
Annals of Plant and Soil Research 19(4): 350-354 (2017)  Sulphur fertilization for increased yield of black gram and soil fertility in an Inceptisols of Assam  A. BASUMATARY*, J.J. SHANGE, D. BHATTACHARYYA, K.N. DAS AND G.G. KANDALI  Department of Soil Science, Assam Agricultural University, Jorhat-785 013, Assam  Received: August, 2017; Revised accepted: October, 2017  ABSTRACT A field experiment was conducted at Instructional-cum-Research (ICR) Farm, Assam Agricultural University, Jorhat during kharif season 2013 -15 to assess the effect of sulphur fertilization on crop yield of blackgram and soil fertility in an Inceptisol of Assam. Results revealed that application of 20 kg S ha-1resulted the highest grain and stover yield of black gram. The maximum uptake of nitrogen, phosphorus and potassium was recorded with 20 kg ha-1 while, significantly highest uptake of sulphur was recorded with 40 kg S ha-1. Maximum gross income, net income and benefit: cost ratio (2.99) was also found with 20kg S ha-1 than other level of sulphur application. Application of 20 kg S ha-1 significantly recorded the highest content of organic carbon, available nitrogen, phosphorus and potassium in soil as compared to other levels of sulphur. In respect of available sulphur and exchangeable calcium, significantly highest content was obtained with 40 kg S ha-1.  Considering the improvement of soil fertility, crop yield and economic return, application of 20 kg S ha-1 along with recommended dose of NPK was found to be superior compared to other levels of sulphur.  Key words: Sulphur, soil fertility, black gram, crop yield, nutrient uptake  INTRODUCTION             Sulphur is a proven “yield + quality nutrient”. This can be translated to real gains if adequate supply of sulphur in the soils and plants ensured. Sulphur has a key role in improving crop yield and produce quality which can only be performed in sulphur deficient areas by augmenting the supply of sulphur fertilizer. For optimum growth and production, plant tissue must contain sufficient concentrations of sulphur, only then; the plants can produce carbohydrate, proteins, oils and vitamins to their full potential. Sulphur is also known to promote nodulation in legumes and thereby enhancing the nitrogen fixation. However, the availability of sulphur needed for profitable crop production continues to decline. At present its deficiency is one of the major constraints for sustainable growth and production of several field crops. Hence, the important of sulphur is being increasingly emphasized in the recent past because of its deficiency being widely reported in different parts of India. In Assam, sulphur deficiency is becoming widespread due to continuous use of high analysis S-free fertilizers, increase in nutrient removal per hectare than addition, restricted use of organic manures coupled with its leaching due to high annual rainfall (>2000mm). In Assam, about 10.1 - 20.0, 6.7-8.3 and 26% of soils from Inceptisols,  Alfisols and 

Entisols were found deficient in available sulphur, respectively and needed sulphur fertilization for increasing crop production (Basumatari et al. 2010 and Das et al. 2011).  Response of pulses to sulphur is well known. These protein-rich legumes are considered to have a fairly high sulphur requirement, between that of cereals and oilseeds.  Black gram is one of the important pulse crops grow throughout India. Proper fertilization is essential to improve the productivity of black gram. In Assam, Pulse occupies third position in acreage and production after rice and oilseeds. Assam produces 84.4 thousand tonnes of pulses from an area of 141.2 thousand hectare with a productivity of 598kg ha-1 (Annon 2012-13) which is below the national average productivity of 694 kg ha-1 because of growing these crops in marginal and sub-marginal land under rain fed condition with almost negligible inputs and also due to high biotic and abiotic stresses. One of the reasons for lower productivity is low use of sulphur fertilization and therefore, sulphur application is necessary for enhancing productivity of black gram (Singh et al. 2017). In Assam, till now, no study has been made to evaluate the effect of sulphur application on soil fertility and yield of black gram. Considering importance and absence of information on these aspects, the present investigation is planned to 



351 Sulphur for increased yield of black gram in an inceptisols of Assam   study the effect of sulphur fertilization on soil fertility, crop yield and nutrient uptake by black gram.  MATERIALS AND METHODS  Field experiments were conducted on sandy loam soil (Typic Dystrochrepts) at the Instructional-cum-Research Farm of Assam Agricultural University, Jorhat, Assam with black gram (cv KU301) for three consecutive kharif seasons of the year 2013-15. Jorhat is situated at 26°47 ’ N latitude and 95° 50’ E longitude and at an elevation of 86.6 m above the mean sea level.  The soil of experimental field had pH 5.25, organic carbon 5.8 g kg-1, available N 376 kg ha-1, available P2O5 34.6 kg ha-1, available K2O 112.5 kg ha-1 and available S 7.8 kg ha-1. The experiment was laid out in randomised block design with four replications. The treatments consisted of five levels of sulphur (0, 10, 20, 30 and 40 kg ha-1). A basal dose of 40 kg N+ 35 kg P + 15 kg K ha-1were applied at the time of sowing through urea, diammonium phosphate and muriate of potash. Sulphur was applied at the time of final land preparation through gypsum.  Well-matured black gram plants were harvested and crop yield data were recorded. Dried grain and stover samples were digested in di-acid mixture and the aliquots were used for analysis of phosphorus content by vanadomolybdate method (Jackson 1973), potassium content by flame-photometer, calcium (versene titration method (Jackson 1973) and sulphur content by turbidimetric method (Chesnin and Yien, 1951). Nitrogen content in grain and stover was determined by modified Kjeldahl method as described by Jackson (1973) after digesting completely with concentrated sulphuric acid using digestion mixture. The 

nutrient uptake was calculated by multiplying the concentration values with respective grain and straw yield data.  Soil samples were taken after harvest of the crop and analyzed for organic carbon (Walkley and Black1934), available nitrogen by alkaline potassium permanganate method (Subbiah and Asija, 1956), available phosphorus by Bray’s I method (Bray and Kurtz 1945), available potassium by extraction with neutral normal ammonium acetate method (Jackson 1973), available sulphur by extraction with 0.15% CaCl2 (Chesnin and Yien, 1951) and exchangeable calcium by versene titration method (Jackson 1973).  RESULTS AND DISCUSSIONS  Crop yield  Grain and stover yield responded significantly to sulphur application. Results (Table 1) revealed that the highest grain and stover yield was observed with 20 kg ha-1 and found at par with 30 S kg ha-1. This increase might be due to sulphur availability resulting in better formation of nodule, nitrogenase enzyme, chlorophyll etc and thereby influencing growth and yield components of the crop which ultimately resulted in highest grain and stover yield. Singh (2017) reported that grain and stover yield of green gram increased with increasing levels of sulphur application up to 20 kg ha-1. Further, higher crop yield might be due to better availability of available nutrients in the soil and higher uptake  of nutrients which ultimately led to effective assimilate partitioning of photosynthesis  from sources to sink in post flowering stage and resulted in highest grain and stover yield.   Table 1: Effect of sulphur fertilization on crop yield of blackgram  Sulphur (kg ha-1) Grain(q ha-1) Stover(q ha-1) 2013 2014 2015 Pooled 2013 2014 2015 Pooled 0 5.38 5.30 5.28 5.50 9.54 9.00 8.55 9.03 10 8.66 7.65 7.70 8.06 11.53 11.50 10.80 11.31 20 10.40 10.50 10.14 10.16 14.90 15.00 14.28 14.73 30 9.75 10.00 9.71 9.78 14.38 14.40 13.55 14.11 40 9.00 9.00 8.95 9.03 12.25 12.56 12.52 12.44 SEm(±) 0.22 0.23 0.16 0.10 0.35 0.32 0.24 0.23 CD(P=0.05) 1.38 1.44 1.00 0.55 1.90 1.99 1.51 1.43 



 A. BASUMATARY, J.J. SHANGE, D. BHATTACHARYYA, K.N. DAS and G.G. KANDALI 352  Nutrient uptake     The application of sulphur significantly influenced the total uptake of nitrogen, phosphorus, potassium, calcium and sulphur (Table 2).It was observed that total uptake of nitrogen, phosphorus and potassium showed a significant increase up to 20 kg S ha-1. This increase in uptake might be attributed to the efficient utilization of nutrients through the well developed root system with a concomitant increase in higher yield and higher concentration of N, P and K in both grain and stover due to application of sulphur. Similar result was observed by Singh and Singh (2004) in black gram. It is explicit from the data (Table 2) that 

application of 40 kg S ha-1 recorded significantly highest uptake of sulphur over other treatments. This might be attributed to increased sulphur availability from applied sulphur with a concomitant increase in S concentration and dry matter production. Results corroborate the findings of Singh and Singh (2004). Increasing level of sulphur significantly increased the calcium uptake of the crop. Application of 40 kg S ha-1 resulted the highest uptake of calcium and found at par with 30 kg S ha-1. This increase might be due to increase addition of calcium from gypsum and well developed root system and nodules induced by S application which enhanced the uptake of calcium through young root tips.   Table 2: Effect of sulphur fertilization on total uptake of nutrients (Kg ha-1) (Pooled of 3 years)  Sulphur (kgha-1) Nitrogen Phosphorus Potassium Calcium Sulphur 0 21.86 5.64 9.10 3.40 1.18 10 33.22 8.85 12.77 5.41 3.12 20 45.62 13.25 17.79 7.61 5.00 30 43.77 12.35 17.33 8.21 5.30 40 38.80 10.66 14.73 8.44 5.62 SEm(±) 0.68 0.19 0.30 0.12 0.05 CD(P=0.05) 4.17 1.15 1.83 0.73 0.29  Economics    Economic evaluation of the treatments was done on the basis of gross return, net return and benefit: cost ratio (Table 3). From the three years trial on response of black gram to sulphur 
application, it was observed that the treatment receiving 20 kg S ha-1 registered higher gross return, net return and benefit: cost ratio than other levels of sulphur application. This might be due to higher yield in this treatment compared to other treatments.  Table 3: Effect of sulphur fertilization on economic of blackgram (mean of 3 years)  Sulphur (Kg ha-1) Cost (Rs.ha-1) Gross Return (Rs.ha-1) Net Return (Rs.ha-1) B:C ratio 0 16306 38500 22194 2.36 10 18946 57120 37054 2.96 20 24226 72450 48224 2.99 30 32146 68460 36314 2.13 40 42706 63210 20504 1.48  Soil fertility  Application of graded dose of sulphur had a significant influence on improvement of fertility status of soil (Table 4). Application of graded doses of sulphur significantly increased organic carbon content over control. Among the levels of sulphur, 20 kg S ha-1 recorded significantly highest organic content in soil. This increase might be due to addition of sulphur and NPK fertilizers resulting in improvement in root 

and shoot growth and thus higher production of biomass might have increased the organic carbon content. Similar finding have been reported by Basumatary and Talukdar (2011). Application of sulphur had a significant influence on the available nutrient status of soil. The results revealed that the highest value of available nitrogen was recorded in treatment receiving 20 kg S-1 ha over other treatments. This increase might be due to increased biological N fixation via efficient nodulation and 



353 Sulphur for increased yield of black gram in an inceptisols of Assam   stimulating activity of microorganisms leading to mineralization of nitrogen at increased organic carbon. Similar observation was also reported by Scherer et al. (2008).Similar trend was also observed in case of available phosphorus. The highest available phosphorus as observed with 20 kg S ha-1 might be due to microbial activities which hastened the mineralisation of P from native sources and mobilizing soil P in available form and thus available P increased. Moreover, gypsum decreased the activity of Al and Fe in the soil and thereby reducing the possibility of fixation of added P by these ions. Availability of phosphorus increased upto 20 kg Sha-1 beyond which its availability decreased indicating phosphorus exhibit a deleterious effect on 

sulphur. The lower availability might be ascribed to the negative interaction between the elements. A similar finding was also reported by Basumatary and Talukdar (2011). In respect of available potassium, significantly highest content was recorded in treatment receiving 20 kg S ha-1and thereafter its content decreased. This decrease might be result from the competitive exchange between calcium and potassium after gypsum application. Among treatments, the lowest content was recorded under treatment receiving 40 kg Sha-1. This might be due to displacement of potassium from the exchange complex due to higher content of calcium after application of gypsum (Favaretto et al. 2008).  Table 4: Effect of sulphur application on fertility status of soil (pooled of 3 years)  Sulphur (kg ha-1 ) Organic Carbon ( g kg-1) Available Nitrogen ( kg ha-1) Available Phosphorus (kg ha-1) Available Potassium (kg ha-1) Available Sulphur (mg kg-1) Exchangeable Calcium Cmol (p+)kg-1 0 5.6 358.55 30.10 108.50 6.67 0.90 10 6.0 394.89 33.96 112.38 11.84 1.14 20 6.5 434.90 38.67 115.10 13.35 1.35 30 6.2 423.53 36.25 110.55 14.95 1.50 40 6.1 417.61 35.15 107.20 16.77 1.66 SEm(±) 0.03 0.963 0.369 0.279 0.220 0.022 CD(p=0.05) 0.20 5.937 2.271 1.717 1.350 0.135  Available sulphur was increased significantly with increasing level of sulphur addition. Among the levels, application of 40 kg Sha-1 recorded significantly the highest content after harvest. This increase might be due to increasing amount of added sulphur through gypsum. The data further revealed that application of sulphur fertilizer resulted in an improvement of 3.99 to 8.92 mg kg -1of sulphur over initial value while it was depleted under control. This improvement might be due to relatively less absorption of sulphur by crop than its supply while depletion might be due to removal of sulphur from soil by crop. The result is corroborating with the findings of Kumar et al. (2011). Application of sulphur had a significant influence on the exchangeable calcium status of soil (Table 4).Exchangeable calcium content in soil increased significantly with increasing levels of sulphur. After gypsum application, there was a 

sharp increase in soil solution calcium content causing the displacement of Al of the soil exchange complex (Favaretto et al.2008). Most of calcium released from gypsum applied was held by negatively charged sites on the soil surface and increased accumulation of calcium in soil. Thus, it appeared that graded doses of sulphur application enhanced the content of exchangeable calcium in soil. Liu and Hue (2001) reported that surface application of gypsum significantly increased exchangeable Ca throughout the profile.   From the present investigation, it could be inferred that application of 20 kg S ha-1 through gypsum augments yield of black gram and improved organic carbon and available nitrogen, phosphorus and potassium status of soil. However, available sulphur and calcium content in soil significantly increased with application of 40 kg S ha-1 through gypsum.  
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