

1. INTRODUCTION
Water is one of the most critical inputs to agriculture. However, the level of water use differs significantly across regions, farming systems, canal command areas and even farm plots (Molden et al., 2003). The concept of water productivity is based on “producing more food from the same water resources” or “producing the same amount of food from less water resources”. In a broad sense, productivity of water is related to the value or benefit derived from the use of water. It includes various aspects of water management and is very relevant for arid and semi-arid regions (Molden and Sakthivadivel, 1999; Molden et al., 2001; Droogers and Bastiaanssen, 2002; Kijne et al., 2003). Globally, agriculture accounts for 80–90% of all freshwater withdrawals by humans, and most of it is for food production (Wallace 2000; Shiklomanov 2003; Morison et al., 2008). Still, water is the main abiotic stress limiting crop production in several regions of the world (Araus et al., 2002; Ali and Talukder 2008). It is projected that by 2030, 47% of the world population will be living in areas of high water stress (WWAP 2009). Even where water for irrigation is currently plentiful, there are increasing concerns about future availability (Falkenmark 1997). In low rainfall regions like part of India, irrigated agriculture is significantly more productive than rainfed agriculture. Nearly 60% of the total agricultural output comes from irrigated agriculture, which covers only 40% of the total agricultural area. This significant contribution of irrigated agriculture, however, requires more than 70% of the Indian freshwater withdrawals. The scope of meeting the growing demand of water for food through more intensive use of water resources is limited, as its exploitation in most of the river basins is already on its peak. Since it is hardly possible to withdraw more water from natural resources, future food production must focus on the improvement of water productivity i.e. ´more crop per drop’ (IWMI, 2000). Higher water productivity will reduce the need for additional water and land resources in irrigated and rainfed systems.
[bookmark: _GoBack]The State of Rajasthan is predominantly rainfed with precipitation being major source of annual renewable water supply. With the fast increasing population, the water availability in the state is decreasing at an alarming rate, and water scarcity is growing rapidly. According to an estimate, in the year 2001, the annual per capita water availability was 840 m3 but expected to fall to as low as 439 m3 by 2050 (Vision 2004a, 2004b, Xth Five Year Plan). The situation of groundwater resources is very critical in the State. At present, approximately 80.4% of groundwater blocks of State fall under category of dark and critical. Therefore, to ensure secure sustainable livelihood of people in the region, efficient use of existing water resources in agriculture is imperative. 
Indira Gandhi Nahar Paroyojana (IGNP) is considered as the lifeline of Thar Desert. It occupies the northwestern and far western parts of the Thar Desert in Rajasthan. It is one of the biggest projects of its kind in the world aiming at transforming desert wasteland into agriculturally-productive areas with the objectives of drought-proofing, providing drinking water, improvement of environment, development and protection of animal wealth and increasing agricultural production. There are significant differences in cropping systems, soil texture and soil particle size distribution of IGNP Stage-I and Stage-II. Stage I is characterized by flood- or furrow-irrigated cropping systems with rotations such as wheat-cotton-wheat or mustard/chickpea-cluster bean-mustard/chickpea. The stage I area nowadays is intensively cropped. Soils of IGNP Stage-I are finer in texture and become sandy towards the south. Stage II, on the other hand, is characterized by sand dunes which have been stabilized with shrubs and trees (rather than leveling them), and interdunal plains where agriculture is practiced with sprinklers and drip irrigation systems. However, the crops grown in IGNP stage II are high water requiring and farmers use excess irrigation for growing the crops. Hence, technological interventions are required to improve water productivity of the area by promoting low water requiring, high value crops with efficient water management practices. 
Implementation and management of the IGNP had been largely successful. Over the years several million people migrated into the region and were able not only to maintain their own livelihoods but also to produce food surpluses. However, ever since the inception of the IGNP, following problems have arisen in Stage II of the IGNP project, which are partly natural and partly anthropogenic in nature:



· Low land as well as water productivity
· Unreliable water supply
· Yield variability from year-to-year
· Low water and nutrient holding capacity of sandy soils
· Wind erosion
· Lack of crop diversification
In order to improve water management and its productivity, we need to study the cause-effect relationships between hydrological variables such as evaporation, transpiration, percolation or capillary rise, and biophysical variables such as dry matter and grain yields under different eco-hydrological conditions (Singh et al., 2006). Measurements of the required hydrological variables under field conditions are difficult, and need sophisticated instrumentation. Moreover, field experiments yielding site-specific information are very expensive, laborious and time consuming. However, suitable models like the CropSyst in combination with field experiments offer the opportunity to gain detailed insights into the system behavior in space and time. 
Since 1960s, crop growth modeling has been evolving along with progress of computer technology, supporting the simulation of plant physiological processes and crop growth and development. The evolution of the modelling efforts has been influenced by changing goals, target users, and policies over the years from models with a strictly scientific insight at leaf and plant scale (explanatory models) to those focused on practical applications and impact of management practices ranging from a single crop to complex agricultural systems (Sinclair and Seligman, 2000, Boote et al. 2003). Simulation models are an important tool to understand plant–soil interactions on water balance components and their effects on crop growth. They can complement field experimentation because direct measurement of all elements of the water balance (such as evaporation, transpiration, drainage, runoff and profile water content change) is often not possible. These models can also be useful in evaluating the impacts of different tillage and residue management operations on the changes in land productivity and soil-water balance components. Compared to field experiments, the use of crop models to evaluate crop responses to a wide range of management and environmental scenarios can give more timely answers to many management questions at a fraction of the cost of conducting extensive field trials. As a result, a wide range of crop models such as APSIM (Agricultural Production Systems sIMulator; McCown et al., 1996), CropSyst (Cropping System Simulation Model; Stöckle et al., 2003), DSSAT (Decision Support System for Agro-technology Transfer; Jones et al., 2003), EPIC (Erosion Productivity Impact Calculator; Williams et al., 1989), NTRM (Nitrogen-Tillage- Residue Management; Shaffer and Larson, 1987) and PERFECT (Productivity Erosion and Runoff Functions to Evaluate Conservation Techniques; Littleboy et al., 1989,1999) have been developed and are being used to evaluate the impact of agricultural management practices.
The cropping systems model, CropSyst (Stockle et al. 2003) has robustness and relative ease of application, using commonly available information. It has been used to model the growth and development of several crops in many parts of the world, i.e. Mali (Badini et al. 2007), Burkina Faso (Badini et al. 1997), United Kingdom (Rivington et al. 2006) and Italy (Moriondo et al., 2007). Also, CropSyst is credited with the capability to simulate the growth of many crops from a uniform structure and a common set of parameters. This represents an advantage over separate model representations of crops in simulating the productivity of tropical agricultural systems in which multi- and inter-cropping rather than mono-cropping is dominant. It also provides for simultaneous modelling of changes in crop environment including plant and soil moisture and nutrients, which constitute constraints of productivity of tropical agricultural systems. Validation of this model will offer the opportunity to assess irrigation performance and change on crop yields which are impossible to assess at present due to limited validation of such models for the region. 
The present study targets Stage II of IGNP to understand the existing soil-water balance, crop growth characteristics, land and water productivity etc. using biophysical simulation model (CropSyst) at the field-scale. The study area is characterized by sand dunes which have been stabilized with shrubs and trees (rather than leveling them), and inter-dunal plains where agriculture is practiced. Moreover, the sandy soils have a low water and nutrient holding/retention capacity. Therefore, to address outlined problems, field-level interventions are required. Drawing on these insights, the present study entitled “Modelling the Soil-Water-Crop-Atmosphere System to Improve Land and Water Productivity in Stage II of IGNP” was undertaken with following objectives:

1. To assess current land and water productivity.
2. To study the dynamics of soil-water-crop relationship using modelling approach (CropSyst model).      
3. To calibrate and test the performance of CropSyst model for conventional and progressive farming practices.
4. To quantify soil-water and nutrient (N) balances in the studied area.
5. To improve land and water productivity through better water management, appropriate cropping patterns and optimum cultural practices.

The information generated by the study will help to identify suitable crops for the region with higher water productivity. 


