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 Annals of Plant and Soil Research 19(4): 413-417 (2017)  Development of fertilizer prescription equation for SRI rice-wheat cropping system under integrated plant nutrient system in Vertisols of Chhattisgarh plains   VEDHIKA SAHU, L.K. SRIVASTAVA, V.N. MISHRA, RAKESH BANWASI AND G.K. JATAV  Department of Soil Science and Agricultural Chemistry, Indira Gandhi Krishi Vishwavidyalaya, Raipur-492012, Chhattisgarh, India  Received: August, 2017; Revised accepted: October, 2017  ABSTRACT Field experiment on soil test crop response relationship in rice-wheat cropping system was conducted on Vertisol at Raipur (Chhattisgarh) during Kharif and Rabi season in 2015-16 to formulate fertilizer prescription equations for specific yield targets. Based on the experiment the nutrient requirement for producing one quintal of rice grain was 1.54 kg of N, 0.29 kg of P and 1.72 kg of K and that for wheat was 1.94kg N, 0.53 kg P and 1.94 kg K. The per cent contribution from the soil was 33.64% N, 81.86% P and 16.87% K for rice and that for wheat was 9.96% N, 45.50 % P and, 4.87% K. The contributions of fertilizer towards crop response was 39.55 % N, 28.22 % P and 97.87 %  K for rice and 29.49% N, 20.44 % P, 61.57% K for wheat. The contribution from farmyard manure was 23.30 % N, 7.69 % P and 10.73 % K for rice and 10.26% N, 5.50 % P, 4.39% K for wheat. Based on the basic parameters, fertilizer adjustment equations were evolved for rice and wheat crops to attain a definite yield goal by using FYM as organic component in INM approach.  Keywords:  STCR, Rice, Wheat, SRI, FYM, Vertisol  INTRODUCTION  Rice and wheat constitute predominant cropping system in India as both rice and wheat crop are staple food of the country. Globally, India is the second largest producer of rice and wheat which contribute 82.2% of total food grain production. India produces rice in a large quantity with a production of 104.4 million tonnes and productivity of 2367 kg ha-1 in 2015-16, grown in an area of 44.1 million hectares. Rice is grown in Chhattisgarh in an area of 37.18 lakh hectares with a production of 66.20 lakh tonnes and productivity of 1780 kg ha-1 in 2015-16. In India, wheat is grown in an area of 31.46 million hectares with a production of 92.29 million tonnes and productivity of 2933 kg ha-1 in 2015-16. Wheat is grown in Chhattisgarh in an area of 1.08 lakh hectare and 1.37 lakh tonnes. Rice-Wheat cropping system is followed in some part of Chhattisgarh as well as in India in Vertisols. Rice plants perform better when they are not flooded continuously and even better when the SRI practices are followed. Today SRI is being adopted in many states in India and the response from farmers has been overwhelming seeing the benefits of the method. Integrated  nutrient  management strategies  that include  site- specific knowledge of crop nutrient 

requirements, soil nutrient supply, and  recovery  efficiency  of applied  fertilizer,  are required  to sustain high yields and maintain  or build up soil fertility at a level that ensures maximum efficiency from nutrient inputs  (Singh et al., 2014  and  Kumar et al., 2014).  Several approaches have been used for fertilizer recommendation based on chemical soil test so as to attain maximum yield per unit of fertilizer use. Among the various approaches, the target yield approach (Ramamoorthy et al., 1967) has found popularity in India (Subba Rao and Srivastava, 2000). This method not only estimates soil test based fertilizer dose but also the level of yield the farmer can achieve with that particular dose. The basic data required for formulating fertilizer recommendation using this approach are nutrient requirement for a unit grain yield, nutrient contribution from soil i.e., nutrient supplying  capacity of soil and the nutrient contribution from fertilizer i.e., recovery efficiency of fertilizer nutrient. Quantitative fertilizer requirements based on this approach have been estimated for specific yield target of crops like rice and wheat (Ahmed et al., 2002 and Subba Rao and Srivastava, 2000). Recommendations based on Soil Test Crop Response Correlation concept are more quantitative, precise and meaningful because combined use of soil and 



  

 VEDHIKA SAHU, L.K. SRIVASTAVA, V.N. MISHRA, RAKESH BANWASI and G.K. JATAV 414  plant analysis is involved in it. It gives  a real  balance  between applied nutrients  and  the  available  nutrients  already  present  in the soil. Keeping these aspects in view and non availability of quantitative study of fertilizers requirements based on target yield for SRI rice and wheat in Chhattisgarh plains this study was conducted.  MATERIALS AND METHODS  A field experiment was conducted at the farm of Indira Gandhi Krishi Vishwavidyalaya, Raipur (Chhattisgarh) on soil test crop response correlation with SRI rice (variety Swarna) during kharif season in 2015-16 in Vertisol (fine montmorillonitic, hyperthermic, udic chromustert). Prior to conducting the actual field experiment, a fertility gradient stabilizing experiment was conducted by sowing fodder maize crop during summer to minimize the interference of other soil and management factors affecting crop yield. Experimental site was divided in to three equal long strips and denoted as L0, L1 and L2. Each strip was divided in to three equal sizes for three levels of FYM (0, 5 and 10 t ha-1) and was treated as block. A representative sample of applied FYM was analyzed for nutrient content and resulted as 0.4, 0.3, 0.8 percent N, P and K respectively. The 24 selected fertilizer treatments constituted 4 levels of each of N (0, 60, 120 and 180 kg ha-1), P2O5 (0, 40, 80 and 120 kg ha-1) and K2O (0, 40, 80 and 120 kgha-1).  These were distributed in each block of the strips having 8 treatments in each block. The fertilizer materials were used as urea, 

single superphosphate and muriate of potash for the source of N P and K, respectively. Full dose of P2O5 and K2O and 1/3rd of N were applied as basal, remaining 2/3rd of N was applied in two equal splits as top dressing at tillering and panicle initiation stages. Grain and straw samples were analyzed for N, P and K content (Jacson 1973) and total nutrient uptake was computed using grain and straw yield data. Using the data on grain yield, nutrient uptake, pre-sowing soil available nutrients and fertilizer doses applied the basic parameter, viz. nutrient requirement (kg q-1), contribution of nutrients from soil and fertilizer sources were calculated as described by Ramamoorthy et al. (1967). The contribution of nutrients from applied FYM was estimated by relating the yield with fertilizer nutrients and FYM. These parameters were used for the formulation of fertilizer adjustment equations for deriving fertilizer doses and the soil test based fertilizer prescription in the form of ready reckoners for desired yield target of rice under N, P, K alone as well as IPNS.  RESULTS AND DISCUSSION  Fertility gradient stabilizing experiment  Strip wise range and mean of soil test values for nitrogen, phosphorus and potassium are given in Table 1. After the harvest of exhaust crop soil test values for alkaline KMnO4-N, Olsen’s-P and ammonium acetate extractable-K were found in the order, L2 >L1 >L0. It indicated that L2 is richest in the soil fertility status followed by L1 and L0 with poorest fertility.  Table 1: Range and average values of available N, P and K (kg ha-1) before Kharif season, 2015 with SRI Rice and before rabi season, 2015-16 with wheat  Soil Nutrients L0 L1 L2 SD 
Alkaline KMnO4-N  (kg ha-1) 194-238 (217) 208-241 (224) 211-245 (228) 13.05 
Olsen's P 10.59-13.73 (12.26) 13.69-21.02 (17.30) 21.63-31.50 (26.12) 6.14 
Amm. acetate extractable K 442-520 (497) 444-521 (501) 450-528 (502) 24.08 
Before Rabi season, 2015-16 with Wheat (GW-273) 
Alkaline KMnO4-N (kg ha-1) 186-245 (219) 201-245 (225) 201-251 (227) 16.89 
Olsen's P 10.32-6.56 (13.53) 13.45-23.92 (18.12) 21.63-35.23 (26.33) 6.21 
Amm. acetate extractable K 443-527 (494) 392-522 (489) 443-537 (499) 28.82 

(Values in paranthesis are average) 



  

415 Fertilizer prescription for SRI rice-wheat cropping system under integrated plant nutrient system   Test crop experiment  Before taking the main complex experiment with rice during kharif 2015 and wheat in rabi, 2015-16, the soil samples from each plot were taken and analyzed for available N, P and K. The data indicate no variations in soil test N across the fertility strips in both rice and wheat season. Mean values of soil N, P and K ranged from 217 to 228, 12.26 to 26.12 and 

497 to 502 kg ha-1 in rice season, respectively. The corresponding values of N, P and K for wheat ranged from 219 to 227 kg N ha-1, 13.53 to 26.33 kg P ha-1, and 494 to 499 kg K ha-1. The level of soil P increased with respect to fertility strips from L0 to L2. The soil K status did not reflect with respect to fertility strips indicating that the soil of the experimental field is well supplied with K.  
 Table 2:  Range and mean of grain yields of SRI rice and wheat during kharif and rabi season, 2015-16 in relation to fertility strips  

Fertility Strips Grain yield  (q ha-1) SD CV (%) Minimun Maximum Average Kharif season, 2015 with SRI Rice (Swarna) L0 36.21 92.27 72.15 17.85 24.74 L1 40.48 95.57 76.55 16.31 21.31 L2 43.60 98.33 79.22 16.20 20.45 All strips 36.21 98.33 75.97 16.83 22.15 Rabi season, 2015-16 with Wheat (GW-273) L0 5.12 35.91 25.29 9.91 39.18 L1 7.85 38.80 27.88 9.81 35.20 L2 9.59 42.84 30.42 10.44 34.34 All strips 5.12 42.84 27.86 10.14 36.39  Range and mean of rice under SRI method and wheat grain yield under different strips are given in Table 2. Maximum grain yield was obtained in strip L2 (98.33 q ha-1) followed by strip L1 (95.57 q ha-1) and lowest in strip L0 (92.27 q ha-1) for rice. The corresponding values of grain yield for wheat are 42.84 q ha-1 in L2 followed by L1 (38.80 q ha-1) and lowest in strip L0 (35.91 q ha-1). It was also noticed that standard deviation (SD) level were higher in L0 strip and subsequently reduced under L1 and L2 strips. The nutrient requirement for the production of one quintal of rice grain was 1.54 Kg of N, 0.29 Kg of P and 1.72 Kg of K and 1.94 kg N, 0.53 kg P and 1.94 kg K were required for production of one quintal of wheat (Table 3). The per cent contribution from soil was 33.64% N, 81.86% P and 16.87% K for rice under SRI method and that for wheat was 9.96% N 45.50 % P, 4.87% K. The contributions of fertilizer towards crop response were 39.55 % N, 28.22 % P and 97.87 % K for rice and 29.49% N, 20.44 % P, 61.57% K for wheat. The contributions from farmyard manure were 23.30 % N, 7.69 % P and 10.73 % K for rice and 10.26% N, 5.50 % P, 4.39% K for wheat. It is well known that 2/3rd of the applied fertilizer N are lost through leaching, 

volatilization, de-nitrification and by run-off particularly in rice crop. Similarly, a large fraction of applied fertilizer P is fixed in soil by reacting with dominant cations present in the soil like Ca, Mg, Fe, Mn etc. High efficiency of applied fertilizer K observed seems to be due to higher uptake of this nutrient as soil K status was high in experimental field resulted poor response and due to luxury consumption high K uptake could be misleading the estimation of applied K efficiency hence can be treated as indefinable. The relation of rice yields with different plant nutrients as independent variables were derived by regression analysis for both rice and wheat crop to evaluate the yield variations due to various nutrients. Results indicate that the larger proportion of variation in the grain yield of rice and wheat was accounted for N alone. Application of fertilizer N and P explained the 92 % yield variation in rice and 91% yield variation in wheat. Maximum yield variations were recorded when all three major nutrients were added. Similar yield variation was recorded when FYM was also included with three major nutrients. This indicates that FYM contribution is very poor towards yield variation as the nutrient content and their release pattern may be lower in 



  

 VEDHIKA SAHU, L.K. SRIVASTAVA, V.N. MISHRA, RAKESH BANWASI and G.K. JATAV 416  Table 3: Nutrient requirement, efficiencies of fertilizers nutrients, soil nutrients and FYM for SRI rice and wheat  
Parameters SRI Rice Wheat N P K N P K Nutrient Requirement 1.54 0.29 1.72 1.94 0.53 1.94 Fertilizer Efficiency (%)Ef 39.55 28.22 97.87 29.49 20.44 61.57 Soil Test Efficiency (%) Es 33.64 81.86 16.87 9.96 45.50 4.87 FYM Efficiency (%) Eorg 23.30 7.69 10.73 10.26 5.50 4.39  rice and wheat crop. Fertilizer adjustment equations were evolved for SRI rice and wheat crop to achieve a definite yield target based on the basic parameters viz. nutrient requirement, efficiencies of fertilizer, soil test and organic source (FYM). The equations (Table 4) were evolved for SRI rice and wheat for fertilizer N, P and K.  Table 4 Fertilizer adjustment equations for SRI Rice (Swarna) S. No. Fertilizer adjustment equations for SRI rice 1 FN = 3.89Y - 0.85SN - 0.59 FYM 2 FP = 1.03 Y - 2.90 SP - 0.27 FYM 3 FK = 1.76 Y - 0.17 SK - 0.11 FYM Fertilizer adjustment equations for Wheat 1 FN = 6.57 Y - 0.33 SN - 0.34 FYM 2 FP = 2.59 Y - 2.22 SP - 0.26 FYM 3 FK = 3.15 Y - 0.079 SK - 0.07 FYM   The fertilizer requirement reduced with the use of FYM resulting in the saving of chemical fertilizer although it is a meager amount however, application of chemical fertilizer with FYM in integrated manner has beneficial by 

several ways in terms of soil fertility and physical properties improvement. It is further evident that the fertilizer requirements decreased with increase in soil test values. Therefore, a slightly lower yield target may be considered for a poor resource farmers to obtain maximum profit per unit cost spent on fertilizer, whereas, a higher yield target for a resourceful farmers who are interested for maximum potential production per hectare of land. Hence, for maintaining soil fertility, it is necessary to choose appropriate yield targets and fertilizer use practices that achieve the twin objectives of high yield and maintenance of soil fertility. Such kind of fertilizer prescription equations for different crops (rice, wheat, maize, mustard and rapeseed) have been documented by Milap-Chand et al.,(2006), Sharma and Singh (2005), Verma et al.,(2002), Srivastava et al. (2017). The fertilizer prescriptions equations were ready for determining requirement of fertilizer. These results show that the fertilizer requirement varies with the soil test values for a particular targeted yield. 
Table 5: Multiple regression prediction equations for post harvest soil test values of available N, P and K for SRI rice-wheat cropping system in 2015-16  PHSTV for Cropping System of Rice-Wheat 2015-16   R2 PHSTVN  = 54.36546-0.7396*RY + 0.787*ISTVNR+1.489*WY + 0.03912*(FN1+FN2) 0.75 PHSTVP  = 3.960856 - 0.11275*RY + 0.698629*ISTVPR + 0.236418*WY + 0.043003*(FP1 + FP2) 0.72 PHSTVK = 47.0001 + 1.16537*RY + 0.921303*ISTVPR +  2.065036*WY + 0.122575*(FK1+FK2) 0.75 Where, PHSTVN = Post harvest soil test value for nitrogen; PHSTVP = Post harvest soil test value for Phosphorus; PHSTVK = Post harvest soil test value for Potassium; RY = Rice grain yield; ISTVN = Initial soil test value of Nitrogen; ISTVP = Initial soil test value of Phosphorus; ISTVK = Initial soil test value of Potassium; WY = Wheat yield; FN = Fertilizer Nitrogen; FP = Fertilizer phosphorus; FK = Fertilizer  Potassium   Nutrient availability in the soil after the harvest of a crop is much influenced by the initial soil nutrient status, the amount of fertilizer nutrients added, crop yield and the nature of the crop raised. However, currently the monoculture is replaced by cropping system approach. Information on initial soil nutrients level is 

essential for estimation of fertilizer doses to achieve a definite yield goal. Hence, soil samples are to be taken before cropping and time constraint pose a problem of delayed crop sowing. Hence it is practical idea that nutrients level after cropping can be predicted using the relationship among the crop yield, initial nutrients 



  

417 Fertilizer prescription for SRI rice-wheat cropping system under integrated plant nutrient system  status and fertilizer applied. The prediction equations for post harvest soil test values can be used to make a fertilizer recommendation for entire cropping system. This is very useful because the soil of farmer’s fields under intensive cultivation cannot be tested for each crop/year for practical reasons. The interaction with the initial soil test values, post-harvest soil test values, fertilizer applied doses and grain yield from the treated plots for rice and wheat 
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