5. DISCUSSION
In the course of presenting the results of the study entitled “Modelling the Soil-Water-Crop-Atmosphere System to Improve Land and Water Productivity in Stage II of IGNP” significant variations were observed between the modeling scenarios simulated using the calibrated CropSyst model. In this chapter, we discuss the significant trends with respect to the various parameters studied, so as to establish cause and effect relationship using scientific evidences and literature.

5.1 Productivity 

Results obtained in the present investigation showed that yield of different crops varied significantly. During kharif season, groundnut produced higher economic and biomass yield than clusterbean. Groundnut gave 149.4, 71.2 and 179.4, 93.2 % higher economic and biomass yield over clusterbean during 2012-13 and 2013-14, respectively. Amongst the rabi season crops, wheat yielded 69.4, 63.0, 463.9 and 434.6 percent higher seed yield in 2012-13 and 63.8, 54.8, 452.2 and 398.1 percent higher seed yield in 2013-14 as compared to mustard, chickpea, cumin and Isabgol, respectively. With respect to total biomass productivity, wheat gave highest biomass yield followed by mustard, chickpea, cumin and isabgol (Table 4.5). 
Under no-stress conditions, the yield of crop at any given location is a function of the available soil, weather, light energy and the genetically determined properties viz. efficiency of light capture [which is function of LAI and canopy architecture (radiation interception coefficient, k)], the efficiency of conversion of the intercepted light into biomass [i.e. radiation use efficiency (RUE)] and the proportion of biomass partitioned into grain [harvest index (HI)], each describing broad physiological and architectural properties of the crop (Long et al., 2006) and variations in these efficiencies lead to variations in yields of crops. The higher biomass yield of groundnut compared to clusterbean during kharif season and wheat compared to mustard, chickpea, cumin and isabgol during rabi season in the present study can be explained by longer duration (greater light energy available over crop duration) and higher radiation-use efficiency (RUE) of groundnut and wheat compared to other crops during the respective seasons. This is corroborated by the reported value of RUE (0.95-2.24 g MJ-1) (Bell et al., 1993) for groundnut which is higher than the RUE (0.57-1.21 g MJ-1) for clusterbean (Khicher et al., 2012). Similarly, the value of RUE for wheat (1.5-1.7 g MJ-1) (Kemanian et al., 2004) is higher than RUE for mustard (1.30–1.43 g MJ-1) (Jha et. al., 2012). Among kharif season crops, groundnut had higher harvest index (HI) (35-40 %) compared to clusterbean (22 to 24%), and among rabi season crops, wheat had higher HI (39-43%) compared to mustard (30-35%) and chickpea (30-35%). Therefore, the differences in seed yield of crops observed in this study are possibly due to differences in biomass yield and harvest index among the studied crops.
5.2  N-uptake

Variations in N content and uptake in seed and straw were observed in different crops. Higher N uptake was recorded in groundnut compared to clusterbean during the kharif season. Increased uptake of N seems to be due to the fact that uptake of nutrient is a product of biomass accumulated by particular part and its nutrient content (Singh et al., 2011). Among the rabi season crops, chickpea recorded 8.0, 17.5, 294.1 and 415.4 percent and 1.9, 11.1, 222.7 and 373.3 percent higher N-uptake than wheat, mustard, cumin and isabgol, respectively during the 2012-13 and 2013-14 growing seasons (Table 4.13). Increase in N-uptake by chickpea crop appears to be due to the cumulative effect of increased yield of seed/grain and straw as well as increased content of N in seed and straw. As mentioned earlier, nutrient accumulation in plant is dependent on dry matter accumulation and concentration of nutrient at cellular level (Tripathi et al., 2010). The N-uptake recorded by isabgol was lower among all rabi crops. This can be attributed to the fact that the seed and straw yield as well as N concentration in seed and straw was found to be lower as compared to other rabi season crops. Further, improvement in N components on account of N application has also been reflected in higher uptake of N by the crop. These results are in line with the findings of Kumawat et al., (2014).
5.3  Economics
The cost of cultivation, gross and net return of different crops varied significantly. The highest cost of cultivation was observed in groundnut as compared to clusterbean during kharif season. This is due to variations in cultural and input requirements between crops. The higher labour, irrigation, seed and plant protection chemical cost for groundnut compared to clusterbean was responsible for higher cost of cultivation of groundnut as compared to clusterbean, which requires less labour, irrigation and plant protection chemical application. Even then, the groundnut had higher mean annual gross return ([image: image1.png]


158793 and 143021 ha-1 in 2012-13 and 2013-14, respectively) and it earned 1.5 and 2.5 times higher gross return than clusterbean during 2012-13 and 2013-14, respectively. The variations in gross return of crops are attributed to differences in yields and selling price of crops. Yield of groundnut was higher than that of clusterbean, thus mean annual gross return was observed higher in groundnut as compared to clusterbean. In the study area, mean annual net return was also higher for groundnut ([image: image2.png]


124697 and 107304 ha-1 in 2012-13 and 2013-14, respectively) and earned 42 and 184 percent higher net return than clusterbean, reflecting the differences in gross return between crops. Among rabi season crops, wheat had the highest cost of cultivation ([image: image3.png]


25544 and 27080 ha-1 in 2012-13 and 2013-14, respectively) as compared to chickpea, cumin, isabgol and mustard (Table 4.8 and Appendix III and IV). Chickpea gave maximum gross return of [image: image4.png]


67338 and 71610 ha-1 and net return of [image: image5.png]


47418 and 51390 during 2012-13 and 2013-14, respectively. The observed increase in net return of chickpea was 57.8, 10.5, 8.2 and 119.5 percent higher during the 2012-13 growing season and 25.7, 23.0, 20.9, and 53.4 percent higher during the 2013-14 growing season over wheat, mustard, cumin and isabgol, respectively. This might be explained by larger differences in cost of cultivation than gross return between chickpea, mustard, cumin and wheat. The cost of cultivation and returns of cropping systems investigated in this study reflected the cost and returns of constituent crops of particular cropping systems.
5.4  Water balance and water productivity
The amount of water applied and water loss were different among crops and cropping systems. Among kharif season crops, the highest water was used by groundnut (728.9 and 619.6 mm) as compared to clusterbean (349.2 and 264.8 mm). The reported values of water use varied from 600 to 700 mm for groundnut (Anonymous, 2012) and 425 to 654 mm for clusterbean (Singh and Deo, 1998). Among rabi season crops, the water use for wheat (498.6 and 547.2 mm) was higher than for isabgol, cumin, chickpea and mustard. The ET and deep drainage constituted 23.9 to 91.2% and 28.9 to 85.6% and 1.8 to 53.5% and 5.7 to 48.5 % share in total water applied during 2012-13 and 2013-14, respectively (Table 4.7). This presents clusterbean in kharif and chickpea and wheat in rabi season as most efficient crops in terms of productivity in Bikaner District. The differences in water productivity for different crops are due to the differences in harvest index and evaporative demands during the respective seasons. In Bikaner District, temperatures and vapour pressure deficit are high during the kharif (summer) season, which result in high evaporative demands. Consequently, the WPT, WPET and WPETQ of summer crops (Groundnut and clusterbean) are lower than those for winter crop (wheat and Chickpea). Zwart and Bastiaanssen (2004) established global benchmark values of WPET, expressed as Y/ET (kg m-3), at 1.08 for wheat. Hussain et al. (2003) gave a WPET value of 1.36 for wheat in Haryana State. In our analysis, the average WPET in Bikaner District was 0.59 for wheat. To improve the WPET for a crop, the fraction of soil evaporation E in evapotranspiration ET is important (Bouman and Tuong, 2001). 
5.5  Cropping systems

Groundnut-wheat cropping system recorded highest economic (5326 and 5698 kg ha-1) and biomass yield (13068 and 13998 kg ha-1), respectively in 2012-13 and 2013-14, over rest of the systems followed by groundnut-mustard, groundnut-isabgol, groundnut-cumin and clusterbean-chickpea whereas groundnut-cumin recorded higher biomass yield than groundnut-isabgol cropping system (8320 and 8802 kg ha-1) during both years (Table 4.6). Groundnut-wheat cropping system had 61.7 and 66.2, 60.5 and 63.5, 23.5 and 23.3 and 100.2 and 100.7 percent higher seed and 57.1 and 59.0, 57.8 and 59.2, 12.3 and 12.9 and 67.4 and 80.4 percent higher biomass yield over groundnut–cumin, groundnut–isabgol, groundnut-mustard and clusterbean-chickpea in 2012-13 and 2013-14, respectively. The differences in yields of cropping system reflected differences in yields among component crops of cropping sequences. In term of biomass yield, groundnut-wheat cropping system was most productive system and it yielded 4-40% higher biomass yield compared to other cropping systems. The higher biomass yield of groundnut-wheat cropping system may be attributed to higher biomass yield of both groundnut and wheat due to longer duration coupled with higher RUE relative to other crops in respective seasons. The higher biomass yield of systems involving wheat (groundnut –wheat) compared to the systems that involve mustard (groundnut –mustard) and chickpea (clusterbean– chickpea) might be explained by the higher biomass yield of wheat relative to mustard and chickpea. These findings are in agreement with Singh et al., (2003) who found that cotton-wheat gave higher yields than other cropping systems in Rajasthan. In present study, the groundnut-wheat cropping system recorded higher seed yield compared to other cropping system. Higher seed yield reported for groundnut-wheat cropping system could possibly be attributed to higher biomass yield and harvest index of groundnut and wheat compared to other crops in the respective seasons. The lower seed yield of clusterbean-chickpea cropping system could be attributed to lower biomass and seed yield of chickpea compared to wheat (Singh and Deo, 1998; Mayee et al., 2008).
The cost of cultivation of groundnut-wheat ([image: image6.png]


59640 and 62796 ha-1) cropping system was higher than other cropping systems due to higher cost of cultivation of groundnut and wheat compared to other crops. The cost of cultivation for system that included groundnut tended to be higher than for comparable systems that include clusterbean due to higher cost of cultivation of groundnut. The higher labour, irrigation, seed and plant protection chemical costs for groundnut compared to clusterbean was responsible for higher cost of cultivation of groundnut-based cropping systems. Groundnut-mustard cropping system gave maximum gross return of [image: image7.png]


217296 during 2012-13 while, during 2013-14 groundnut-wheat cropping system gave maximum gross return of [image: image8.png]


210997. In case of net return, groundnut-cumin cropping system recorded highest amounts in both year of the order of [image: image9.png]


168511 and 149824 ha-1 during 2012-13 and 2013-14, respectively. Groundnut-cumin cropping system had 8.9, 15.2, 0.5 and 24.7 percent higher net returns during 2012-13 and 1.1, 6.4, 0.5 and 67.9 percent higher net returns during 2013-14 over groundnut-wheat, groundnut–isabgol, groundnut-mustard and clusterbean-chickpea cropping system during 2012-13 and 2013-14, respectively (Table 4.9). 
Groundnut-based cropping system had higher water use than other systems. The highest water use was observed in groundnut-wheat cropping system and is attributed to higher water use of groundnut and wheat compared to other crops. The clusterbean-chickpea system had lower water use than other systems due to lower water use for clusterbean than groundnut considering water use efficiency in physical terms (WUEBY and WUEEY), clusterbean-chickpea was more water-use efficient system than the others considered in this study. The higher WUEBY and WUEEY values of clusterbean relative to groundnut might be responsible for higher WUE of clusterbean-chickpea compared to groundnut-based systems. The low yield of isabgol might be responsible for lowest WUEBY and WUEEY of groundnut-isabgol system (Table 4.12).
5.6 Calibration and Validation
Mechanistic models are very helpful in deciding the best management option for optimizing crop growth and yield. These models can help synthesize much of the information accumulated from the various experiments at diverse locations and provide a reliable alternative for extrapolating this information to other region of interest, with different soil-climatic characteristics (Mathews and Blackmore, 1997). In the present study, CropSyst (Cropping System Simulation) model was used for the purpose. Model calibration and parameterization is the adjustment of parameters so that simulated values compare well with the observed values. In present use, model calibration was conducted following the procedure outlined by Hu et al., (2006). For calibration of model for the different crops, observed data of GAI, seed yield, AGB, N-uptake and soil moisture content were compared with the model simulated values to determine the best crop model parameter combination. The GAI, seed yield, AGB, N-uptake and soil moisture content were very close to the observed values for groundnut and clusterbean during kharif season. On an average, the model overpredicted seed yield and biomass by only 0.3, 1.7 and 3.0, 2.2 percent of relative error of clusterbean and groundnut (Tables 4.16 and 4.19) evidently show that model provide very satisfactory estimator for GAI, seed yield, AGB yield and N-uptake for both the crops. The calibrated GAI, seed yield, AGB, N-uptake and soil moisture content agreed well with field measurements for wheat, mustard, chickpea, cumin and isabgol during rabi season. Thus, model slightly overpredicted biomass of chickpea and cumin by 2.4 and 10.2 percent of relative error (Tables 4.28 and 4.31), and underpredicted seed yield of all rabi crops (Tables 4.22, 4.25, 4.28, 4.31 and 4.34), but overall the predictions were satisfactory. For calibration of different crops, CropSyst model settings are summarise in Appendix V-VII.
After calibration of the model for groundnut, clusterbean, wheat, mustard, chickpea, cumin and isabgol during 2012-13, it was validated using the next year’s (2013-14) data. Comparison of experimental (O) and simulated (S) results with respect to GAI, seed yield, AGB, N-uptake and soil moisture content was done. Evaluation of model performance was also carried out by using different statistical tools for these comparisons for groundnut, clusterbean, wheat, mustard, chickpea, cumin and isabgol.
 Validation of CropSyst model for GAI, seed yield, AGB, N-uptake and soil moisture content showed good agreement between measured and predicted values of clusterbean and groundnut during kharif season. On average, the model overpredicted seed yield and biomass by 4.4 and 5.9, and 3.3 and 2.2 percent of relative error (Table 4.37 and 4.40). The reason for the moderate variation in yield could be attributed to a very low annual variation in measured clusterbean yield. The model-simulated values  GAI, seed yield, AGB, N-uptake and soil moisture content during the validation phase agreed well with the field-observed values for wheat, mustard, chickpea, cumin and isabgol during the rabi season. Model overpredicted seed yield and biomass of isabgol by only 7.3 and 35.8 percent of relative error (Table 4.55). Similarly, 10.9 percent overpredicted chickpea biomass while 7.3 percent underpredicted seed yield of relative error (Table 4.49). Further, underpredicted seed yield and biomass for wheat, mustard and cumin were of the order of 8.7 and 6.9, 9.3 and 6.9, 18.3 and 14.8 percent of relative error (Table 4.43, 4.46 and 4.52), respectively. Model overpredicted N-uptake for groundnut in kharif season and chickpea, cumin and isabgol in rabi season by 8.4, 11.3, 20.5 and 30.8 percent of relative error (Table 4.40, 4.49, 4.52 and 4.55), respectively. However, under-predicted N-uptake for clusterbean in kharif season and wheat and mustard in rabi season by 7.6, 11.6 and 8.8 percent of relative error (Table 4.37, 4.43 and 4.46), respectively.
The seasonal water loss (soil water evaporation + transpiration + drainage below root zone) matched reasonably well with the measured values (irrigation + rainfall) for different crops. Measured water loss ranged from 400 to 450 mm for wheat in a study by Arora et al. (1997). A close correspondence between predicted and measured water loss values under different crops suggest that the prediction of water balance components were realistic with the model and can be used for assessing water loss components in cropping systems including the intervening bare period. It is significant to note that there was net depletion of soil water storage in the longer duration crops like wheat. These results show trends and magnitudes of soil water depletion similar to field observations (Jalota et al., 1985). 
