


“INFLUENCE OF SULPHUR AND ZINC ON YIELD AND ECONOMICS OF SOYBEAN (Glycine max L)” 

ABSTRACT
[bookmark: _Hlk174676989]	An experiment entitled, “Influence of sulphur and zinc on yield and economics of soybean (Glycine max L)” was conducted during kharif, 2024 at new experimental cum demonstration field, SVIAg, SVVV, Indore. The field experiment was carried out in randomized block design with eight treatments consisted of T1 – Absolute control, T2 – RDF, T3 – Sulphur 20 kg ha-1 + Zinc 05 kg ha-1, T4 - Sulphur 20 kg ha-1 + Zinc 10 kg ha-1, T5 - Sulphur 30 kg ha-1 + Zinc 05 kg ha-1, T6 - Sulphur 30 kg ha-1 + Zinc 10 kg ha-1, T7 - Sulphur 40 kg ha-1 + Zinc 05 kg ha-1, T8 - Sulphur 40 kg ha-1 + Zinc 10 kg ha-1, and each experimental unit was replicated thrice having the gross plot size of 3.60 x 4.50 m2 and net plot 3.00 x 4.30 m2. This experiment tested the recommended soybean variety, JS 9560. 
	Higher yield contributing character such as number of pods (43.00) plant-1, pod yield plant-1 (21.82 g), and seed yield plant-1 (14.33 g), higher grain yield (19.90 q ha-1), straw yield (31.78 q ha-1) and biological yield (51.68 q ha-1), gross monetary returns (₹ 99483.20 ha-1) and net monetary return (₹ 50970.73 ha-1) and highest B:C ratio (2.05) was recorded in treatment Sulphur 40 kg ha-1 + Zinc 10 kg ha-1 than rest of the treatments and was on par with treatment Sulphur 30 kg ha-1 + Zinc 10 kg ha-1. Whereas, the minimum number of pods (25.17) plant-1, pod yield plant-1 (14.21 g), and seed yield plant-1 (9.87 g), seed yield (11.24 q ha-1), straw yield (17.96 q ha-1), and biological yield (29.20 q ha-1) was recorded under treatment absolute control.
	However, number of seeds pod-1, test weight and harvest index were found to be non-significant effect among different treatments under study. 	Comment by Priya Dubey: Abstract section seems little out of order therefore arrange it as: (i) Brief introduction; (ii)
Aim and objectives; (iii) Key and most important discussions; (iv) Conclusion and
contribution to knowledge;
INTRODUCTION
	Soybean (Glycine max L.) is an important oil-yielding crop having worldwide adaptation. It belongs to the legume family and is native to East Asia. Soybean is known as the “Golden Bean” of the twentieth century. Oil and protein rich soybeans have now been recognized all over the world as potential supplementary source of edible oil and nutrition. The oil of soybean contains 85 per cent unsaturated fatty acid and is cholesterol free. Soybean seed contains 43.2 per cent protein, 19.5 per cent fat, 20.9 per cent carbohydrate, 3 per cent lecithin which is helpful for brain development, and a good amount of other nutrients like calcium, phosphorus, iron and vitamins (Gopalan et al., 1971). It occupies the third place among oilseeds in India covering about 60,000 km2. The leading soybean growing countries are USA, Brazil, China, Argentina and India. World soybean production in 2020-21 is estimated as 353.47 million tones from a total area of 136.82 million hectares. Brazil ranks first in soybean production with 121.80 million tones followed by United States. India ranks fourth in area with 12.12 million hectares (29.94 million acres) accounting for 8.86% of world area and fifth in production with 11.23 million tonnes in 2020-21 (Anonymous, 2023). The major soybean growing states are Madhya Pradesh, Maharashtra, Rajasthan, Karnataka and Telangana. According to the second advance estimates 2022-23, government of India, soybean production is estimated at 139.75 lakhs tones compared to 129.87 lakhs tones in 2021-22. Madhya Pradesh is the main producer of soybean in India and is called the soybean capital of India. It is a multipurpose crop mostly used for extraction of edible oil, for making soya product like soya milk, soya paneer (Tofu), soya yogurt, soya ice-cream, soya butter etc. Soya flour, soya fortified foods stuffs and biscuits have good acceptability among the people because of economical and nutritional advantages. 	Comment by Priya Dubey: Introduction should include the following sections based on the structure given below:
1st paragraph: Problem statement
2nd paragraph: Current ongoing solution
3rd paragraph: Proposed solution in this work.
4th paragraph: Summarized the current research and objective of this work.
		Fertilizer applications must be balanced with the specified nutrients for attaining its potential yield. Unless soybeans are supplied with specified nutrient enter to provide enough biomass it would not yield high (Singh et al., 2006).	Sulphur is increasingly honored as the fourth major factory nutrient after nitrogen, phosphorus and potassium. Sulphur helps in chlorophyll formation, stimulating growth, seed formation and N fixation by enhancing nodule formation. It is an element of vitamins, biotin and thiamine and component of free amino acids like methionine and cysteine and essential for fusion of protein (Dhansukhodi et al., 2009). It is also called as ‘master nutrient for oilseed production (Abraham and Gupta, 2003). Sulphur is involved in the formation of vitamins and enzymes required for the plant to conduct its biochemical processes. The increased use of sulphur free fertilizers, little or no addition of sulphur fertilizers, removal of sulphur from the soil and intensive cropping systems have led to sulphur deficiencies in the soil. A widespread deficiency of sulphur in soil of crop fields has occurred in many parts of India (Jamal et al., 2005). Sulphur deficiency in the soil can not only reduce grain yield and quality of produce but also make a sharp impact in agro-based economy.  
		Micronutrients are required in relatively smaller quantities for plant growth; they are as important as macronutrients for plants. Zinc on the other hand is an essential element used by the crop in small quantities and is pivotal component of many enzymes’ requisite for plant hormone balance and Auxin activity. It plays as an activator of several enzymes in plants and is directly involved in the biosynthesis of growth substances such as auxin which produces more plant cells and more dry matter that in turn will be stored in seeds as a sink. Thus, seed yield increase is more expected. Some investigators have reported that foliar spraying with Zn could correct Zn deficiency, improve growth, yield and seed quality of Peanut found that application of Zn gave the highest seed and oil yield. In India, soil zinc deficiency is estimated to be 50 per cent (Sharma, 2008). The deficiencies were found to be even more severe (60 %) in the acidic soils of India. These deficiencies in the soil may be attributed to various climatic and soil factors such as increase in rainfall, leaching, an increase of Fe and Al oxides in the soil, slower rate of decomposition of organic matters and a high critical level of nutrient availability. 
		Therefore, understanding the role of sulphur and zinc in pulses growth becomes pertinent as such findings have significant implications for crop production and productivity, necessitating a thorough understanding and study of the interaction between sulphur and zinc in soybean plant metabolism influencing the growth, development and yield. 
MATERIALS AND METHODS
[bookmark: _Hlk173830003]	The experiment entitled “Influence of sulphur and zinc on yield and economics of soybean (Glycine max L)” was carried out at new experimental cum demonstration field, Shri Vaishnav Institute of Agriculture, Shri Vaishnav Vidyapeeth Vishwavidyalaya, Indore during Kharif 2025. The topography of experimental field was levelled and well drained. It was medium black clay in texture with low in available nitrogen (210.12 kg ha-1), medium in phosphorus (15.23 kg ha-1) and high in potassium (440.41 kg ha-1). The soil organic carbon content, pH, and EC was 0.59 %, 7.35 % and 0.72 dSm-1, respectively. The field experiment was carried out in randomized block design with eight treatments consisted of T1 – Absolute control, T2 – RDF, T3 – Sulphur 20 kg ha-1 + Zinc 05 kg ha-1, T4 - Sulphur 20 kg ha-1 + Zinc 10 kg ha-1, T5 - Sulphur 30 kg ha-1 + Zinc 05 kg ha-1, T6 - Sulphur 30 kg ha-1 + Zinc 10 kg ha-1, T7 - Sulphur 40 kg ha-1 + Zinc 05 kg ha-1, T8 - Sulphur 40 kg ha-1 + Zinc 10 kg ha-1, and each experimental unit was replicated thrice having the gross plot size of 3.60 x 4.50 m2 and net plot 3.00 x 4.30 m2. This experiment tested the recommended soybean variety, JS 9560.  The recommended dose of fertilizers (20:40:20 N, P2O5, K2O, S kg ha-1) and sulphur and zinc were applied as per the treatments. The entire dose of N, P, K, S and Zn was applied as a basal dose during sowing. The recommended cultural practices and plant protection measures were implemented as per recommendation. The crop was sown by line sowing with spacing of 30 cm x 10 cm. The seeds were treated with Rhizobium as per the treatment before sowing. The gap filling was carried out as soon as the mortality was notice after sowing to maintain the optimum plant population. Five representative plants were selected randomly from each net plot to monitor periodical growth and development stages of crop. The selected plants were fixed with wooden sticks and labelled with tags. The same plants were harvested separately for recording bio-metric observations. The standard method of analysis of variance was used for analysing the data for Randomized Block Design (Panse and Sukhatme,1985). The f test of significance was used for testing the null hypothesis and appropriate standard error of mean (SE+) for each treatment effect and where the treatment effect was significant, critical difference (C.D.) at 5 per cent probability level was worked out for testing the significance of treatment differences. 	Comment by Priya Dubey: What is the rationale behind selecting the specific application levels of sulphur (20, 30, and 40 kg ha⁻¹) and zinc (5 and 10 kg ha⁻¹) in your treatments, and how do these chosen doses correspond to the nutrient requirements of soybean under the existing soil fertility status of your experimental site? 	Comment by Priya Dubey: In your methodology, you mentioned that five representative plants were tagged per plot for biometric observations. Could you describe in detail which growth and yield parameters were measured, at what growth stages they were recorded, and how these data were later used to evaluate treatment differences in soybean performance? 
RESULT AND DISCUSSION
Yield attributes
[bookmark: _Hlk174081747]		Higher yield contributing character such as number of pods (43.00) plant-1, pod yield plant-1 (21.82 g), and seed yield plant-1 (14.33 g), was recorded in treatment Sulphur 40 kg ha-1 + Zinc 10 kg ha-1 than rest of the treatments and was on par with treatment Sulphur 30 kg ha-1 + Zinc 10 kg ha-1. Whereas, the minimum number of pods (25.17) plant-1, pod yield plant-1 (14.21 g), and seed yield plant-1 (9.87 g), was recorded under treatment absolute control.	Comment by Priya Dubey: Why did sulphur 40 kg ha⁻¹ + zinc 10 kg ha⁻¹ record the highest number of pods per plant, pod yield, and seed yield, and what physiological roles of sulphur and zinc explain this improvement compared to control? 
		However, number of seeds pod-1, test weight were found to be non-significant effect among different treatments under study.
	Significant increase in yield parameters may be attributed to the ability of zinc to produce plant growth regulators (auxins, IAA) and contributing to the formation of stamens as well as pollens. Also, channelization of photosynthates during reproductive stage might have been influenced by zinc, by way of its involvement in electron transportSulphur is a component of amino acids, which are the building blocks of protein. It’s essential for protein synthesis including pod formation and seed development. These results are similar to Dash et al., (2013), Rao et al., (2013), Ram et al., (2014), Deep et al. (2022), Singh et. al. (2017), Imsong et al., (2023).
Table 1.	Yield attributes of Soybean as influenced by different treatments
		Treatments
	Yield attributes

	
	Number of pods plant-1
	Seeds pod-1
	Pod yield (g) plant-1
	Seed yield (g) plant-1
	Test weight

	T1: Absolute control
	25.17
	1.22
	14.21
	9.87
	104.40

	T2: RDF
	31.50
	1.36
	15.46
	10.34
	108.17

	T3: Sulphur 20 kg ha-1 + Zinc 05 kg ha-1
	32.50
	1.67
	14.44
	10.83
	105.40

	T4: Sulphur 20 kg ha-1 + Zinc 10 kg ha-1
	37.37
	2.00
	19.55
	12.82
	104.53

	T5: Sulphur 30 kg ha-1 + Zinc 05 kg ha-1
	33.33
	1.07
	17.67
	11.30
	106.17

	T6: Sulphur 30 kg ha-1 + Zinc 10 kg ha-1
	39.80
	2.33
	21.02
	13.07
	107.43

	T7: Sulphur 40 kg ha-1 + Zinc 05 kg ha-1
	35.70
	2.18
	18.46
	11.60
	108.67

	T8: Sulphur 40 kg ha-1 + Zinc 10 kg ha-1
	43.00
	2.67
	21.82
	14.33
	109.33

	S. Em. +
	1.85
	0.50
	0.72
	0.55
	1.88

	CD at 5%
	5.61
	NS
	2.17
	1.67
	NS

	General mean
	34.80
	1.81
	17.83
	11.77
	106.76


Yield
		The grain, straw and biological yield of soybean was significantly influenced by different treatments. Treatment, Sulphur 40 kg ha-1 + Zinc 10 kg ha-1  recorded significantly higher grain yield (19.90 q ha-1), straw yield (31.78 q ha-1) and biological yield (51.68 q ha-1) over rest of the treatments and was on par with treatment Sulphur 30 kg ha-1 + Zinc 10 kg ha-1.  While lowest seed yield (11.24 q ha-1), straw yield (17.96 q ha-1), and biological yield (29.20 q ha-1) at harvest was observed under treatment absolute control.
	However, number of seeds pod-1, test weight and harvest index were found to be non-significant effect among different treatments under study.
		The improvement in growth might be due to the fact that application of S improves overall nutritional environment in rhizosphere by improving not only the availability of S, but it also reduced the pH, which is the principal reason for availability and mobility of nutrients specially of P, Fe, Mn and Zn. The improvement in nutritional environment ultimately resulted in better plant metabolism and photosynthetic activity improved yield components. The grain yield being the function of cumulative effect of yield attributes, increased significantly due to addition of S. Sulphur of chloroplast protein resulted in greater photosynthetic efficiency which in turn translated in terms of increase in yield. Zinc plays an important role in biosynthesis of indole acetic acid which is responsible for initiation of primordial for reproductive parts and partitioning of photosynthesis towards them which resulted in better yield. The physical characters such as the higher plant height and number of branches plant-1, which were found to contribute to the straw yield. These results are similar to Sonune et. al. (2001), Farhad et al. (2010), Hosmath et al. (2014), Bonde and Gawande (2017), Dheri et al. (2021), Imsong et al., (2023), Sindhuja et al., (2023) and Parashar et. al. (2023).
Table 2.	Seed yield (q ha-1), straw yield (q ha-1), biological yield (q ha-1) and harvest index of Soybean as influenced by different treatments

	Treatments
	Grain yield
(q ha-1)
	Straw yield
(q ha-1)
	Biological yield
(q ha-1)
	Harvest index

	T1: Absolute control
	11.24
	17.96
	29.20
	38.56

	T2: RDF
	14.03
	21.78
	35.81
	39.03

	T3: Sulphur 20 kg ha-1 + Zinc 05 kg ha-1
	14.13
	23.41
	37.55
	37.66

	T4: Sulphur 20 kg ha-1 + Zinc 10 kg ha-1
	17.18
	27.88
	45.06
	38.11

	T5: Sulphur 30 kg ha-1 + Zinc 05 kg ha-1
	15.37
	24.91
	40.28
	38.23

	T6: Sulphur 30 kg ha-1 + Zinc 10 kg ha-1
	18.23
	29.98
	48.21
	37.85

	T7: Sulphur 40 kg ha-1 + Zinc 05 kg ha-1
	16.38
	26.82
	43.20
	37.94

	T8: Sulphur 40 kg ha-1 + Zinc 10 kg ha-1
	19.90
	31.78
	51.68
	38.62

	S. Em. +
	0.88
	1.25
	1.47
	1.68

	CD at 5%
	2.67
	3.80
	4.45
	NS

	General mean
	15.81
	25.57
	41.38
	38.25


Economic Studies
		The gross monetary returns and net monetary returns of soybean was influenced significantly due to different treatments under study. The highest gross monetary returns (₹ 99483.20 ha-1) and net monetary return (₹ 50970.73 ha-1) was obtained under treatment Sulphur 40 kg ha-1 + Zinc 10 kg ha-1 and was at par with treatment, Sulphur 30 kg ha-1 + Zinc 10 kg ha-1.	Comment by Priya Dubey: Treatment sulphur 40 kg ha⁻¹ + zinc 10 kg ha⁻¹ gave the highest gross and net monetary returns, but it also had the maximum cost of cultivation. How do you justify its economic feasibility compared to sulphur 30 kg ha⁻¹ + zinc 10 kg ha⁻¹, which showed a nearly similar B:C ratio? 
		The maximum cost of cultivation (₹ 48512.47 ha-1) was registered under treatment Sulphur 40 kg ha-1 + Zinc 10 kg ha-1, while minimum cost of cultivation (₹ 33788.25 ha-1) registered under treatment absolute control.
		The highest B:C ratio (2.05) was obtained with treatment Sulphur 40 kg ha-1 + Zinc 10 kg ha-1.
		These results are in accordance with the findings of Raghuwanshi et al. (2013), Puniya et al., (2014), Ram et al. (2014), Singh et al., (2018), Gallani et al., (2021), Imsong et al., (2023) and Sindhuja et al., (2023).
Table 3.	Economics of Soybean as influenced by different treatments
	Treatments
	Gross
monetary
returns
(₹ ha-1)
	Cost of Cultivation
(₹ ha-1)

	Net monetary
returns
(₹ ha-1)
	B:C
Ratio

	T1: Absolute control
	56201.55
	33788.26
	22413.29
	1.66

	T2: RDF
	70155.04
	40274.45
	29880.59
	1.74

	T3: Sulphur 20 kg ha-1 + Zinc 05 kg ha-1
	70671.83
	41868.91
	28802.92
	1.69

	T4: Sulphur 20 kg ha-1 + Zinc 10 kg ha-1
	85917.31
	44884.83
	41032.49
	1.91

	T5: Sulphur 30 kg ha-1 + Zinc 05 kg ha-1
	76873.39
	43585.84
	33287.55
	1.76

	T6: Sulphur 30 kg ha-1 + Zinc 10 kg ha-1
	91136.95
	46438.10
	44698.85
	1.96

	T7: Sulphur 40 kg ha-1 + Zinc 05 kg ha-1
	81912.14
	45108.96
	36803.18
	1.82

	T8: Sulphur 40 kg ha-1 + Zinc 10 kg ha-1
	99483.20
	48512.47
	50970.73
	2.05

	S. Em. +
	4405.92
	--
	4405.92
	--

	CD at 5%
	13363.98
	--
	13363.98
	--

	General mean
	79043.93
	43057.72
	35986.20
	1.83


CONCLUSION
[bookmark: _Hlk202244287][bookmark: _Hlk174337595][bookmark: _Hlk202244310]		The application of Sulphur 40 kg ha-1 + Zinc 10 kg ha-1 demonstrated comparable outcomes. Consequently, this treatment resulted in higher growth, yield attributes, yield and quality parameters as compared to the remaining treatments. Hence, it is advisable to apply Sulphur 40 kg ha-1 + Zinc 10 kg ha-1 along with RDF for getting maximum yield of kharif soybean. The application of Sulphur 40 kg ha-1 + Zinc 10 kg ha-1 along with RDF proved to be more effective among different combinations for obtaining elevated gross returns, net monetary returns and benefit-cost (B:C) ratio.	Comment by Priya Dubey: The conclusion part looks too short. 
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