitation has exceeded 50% of the available ground water resources in 29 taluks of the State. According to the central groundwater board, 72 taluks are critical taluks from the point of view of the ground water exploitation. These facts indicates sever physical scarcity of the resource. The resource is not priced and there are no volumetric meters installed for well to control the pumping activities. Many areas are still dominated by rice based cropping system and the sustainability of such cropping systems using groundwater as the primary source of irrigation is studied in this paper. We hypothesize that, the farmers who invest high costs for tube well drilling currently are not in economic optimum level thereby indicating that current groundwater extraction rates are unsustainable in rice based agriculture. Therefore their profitability is not optimal. Based on the above facts from literature about the study area, we hypothesize that any additional investment in bore wells for irrigating rice in a water scarce period is beyond the economic optimum levels of bore-well investment. The paper aims at viewing the groundwater scarcity as perceived by farmers and analyzing their economic behavior while investing in bore-wells for rice irrigation
[bookmark: _Toc251936526]2. Literature review
2.1. Overdraft of Groundwater

Overdraft of groundwater and its impact has been largely discussed in literature (Zekri, 2009; Venot et al., 2007; Masiyandima et al., 2002; etc.).Main results show that over-pumping occurs independently of climate, crop type, level of education of farmers, degree of social organization, farm size and irrigation system and necessitate the implementation of policy instruments to induce farmers to reduce pumping (Zekri, 2009). Economic theory considers that inadequate or absent property rights over the resource is the main cause of this over-pumping. This is typically a situation of an open access resource where no monitoring and exclusion mechanisms exist due to inappropriate legal and administrative settings. Negative externalities due to open access to groundwater resources are summarized by Howe (2002) as follows: i) pumping externalities that increase pumping costs by lowering the water table; ii) inter-temporal externalities resulting from the change in groundwater stock that affects conditions of water availability in future; and iii) quality externalities due to pollution of aquifers by nitrate and agri-chemicals, salt and seawater intrusion, etc. To summarize, the problems in water sector are due to the difference in private and social price of water and the difference occurs due to policy failures such as subsidies and environmental costs not being internalized((Berrittella, Rehdanz et al. 2006).
[bookmark: _Toc238636389][bookmark: _Toc251936530]2.3. Access to groundwater: bore- well investments

Seasonal drop in groundwater table can temporarily make water unavailable in the dry seasons. This affects all those who are not able to deepen the wells(Moench 1996) sufficiently or have a bore-well. Bore well ownership and associated investment by the farmer determines his profit in the drier periods of a cropping year.  A bore-well owner has a clear advantage over a non bore-well owner in dry seasons because he can predict the availability of water while shallow wells and other surface water bodies such as tanks often dry up in dry season making the second crop a difficult decision for farmers who are dependent on them. The groundwater resource is a typical example of open access resources and because of its fluid nature much difficult to determine access territories. Farmers typically do not take into account the negative externality imposed to others when extracting this resource and using it in the profit maximization activities and these result in extraction above socially optimum levels. The consequence of such extraction could be that, their profit levels declines because of the fact the additional investments they make to get access to water for instance well deepening because of well failure do not result in significant additional profit levels((Kajisa, Palanisami et al. 2006). resulting in myopic extraction rates.
Generally the farmer’s decision to cultivate a second season crop is based on the water source he has access to. In the hard rock areas of Karnataka the main sources are bore-wells, dug wells (shallow wells) and tanks which are community owned irrigation structures. Farmers invest in bore wells when shallow wells start drying up and when the water table lowers further deepening of bore wells is needed to access the groundwater. This becomes soon a competitive deepening and water table lowers further increasing the depth of striking the groundwater. Oblivious of this fact, farmers who can afford and who needs to sustain the irrigated crops continue to invest in deepening or drilling additional wells  to the point that some dig more than one well to increase the chances of getting water. Therefore when the water table lowers the resource poor farmers are denied access to groundwater. But are the other farmers who made higher investments making enough profits out of it?
The competitive extraction is an occurrence of ‘tragedy of commons’ as the farmers seem to extract water irrespective of the observable decline in water table. Apparent reason for this is competition and they fear that other farmers in that area would continue water extraction and production while those who slowed down would make lower profits (Pearce, 2006). CGWB declares that 72 taluks in Karnataka are overexploited and that water table is falling over the past decades. The farmers around the country drill deeper wells and invest more in deepening existing wells for compensating on water table every few years. 
[bookmark: _Toc251936532]3. Methodology
[bookmark: _Toc251936534]3.1. Study area and data description
The study is conducted in Madhugiri taluk of Tumkur (Karnataka) which is located in the central dry zone of India. The district has been classified as groundwater overexploited region by Central ground water board of India and comes under semi arid zone climatically. This area is also a prominent rice cultivating area of Karnataka.
Past few decades in this area marked up the extraction of groundwater and this led to a decadal falling average of 0.61m in the ground water table.  Madhugiri taluk is classified as critical zone where further development of groundwater wells are not advised(CGWB).  High concentration of fluoride (>1.5mg/lit) is observed in northern part of Pavagada and Madhugiri taluks of Tumkur which is a byproduct of over exploitation. Major source of irrigation in Madhugiri and Tumkur district as a whole is groundwater wells. There are 6529 shallow borewells and 3069 dug wells in Madhugiri taluk out of which 80 bore-wells and 68 dug wells have completely dried up. And further development has to be avoided in the area. This area was chosen for the study as it represents the semi arid zone of south of India with rice cultivation and water scarce areas in general. 
The sample has been chosen by simple random sampling method from the two villages of Madhugiri Taluk and the sample includes 75 households from the village Siddapura and 77 households from Bijavara. Thus the total sample consist of the primary cross sectional data of size 152 after eliminating incomplete data sets. The questionnaire included detailed input output details and groundwater pumping details. The well information such as the age of bore/dug wells and the costs in drilling was also covered. The major economic activity of the households in the village is farming   and 100 per cent of the households cultivate rice as the main crop. Cultivated seasonal crops include groundnut, ragi(finger millet) and maize. For farm activities all households employ their family labor while hiring labor from outside the family to meet the total labor demand. The sample included farmers with different size of land holdings and they were grouped based on their possession of irrigated land area. 
Agriculture in the study area and in southern India more generally has two distinct seasons: the monsoon or kharif crop (June–November) and the post-monsoon or rabi crop (December–March). Most farmers leave fields fallow in the dry season (April and May) in the case of annual crops due to lack of irrigation water and low/no rainfall. Cropping systems in the irrigated areas include plantation crops (areacanut and coconut), double crops of rice–rice and rice–groundnut single crops of rice, ragi, groundnut, or maize. Groundnut grown during the rabi season in the villages is not irrigated and relies on residual soil moisture from the kharif rice crop.
The sample farmers had three main sources of water for irrigation, bore-well, dug-wells and tanks[footnoteRef:1]. 75 percent of the sample farmers had a bore-well younger than 10 years which indicates that source of water changed from shallow wells and tanks to bore-well in the past decade in the study location. This could also have resulted because of failing wells due to the cumulative effect of neighbor bore-wells.  Around 50 percent of the sample farmers had second rice crop during the study period. This supposes that a source of irrigation exists for these farmers since second rice crop cultivation is not possible without full  irrigation. Information about the source of water as well as the amount of water used by crop was collected during our survey. [1: ] 

Having a second crop of rice in the dry season of the year contributes to an increase in the gross cropped area of the farmer per year resulting in a significant enhancement of his gross revenue from rice and consequently overall farm revenue. Second season rice is generally cultivated in the same farm as the first season rice and therefore revenue from rice in these cases is double for farmers who could take a second crop. However, the amortized cost of bore well investment, needed for second rice irrigation, is high and when considering this, the profit margins become considerably lower. 
From our survey, we find out that around 63 percent of those who had second crop of rice had access to borewells. 11 percent had access to tanks and 28 percent had access to shallow wells. The table 1 describes distribution of water sources among the sample farmers. It is thus clear that the decision of the farmer to undertake second season rice cultivation is dependent on the assurance about the water availability in the drier season.
Table1. Water sources of rice cultivators(second season access).

		Water source
	
	Rice second season cultivators(percentage)

	Bore-well-dug-well
	
	0

	Bore-well
	
	59,15

	Bought ground water(informal water markets)
	
	1,40

	Dug well(shallow well)
	
	28,16

	community tank
	
	7,04

	community tank-bore-well
	
	4,22

	Total
	
	100






3.2. Descriptive analysis of Irrigation water source and gross margins among sample farmers
An analysis of land possession of the farmers and their ownership of wells showed that while medium and small farmers owned most of the wells, large  and medium farmers were the only ones who could have more than one well per farm. Medium farmers were the majority in the sample under study therefore largest numbers of wells are also under their ownership.  This information reveals that the bore well ownership is occurring in all classes of farmers and those who can afford more drilling costs can also have more than one well having more chances at having access to water. The source of water also affects the income the farmer has from the farming activities as described in table 3 describing the income across water source. 
Table2: Source of water across class of farmers
	class/ Source of water 
	borewell-dugwell
	Borewell
	Bought water
	Dugwell
	Tank
	Tank and Borewell
	Total

	large
	0
	9
	0
	0
	1
	2
	12

	medium
	2
	47
	1
	32
	14
	9
	105

	small
	0
	8
	2
	11
	11
	3
	35

	Total
	2
	65
	3
	43
	26
	14
	152




Table3: Average income from irrigated and un-irrigated crops under different sources of water
	Source of water
	Average Gross margin_irrigated 
	Average Grossmargin_unirrigated


	Borewell 
	295.36
	20.12

	Tank
	288.45
	122.25

	Tank and borewell
	126.74
	60.61

	Bore and dug wells
	86.14
	13.95

	Dug wells
	108.54
	40.93

	Bought from neighbours
	29.76
	



Bore-well owners have more income from irrigated crops than from non irrigated crops and they also have the highest average gross margin compared to other water source groups. Tank access also gives a higher gross margin from the irrigated crops. Interestingly the farmers from the command area of tank with tank irrigation possibililty has the highest average gross margin from un irrigated crops. The moisture in fields could be higher with a tank with water nearby leading to higher income. The descriptive analysis points out to the fact the farmers with an assured source of irrigation has more prospects of earning more through a second season crop and it could be hypothesized that the farmers with such assured sources has more probability of having a second crop of rice in the dry season making use of the land twice and significantly increasing the gross margins.
[bookmark: _Toc251936533]3.3. Framework for groundwater over-draft in Madhugiri 

3.3.1. Reflecting farmers decision making in the dry season (Model 1)
A farm profit maximization model built in to reflect farmers’ crop choices during the water scarce season in the context of multi-cropping is explained below. The starting premise is that farmers are profit maximizing agents and that this behavior is related to having access to a source of irrigation for the second rice crop. This was confirmed by cross tabulating our collected data and it was found that there was an association among the choice of second crop and the possession of bore-well as well as the access to tank resource. The same survey data indicated that some farmers do not have second season rice at all while others tend to use the rice field area in the second season, thus engaging the same land owned twice in rice cultivation.
Moreover, the model design considers that the water table in the region is an open access resource with no regulatory constraints for limiting and/or excluding any farmer from exploiting it. Only financial constraints in the form of bore well costs are limiting the access to the water table in our case.  
This situation was captured from our descriptive data and was incorporated into a logistic regression reflecting the decision to cultivate (or not) rice in the second season. This incorporation of this decision in the profit maximization model is crucial since access to water in the main element of profit enhancement in the study region. The function is presented as follows:
Probability = f (Bore-well Cost, access to community tank)

  

Where is the probability of having second season rice 

  is the intercept 

    is the estimated coefficient of explanatory variable B(cost of bore- well) and

  is the estimated coefficient of explanatory variable A(access to tank) where A is a binary variable
The estimated function uses the bore-well cost (B) and access to tank (A) as predictor variables of the probability of having rice in the second season at a given farm. 
3.3.2. Incorporating the probability of cultivating second season rice into farmers’ profit maximization function (Model 2)

Once the probability to cultivate second season rice is estimated at the farm level, we can now include this function into a more general profit maximization model of the farmers. The result is ten a nonlinear mathematical model constructed to link the data collected from the study area with the economic theory of profit maximization behavior. The model serves to represent the existing situation in the study area describing farmers’ incomes, crops’ yield, prices, physical constraints, financial constraints, crop mix, as well as other agronomic aspects; all included in order to represent the agricultural system as accurate as possible. The production function constraints and the probabilities incorporated in the model link the real problems in the study area to the economic theory. In literature, such models are used to test ideas and new policy measures in a calibrated base period setting. 
The model presented here incorporates the input output data from the multi-cropping situations and the probabilities to represent the dependency of the farming system on the accessible water source. This profit maximization rule is based on the expected profit and expected cost based on the probability constraint. Such a constraint in the model captures the dependency of the farming system on tube wells as an assured water source to make the maximum use of the existing rice fields. The difference between the productivity of irrigated and non-irrigated crops says that the farmer to be on the profit maximizing side has to choose for more irrigated crops. The response will depend on the different constraints limiting the farmers’ choices, including the bore-well investment costs. 
Bore-well costs in the model 1 serves as a proxy for the resource depletion levels. As the resource depletion level increases, the bore-well cost tends to be higher therefore indicating that the profit levels become lower progressively. Moreover, the bore well cost also depends on the depth of water table because of the fact that the deeper the water table, less accessible it becomes. 
3.2.3. Profit maximization conditions in Karnataka region
The profit maximization rule will be satisfied when the first-order conditions are satisfied for an optimal point. 
                                        equation 1
=Profit of the farm household
=Price of output
= Costs from a production function
 = Quantity of output
B= Borewell investment costs 
A=Access to tank 
= Probability of having  a second season rice



                     equation 2
The Legrangian equation of the maximization problem is given as;
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Solving this quadratic form ,



Note that there is only a real solution if R b1 ≥ 4 , and if this value crosses 4 , the farmers are beyond the economic optimum at their current level of borewell investment. A gross return of 4395 INR

=> b0 + b1 B = ln   
From this solution, we can get the optimum level of borewell investment cost(B). 
The results of the analysis are discussed in the section below.
4. Results and discussions
4.1. Estimation of the Probability model
The results of this logistic regression indicated that a positive association between the bore-well and pump costs in the form of investment and a positive association with access to tank as an irrigation source. In this model the binary variable access to tank(A) is not alterable in the short run and farmers do not have a decision choice regarding that. Borewell investment(B) is variable and is influencing the farmers’ decision about the second season crop choice as described int eh previous section. The probability of cultivating second season rice was the highest when there was access to tank followed by the bore-well investment. Table 4 gives the details of the regression. 

Table 4 Estimates of Binary logistic function

	
	B
	S.E.
	Wald
	df
	Sig.
	Exp(B)

	
	Access to tank(A)
	2,170
	,689
	9,908
	1
	,002
	8,758

	 
	Bore well Cost (B)
	,091
	,032
	7,905
	1
	,005
	1,095

	 
	Constant
	-2,672
	,762
	12,304
	1
	,000
	,069



The estimation of the model 1 proved that the farmers who had access to bore wells and those with access to community tanks had a higher probability of having a second season rice crop. This binary logistic regression yielded a model which predicted the odds for 71 percent of the cases correctly and the constants indicated that the farmers who had access to bore wells and community tanks have a higher chance having second season rice. 
The positive significant association of occurrence of second season rice with A is substantiated in many studies done in similar locations of Karnataka about influence of irrigation tanks on farmer’s cost and in ground water recharge. There has been studies about the In Madhugiri taluk, irrigation tanks which facilitated in groundwater recharge reduced the negative externality  of well interference(Chandrakanth, MG). Access to tank influences the farmer decision making about second crop by providing irrigation water and protecting the groundwater wells from drying up. The studies about tank rehabilitation in madhugiri by Chandrakanth, MG has proved that desiltation and maintenance of tanks in the area has increased the access to water via tank and by groundwater recharge. Elsewhere in India, there have been other studies indicating that access to water storage structures such as tanks enhances farmer income. 
The borewell cost(B) at farm level also had a positive influence on the probability. Farmers who were able to invest in bore-wells as hypothesized has a positive significant influence on farmers decisions to proceed to sowing of second crop after the first one. Model 1 therefore proves the hypothesis that has been made in the previous sections that having an assured irrigation source such as bore-wells drives the farmer to the decision for a second season crop in the dry season of the cropping year.  If the variable B is higher there is a chance of increasing the probability value. But in a resource depleted area, as the stock tends to decrease, the costs for drilling the bore mount up highly but might not lead to an assured source of irrigation.  If the resource is already depleting fast, the costs will be higher than the profitable levels because of the negative externalities.
This result together with descriptive analysis of the income distribution across irrigated and un irrigated crops where irrigated group mainly consists of rice-rice, rice-fallow or rice and arecanut in other fields explains that, if there is an assurance regarding the water source, farmers go for the second season irrigated rice as it will contribute in maximizing his revenue instead of investing the time and land in the lower profit unirrigated crops such as ragi or maize in the second season (see table Average income from irrigated and un-irrigated crops). 
4.2. Results from the Mathematical model
The mathematical model could only be solved at a condition that the term R b1 is greater than 4 as explained in the methodology section 5.  This indicates that if the term R b1 is more than 4, then the farmers are investing beyond the economic optimum for the borewell investment.  The revenue term depends on the quantity produced and price which is given to the farmer. The only thing alterable in the model is quantity or the bore-well investment cost.  The sample farmers who cultivated rice in the second season are charted according to their R b1 value in the graph. Here the R value includes the gross revenue from all the crops per farm households.


The analysis of the data shows that 43 of 71 valid cases (those who has second season rice in the sample) have a value below the required minimum for a mathematical solution. 
When the revenue from all irrigated crops are considered for the term R instead of all the crops, the results in the whole sample who has incurred bore well investment costs, 31 farmers out of 71 were below the required coefficient.


This poses the question whether the investments beyond that point is justified in the economic optimization scenario. In the hard rock areas of India such as Karnataka, many scholars have noted the negative externalities of extensive groundwater depletion (Chandrakanth and Romm 1990; Palanisami, Vidhyavathi et al. 2008). The spurt in growth of wells in this region caused declining water tables and well interference which subsequently caused failure of shallow wells and conflict between farmers. 
The over exploitation beyond this point occurs because the farmers are not realizing that before they could get the full return on investment from the wells the wells might fail or a decline in water yield could happen statistics of which are in alarming proportion in the study area.  Around 300,000 wells have failed in this critical area (Tumkur district) as reported by central ground water board. Shallow wells fail totally and the yield levels of deep wells are declining.  Pumping externalities might have contributed to this in a reciprocal fashion increasing the bore-well investment cost. Consequently, more than Rs.2000 crores of investment made by the individual farmers on the construction of wells, pumping equipment, pipelines, development etc.  According to the central ground water board statistics, 86 percent of Madhugiri taluk is over-exploited  and 14 percent is critical. The official recommendation is to avoid further groundwater development in the area. But rice area remaining the same and increasing in the recent past, the exploitation is inevitable unless there are other water sources. The area being primarily irrigated by groundwater, the efficient resource use with alternative irrigation technologies could be opted for.
5. Implications of the results
Although many scholars discusses the externalities incurred in the groundwater scenario, the micro level empirical studies at the farm level are required to show how farmers are affected in terms of their loss of return. The paper focuses on how farmers perceive the access to a source of irrigation as predictable and based on which decide to cultivate a second season rice to maximize their profit, but theoretically many of them are beyond the economic optimum at the current level of bore well investment. The results show that the investment at an increasing rate to access the increasing depths of water table is not profitable in Madhugiri. On an average investment per well increased from Rs 53,605 to 74,190 in the last two decades an increase of 2 percent compound growth rate (Diwakara, Kapoor et al. 2006). In the areas where public irrigation infrastructure is absent and where only water source other than monsoon is groundwater, its mining is inevitable. Molle and Shah (2003) report that there has been increased recognition about the non sustainability of current extraction rates by farmers and there have been efforts in some parts of India in setting new management strategies for both irrigation water supply and demand. But the extent of bore well investments for extraction for irrigation should be governed through a policy setting for sustainability. In this context, finding out an optimum level of bore-well investment is important.
Solutions for this problem of overexploitation can be placed into two different theoretical approaches: i) irrigation supply management: enhancing water availability for farmers from other sources (improving traditional irrigation structures such as tanks); providing subsidies for recharge of the aquifers using water harvesting measures and/or other methods and ii) irrigation demand management: by improving the efficiency of ground water with technological improvements in irrigation technology (Narayanamoorthy 2004), promoting crops which are not water intensive in areas where groundwater is critical (Dinesh Kumar 2007), establishing taxes and water pricing schemes (Burness and Brill, 2001; Dinar and Xepapadeas, 1998), establishing of electricity-based-pricing tools in cases where water quantities pumped cannot be controlled (Kumar, 2005 zekri, 2008 and 2009), enforcing water quotas (Freinerman and Knapp, 1983), encouraging self-management (Lopez-Gunn and Cortina, 2006), etc. Economists and other water specialists from other disciplines have agreed that the language and tools of economics are helpful in furthering the understanding of groundwater water management problems (Koundouri, 2004). 
On site recharge measures are affordable and suggested by many scholars(Rockström, Karlberg et al.). The acquifer nature of hard rock areas do not have high recharge rates but these conservation measures will enhance the soil moisture content and therefore pumping rates can be reduced. If sufficient incentives exist, farmers might chose to do this. 
Water saving irrigation technologies and modified planting method are suggested in agronomic studies(Senthilkumar, Bindraban et al. 2009) to conserve water in field which could be adopted by farmers if there were enough incentives. Low water consuming varieties and future research is the need of the situation.  This will ensure that the productivity of groundwater used in the rice fields will be higher and therefore a sustainable level of extraction can be achieved.
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Table 1.   Characteristics of Central Dry Zone of Karnataka
	
	Characteristics

	1 
	Rainfall Ranges from 455.5 mm to 717.4 mm

	2 
	Elevation 800-900 in major areas, in remaining areas 450-800

	3 
	Soil Red sandy loam in major areas, shallow to deep black soil in remaining areas

	4 
	Total geographical area (sq. kms) 20,112.81

	5
	Gross cropped area (hectares) 12,93,011

	6 
	Net cropped area (hectares) 11,27,500

	7 
	Total irrigated area (hectares) 2,51,270






Allocation details of Gross margins of sample farmers 

	 Irrigated crops
	N
	Minimum
	Maximum
	Mean
	Std. Deviation
	Frequency of negative Gross margins(percentage)

	Rice1
	152
	-7,35
	120,68
	11,2395
	14,59591
	9.9

	Rice2
Un-irrigated crops
	71
	-12,11
	83,20
	9,0577
	15,55705
	22.5

	Seasonal1
	25
	-2,38
	12,23
	2,1826
	3,73627
	28

	Seasonal2
	5
	-,35
	8,00
	3,0345
	3,68650
	20

	seasonal3
Occasionally irrigated 
	7
	,80
	25,23
	5,7146
	8,73249
	None 

	Cashc
	26
	-16,00
	90,28
	14,1633
	27,31791
	50*

	
	
	 
	 
	 
	 
	



· The negative grossmargins of cashcrops are due to the facts that in 50 percent of the cases they are unyielding in the current study year.
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