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  Received: May, 2017; Revised accepted: July, 2017  ABSTRACT A field experiment was conducted at Udaipur (Rajasthan) to assess the effect of integrated nutrient management on growth, quality and yield of soybean [Glycine max) during Kharif seasons of 2014 and 2015. The results revealed that the values of plant height (58.2 cm), dry matter accumulation (27.3 g), number of total and effectives nodules (34.5 and 18.6) and yield attributes viz., number of pods plant-1 (52.0), number of seeds pod-1 (3.7), seed yield plant-1 (14.8 g) test weight (113.7 g) were recorded highest with 75 % NPK + 25 % N through VC + Rhizobium + PSB.  This treatment also gave  significantly higher values of the seed yield (2.3 t ha-1), haulm yield (2.7 t ha-1) and biological yield (5.1 t ha-1), oil content (20.1 %), oil yield (476.2 kg ha-1), protein content (41.5 %),  protein yield (976.8 kg ha-1), net returns (` 71882 ha-1)) and B C ratio (2.90) than rest of the treatments. Treatment 50% NPK + 50% N through FYM gave minimum value of growth, quality, yield attributes and yield parameters as well as net returns and B C ratio.  Key words: INM, growth, yield, soybean    INTRODUCTION  Soybean [Glycine max (L.) Merrill] is one of the important oilseed crops of India. It is the third largest oilseed crop of India after rapeseed mustard and groundnut and ranks first in edible oil in world. Soybean is a miracle crop due to its excellent quality as it contains 40-42 % protein, 18-20% oil and calcium, iron and phosphorus. It is a good source of flavones, therefore it helps in preventing heart disease, cancer and HIV’s. Nowadays, the inorganic fertilizers are producing very hazardous effects on soil properties and sometimes enter in food chain and are injurious to human being. Therefore, it is essential to utilize various sources of nutrients in order to increase the production of crop by maintaining soil fertility. Integrated nutrient management (INM) has been proposed as a promising strategy for addressing such challenges. INM has multifaceted potential for the improvement of plant performance and resource efficiency while also enabling the protection of the environment and resource quality.  It may include organic manures, i.e. vermicompost, farmyard manure, green manure and other sources for sustainable agriculture. Vermicompost is highly efficient organic manure, which is made from the farm waste and involves the advantage of increase in production and improve the quality of agricultural 

produce. Vermicompost increases the value of land by increasing the NPK content, water holding capacity and productivity of land. Farmyard manure is another source of nutrients, which also helps in maintaining soil fertility and increasing the water holding capacity of soil and productivity of the soil.   Soybean, like most legumes, performs nitrogen fixation by establishing symbiotic relationship with bacteria, Rhizobium japonicum. Use of organic manures with optimum rate of fertilizers under intensive farming system increased the turnover of nutrients in the soil - plant system. The organic manures along with biofertilizers help in reducing the dose of inorganic fertilizer, which in turn reduces the cost of cultivation and help in improving the soil health. Farmyard manure is an important component of integrated nutrient management for maintaining soil fertility and yield stability. The use of organics in an integrated way render the benefits through, the maintenance or adjustment of soil fertility and plant nutrient supply at an optimum level for sustaining the desired productivity. This is achieved, through the optimization of the benefits from all possible sources of plant nutrients in an integrated manner so as to attain maximum economic yield without deleterious effect on physico-chemical and biological properties of soil. Therefore, field 



 

373  Effect of integrated nutrient management on quality and yield of soybean   experiment was conducted to study the effect of integrated nutrient management on growth and yield of soybean [Glycine max).  MATERIALS AND METHODS  The experiment was conducted at the Instructional Farm, Rajasthan College of Agriculture, Udaipur during  Kharif 2014 and 2015. The site is situated at South-Eastern part of Rajasthan at an altitude of 579.5 m above mean sea level, at 24o35’ N latitude and 74o42’ E longitude. The mean annual rainfall of the region is 637 mm, most of which is contributed by south west monsoon from July to September. Maximum and minimum temperatures ranged between 25.9 to 33.7 ºC and 7.7 to 22.4 ºC, respectively during Kharif. The soil of experimental site was sandy clay loam in texture, slightly alkaline in reaction (pH 7.9). The soil was medium in available nitrogen (281kg ha-
1), phosphorus (16 kg ha-1), high in potassium (315 kg ha-1) and DTPA extractable Fe (4.0 mg kg-1), Zn (2.1 mg kg-1), Cu (2.2 mg kg-1) and Mn (5.3 mg kg-1). The experiment was laid out in a randomized block design with four replications using soybean cultivar JS-336. Treatments were : T1,100 % NPK  (20 kg N, 40 kg P2O5 and 30 kg K2O ha-1), T2,100 % NPK + Rhizobium + PSB, T3, 75 % NPK + 25 % N through FYM, T4, 75 % NPK + 25 % N through FYM + Rhizobium + PSB, T5, 75 % NPK + 25 % N through VC, T6, 75 % NPK + 25 % N through VC + Rhizobium + PSB, T7, 50 % NPK + 50 % N through FYM, T8,  50 % NPK + 50 % N through FYM + Rhizobium + PSB, T9, 50 % NPK + 50 % N through VC, T10, 50 % NPK + 50 % N through VC + Rhizobium + PSB, T11, 50 % NPK + 25 % N through VC + 25 % N through FYM, T12, 50 % NPK + 25 % N through VC + 25 % N through FYM + Rhizobium + PSB. Doses of P2O5 (SSP) were applied before the sowing and thoroughly mixed in soil. Before sowing, soybean seeds were first inoculated with biofertilizers as per treatment. A seed rate of 80 kg ha-1 was used. The seeds were sown in opened furrows manually at a depth of 3-4 cm in rows spaced at 30 cm and plant to plant distance 10 cm apart. Fertilizers were placed beneath the seed, after placing the seed in furrows it was covered with soil for uniform germination. Vermicompost (1.25% N, 0.85% P2O5 and 1.00% K2O) and farmyard manure (0.48% N, 0.24% P2O5 and 0.45% K2O) were applied one week before 

sowing. Plant height, dry matter accumulation, number of total and effectives nodules was recorded at harvest. Yield parameters (number of pod plant-1, number of seeds pod-1, seed yield plant-1, seed yield plant-1, test weight) and seed, haulm and biological yields were recorded at harvest. Nitrogen content was determined by modified kjeldahl method (Jackson, 1973). Protein content was worked out by multiplying per cent nitrogen with factor 6.25.   RESULTS AND DISCUSSION  Growth parameter  A perusal of data (Table 1) revealed that all the growth parameters viz., plant height, dry matter, total and effectives nodules were significantly increased due to 75 % NPK + 25 % N through vermicompost + Rhizobium + PSB (T6). Application of various organic manures stimulated the plant growth, activity of soil microorganisms and higher activity of soil enzymes. The increase in plant height and accumulation of dry matter at harvest of soybean may be due to higher availability of nutrients through organic source which resulted in more synthesis of nucleic acid and amino acid, amide substances in growing region and meristematic tissue ultimately enhancing cell division and thereby increased all the growth attributes in these treatments. These results related to plant height and dry matters are in agreement with the findings of Kannan et al. (2013) in soybean and Pramanick et al. (2013) in green gram. However, all treatments having 75 and 50% NPK through chemical fertilizer and other rest of N either through FYM or vermicompost produced more number of total and effective root nodules plant-1 over 100% NPK alone. This might be due to vigorous root system and enhances microbial activity provided with FYM and vermicompost. These results are in agreement with the findings of Gajbhiye et al. (2009) in soybean and Pramanick et al. (2013) in green gram.  Yield attributes and yield  The conjoint application of organic manures and fertilizers significantly increased the yield attributes viz., number of pod plant-1, number of seed pod-1, seed yield plant-1 and test weight over 100% NPK alone (Table 1). 



 

 S.N. VERMA, MAHENDRA SHARMA and ARVIND VERMA 374 
 Table 1: Effect of integrated nutrient management on growth and yield attributes of soybean (Mean of 2 years)  

Treatments Plant height (cm) Dry matter (g plant-1) Total nodules Effective nodules No. of pod plant-1 No. of seeds pod-1 Seed yield plant-1 (g) Test weight (g) T1 54.7 24.3 26.4 14.5 48.3 3.5 14.3 108.0 T2 55.0 25.5 28.1 15.5 50.0 3.5 14.3 108.9 T3 50.4 23.0 28.0 15.4 42.2 3.2 12.2 104.7 T4 53.5 24.4 31.8 17.5 46.5 3.4 14.2 107.9 T5 57.7 26.2 34.4 18.3 51.4 3.7 14.5 112.3 T6 58.2 27.3 34.5 18.6 52.0 3.7 14.8 113.7 T7 50.0 22.8 33.2 18.1 43.0 3.1 12.0 104.6 T8 52.7 23.6 33.2 18.1 42.7 3.4 13.2 106.0 T9 51.5 23.5 33.3 18.3 43.1 3.4 12.6 104.9 T10 53.1 24.2 33.3 18.3 46.3 3.5 14.0 107.3 T11 53.0 23.8 33.3 18.3 45.0 3.5 12.8 106.6 T12 57.4 26.2 34.2 18.1 51.4 3.6 14.4 112.2 SEm ± 0.91 0.54 0.50 0.19 0.70 0.05 0.24 0.91 CD (P=0.05 2.57 1.54 1.45 0.63 1.99 0.18 0.70 2.56 Treatment detail :- 100 % NPK (T1), 100 % NPK + Rhizobium + PSB (T2), 75 % NPK + 25 % N through FYM (T3), 75 % NPK + 25 % N through FYM + Rhizobium + PSB (T4), 75 % NPK + 25 % N through VC (T5), 75 % NPK + 25 % N through VC + Rhizobium + PSB (T6), 50 % NPK + 50 % N through FYM (T7), 50 % NPK + 50 % N through FYM + Rhizobium + PSB (T8), 50 % NPK + 50 % N through VC (T9), 50 % NPK + 50 % N through VC + Rhizobium + PSB (T10), 50 % NPK + 25 % N through VC + 25 % N through FYM (T11), 50 % NPK + 25 % N through VC + 25 % N through FYM + Rhizobium + PSB (T12)  Application of 75 % NPK + 25 % N through vermicompost + Rhizobium + PSB (T6) recorded significantly higher yield attributes viz., number of pod plant-1 (52.0), number of seed pod-1, ( 3.7), seed yield plant-1 (14.8 g) and test weight (113.7 g) as compared to other treatments. The advantage of combined application of organic manures and fertilizer is quite obvious, as these provide a steady supply of nutrients leading better growth of plants. Moreover, the increased availability of P and K in addition to other plant nutrients released by the organic manures might have contributed in enhancing the yield attributes. The positive impact of availability of individual plant nutrients and humic substances from manure and balanced supplement of nitrogen through inorganic fertilizers might have induced cell division, expansion of cell wall, meristematic activity, photosynthetic efficiency and regulation of water intake into the cells, resulting in the enhancement of yield parameters. The results corroborate with the findings of Konthoujam et al. (2013).   Application of 75 % NPK + 25 % N through vermicompost + Rhizobium + PSB (T6) significantly enhanced seed, haulm and biological yield of soybean by 17.4, 16.8 and 12.0 % over 100% NPK alone as chemical fertilizer, respectively. Application of 50% NPK and 50% N through organic manures though 

positively influenced crop productivity but failed to achieve statistical significance over application of RDN through chemical fertilizer only (Table 2). The significant interactive effect as a consequence of organic manures and fertilizers application on yield attributes might be due to supply of additional plant nutrients and increased availability of native soil nutrients due to increased microbial activity. Another reason could be efficient and greater partitioning of metabolites and adequate location of nutrients to develop plant structures. FYM/VC as a source of organic matter is also known to favorably improve soil structure; increases water holding capacity and provide energy for nitrogen fixation by free living heterotrophic microorganisms. Thus marked increase in various yield components can be ascribed not only to adequate supply of assimilates/nutrients but also to their pivotal role in improving physico-chemical and biological properties of soil, thereby, enhancing root growth. The results are in close agreement with the findings of Bonde and Gawande (2017).  Quality parameter of soybean  The perusal of data (Table 2) revealed that the integrated nutrient management practices significantly influenced the oil content and oil yield in soybean. Amongst nutrient 



 

375  Effect of integrated nutrient management on quality and yield of soybean  management practices, maximum oil content (20.1, 20.2 and 20.1 %)  and oil yield (467.4, 483.2 and 476.2 kg ha-1) were noted with the application of 75 % NPK + 25 % N through vermicompost + Rhizobium + PSB (T6), which was statistically on par with 75 % NPK + 25 % N through vermicompost (T5) and significantly superior to rest of  treatments. The lowest value of oil content in soybean (18.9, 19.2 and 19.1 %) and oil yield (273.4, 284.1 and 278.8 kg ha-1) 

were recorded with 50 % NPK + 50 % N through FYM (T7). Increase in oil content might be due to the balanced nutrition of the crop. The macro and micro nutrients supplied through chemical fertilizer and organic manures helped in synthesis of fatty acids and their esterifification by accelerating biochemical reactions in glyoxalate cycle. Similar results were observed by Singh and Rai (2004) Shubhangi and Kachhave (2008) and Alam et al. (2009).  Table 2: Effect of integrated nutrient management on yields and harvest index of soybean  
Treatments Seed yield (t ha-1) 

Haulm yield (t ha-1) 
Biological yield (t ha-1) 

Harvest Index (%) 
Oil content (%) 

Oil yield (kg ha-1) 
Protein content (%) 

Protein yield (kg ha-1) 
Net returns ( ha-1) 

B C ratio 
T1 2.01 2.37 4.57 45.8 20.0 402.8 39.2 787.9 58353 2.41 T2 2.09 2.48 4.66 45.9 20.5 419.0 40.3 842.3 62474 2.67 T3 1.54 1.78 3.31 45.6 19.3 297.9 37.8 569.8 39566 1.69 T4 1.98 2.36 4.35 45.7 19.9 395.8 38.2 758.8 58104 2.47 T5 2.34 2.75 5.10 46.0 20.1 469.6 40.9 959.8 71599 2.90 T6 2.36 2.77 5.12 46.3 20.1 476.2 41.5 976.8 71882 2.90 T7 1.46 1.63 3.10 47.1 19.1 278.8 37.3 547.6 36355 1.56 T8 1.72 2.06 3.79 45.5 19.6 337.9 38.1 657.6 47443 2.02 T9 1.55 1.87 3.43 45.4 19.4 301.6 38.0 593.8 39176 1.58 T10 1.84 2.20 4.05 45.6 19.9 366.5 38.1 704.4 50949 2.05 T11 1.82 2.17 4.00 45.5 19.7 359.4 38.1 692.6 50774 2.11 T12 2.13 2.52 4.90 46.0 20.0 430.0 40.5 861.8 64024 2.73 SEm ± 0.04 0.06 0.07 0.75 0.14 8.35 0.35 14.65 1429 0.06 CD (P=0.05) 0.24 0.26 0.24 NS 0.41 36.58 0.98 41.37 4034 0.16   Integrated nutrient management practices significantly affected protein content and protein yield of soybean (Table 2). Application of 75 % NPK + 25 % N through vermicompost + Rhizobium + PSB (T6) produced seeds having significantly higher protein content (41.4, 41.5 and 41.5 per cent) and protein yield  (964.4, 989.3 and 976.8 kg ha-1)  which remained at par with the 75 % NPK + 25 % N through vermicompost (T5). The minimum value of protein content (37.3, 37.3 and 37.3 %) and protein yield (535.4, 559.7 and 547.6 kg ha-1) in soybean seed were recorded under application of 50 % NPK + 50 % N through FYM (T7). The protein content of seed increased with the increase in nitrogen levels from organic sources. This finding is closely associated with Alam et al. (2009), Sonkamble et al. (2010) and Chaturvedi et al. (2010).  Economics   Data (Table 2) indicate that soybean crop fertilized with 75 % NPK + 25 % N through vermicompost + Rhizobium +PSB (T6) fetched 

highest net return of  71882 ha-1 and B/C ratio (2.90) closely followed by 75 % NPK + 25 % N through vermicompost (T5).  Both these nutrient management practices significantly enhanced the net returns and B/C ratio over rest of the treatments. The lowest value of the net returns ( 36355 ha-1) and B/C ratio (1.56) were recorded with T7 (50% NPK +50% N through FYM) treatment. This trend in economic return is mainly due to the higher cost and treatment effect on the seed and haulm yield of soybean. Similar findings were respected by Ramesh et al. (2010), Chaturvedi et al. (2012), Konthoujam et al. (2013) and Gharpinde et al. (2014). From the study, it may be concluded that the growth and yield attributes improved significantly with the integrated use of chemical fertilizers with organic manures and biofertilizer. The seed, haulm, biological yields, net returns and B:C ratio were recorded maximum with 75% NPK + 25% N through vermicompost + Rhizobium + PSB. Thus, the objective of maximum the productivity can be furnished by a balanced use of inorganic fertilizer conjunctively with biofertilizer and organic manure. 
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