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“kks/k lkjka”k 

dchj/kke ftys ds oVhZlkWy ¼dUgkj e`nk½ esa lks;kchu dh mit ij lYQj vkSj cksjku dk izHkko 

orZeku ijh{k.k ds ckn Qly dh eǹk ij lks;kchu vkSj miyC/k iks’kd rRoksa dh fLFkfr ds 

vk/kkj ij lks;kchu dh c<+okj vkSj iSnkokj] u=tu] LQqj] iksVk”k] lYQj vkSj cksjku izHkko ij] 

lYQj vkSj cksjku ds iz;ksx ds izHkko dks fu/kkZfjr djus ds fy;s fd;k x;k FkkA lYQj iz;ksx ds 

pkj LRkj 0] 15] 30] vkSj 45 fdyksxzke  izfr gsDVs;j rFkk cksjku iz;ksx ds pkj LRkj 0] 0-5] 1-0 

vkSj 1-5 fdyksxzke izfr gsDVs;j FkkA lks;kchu dh mit xq.koDrk vkSj iSnkokj vyx&vyx lYQj 

LRkjksa ls izHkkfor Fkk vkSj vf/kdre mit ¼21-04 fdyksxzke izfr gsDVs;j cht mit vkSj 22-55 

fdyks izfr gsDVs;j iqvky½ 30 fdyks lYQj ds lkFk ik;k x;kA tcfd ;g mit ¼19-67 fdyksxzke 

cht mit izfr gsDVs;j vkSj 22-20 fdyks izfr gsDVs;j iqvky½ 45 fdyksxzke lYQj ds djhc ik;k 

x;k FkkA ysfdu ;g nksuksa iz;ksx lakf[;dh; :Ik ls leku FksA  

cksjku LRkj ds chp] vf/kdre lks;kchu mit izkIr djus ds fy;s vU; LRkjksa esa ls 1-0 

fdyksxzke cksjku lcls vf/kd csgrj FkkA lYQj ,oa cksjku ds iz;ksx ls lks;kchu ds }kjk iks’kd 

rRoksa dk mnxzg.k esa vf/kd o`f) gqbZA vf/kdre u=tu] LQqj] iksVk”k] lYQj] vkSj cksjku dk 

mnxzg.k ¼Øe”k% 197-03] 10-17] 39-61] 8-35 fdyksxzke izfr gsDVs;j vkSj 98-71 xzke izfr gsDVs;j½ 

30 fdyksxzke izfr gsDVs;j lYQj ds lkFk ik;k x;kA ,u ih ds lYQj vkSj cksjku dk vf/kdre 

mnxzg.k ¼Øe”k% 131-51] 9-10] 36-85] 7-74 fdyksxzke izfr gsDVs;j vkSj 89-38 xzke izfr gsDVs;j½ 1-

0 fdyksxzke cksjku ds lkFk ik;k x;kA Qly dVkbZ ds ckn feV~Vh esa miyC/k u=tu] LQwj] 

iksVk”k] 30 fdyksxzke lYQj vkSj 1-0 fdyksxzke cksjku izfr gsDVs;j ds iz;ksx ds lkFk vf/kdre 

ik;k x;kA 

gkaykafd] miyC/k lYQj ogkW T;knk ik;k x;k tgkW ij vf/kd lYQj dk vf/kd LRkj 

c<+k;k x;k Fkk ¼45 fdyksxzke lYQj izfr gsDVs;j½ vkSj blh rjg miyC/k cksjku dh ek=k Hkh 

vf/kd Lrj ij ik;k x;k ¼1-5 fdyksxzke cksjku izfr gsDVs;j½A lYQj vkSj cksjku LRkj dk 

fo”ys’k.k ds nkSjku fofHkUu ekin.Mksa ij dksbZ egRoiw.kZ izHkko ugha iM+kA   
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CHAPTER- I 

INTRODUCTION 

 
Soybean designated as „miracle bean‟ has established its potential as an 

industrially vital and viable oilseed crop in many areas of India. It is a cheapest 

source of vegetable oil and protein. It contains about 40% protein, well balanced in 

essential amino acids, 20% oil rich with poly unsaturated fatty acids specially 

Omega 6 and Omega 3 fatty acids, 6-7% total mineral, 5-6% - area of 12.2 m ha, 

with production potential of 11.95 million tonnes and average productivity of 

979.3 kg ha
-1

 (Anon., 2013a). The productivity of soybean is less in India as 

compared to world average (2484.1 kg ha
-1

). Global area and production of 

soybean is 111.27 m ha and 276.4 million tonnes respectively (Anon., 2013b). The 

major soybean producing states in India are Madhya Pradesh, Maharashtra, 

Rajasthan, Andhra Pradesh and Karnataka (Anon., 2013). 

The imbalanced and inadequate nutrition is found to be one of the major 

limiting factors for its poor yield. Among the major nutrients, sulphur is found to 

be quite important now a day in many soybean-growing areas. It is the 13th most 

abundant element in the earth crust with an average concentration of 0.06%. It is 

now considered as the 4th major plant nutrient after nitrogen (N), phosphorous (P) 

and potassium (K) (Patel et al., 2013a). Sulphur is an important part of every living 

cell, required for the formation of chlorophyll and for the activity of ATP-

sulphurylase (the enzyme involved in sulphur metabolism). It is involved in several 

important physiological functions in soybean including oil synthesis and acts as 

precursor for many amino acids, namely cysteine (26%S), cystine (27%S) and 

methionine (21%S) which act as building blocks for the synthesis of protein (Patel 

et al., 2013b). The yield attributing characters of crops were greatly affected by 

sulphur application (Choudhary et al., 2014).   

As soybean is rich in both oil and protein, the requirement of sulphur is 

quite high. Over the years due to intensive cultivation and use of sulphur free 

fertilizers, the deficiency of sulphur has begun to appear and it is slowly becoming 

a major constraint for realizing higher yield in soybean. Sulphur deficiencies are 
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now widespread in Indian soil and reports of more areas found deficient in S are 

coming in regularly. In the early 1990s, S deficiencies in Indian soils were 

estimated to occur in about 130 districts (Tandon, 1991). Recently, soil fertility 

survey by the Indian Council of Agricultural Research (ICAR) based on the 

analysis of 47,000 soil samples have shown S deficiencies to be a widespread 

problem. Besides sulphur, boron is another element, which is highly important in 

the physiological functions in soybean. Boron‟s widespread role within the plant 

includes cell wall synthesis, sugar transport, cell division, differentiation, 

membrane functioning, root elongation, and regulation of plant hormone levels 

(Pilbam and Kirkby, 1983; Romheld and Marschner, 1991; Marschner, 1995). 

Sulphur play an outstanding role in formation of Sulphur containing 

compounds is concerned. Important role of Sulphur in plant metabolism which 

involved in synthesis of glucosides and proteins that promotes nodule formation, 

chlorophyll and oil. The increase in seed yield of soybean by S treatment can be 

related to increase in growth and yield characteristics (plant height, pods plant
-1

 

etc.) as well as stimulatory effect of applied S in the synthesis of chloroplast 

protein resulting in greater photosynthetic activity by the crop, which in turn 

increased the yield (Biswas and Tewatia, 1992). In addition, S has an important 

role in improving soil reaction. When added into the soil, sulphur is converted to 

sulphuric acid by sulphur-oxidizing micro-organisms and lowers soil pH (locally) 

resulting in stabilized nutrient elements. 

Boron is one of the essential plant nutrients. Boron having a marked effect 

on plant from the stand point of both nutrition as well as toxicity (Das, 2003). The 

range between the level of soil boron resulting in deficiency and that causing 

toxicity in plant is relatively small. The critical limit of boron in plant refers to a 

level at or below which plant either develops deficiency symptoms or causes 

statistically significant or 5 to 10% reduction in crop yield as compared to 

optimum (Debnath and Ghosh, 2011). 

Boron has particularly attended an important position in intensive 

agriculture. Boron is required for the proper development of growing tips, phloem 

and xylem. Boron helps in germination and growth of pollen grains and also 

development of pollen-tube thus facilitating fertilization in plant and grain yield 
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(Shankhe et al., 2004). Boron regulates the transport of sugars through plant cell 

membranes, the rate of cell development, cell division, and the synthesis of 

proteins. Deficiency symptoms of the plant are first noticed at the terminal growing 

points: new leaves, flower buds, stem tips. 

In Chhattisgarh, agriculture is mainly based on rainwater; therefore most of 

the crops are grown as rainfed in kharif season. Soybean occupies 1.52 lac hectares 

in Chhattisgarh with a productivity of 11.54 q ha
-1

. More acreage of soybean in 

Chhattisgarh state is in plain area namely Durg, Bemetara, Rajnandgaon, Mungeli 

and Kabirdham districts. In Kabirdham district soybean is grown in 44.25 thousand 

hectare area with a productivity of 12.10 q ha
-1

. Though the soybean productivity 

of the district is higher than the average productivity of Chhattisgarh state, there is 

still scope of productivity enhancement. Productivity can be enhanced by growing 

improved varieties and by following proper agronomic and nutrient management 

practices. Among the fertilizer elements, sulphur requirement of oilseed crops is 

quite high as compared to other crops (Das and Das, 1994). Oil seed crops respond 

to liberal application of sulphur. Sulphur is involved in the synthesis of fatty acids 

and also increases protein quality through the synthesis of certain amino acids such 

as cystine, cystein and methionine (Havlin et al., 1999). It is increasingly being 

recognized as the fourth major plant nutrient after nitrogen, phosphorus and 

potassium. Boron is an essential micronutrient for plants. Among micro-nutrients, 

boron has found a wider use for agronomic and horticultural crops. Boron is 

associated with calcium utilization, cell division, flowering and fruiting, water 

relations, and protein synthesis (Berger, 1949; Malewar et al., 2001). The fertility 

status of soils has been declining continuously due to non-judicious use of 

chemical fertilizers and intensive cropping without proper replenishment of 

nutrients and organic matter. Consequently, in addition to N, P and K deficiencies, 

deficiencies of some other nutrients such as S, Zn and B are being observed in 

many parts of the country (Vaiyapuri et al., 2010). Many research works have been 

done on the effect of N, P and K fertilizers on the yield of soybean crop. But, a few 

works have been carried out on the effect of sulphur and boron on yield of 

soybean, although it has been experimentally proved in different parts of the 
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country as well as in many parts of the world that sulphur is much essential to 

increase the production of soybean. 

In view of this, it may be worthwhile to evaluate the “Influence of 

Sulphur and Boron on yield of Soybean (Glycine max) in Vertisols of Kabirdham 

District” with the following objectives: 

1. To determine the effect of Sulphur and Boron application on growth and 

yield of Soybean. 

2. To determine the effect of Sulphur and Boron application on uptake of 

Nitrogen, Phosphorus, Potassium, Sulphur and Boron by soybean. 
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CHAPTER-II 

REVIEW OF LITERATURE 
 

This chapter deals review of various experimental finding of different 

research workers covering important aspects on effect of Influence of Sulphur and 

Boron on yield of Soybean (Glycine max) in Vertisols of Kabirdham District (C.G.) 

are presented under following heads. 

           2.1 To determine the effect of Sulphur and Boron application on growth and 

yield of Soybean.  

           2.2 To determine the effect of Sulphur and Boron application on uptake of 

Nitrogen, Phosphorus, Potassium, Sulphur and Boron by soybean. 

2.1 To determine the effect of Sulphur and Boron application on 

      growth and yield of Soybean 

 
Aulakh et al. (1990) observed that the combined application of P and S 

shows a synergistic effect up to 35 kg P ha
-1

 and 40 kg S ha
-1

. The balanced P-S 

fertilization resulted in maximum seed yield and enhanced the process of protein 

and oil synthesis. 

Abbes et al. (1992) conducted an experiment in greenhouse and field trials 

found that the highest dry matter and pod weight were obtained with the combined 

application of 120 kg S and 90 kg N ha
-1

 to Soybean crop. 

Sharma et al. (1992) observed that the highest average pod yield was 

obtained with application of gypsum (2.97 t ha
-1

) followed by FeSO4 (2.81 t ha
-1

) 

in groundnut. 

Mahapatra and Jee (1992) observed that application of S @ 20 kg ha
-1

 

resulted in significantly higher seed yield, seed siliquae
-1

, siliquae plant
-1

 as 

compared with those of other lower levels. The seed yields with S application @ 

20 and 25 kg ha
-1

 were at par. Oil and protein contents were also influenced 

favourably by S application upto 20 kg ha
-1

. 



6 
 

 
 

Sreemannarayana and Sreenivasa Raju (1993) reported that application of 

60 kg S ha
-1

 to sunflower gave highest seed yield (1.48 t ha
-1

) and soil available S 

Increased with increasing S application and crop age. The S utilization at maturity 

stage decreased with increased S fertilization up to 60 kg S ha
-1

. Further, they 

observed that on the Alfisols, dry matter yield increased up to 60 kg S ha
-1

, whereas 

26 on the Vertisols, the increase in yield was recorded only up to 40 kg S ha
-1

. 

Rerkasem et al. (1997) investigated the relationship of seed B concentration 

to seed germination, seedling normality, and plant growth of soybean (Glycine 

max) sown in soil with a range of B levels. Increasing soil B had no effect on 

germination but decreased the percentage of abnormal seedlings by one third. Seed 

with 10 mg B kg
-1

 germinated as well as seed with 14 or 20 mg B ha
-1

, but when 

sown on a low B soil, 80% of the seedlings were abnormal compared with 50 and 

20%, respectively. Increasing soil B almost eliminated the incidence of seedling 

abnormality when seed contained 10 - 20 mg B ha
-1

. When grown to maturity on 

the lowest soil B, plants from seed with 10 mg B ha
-1

 produced less than half the 

seed yield of plants from seed with 14 or 20 mg B ha
-1

. They had fewer pods per 

plant and fewer seeds per pod. They responded strongly to increasing soil B, so 

that in soil with higher B levels, plants from seed with 10, 14 or 20 mg B ha
-1

 gave 

the same yield. 

Jaggi and Sharma (1999) conducted a pot experiment to study the response 

of S applied @ 0, 30 and 60 ppm in raya using 13 different soils of Kangra district 

of Himachal Pradesh and found a consistent significant increase in dry matter 

yield, S uptake and a decrease in flowering period (advanced maturity) with 30 and 

60 application. Advancement in maturity by 2-4, and 4-11 days was recorded with 

application of 30 and 60 ppm sulphur, respectively.  

Mohanti et al. (2000) evaluated the effects of different levels of S (0, 10, 20 

and 30 kg ha
-1

) and B (0 and 0.002% at pre-flowering or pre-podding) on 

soyabean. S at 30 kg ha
-1

 recorded the highest values for these parameters. B and 

its interaction with S had no significant effect. Net realization per investment was 

highest with S at 20 kg ha
-1

 (1.18), followed by S at 30 kg ha
-1

 (1.09). 

Singh et al. (2003) determined the optimum level of S (0, 20, 40 and 60 kg 

ha
-1

) and B (0, 0.5, 1.0 and 2.0 kg ha
-1

) for soybean grown in an acidic upland soil. 
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The stover yields of soybean were significantly influenced by graded levels of S and 

B application. The crop yield increased more due to S compared to B application. 

The S x B treatment revealed that maximum seed yield was obtained with 60 kg S + 

2.0 kg B ha
-1

. 

Biswas et al. (2003) studied the growth and yield of soybean in relation to 

different levels of added sulphur and molybdenum. The results indicated that 

single and combined effect of different levels of sulphur and molybdenum had 

significant effect on growth and yield of soybean. Biological yield attributes viz., 

leaf area; leaf chlorophyll and total sugar content of soybean leaf were also 

significantly affected by the application of different levels of sulphur and 

molybdenum. The highest number of effective pod plant
-1

, pod length, grain and 

stover yield and harvest index were found by the application of 12 kg S ha
-1

. The 

maximum number of effective pod plant
-1

,
 

grain and stover yield and harvest index 

were obtained by the application of 2 kg Mo ha
-1

 

and the lowest from the control. 

Yadav et al. (2004) studied on the effect of varying levels of sulphur (S0, 

S20, S40 and S60 kg ha
-1

) as gypsum and source of bio-fertilizer @ 200 g/10 kg of 

seed inoculated B1 (Azotobacter) on yield of mustard crop and soil properties. The 

grain yield (q ha
-1

) was significantly increased by the application of both sulphur 

and source of biofertilizer. The maximum yield was obtained by the sulphur 

application @ 40 kg ha
-1

 and by the source of biofertilizer (B1) @ Azotobacter/10 

kg seed inoculate. The interaction between sulphur and biofertilizer was significant 

and the maximum increase in yield was obtained by applied sulphur @ 40 kg ha
-1

 

at biofertilizer (B0B1) 0 and 200 g Azototobacter/10 kg seed inoculate.  

Hosmath et al. (2006) initialled a field experiment ant found that the soil 

was deficient in sulphur (<10 mg ha
-1

). Further they observed the soybean seed 

yield was significantly increased with the application of sulphur @ 20 kg ha
-1

 

(2534 kg ha
-1

) compared to sulphur levels; 30 kg ha
-1

  (2494 kg ha
-1

), 40 kg ha
-1

  

(2376 kg ha
-1

) and 10 kg ha
-1

  (2226 kg ha
-1

). 

Sounda et al. (2006) evaluated the effects of S and B fertilization on yield, 

quality and nutrient uptake by soybean crop under upland condition and found that 

the highest yield and yield attributes were obtained with the application of sulphur 

@ 30 kg S ha
-1

 and 1.5 kg B ha
-1

. S and B uptake as well as protein and oil 
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contents of soybean grain were significantly influenced by sulphur and boron 

fertilization. The B:C ratio was highest with the application of 30 kg S ha
-1

  and 1.5 

kg B ha
-1

. The overall results suggested that application of S @ 30 kg ha
-1

 and B @ 

1.5 kg ha
-1

 proved to be the best for producing high yield of good quality grain of 

soybean. 

Vyas, Rupendra & Khandwe (2008) studied the effect of sulphur and boron 

levels on physiological parameters, productivity, soil fertility and economics of 

soybean under rainfed conditions. Progressive increase in sulphur and boron levels 

increased crop growth rate, total chlorophyll content, pods per plant and seed yield. 

But significant response of sulphur application was obtained up to 20 kg ha
-1

 and it 

gave CGR (10.94 g/m2/day), total chlorophyll content (2.55 mg/g/fresh weight), 

number of pods per plant (24.19), harvest index (42.91%), and seed yield (2059 kg 

ha
-1

), being 33.74, 13.33, 9.35, 4.92 and 12.14 per cent higher, and respectively over  

the control. The crop responded up to 0.5 kg boron ha
-1

 which increased the pods per 

plant by 7.04 and seed yield by 6.33 per cent over non application of boron. CGR and 

total chlorophyll content were found significantly superior at 1.5 kg B ha
-1

. The 

uptake of sulphur in seed (6.82 kg ha
-1

) and straw (4.8 kg ha
-1

) was significantly 

higher up to 10 kg S ha
-1

. The significant higher value of oil was obtained at 10 kg S 

ha
-1

  and 0.5 kg B ha
-1

 whereas, protein was significantly higher at 30 kg S ha
-1

 and 

2.0 kg B ha
-1

. The interaction effect between sulphur and boron in all the parameters 

was not significant. 

Vaiyapuri et al. (2008) studied the effect of sulphur and boron fertilization 

on yield, uptake of sulphur, boron and protein content of soybean. The results of the 

experiments revealed that sulphur and boron uptake of grains showed a significant 

variation due to the application of different levels of sulphur and boron. The highest 

S and B uptake, yield and protein content were found with application of sulphur @ 

30 kg ha
-1

 and boron @ 1.0 kg ha
-1

. 

Singh et al. (2008) studied the effect of sulphur and boron fertilization on 

yield attributes and yield of soybean and observed The results of the experiments 

revealed that application of 30 kg S ha
-1

 recorded better yield attributes viz., 

branches plant
-1

, pods plant
-1

, seeds pod
-1

 and 100-seed weight and higher yield than 

the other treatments. Similarly, application of boron at 1.0 kg ha
-1

 recorded better 
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yield attributes and higher yield of grain and straw. 

Layek et al. (2008) studied the effect of levels of sulphur (S) and boron (B) 

individually and in combination on the performance of soybean. There was 

significant effect of levels of S and B on the performance of soybean. Application of 

S upto 30 kg recorded significantly higher growth parameters viz. plant height
-1

, 

number of branches, leaf area index etc. and yield attributes viz. number of pods 

plant
-1

, seed pod
-1

, seed index etc. and yield of soybean as compared to lower levels 

of S Similarly application of B @ 1.0 kg recorded significantly higher growth 

parameters. Further increase in the levels of S and B did not improve the parameters 

significantly. The combined application of 30 kg S and 1.0 kg B too recorded 

significant interaction effect on many of the growth and yield attributes and yield of 

soybean. 

Meena (2008) conducted a field experiment during kharif on Vertisols to find 

out the effect of different levels of sulphur (0, 10, 20, 30 and 40 kg ha
-1

) and boron 

(0.0, 0.5, 1.0, 1.5 and 2.0 kg ha
-1

) on productivity, quality and profitability of 

soybean. And found that soybean responded significantly to the application of 

sulphur (S) and boron (B). Among the S levels, 30 kg per ha increased the number 

of branches plant
-1

, pods plant
-1

 and seeds pod
-1

 by 29, 23.9 and 11.6 per cent 

respectively and produced 16.1 per cent higher seed yield (1588 kg ha
-1

) over the 

control. In case of different levels of B an increase in growth i.e., number of 

branches plant
-1

 and major yield components viz., pods plant
-1

 and seeds pods
-1 

were 

recorded along with higher seed and biological yield with the application of 1.0 kg 

B ha
-1

  as compared to control. Suggested that application of 30 kg S ha
-1

 and 1 kg B 

ha
-1

 found suitable for obtaining higher productivity and quality of soybean with 

higher profitability under south-eastern plain zone of Rajasthan. 

Fahmina et al. (2009) evaluated the effect of P and S and their interaction on 

the growth and yield of soybean (Glycine max L.) and results showed that Individual 

application of different levels of phosphorus and sulphur showed significant effect 

on yield and yield attributes. The plant height, number of primary branch plant
-1

, 

number of leaves plant
-1

, stover yield increased significantly up to 50 kg P ha
-1

. On 

the other hand, numbers of pods plant
-1

, number of seeds plant
-1

, thousand seed 

weight, grain yield, biological yield increased significantly up to 30 P2O5 per kg ha
-
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1
. However, in case of S, the positive response was observed only upto 20 kg S ha

-1
. 

The combined application of phosphorus @ 30 kg P ha
-1

 and sulphur @ 20 kg S ha
-1

 

gave rise to the highest number of pods plant
-1

, number of seeds plant
-1

, thousand 

seed weight, and in turn produced highest grain yield. Thus, the combined 

application of 30 kg P ha
-1

 and 20 kg Sulphur ha
-1

 may be considered to be optimum 

for getting higher yield of soybean. 

Farhad et al. (2009) studied the role of potassium and sulphur on the growth, 

yield and oil content of soybean and found that sulphur fertilizer had significant 

effect on yield and yield attributes of soybean. Application of sulphur @ 20 kg ha
-1

 

produced the highest plant height, seed yield. Combined application of Potassium @ 

40 kg ha
-1

 and sulphur @ 20 kg ha
-1

 resulted the highest seed yield, plant height, 

1000-seed weight, straw yield, protein and oil contents of soybean. On the other 

hand, in all the cases the lower response was found from the control treatment. 

Kumar and Sidhu (2010) conducted greenhouse experiment with soybean 

grown on sulphur (S) and boron (B) deficient calcareous soil to observed the 

influence of increasing sulphur and boron levels on yield and its attributing 

characters at different growth stages The highest dry matter yield at 55 days after 

sowing, DAS (19.3 g pot
-1

) and maturity (straw yield 25.2 g pot
-1 

and grain yield 

7.3 g pot
-1

) was recorded with B 0.44, S 13.4 treatment combination. The combined 

applications of sulphur and boron yielded highest oil content with B 0.44, S 13.4 

(21.7%) treatment level. Chlorophyll „a‟ and „b‟ increased significantly with 

successive levels of sulphur and boron addition at 55 DAS. 

Tahir et al. (2012) evaluates the production potential of soybean (Glycine 

max L.) in response to boron and found that the application of boron @ 2 kg ha
-1

 

significantly increased plant height, number of pods plant
-1

, number of pods 

bearing branches, thousand seed weight, grain yield, biological yield, harvest index 

and protein content while maximum oil contents were obtained when 8 kg ha
-1

 

boron was used which was statistically at par with treatment 2 kg ha
-1

. While 

maximum net income was also obtained by application of boron at 2 kg ha
-1

 under 

agro ecological conditions of Pakistan. 

Choudhary et al. (2012) investigated S and Zn application effects on 

soybean (Glycine max L.) yield, yield attributing traits and quality parameters. The 
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results revealed that all these mentioned parameters were significantly affected by 

the addition of sulphur and zinc doses. Highest grain yield 14.59 and 14.25 g pot
-1

 

were obtained when S (40 ppm) and Zn (5 ppm) were applied individually. The 

highest yield and the yield attributes viz; plant height, branches plant
-1

, capsule 

plant-
1
, grains capsule

-1
, 100-grain weight were also obtained for the treatment 

combination of 40 ppm S and 5 ppm Zn.  

Jeena Mathew and Sumam George (2013) reported that the effect of 

sulphur (S) and boron (B) on the productivity of sesame (Sesamum indicum L.) in 

an Entisol of Kerala. And found that S and B acted synergistically in enhancing the 

biometric characters, root characters, yield and yield attributes of sesame, and 

nutrient uptake by grain and straw. The available nutrient status was also 

significantly improved by the application of these nutrients. 

Ram et al. (2014) studied the response of soybean (Glycine max L. Merrill) 

to different levels of sulphur and boron. The highest grain yield, protein, oil 

content, gross and net returns of soybean were recorded with 40 kg S ha
-1

, which 

were statistically at par with 30 kg S ha
-1

 but significantly higher than other levels 

of sulphur. The productivity in 40 kg S ha
-1

 was enhanced 61.9% over the absolute 

control. The boron level of 1.5 kg ha
-1

 recorded the highest grain yield, gross and 

net returns, being statistically at par with 1.0 kg B ha
-1

 but significantly higher than 

0.5 kg B ha
-1

. 

  

2.2 To determine the effect of Sulphur and Boron application on 

uptake of Nitrogen, Phosphorus, Potassium, Sulphur and 

Boron by soybean 

 
Swarup et al. (2001) estimated S uptake by various crops was computed 

to be 133,186 tonnes. Four crops accounted for 82% of total S uptake were 

Soybean 32 (29.4%), wheat (28.9%), chickpea (15.4%) and mustard (8.3%). 

Singh (2003) found that the stover yields of soybean were significantly 

influenced by graded levels of S and B application. The total S and B uptake by 

crop increased significantly with increased levels of up to 60 kg S + 2.0 kg B ha
-1

. 

The total S uptake at 0 and 60 kg S ha
-1

 was 10.27 and 16.72 kg ha
-1

, respectively, 

whereas total B uptake at 0 and 2.0 kg B ha
-1

 was 98.58 and 198.72 kg ha
-1

, 

respectively.  
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Brar et al. (2006) studied that S uptake by the mustard-green gram system 

in 33 Punjab was 31.7 kg S ha
-1

 
-year

 without S application. When mustard in the 

system received 45 kg S ha
-1

, total S uptake was 56.1 kg ha
-1

 corresponding to a 

yield level of 1572 kg mustard seed and 766 kg green gram ha
-1

. This legume-

crucifer system absorbed 24 kg S per tonne seed production. Gupta and Jain (2006) 

reported that for one tonne seed production, S uptake was19.2 kg by mustard and 

5.6 kg by pearl millet. 

Ismail et al. (2009) evaluated the interaction effect of sulphur and boron 

on yield, nutrient uptake and nutrient availability in soil after harvest of the crop. 

The results clearly indicated that application of sulphur as well as boron in their 

graded doses increased the grain and dry matter yield of soybean, uptake of N, P, S 

and B in soil significantly after harvest of crop. The enhancement in these 

parameters were recorded with combined effect of sulphur upto 60 kg S ha
-1

  and 

that of boron to the tune of 20 kg borax ha
-1

 application levels indicating their 

sufficient need for a crop like soybean. 

Choudhary et al. (2012) investigated S and Zn application effects on 

soybean (Glycine max L.) yield, yield attributing traits and quality parameters. The 

experiment comprised four levels of sulphur and zinc. The results revealed that all 

these mentioned parameters were significantly affected by the addition of sulphur 

and zinc doses. Highest grain yield were obtained when S (40 ppm) and Zn (5 

ppm) were applied individually. On the other hand content and uptake of Zn 

increased up to 40 ppm S and thereafter decreases at 60 ppm S level. Contents of S 

increased with increase in S doses up to 60 ppm. However the values at 40 and 60 

ppm were statistically at par. Zinc content increased up to 20 ppm S and thereafter 

decreased. 

Ram et al. (2014) studied the response of soybean (Glycine max L. 

Merrill) to different levels of sulphur and boron application. The highest S and B 

uptake were recorded in 40 kg S ha
-1

 and 1.5 kg B ha
-1

 respectively. 
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CHAPTER – III 

METHODS AND MATERIALS 

 
A field experiment was conducted at Krishi Vigyan Kendra, Kawardha 

farm; Kabirdham (C.G.) to study the “Influence of Sulphur and Boron on yield of 

Soybean (Glycine max) in Vertisols of Kabirdham District” was carried out during 

kharif season 2014. Details of the materials used and the experimental techniques 

adopted during the course of study are described in this chapter. 

3.1 Location and experimental site 

The experiment was conducted at KVK, Kawardha farm, Kabirdham 

(C.G.). District Kabirdham extends in 4447.05 Sq km areas between 21°32' to 

22°28' North latitude and 80°48' to 81°48' east longitude. The central east and 

southern part of the district is plain, whereas the northen and western part is 

mountainous. Mainly Black, Kanhar and Dorsa soil is found in the district, in 

which Nitrogen, Phosphorus, Potash and Sulphur is available in medium quantity, 

whereas Zinc and Sulphur elements lack. 

3.2 Climate and weather condition 

The district enjoys a subtropical climate characterized by hot summer and 

monsoon rainfall followed by dry and cold winter season. The normal average 

rainfall of the district is 1270 mm. The annual temperature varies from 42.2% 

(summer) to 11°C (winter). The relative humidity varies from 86% (rainy season) 

to 36% (winter). 

3.3 Soil characteristic 

In order to determine the mechanical and chemical composition of experimental 

plot, soil samples were collected randomly from the experimental site up to 20 cm 

depth with the help of soil auger. A composite sample was drawn from mixed 

representative samples by dividing repeatedly till the amount of representative 

samples remain about 250 gm and then it was used for analysis. The detailed 

physico-chemical properties of the soil are presented in Table 3.1 
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Table 3.1: Physico-chemical properties of soil 

S.No.  Soil Properties  Values  

1  Mechanical composition   

 Sand (%)  21.4 

 Silt (%) 28.2 

 Clay (%) 50.4 

2 CEC (cmol(p+)/kg) 41.5 

3  Electrical conductivity (dSm-1)  0.49 

4  Organic Carbon (%)  0.47  

5  Available N (kg/ha)  225.45 

6  Available P (kg/ha) 9.6 

7  Available K (kg/ha) 474 

8  Available S (kg/ha) 22.15 

9  Available B (mg/ha) 0.88 

 

3.4  Cropping season 

 The field experiment was conducted during kharif season 2014. 

3.5 Test crop 

Soybean cultivar 'JS-335' was the test crop for experiment. This cultivar has 

a general height of 40-55 cm with erect branches. It flowers in about 45 DAS and 

takes 90 to 100 days to mature. The yield potential is 18-22 quintals ha
-1

. The seed 

size is moderate, yellow in colour and contains 42 to 44% protein and 20-21% oil, 

early maturity, good germination, resistance to major diseases and pest. It is 

tolerant to stem fly, suitable for early sowing under rainfed and irrigated 

conditions, suitable for double cropping suitable for shallow light to moderately & 

heavy deep black soil.  

3.6 Experimental details: 

 

Crop : Soybean 

Variety : JS-335 

Design of experiment : 
Randomized complete block design 

(with Factorial arrangement) 

Number of treatments : 16 

Number of replications : 03 

plot size : 5 m × 3 m = 15 m
2
 

Spacing : 30 cm x 10 cm 

Date of sowing : 04-07-2014 
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Table 3.2: Treatment details: 

T1- S1B1 

T2- S1B2 

T3- S1B3 

T4- S1B4 

T5- S2B1 

T6- S2B2 

T7- S2B3 

T8- S2B4 

T9- S3B1 

T10- S3B2 

T11- S3B3 

T12- S3B4 

T13- S4B1 

T14- S4B2 

T15- S4B3 

T16- S4B4 

                          Where; 

          S1 = 0 kg S/ha,    S2 = 15 kg S/ha,   S3 = 30 kg S/ha,    S4 = 45 kg S/ha 

                      B1 = 0 kg B/ha,   B2 = 0.5 kg B/ha, B3 = 1.0 kg B/ha,   B4 = 1.5 kg B/ha         

 

Fertilizer sources Content Method of apllication 

Urea 46%  N Basal 

DAP 18%  N, & 46%  P2O5 Basal 

MOP 60%  K2O Basal 

Benonite sulphur 90%  Sulphur Basal 

Boric acid 17%  Boron Basal 
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3.7 Field preparation 

 The preparatory tillage operation was given to the experimental field by 

ploughing with tractor drawn cultivator followed by harrowing and breaking clods 

with rotavater. The set of sixteen treatments were imposed on same layout and 

replicated third, thus making a total of 48 plots. Allotment of the each treatment 

was done by restricted randomization. 

3.8 Fertilizer application 

Recommended dose of nitrogen, phosphorus and potassium @ 25:60:30 kg 

ha
-1

 through Urea (46% N), DAP (18% N and 46% P2O5) and muriate of potash 

(60% K2O), respectively were uniformly applied as basal to each plot. Sulphur was 

applied through bentonite sulphur powder (field grade) @ 0, 15, 30 and 45 kg ha
-1

 

as basal. Boron was applied through boric acid (17.0% B) @ 0, 0.5, 1.0, and 1.5 kg 

ha
-1 

as basal. 

3.9 Sowing 

The crop was sown on July 4
nd

, 2014 by hand dibbling the seeds into line 

@ 75 kg ha
-1

. The row x plant distance was kept 30 x 10 cm. 

3.10 Harvesting 

Harvesting was done manually from net plot area when the seed became 

hard and leaves turned yellow in colour. The plants were left in plot for five days 

to dry in the sun. The crop was harvested on 12
th

, Oct. 2014 at maturity stage. Pod 

and seed yield were recorded separately in each treatment plot wise. 

3.11 Threshing and winnowing 

Threshing of produce of each net plot was done manually by beating with 

wooden stick and after manual winnowing seed yield plot
-1

 was noted. Stover yield 

was worked out after subtracting the seed yield from bundle weight. 

3.12  Observation 

The experimental observations on crop and weeds are presented under the 

following heads. 
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3.12.1 Studies on crop 

For study of Influence of Sulphur and Boron on yield of Soybean, several 

observations were recorded on the growth parameters and yield attributing 

characters of crop. For recording pre-harvest and post-harvest observations, five 

plants were randomly selected from each plot and tagged. 

3.12.1.1 Pre-harvest studies 

3.12.1.1.1 Plant height (cm) 

Height of five tagged plants in each plot was recorded in cm at harvest and 

then average was worked out and used for statistical analysis. Height was 

measured in centimetre from ground surface to the tip of main stem.  

3.12.1.2 Post-harvest studies 

3.12.1.2.1 Number of pods plant
-1

 

To study the influence of different treatment on pod formation in soybean 

crop, total number of pods was recorded from five randomly tagged plants and 

mean was worked out by dividing the total number of pods by five and used for 

statistical analysis. 

3.12.1.2.2   100-seed weight (g) 

Randomly seed samples were taken from each net plot. 100 healthy seeds 

from the produce of each plot were counted and same were oven dried till constant 

weight and then weight was recorded in gram accurately by using an electronic 

digital balance. 

3.12.1.2.3 Seed yield (q ha
-1

) 

Seed yield of the net plot was noted down, after threshing, winnowing and 

drying then calculated in quintal ha
-1 

with appropriate multiplication factor. 

3.12.1.2.4 Stover yield (q ha
-1

) 

The harvested produce from each net plot was tied in bundles separately. 

Stover yield of plot was calculated after subtraction of seed yield from bundle 

weight.  Bundle weight was recorded with the help of spring balance and converted 

into quintal ha
-1

. 
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3.12.1.2.5 Harvest Index (HI %) 

The harvest index was determined by using the formula given by Donald (1962). 

                                     Economic yield 

Harvest index (%) =                                  × 100 

                                    Biological yield 

Where, 

 Economic yield =   Seed yield 

             Biological yield = Seed yield + Stover yield 

3.13 Soil and Plant analysis 

3.13.1 Soil analysis 

3.13.1.1 pH
 

Soil pH was determined by glass electrode pH meter, taking 1:2.5 soil 

water suspension after stirring it for 30 minutes and measured by a pH meter as 

described by Jackson (1967). 

3.13.1.2 Electrical Conductivity (EC) 

The sample used for pH determination was allowed to stand overnight and 

conductivity of the supernatant liquid was determined by Conductivity meter as 

described by Jackson (1967). 

 3.13.1.3 Cation Exchange Capacity (CEC) 

The cation exchange capacity was determined by leaching the soil with 

neutral normal ammonium acetate as described by Black (1965). 

3.13.1.4 Organic carbon  

Organic carbon was determined by Walkley and Black‟s rapid titration 

method (1934) as described by Piper (1967). 

3.13.1.5 Available Nitrogen 

 Available N was determined by alkaline permanganate method of Subbiah 

and Asija (1956). 
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3.13.1.6 Available Phosphorus  

 The available phosphorus content of the soil was determined by Olsen‟s 

method (Olsen et al., 1954). 

3.13.1.7 Available Potassium 

 Available K was determined by Flame-photometer method (Chapman and 

Pratt, 1961).  

3.13.1.8 Available Sulphur 

Available Sulphur in soil was determined by the CaCl2.H2O (0.15% 

Solution) by turbidemetric method (Williams and Steinbergs, 1959). 

Reagents: 

1. 0.15 % calcium chloride solution: Dissolve 1.5 g of calcium chloride     

dehydrated (CaCl2.2H2O) in about 500 ml of distilled water and make the 

volume to 1L. 

2. Barium chloride crystals: Grind BaCl2 (AR grade) crystals pass through 

a 30 mesh sieve and retain on a 60 mesh sieve, and store in a clean bottle. 

3. Gum acacia solution: Dissolve 0.25 g of Gum acacia in distilled water 

and dilute to 100 ml. 

Procedure: 

10 g of air-dry soil was taken in a 150 ml conical flask anded add 50 ml of 

0.15% CaCl2 solution. Shaken for 30 minutes on a rotary shaker and filter through 

Whatman No. 42 filter paper. Take 10 ml of the clean filtrate was taken in a 25 ml 

volumetric flask, added 1 ml of 0.25 % gum acacia solution, made up the volume 

with distilled water and shaken well manually, added 1 gm of BaCal2 crystal each 

flask and swirled to dissolve the crystals within 5-30 minutes of development 

turbidity (white colour), read the absorbance 440 nm through spectrophotometer. 

3.13.1.9 Available Boron  

 Available boron in soil was determined by the Azomethine –H (John et al. 

1975). 
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Reagents: 

1. Buffer solution: Dissolve 250 g of ammonium acetate and was dissolved 15 

g of EDTA (disodium salt) in 400 ml of distilled water, slowly add 125 ml 

of glacial acetic acid and mix thoroughly. 

2. Azomethine –H reagent: Dissolve 0.45 g of azomethine- H in 100 ml of 1% 

L – Ascorbic acid solution. Store in polypropylene bottle in a refrigerator. 

Prepare fresh solution every week. 

3. Activated charcoal. 

Procedure : 

20 g of air -dry (20 –30 mesh) soil sample was taken in 250 ml quartz or 

other boron –free conical flask and added 40 ml of distilled water. Further 0.5 g 

activated charcoal and boiled for 5 minutes on a hot plate, filtered immediately 

through whatman No. 42 filter paper. Cool the contents to room temperature and 

transferred 1 ml aliquot in 10 or 15 ml polypropylene tubes. Added 2 ml of buffer 

solution and mix. Added 2 ml of azomethene –H reagent, mixed and after 30 

minutes read the absorbance at 420 nm on a spectrophotometer. 

3.13.2 Plant analysis 

 Plant and seed sample dried at 550
0
 C in an oven for 24 hours and were 

grinded and used for analysis. 

3.13.2.1 Nitrogen content 

 Nitrogen content in digested grain and plant samples were determined by 

using Micro-kjeldahl method as described by Chapman and Pratt (1961). 

3.13.2.2 Phosphorus content 

 Phosphorus content of digested grain and plant samples was estimated by 

development of Vanadomolybdo-phosphoric acid yellow colour method using 

double beam spectrophotometer at wavelength (Jackson, 1967). 

3.13.2.3 Potassium content 

 Potassium content was determined by flame photometer method, as 

described by Chapman and Pratt (1961). 

3.13.2.4 Sulphur content 

 Sulphur by turbidimetric method (Chesnin and Yien, 1950), 
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3.13.2.5 Boron content 

 Boron was determined by the azomethine-H method of John et al, (1975) 

3.13.2.6 Nutrient uptake 

 Macro (N, P, and K), secondary nutrient (S) & micro nutrient (B) uptake in 

seed & stover yields were computed by multiplying their respective nutrient 

contents with yields using of following formula: 

Nutrient uptake (kg/ha) in seed    = Concentration (%) x straw yield (q ha
-1

) 

Nutrient uptake (kg/ha) in stover = Concentration (%) x straw yield (q ha
-1

) 

3.14 Statistical analysis 

The experiment was laid out in randomized complete block design with 

factorial arrangement. The data obtained on various characters under study were 

analysed statistically by using the method of analysis of variance for randomized 

complete block design and significance was tested by Gomez and Gomez, 1984. 
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 CHAPTER-IV 

RESULTS AND DISCUSSION   

 
A field experiment was conducted during Kharif season of 2014 at farm 

of Krishi Vigyan Kendra Kawardha, district Kabhirdham (C.G.) to study the 

“Influence of Sulphur and Boron on yield of Soybean (Glycine max) in Vertisols of 

Kabirdham District” 

The data recorded on various growth parameters, yield attributing 

characters, soil and plant analyses, nutrient uptake, available nutrient status on post 

harvest soil etc. are briefly discussed in this chapter under following heads and sub 

heads. 

4.1 Growth and Yield Parameters 

4.1.1 Plant Height (cm) 

The data on plant height of soybean is presented in Table 4.1 which ranged 

from 35.43 cm to 43.90 cm. Irrespective of the boron level, application of sulphur 

significantly affected plant height and maximum height (42.89 cm) was observed 

with application of 45 kg S ha
-1

 followed by 30 kg S ha
-1

 (41.63 cm) and 15 kg S 

ha
-1

 (39.18 cm).  However, plant height with application of 15 kg S ha
-1

 (39.18 cm) 

did not differ significantly with control (37.05 cm) where no sulphur was applied 

(0 kg S ha
-1

) and both were statistically at par.  

 Plant height with application of 0, 0.5, 1.0 and 1.5 kg B ha
-1

 were 38.03, 

40.99, 40.75 and 40.98 cm respectively and were statistically at par.  

Maximum plant height (43.90 cm) was observed in the treatment T16 

(S45B1.5) and minimum (35.43 cm) in control where no sulphur and boron were 

applied i.e. T1 (S0B0).  Interaction effect between sulphur and boron level was 

found to be non-significant. 

4.1.2 Number of Pods Plant
-1

 

The data presented in Table 4.1 clearly indicated that number of pods plant
-

1
 significantly varied due to application of different sulphur levels. Number of pods 

plant
-1

 ranged from 42.00 to 50.04. Minimum number was associated 0 kg S ha
-1
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which was increased with increasing level of sulphur and maximum number was 

observed with 45 kg S ha
-1

.  

 Maximum number of pods plant
-1

 (47.17) was recorded due to application 

of 1.5 kg B ha
-1

 followed by 1.0 kg B ha
-1

 (46.92), 0.5 kg B ha
-1

 (46.75) and 

minimum number with 0 kg B ha
-1

 (44.33). However, number of pods plant
-1

 under 

different boron levels did not differ significantly.  

 Interaction of sulphur and boron level did not have any significant effect 

on the number of pods plant
-1

 and maximum (50.04) and minimum (42.00) value 

were associated with T16 (S45B1.5) and T1 (S0B0) respectively.  

4.1.3  100 Seed Weight (g) 

 Different level of sulphur had significant effect on 100 seed weight (Table 

4.1). The highest weight of 100 seed (12.32 g) was found with 30 kg S ha
-1

 and the 

lowest 100 seed weight (10.55 g) was found with
 
0 kg S ha

-1

.  100 seed weight 

with application of 30 kg S ha
-1 

and 45 kg S ha
-1 

(11.79 g) were found to be 

statistically at par with each other but significantly higher than that of 15 kg S ha
-1  

(11.47 g)  and 0 kg S ha
-1 

(10.55 g) 

 Irrespective of the sulphur level, boron level had significant effect on 100 

seed weight. 100 seed weight of soybean was increased with increase in boron 

level up to 1.0 kg B ha
-1 

and beyond this level 100 seed weight was decreased. 100 

seed weight with 0 kg B ha
-1

, 0.5 kg B ha
-1

, 1.0 kg B ha
-1 

and 1.5 kg B ha
-1

 were 

10.41, 11.53, 12.25 and 11.94 respectively.  

  Interaction of sulphur and boron level did not have any significant effect 

on 100 seed weight. Highest 100 seed weight (12.92 g) was observed with T11 

(S30B1.0) and lowest 100 seed weight (10.31 g) was recorded in T1 (S0B0). 

4.1.4 Seed Yield (q ha
-1

) 

 The data pertaining to seed yield of soybean ranged from 13.72 to 21.83 q 

ha
-1

 (Table 4.1).  Significant difference was observed in respect of seed yield with 

different sulphur level at 5 % level of probability.  The highest seed yield (21.04 q 

ha
-1

) was obtained with 30 kg S ha
-1

. The second highest yield (19.67 q ha
-1

) was 
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obtained from 45 kg S ha
-1

. The lowest one 14.15 q ha
-1 

was associated with 0 kg S 

ha
-1

.   

Seed yield of soybean was significantly influenced by boron level. Table 

4.1 showed that seed yield was significantly higher (18.82 q ha
-1

) with 1.0 kg B ha
-

1

followed by 1.5 kg B ha
-1

 (18.71 q ha
-1

) and 0.5 kg B ha
-1

  (18.23 q ha
-1

) whereas 

the lowest seed yield (16.02 q ha
-1

) was obtained from 0 kg B ha
-1

.   

  The highest seed yield (21.83 q ha
-1

) was recorded with T11 (S30B1.0) 

and the lowest one (13.72 q ha
-1

) with T1 (0 kg B ha
-1 

and 0 kg S ha
-1

). But 

interaction effect between sulphur and boron level was found to be non-significant.  

4.1.5 Stover Yield (q ha
-1

) 

   It is obvious from the table 4.1 that sulphur level had significant influence 

on the stover yield of soybean. The highest stover yield of 22.55 q ha
-1 

was 

recorded with 30 kg S ha
-1

 and the lowest one (16.29 q ha
-1

) was found with 0 kg S 

ha
-1

.  

Boron level showed significant influence on stover yield of soybean. The 

stover yield was more (21.05q ha
-1

) with 1.0 kg B ha
-1 

as compared to the stover 

yield of 20.88 and 20.06 q ha
-1

which was associated with 1.5 and 0.5  kg B ha
-1 

respectively and lowest stover yield (17.94 q ha
-1

)  was obtained from 0 kg B ha
-1

.  

              The stover yield of soybean did not vary significantly by the interaction 

effect of sulphur and boron level.  

4.1.6 Harvest Index (%) 

   To study the partitioning behaviour of seed and rest of the vegetative 

biomass of the plant influenced by different combinations of sulphur and boron 

under study, harvest index values for treatments were calculated and presented in 

Table 4.1. 

   Highest harvest index (48.25 %) was recorded with 30 kg S ha
-1

 followed 

by 15 kg S ha
-1

 (47.24 %) and 45 kg S ha
-1

 (46.97 %) and lowest harvest index 

(46.42 %) with 0 kg S ha
-1 

but the differences were non-significant.   
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Among boron level the highest value of harvest index (47.49 %) was 

recorded with 0.5 kg B ha
-1

.   

 Interaction of sulphur and boron level did not affected harvest index of 

soybean and  highest harvest index 48.94 % was observed with T
10

 (S
30

B
0.5

 ) and it 

was 
 
statistically identical at par with harvest index of T1 (0 kg S ha

-1

 and 0 kg B 

ha
-1

).  

Among the fertilizer elements sulphur requirement of oilseed crops is quite 

high as compared to other crops (Das and Das, 1994). The above results are in 

conformity with the results of Joshi and Billore (1998) who reported a gradual 

increase in the yield attributes of soybean with increasing levels of sulphur. 

Chaubey et al. (2000) observed that numbers of primary branches, pods per plant, 

plant height and 100 kernel weight of groundnut were significantly higher by the 

application of sulphur. Allam (2002) reported that application of sulphur fertilizer 

increased yield between 20% and 42% in field experiments. Increased grain yield 

due to increased levels of sulphur might be due to improvement in yield 

components like umber of pods plant
-1

, higher seed index etc. These finding were 

also supported by Mahale et al. (1985), Das (1993), Halepyati (2001), Singaravel et 

al. (2006). 

With increased supply of sulphur, the process of tissue differentiation from 

somatic to reproductive, meristematic activity and development might have 

increased, resulting in increase in number and size of leaves (Mengel and Kirkby, 

1987). As in soybean, sink lies in leaves, when supply of sulphur is optimum, 

greater translocation of photosynthates occur from leaves to the site, i.e. seed 

(Mengel and Kirkby, 1987). The sum total effect will be higher seed yield. The 

results confirm the findings of Kumar et al. (1992) and Sarkar et al. (2002). 

Tripathy et al. (1999) also conclusively suggested that application of boron 

increased pods per plant in groundnut. 

Results are in accordance with that of Singh et al. (2003), who documented 

that crop yields, in general, have been promoted by regular application of boron. 

Chowdhury et al. (2000) also reported that seed yield of cowpea increased 

significantly with the increase in boron application. 
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Table 4.1 : Effect of sulphur and boron on growth, yield attributes and yield 

of soybean 

Treatment Plant 

height 

(cm) 

Pods plant
-1

 

(No.) 

100 seed 

weight 

(g) 

Seed 

yield    

(q ha
-1

) 

Stover yield 

(q ha
-1

) 

Harvest 

Index (%) 

T
1
- S

0
B

0
 35.43 42.00 10.31 13.72 15.57 46.51 

T
2
- S

0
B

0.5
 38.57 44.67 10.34 13.77 15.98 46.30 

T
3
- S

0
B

1.0
 37.13 43.00 10.73 14.52 16.96 46.16 

T
4
- S

0
B

1.5
 36.03 45.00 10.80 14.60 16.64 46.73 

T
5
- S

15
B

0
 36.47 44.33 10.45 13.90 16.56 46.03 

T
6
- S

15
B

0.5
 38.90 44.00 10.57 16.66 18.49 47.39 

T
7
- S

15
B

1.0
 41.97 45.67 12.46 18.12 20.02 47.47 

T
8
- S

15
B

1.5
 40.43 44.67 12.39 18.96 20.48 48.08 

T
9
- S

30
B

0
 39.43 45.33 10.34 19.78 21.04 48.47 

T
10

- S
30

B
0.5

 43.13 48.33 13.66 21.75 22.66 48.94 

T
11

- S
30

B
1.0

 40.40 49.33 12.92 21.83 23.26 48.32 

T
12

- S
30

B
1.5

 43.57 49.00 12.36 20.81 23.25 47.25 

T
13

- S
45

B
0
 40.80 45.67 10.54 16.68 18.59 47.27 

T
14

- S
45

B
0.5

 43.37 50.00 11.56 20.73 23.10 47.33 

T
15

- S
45

B
1.0

 43.50 49.67 12.87 20.82 23.96 46.38 

T
16

- S
45

B
1.5

 43.90 50.04 12.20 20.47 23.15 46.89 

S levels        

(kg ha
-1

) 
      

0 37.05 43.67 10.55 14.15 16.29 46.42 

15 39.18 44.67 11.47 16.91 18.89 47.24 

30 41.63 48.00 12.32 21.04 22.55 48.25 

45 42.89 48.83 11.79 19.67 22.20 46.97 

B levels        

(kg ha
-1

) 
      

0 38.03 44.33 10.41 16.02 17.94 47.07 

0.5 40.99 46.75 11.53 18.23 20.06 47.49 

1.0 40.75 46.92 12.25 18.82 21.05 47.08 

1.5 40.98 47.17 11.94 18.71 20.88 47.24 

SEm±       

S levels 0.90 0.93 0.43 0.74 0.78 0.58 

B levels 

(S x B) 

Interaction 

0.90 

1.80 

0.93 

1.86 

0.43 

0.86 

0.74 

1.47 

0.78 

1.55 

0.58 

1.17 

CD (P=0.05)       

S levels 2.59 2.69 1.24 2.13 2.24 NS 

B levels 

(S x B) 

Interaction 

NS 

NS 

NS 

NS 

1.24 

NS 

2.13 

NS 

2.24 

NS 

NS 

NS 
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Fig.4.1 :Effect of sulphur and boron on growth, yield attributes 

and yield of soybean 
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4.2 Effect of sulphur and boron on nutrient content of soybean 

4.2.1 Nitrogen Content (%) 

Data on nitrogen content has been presented in Table 4.2 Maximum 

nitrogen content (5.81% in grain and 1.10 % in stover) was observed with 

application of 30 kg S ha
-1

whereas the minimum nitrogen content (5.67% in grain 

and 1.03 % in stover) with 0 kg S ha
-1

. 

 Table 4.2 showed that nitrogen content in seed and stover was 

comparatively higher (5.75 % and 1.10% respectively) with 1.5 and 1 kg B ha
-1

 

respectively over other boron levels.  

  The highest nitrogen content in seed (5.89 %) and stover (1.08 %) was 

found with T
9
 (S

30
B

0
) and T

10
 (S

30
B

0.5
) respectively and minimum (5.59 in seed 

and 0.99 in stover) in T
1
 (S

0
B

0
).   

Sulphur level, boron level and interaction between sulphur and boron level 

was found to have no significant effect on nitrogen content. 

4.2.2 Phosphorus Content (%) 

  It is evident from the Table 4.2 that phosphorus content in seed of soybean 

ranged from 0.31 to 0.34 % and in stover from 0.115 to 0.147 %.  Sulphur and 

boron levels and their interactions did not have any significant effect on 

phosphorus content in seed and stover of soybean. 

4.2.3 Potassium Content (%) 

Table 4.2 clearly indicated that the potassium content in stover was 

comparatively higher than potassium content in seed. Maximum  potassium 

content (0.57% in seed and 1.22 % in stover) was observed with application of 30 

kg S ha
-1

.  

Application of 1 kg B ha
-1

 resulted in maximum potassium content in seed 

(0.58%) and stover (1.22 %).   

  Sulphur level, boron level and interaction between sulphur and boron level 

did not produce significant variation in potassium content of soybean seed and 

stover. 
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Table 4.2 Effect of sulphur and boron application on nutrient content in seed 

and stover of soybean 

 

Treatment N content 

(%) 

P content 

(%) 

K content 

(%) 

S content 

(%) 

B content 

 (mg kg
-1

) 

 Seed stover Seed stover Seed stover Seed stover Seed stover 

T
1
- S

0
B

0
 5.59 0.99 0.32 0.115 0.52 1.16 0.28 0.08 31.66 10.42 

T
2
- S

0
B

0.5
 5.74 1.05 0.32 0.126 0.55 1.21 0.28 0.09 35.54 9.54 

T
3
- S

0
B

1.0
 5.67 1.05 0.33 0.133 0.55 1.17 0.30 0.09 34.69 10.95 

T
4
- S

0
B

1.5
 5.68 1.02 0.32 0.127 0.54 1.20 0.32 0.09 32.78 10.91 

T
5
- S

15
B

0
 5.56 1.01 0.31 0.123 0.48 1.18 0.29 0.08 34.49 10.34 

T
6
- S

15
B

0.5
 5.67 1.02 0.32 0.126 0.51 1.18 0.31 0.09 34.32 12.00 

T
7
- S

15
B

1.0
 5.80 1.11 0.33 0.135 0.62 1.25 0.31 0.09 34.05 11.13 

T
8
- S

15
B

1.5
 5.73 1.07 0.33 0.123 0.55 1.17 0.29 0.09 36.05 9.79 

T
9
- S

30
B

0
 5.89 1.07 0.34 0.134 0.58 1.18 0.29 0.08 34.35 10.58 

T
10

- S
30

B
0.5

 5.78 1.08 0.34 0.127 0.53 1.25 0.29 0.09 33.27 9.87 

T
11

- S
30

B
1.0

 5.72 1.15 0.34 0.127 0.60 1.25 0.32 0.09 35.78 10.97 

T
12

- S
30

B
1.5

 5.83 1.11 0.34 0.147 0.57 1.21 0.32 0.09 37.06 12.31 

T
13

- S
45

B
0
 5.76 1.01 0.31 0.135 0.54 1.22 0.31 0.08 32.54 9.31 

T
14

- S
45

B
0.5

 5.68 1.05 0.33 0.129 0.53 1.18 0.29 0.09 36.24 11.29 

T
15

- S
45

B
1.0

 5.77 1.07 0.34 0.131 0.54 1.22 0.31 0.09 36.10 10.89 

T
16

- S
45

B
1.5

 5.74 1.10 0.34 0.130 0.53 1.22 0.30 0.09 35.89 11.84 

S Levels     

(kg ha
-1

)           

0 5.67 1.03 0.32 0.125 0.54 1.19 0.29 0.08 33.67 10.45 

15 5.69 1.05 0.32 0.125 0.54 1.19 0.30 0.09 34.73 10.81 

30 5.81 1.10 0.34 0.125 0.57 1.22 0.30 0.09 35.12 10.93 

45 5.74 1.06 0.33 0.125 0.54 1.21 0.30 0.09 35.19 10.83 

B Levels     

(kg ha
-1

) 
          

0 5.70 1.02 0.32 0.125 0.53 1.19 0.29 0.08 33.26 10.16 

0.5 5.72 1.05 0.33 0.127 0.53 1.20 0.29 0.08 34.84 10.67 

1.0 5.74 1.10 0.33 0.134 0.58 1.22 0.31 0.09 35.15 10.99 

1.5 5.75 1.08 0.33 0.131 0.55 1.20 0.31 0.09 35.45 11.21 

SEm±           

S Level 0.04 0.02 0.005 0.003 0.012 0.020 0.007 0.003 0.776 0.515 

B Level 

(SXB) 

Interaction 

0.04 

0.09 

0.02 

0.05 

0.005 

0.010 

0.003 

0.007 

0.012 

0.025 

0.020 

0.041 

0.007 

0.015 

0.003 

0.006 

0.776 

1.551 

0.515 

1.030 

CD(P=0.05)           

S Level NS NS NS NS NS NS NS NS NS NS 

B Level NS NS NS NS NS NS NS NS NS NS 

(SXB) 

Interaction 
NS NS NS NS NS NS NS NS NS NS 
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4.2.4 Sulphur Content (%) 

 It is observed from the Table 4.2 that sulphur content in seed of soybean 

ranged from 0.28 to 0.32 % and in stover from 0.8 to 0.9 %. Sulphur and boron 

levels and their interactions did not have any significant effect on sulphur content 

in seed and stover of soybean. 

4.2.5 Boron Content (mg kg
-1

) 

 Data on boron content has been presented in Table 4.2. It is clear that the 

content of boron in seed is more than that of boron content in stover. Boron content 

in seed with different levels of sulphur ranged from 33.67 to 35.19 mg kg
-1

 and that 

of stover ranged from 10.45 to 10.93 mg kg
-1

. 

Boron content in seed and stover was maximum (35.45 and 11.21 mg kg
-1

) 

with application of 1.5 kg B ha
-1

. However, Sulphur level, boron level and 

interaction between sulphur and boron level was found to have no significant effect 

on boron content of soybean. 

4.3 Effect of sulphur and boron on nutrient uptake by soybean 

4.3.1 Nitrogen Uptake (kg ha
-1

) 

Uptake of nitrogen by seed and stover of soybean together with total uptake 

is presented in Table 4.3 & Fig. 4.2 It is obvious that application of different 

sulphur level significantly influenced the nitrogen uptake by seed, stover and total 

uptake and maximum uptake (122.17, 24.86 and 147.03 kg ha
-1 

in seed, stover and 

total respectively) was associated with 30 kg S ha
-1

 and minimum uptake (80.12, 

16.86 and 96.97 kg ha
-1 

in seed, stover and total respectively) with the treatment 

where sulphur was not applied i.e. 0 kg S ha
-1

 

   Increase in level of boron resulted in significantly increase in nitrogen 

uptake by seed and maximum uptake (108.36, 23.15 and 131.51 kg ha
-1 

in seed, 

stover and total respectively) was observed in plot where boron was not applied (0 

kg B ha
-1

). Nitrogen uptake with 1.5 kg B ha
-1

 and 1.0 kg B ha
-1

 were statistically 

at par with each other but significantly higher over control i.e. 0 kg B ha
-1

 

Nitrogen uptake by soybean was not significantly affected by interaction of 

sulphur and boron level. However, maximum uptake (125.39, 26.76 and 152.15 kg 
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ha
-1 

in seed, stover and total respectively) was associated with T11 (S30B1.0) 

followed by T
10

 (S
30

B
0.5

) and T
12

 (S
30

B
1.5

).  

Table 4.3 Effect of sulphur and boron application on nutrient uptake by   

                 seed & stover of soybean 

Treatment Nitrogen Uptake          

(Kg ha
-1

) 

Phosphorus Uptake 

(kg ha
-1

) 

Potassium Uptake 

(kg ha
-1

) 

 Seed stover Total Seed stover Total Seed stover Total 

T
1
- S

0
B

0
  76.50 15.46 91.96 4.37 1.79 6.16 7.23 18.13 25.37 

T
2
- S

0
B

0.5
  79.13 16.87 96.00 4.42 2.00 6.42 7.60 19.42 27.02 

T
3
- S

0
B

1.0
  82.01 18.05 100.06 4.75 2.27 7.02 7.93 20.03 27.97 

T
4
- S

0
B

1.5
  82.82 17.04 99.86 4.72 2.11 6.83 7.83 20.02 27.85 

 T
5
- S

15
B

0
  77.26 16.48 93.74 4.37 2.05 6.42 6.73 19.59 26.32 

T
6
- S

15
B

0.5
  94.28 18.81 113.09 5.30 2.34 7.64 8.55 21.75 30.30 

T
7
- S

15
B

1.0
  105.64 22.01 127.65 6.07 2.73 8.80 11.34 25.03 36.37 

T
8
- S

15
B

1.5
  108.60 21.89 130.49 6.19 2.52 8.71 10.39 23.91 34.30 

T
9
- S

30
B

0
  116.48 22.46 138.94 6.65 2.81 9.46 11.56 24.94 36.49 

T
10

- S
30

B
0.5

  125.35 24.54 149.89 7.43 2.86 10.29 11.44 28.25 39.69 

T
11

- S
30

B
1.0

  125.39 26.76 152.15 7.36 2.96 10.32 13.00 29.23 42.23 

T
12

- S
30

B
1.5

  121.46 25.70 147.15 7.18 3.43 10.61 11.95 28.07 40.02 

T
13

- S
45

B
0
  95.83 18.74 114.57 5.13 2.51 7.63 8.95 22.70 31.66 

T
14

- S
45

B
0.5

  117.93 23.97 141.90 6.87 3.04 9.91 10.91 27.24 38.14 

T
15

- S
45

B
1.0

  120.39 25.78 146.17 7.11 3.14 10.25 11.46 29.37 40.82 

T
16

- S
45

B
1.5

  117.58 25.47 143.05 6.88 3.00 9.88 10.91 28.17 39.08 

S levels (kg ha
-1

) 
         

0 80.12 16.86 96.97 4.57 2.04 6.61 7.65 19.40 27.05 

15 96.45 19.80 116.24 5.48 2.41 7.89 9.25 22.57 31.82 

30 122.17 24.86 147.03 7.15 3.02 10.17 11.99 27.62 39.61 

45  112.93 23.49 136.42 6.49 2.92 9.42 10.56 26.87 37.43 

B levels (kg ha
-1

)          

0 91.52 18.28 109.80 5.13 2.290 7.42 8.62 21.34 29.96 

0.5 104.17 21.05 125.22 6.00 2.560 8.56 9.63 24.16 33.79 

1.0 108.36 23.15 131.51 6.32 2.776 9.10 10.93 25.91 36.85 

1.5 107.61 22.52 130.14 6.24 2.766 9.01 10.27 25.04 35.31 

SEm±          

S Level 4.39 0.86 5.07 0.270 0.141 0.380 0.506 1.088 1.471 

B Level 4.39 0.86 5.07 0.270 0.141 0.380 0.506 1.088 1.471 

(SXB) Interaction 8.78 1.73 10.13 0.540 0.283 0.759 1.011 2.177 2.941 

CD (P=0.05)          

S Level 12.67 2.49 14.63 0.78 0.408 1.10 1.46 3.14 4.25 

B Level 12.67 2.49 14.63 0.78 NS 1.10 1.46 3.14 4.25 

(SXB) Interaction NS NS NS NS NS NS NS NS NS 
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Fig. 4.2 :Effect of sulphur and boron on nitrogen uptake (kg ha
-1

) 

 

 

Fig. 4.3  :Effect of sulphur and boron on Phosphorus uptake (kg ha
-1

) 
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Fig. 4.4  :Effect of sulphur and boron on Potassium uptake (kg ha
-1

) 
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4.3.2 Phosphorus Uptake (kg ha
-1

) 

 The data pertaining to total phosphorus uptake ranged from 6.16 to 10.32 

kg ha
-1 

(Table 4.3).  Significant difference was observed in respect of phosphorus 

uptake by seed and stover of soybean together with total uptake due to different 

sulphur level at 5 % level of probability.  Maximum phosphorus uptake (7.15, 3.02 

and 10.17 kg ha
-1 

in seed, stover and total respectively) was associated with 30 kg 

S ha
-1

 and it was closely followed by 45 kg S ha
-1

 (6.49, 2.92 and 9.42 kg ha
-1 

in 

seed, stover and total respectively). Phosphorus uptake in these two treatments was 

statistically at par with each other.  

Maximum total phosphorus uptake (9.10 kg ha
-1

) was obtained with 1.0 kg 

B ha
-1

 followed by 1.5 kg B ha
-1

 (9.01 kg ha
-1

) and 0.5 kg B ha
-1

 (8.56 kg ha
-1

). 

Phosphorus uptake in these plots was significantly higher than those of 0 kg B ha
-1

 

but statistically similar with each other.  

Maximum phosphorus uptake by seed (7.43 kg ha
-1

) was recorded with T10 

(S30B0.5), However maximum total phosphorus uptake (10.61 kg ha
-1

) and 

maximum uptake by stover (3.43 kg ha
-1

) was associated with T12 (S30B1.5). But 

interaction effect between sulphur and boron level was found to be non-significant.  

4.3.3 Potassium Uptake (kg ha
-1

) 

Data on potassium uptake by seed and stover of soybean together with total 

uptake is presented in Table 4.3 & Fig. 4.4 it was observed that potassium uptake 

by stover was more than that of potassium uptake by stover.  Increase in sulphur 

level resulted in significantly higher potassium uptake by seed, stover and total 

uptake and maximum uptake (11.99, 27.62 and 39.61 kg ha
-1 

in seed, stover and 

total respectively) was associated with 30 kg S ha
-1

 and minimum uptake (80.12, 

16.86 and 96.97 kg ha
-1 

in seed, stover and total respectively) with the treatment 

where sulphur was not applied i.e. 0 kg S ha
-1

 

   Increase in level of boron resulted in significantly increase in potassium 

uptake by seed and maximum uptake (10.93, 25.91 and 36.85 kg ha
-1 

in seed, 

stover and total respectively) was observed application of 1.0 kg B ha
-1

 followed 

by 1.5 kg B ha
-1

 and 0.5 kg B ha
-1

.  
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Different sulphur and boron level had no significant effect on potassium 

uptake by soybean. Higher total potassium uptake (42.23 kg ha
-1)

 was observed 

with T11 (S30B1.0) followed by T
15

 (S
45

B
105

) and T
12

 (S
30

B
1.5

). 

4.3.4 Sulphur Uptake (kg ha
-1

) 

 Total sulphur uptake ranged from 4.94 to 8.94 kg ha
-1 

(Table 4.3) 

significant difference was observed in sulphur uptake by seed and stover of 

soybean together with total uptake due to different sulphur level. Higher sulphur 

uptake (6.39, 1.96 and 8.35 kg ha
-1 

in seed, stover and total respectively) was 

associated with 30 kg S ha
-1

 and it statistically at par with  45 kg S ha
-1

 (5.89, 1.94 

and 7.83 kg ha
-1 

in seed, stover and total respectively). Minimum total sulphur 

uptake (5.56 kg ha
-1

) was observed with 0 kg S ha
-1 

and it was statistically lower 

than sulphur applied plots.  

 Statistically higher total sulphur uptake (7.74 kg ha
-1

) was obtained with 

1.0 kg B ha
-1

 followed by 1.5 kg B ha
-1

 (7.62 kg ha
-1

) and 0.5 kg B ha
-1

  (7.05 kg 

ha
-1

). However sulphur uptake in these treatments was statistically similar with 

each other.  

Interaction between sulphur and boron level was found to have no 

significant effect on sulphur uptake and maximum total sulphur uptake  (8.94 kg 

ha
-1

) was recorded with T11 (S30B1.0) presented Fig. 4.5 

4.3.5 Boron Uptake (g ha
-1

)  

Boron uptake by seed and stover of soybean along with total uptake is 

presented in Table 4.3 & Fig. 4.6 It was observed that boron uptake by stover was 

more than that of boron uptake by stover.  Different sulphur level significantly 
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influenced boron uptake by seed, stover and total uptake and maximum uptake 

(73.89, 24.82 and 98.71 kg ha
-1 

in seed, stover and total respectively) was 

associated with 30 kg S ha
-1

 and minimum uptake (47.70, 17.00 and 64.70 kg ha
-1 

in seed, stover and total respectively) with 0 kg S ha
-1

 

   Increase in boron level resulted in significantly higher boron uptake by 

seed, stover and total uptake. Maximum total uptake (90.08 kg ha
-1

) was observed 

with application of 1.0 kg B ha
-1

 followed by 1.5 kg B ha
-1

 (89.38 kg B ha
-1

) 

Interaction of sulphur and boron level had no significant effect on 

potassium boron uptake by soybean.  

Results are in agreement with those of Ganeshamurthy (1996) who reported 

that sulphur significantly increased the S uptake. Similar result was found by 

Chand et al. (1997) in mustard. 

In this study it might be concluded that boron uptake was influence by B 

application, this probably due to the application of boron in the field and high grain 

yield. The results are in concurrent with the findings observed by Kumar et al. 

(1996) who reported that uptake of boron increased due to boron application. 
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Table 4.4 Effect of sulphur and boron application on nutrient uptake by        

                  seed & stover of soybean 

Treatment Sulphur Uptake (kg ha
-1

) Boron Uptake (g ha-1) 

 Seed Straw Total Seed Straw Total 

T
1
- S

0
B

0
 3.79 1.15 4.94 43.59 16.19 59.78 

T
2
- S

0
B

0.5
 3.95 1.35 5.30 48.62 15.34 63.95 

T
3
- S

0
B

1.0
 4.41 1.52 5.93 50.82 18.33 69.15 

T
4
- S

0
B

1.5
 4.61 1.47 6.08 47.78 18.12 65.90 

T
5
- S

15
B

0
 4.00 1.38 5.38 47.98 17.50 65.48 

T
6
- S

15
B

0.5
 5.16 1.42 6.58 56.88 22.15 79.03 

T
7
- S

15
B

1.0
 5.68 1.87 7.55 61.33 22.00 83.33 

T
8
- S

15
B

1.5
 5.50 1.99 7.49 68.23 20.06 88.29 

T
9
- S

30
B

0
 5.65 1.77 7.42 67.84 22.26 90.10 

T
10

- S
30

B
0.5

 6.23 1.92 8.15 72.78 22.33 95.12 

T
11

- S
30

B
1.0

 7.02 1.93 8.94 77.85 26.02 103.88 

T
12

- S
30

B
1.5

 6.65 2.24 8.90 77.10 28.66 105.76 

T
13

- S
45

B
0
 5.15 1.47 6.62 54.60 17.36 71.96 

T
14

- S
45

B
0.5

 6.01 2.16 8.17 75.57 25.61 101.18 

T
15

- S
45

B
1.0

 6.39 2.14 8.53 75.09 26.06 101.14 

T
16

- S
45

B
1.5

 6.02 1.99 8.01 73.17 27.20 100.38 

S levels (kg ha
-1

)       

0 4.19 1.37 5.56 47.70 17.00 64.70 

15 5.08 1.67 6.75 58.60 20.43 79.03 

30 6.39 1.96 8.35 73.89 24.82 98.71 

45 5.89 1.94 7.83 69.61 24.06 93.66 

B levels (kg ha
-1

)       

0 4.65 1.44 6.09 53.50 18.33 71.83 

0.5 5.34 1.71 7.05 63.46 21.36 84.82 

1.0 5.88 1.86 7.74 66.27 23.10 89.38 

1.5 5.70 1.92 7.62 66.57 23.51 90.08 

SEm±       

S Level 0.264 0.092 0.333 2.828 1.290 3.498 

B Level 0.264 0.092 0.333 2.828 1.290 3.498 

(SXB) Interaction 0.528 0.184 0.666 5.656 2.581 6.997 

CD (P=0.05)       

S Level 0.76 0.265 0.96 8.17 3.727 10.104 

B Level 0.76 0.265 0.96 8.17 3.727 10.104 

(SXB) Interaction NS NS NS NS NS NS 
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Fig. 4.5  :Effect of sulphur and boron on Sulphur uptake (kg ha
-1

) 

 
 
 
 
 

 

Fig. 4.6: Effect of sulphur and boron on Boron uptake (g ha
-1

) 
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4.4 Effect of sulphur and boron on available nutrient status of post 

      harvest soil 

4.4.1 Available nitrogen (kg ha
-1

) 

Data on available nitrogen status is presented in Table 4.4 and Fig.4.7 the 

results clearly indicated that there was variation in available nitrogen status of soil. 

In all the treatments available nitrogen was increased over the initial value (225.45 

kg ha
-1

).  

Increase in sulphur level up to 30 kg ha
-1 

resulted in increase in available 

nitrogen and thereafter it was decreased. Highest status was recorded with 30 kg S 

ha
-1

 (239.48 kg ha
-1

) followed by  45 kg S ha
-1

 (237.13 kg ha
-1

) and 15  kg S ha
-1

 

(235.74 kg ha
-1

). Minimum available nitrogen (234.79 kg ha
-1

) was recorded with 0 

kg S ha
-1

.  

Available nitrogen was recorded higher with 1.5 kg B ha
-1

(238.84 kg ha
-1

) 

followed by 1.0 kg B ha
-1

(237.42 kg ha
-1

)  and 0.5 kg B ha
-1

 (236.68 kg ha
-1

).  

Sulphur and boron level and interaction between sulphur and boron level 

had no significant effect on available nitrogen. 

Applications of sulphur have dissolution effect on soil phosphorus which in 

turn have increased nodulation and nitrogen fixation casing increased available 

nitrogen in soil. These finding was also supported by Suryanarayana Reddy and 

Chonkar (1991), Kumaran and Solaimalai (2000), Nayak et al. (2009) and Singh et 

al (2011). 

4.4.2 Available Phosphorus (kg ha
-1

)  

 It is evident from the Table 4.4 & Fig. 4.8 that available phosphorus in 

post harvest soil ranged from 10.65 to 12.15 kg ha
-1

. Available phosphorus in soil 

increased over the initial value (9.68 kg ha
-1

). Different sulphur level significantly 

influenced available phosphorus in soil and highest value was observed with 30 kg 

S ha
-1

 (12.02 kg ha
-1

) and lowest (10.70  kg ha
-1

) with 0 kg S ha
-1

 

Dhage et al. (2014) also observed increased available phosphorus with 

sulphur application. Acidity produced by applied sulphur together with acids 

through root exudates dissolves bound phosphorus of soil increasing its 

availability. 
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It is evident from the Table 4.4 that available phosphorus was increased 

with increase in boron level over control i.e. 0 kg B ha
-1

. However, available 

phosphorus did not vary significantly.   

Interaction between sulphur and boron level was found to have no 

significant effect on available soil phosphorus.  Highest value (12.23 kg ha
-1

) was 

recorded with T12 (S30B1.5). 

4.4.3 Available Potassium (kg ha
-1

)   

   Increase in level of sulphur caused decrease in available potassium (Table 

4.5 & Fig. 4.9) over the initial value (474 kg ha
-1

). Highest available potassium 

(471.37 kg ha
-1

) was observed with 0 kg S ha
-1 

and lowest (466.66 kg ha
-1

) with 30 

kg S ha
-1

. 

Different level of boron caused variation in available potassium and highest 

available potassium (473.79 kg ha
-1 

) was observed with 0 kg B ha
-1 

and lowest 

(463.38 kg ha
-1

)  with 1.0 kg B ha
-1

.  

Available potassium in soil ranged from 459.73 to 480.22 kg ha
-1

 and 

maximum available potassium (480.22 kg ha
-1

) was observed with control i.e. in 

treatment where no sulphur and boron was added. Sulphur and boron level, 

interaction between sulphur and boron level was found to have no significant effect 

on available soil potassium.   

4.4.4 Available sulphur (kg ha
-1

) 

Data on available sulphur status is presented in Table 4.4 and Fig.4.10 The 

results clearly indicated that there was significant variation in available sulphur 

status of soil. In all the treatments available sulphur was increased over the initial 

value (22.15 kg ha
-1

). Increase in sulphur level resulted in increase in available 

sulphur and highest status (27.05 kg ha
-1

) was recorded with 45 kg S ha
-1

 followed 

by 30 kg S ha
-1

 (25.00 kg ha
-1

) and 15 kg S ha
-1

 (23.02 kg ha
-1

). Minimum 

available sulphur (21.12 kg ha
-1

) was recorded with 0 kg S ha
-1

. Kothari and Jethra 

(2002) also reported that the available sulphur increased with increasing levels of 

sulphur application. 
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Available sulphur was recorded higher with 1.5 kg B ha
-1

(24.48 kg ha
-1

) 

and minimum with 0 kg B ha
-1

 (23.28 kg ha
-1

)  

Boron level and interaction between sulphur and boron did not have 

significant effect on available sulphur. Kothari and Jethra (2002) also reported that 

the available sulphur increased ith increasing levels of sulphur application 

phosphorus application had no effect on the sulphur content of soil. 

4.4.5 Available boron (mg kg
-1

)  

 It is evident from the Table 4.4 & Fig. 4.11 that available boron in post 

harvest soil ranged from 0.83 to 1.25 mg kg
-1

. Available boron in soil increased 

over the initial value (0.88 mg kg
-1

). Different sulphur level influenced available 

boron in soil and highest value was observed with 45 kg S ha
-1

 (1.08 mg kg
-1

) and 

lowest (0.92 mg kg
-1

) with 0 kg S ha
-1  .

However, the difference was non- 

significant.  

Available boron was increased with increase in boron level over control i.e. 

0 kg B ha
-1

 and highest value was (1.17 mg kg
-1

) seen with 1.5 kg B ha
-1  

and it was 

statistically  significant.  

Interaction between sulphur and boron level was found to have no 

significant effect on available soil boron.  Highest value (1.30 mg ha
-1

) was 

recorded with T8 (S15B1.5).  Konthoujam Nandini Devi, 2012 also observed similar 

results  
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Table 4.5 : Effect of sulphur and boron on available nutrient status of post 

harvest soil 

Treatment Available N 
( kg  ha

-1
) 

Available P 
( kg  ha

-1
) 

Available K 
( kg  ha

-1
) 

Available S 
( kg  ha

-1
) 

Available B 

(mg kg-1) 

T
1
- S

0
B

0
 232.17 10.61 480.22 20.62 0.83 

T
2
- S

0
B

0.5
 234.33 10.34 473.09 20.92 0.89 

T
3
- S

0
B

1.0
 235.72 11.16 467.81 21.37 0.99 

T
4
- S

0
B

1.5
 236.92 10.71 464.37 21.56 1.00 

T
5
- S

15
B

0
 233.37 11.24 475.42 22.27 0.86 

T
6
- S

15
B

0.5
 236.68 11.73 468.36 22.57 0.95 

T
7
- S

15
B

1.0
 235.43 11.97 462.85 24.02 0.91 

T
8
- S

15
B

1.5
 237.48 11.54 465.52 23.21 1.30 

T
9
- S

30
B

0
 236.82 11.68 472.08 24.42 0.83 

T
10

- S
30

B
0.5

 239.02 12.02 465.01 25.36 1.00 

T
11

- S
30

B
1.0

 240.44 12.14 463.13 24.84 1.25 

T
12

- S
30

B
1.5

 241.66 12.23 463.13 25.38 1.19 

T
13

- S
45

B
0
 234.49 11.65 475.42 25.80 0.86 

T
14

- S
45

B
0.5

 236.68 12.10 468.36 27.10 1.10 

T
15

- S
45

B
1.0

 238.08 12.15 459.73 27.55 1.18 

T
16

- S
45

B
1.5

 239.29 12.05 463.13 27.74 1.20 

S levels      
0 234.79 10.70 471.37 21.12 0.92 
15 235.74 11.62 468.04 23.02 1.00 
30 239.48 12.02 465.84 25.00 1.06 

45 237.13 11.99 466.66 27.05 1.08 

B levels      

0 234.21 11.30 473.79 23.28 0.85 
0.5 236.68 11.55 468.70 23.99 0.99 
1.0 237.42 11.85 463.38 24.44 1.08 
1.5 238.84 11.63 464.04 24.48 1.17 

SEm±      
S levels 1.61 0.35 4.426 0.563 0.045 
B levels 1.61 0.35 4.426 0.563 0.045 
(S x B) 

Interaction 
3.22 0.69 8.853 1.126 0.090 

CD (P=0.05)      
S levels NS 1.00 NS 1.63 NS 
B levels NS NS NS NS 0.13 
(SXB) 

Interaction 
NS NS NS NS NS 

Initial Value 225 9.68 474 22.15 0.88 
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Fig. 4.7: Effect of sulphur and boron on available nitrogen (kg ha
-1

) 

 

 

 

 

 

Fig. 4.8: Effect of sulphur and boron on available posphorus (kg ha
-1

) 
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Fig. 4.9  :Effect of sulphur and boron on available potassium (kg ha

-1
) 

 
Fig. 4.10  :Effect of sulphur and boron on available sulphur (kg ha

-1
) 

 
Fig. 4.11  :Effect of sulphur and boron on available Boron (mg ha

-1
) 
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CHAPTER-V 

SUMMARY AND CONCLUSIONS  

 
The present investigation entitled “Influence of Sulphur and Boron on 

yield of Soybean (Glycine max) in Vertisols of Kabirdham District” was 

conducted at Krishi Vigyan Kendra, Kawardha farm; Kabirdham (C.G.) during 

kharif season 2014 to determine the effect of sulphur and boron application on 

growth and yield of soybean, uptake of nitrogen, phosphorus, potassium, sulphur and 

boron by soybean and available nutrient status on post harvest soil. The salient 

findings of the present study are as follows.  

Growth and Yield Parameters  

Plant height, pods plant
-1

, 100 seed weight, seed yield, stover yield and 

harvest index were recorded under growth and yield attributing parameters. Plant 

height of soybean ranged from 35.43 to 43.90 cm. Aplication of sulphur significantly 

affected plant height and maximum height (42.89 cm) was observed with application 

of 45 kg S ha
-1

 followed by 30 kg S ha
-1

 (41.63 cm). Boron levels and interaction of 

sulphur and boron level had no significant effect on plant height. Number of pods 

plant
-1 

was observed significantly higher with application of different sulphur levels 

and maximum number (48.83) was observed with 45 kg S ha
-1

 and minimum (44.33) 

with 0 kg S ha
-1

. Maximum number of pods plant
-1

 (47.17) was recorded due to 

application of 1.5 kg B ha
-1

 followed by   1.0 kg B ha
-1

 (46.92. However, number of 

pods plant
-1

 under different boron levels and interaction of sulphur and boron level 

did not have any significant effect on the number of pods plant
-1

. Highest weight of 

100 seed (12.32 g) was found with application of 30 kg S ha
-1

 and the lowest weight 

(10.55 g) was associated with
 
0 kg S ha

-1

. Boron level had significant effect on 100 

seed weight and the same was increased with increase in boron level up to 1.0 kg B 

ha
-1 

and beyond this level 100 seed weight was decreased. Interaction of sulphur and 

boron level did not have any significant effect on 100 seed weight and highest 100 

seed weight (12.92 g) was observed with T11 (S30B1.0). Seed and stover yield of 
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soybean ranged from 13.72 to 21.83 q ha
-1

 and 15.57 to 23.26 q ha
-1

 respectively. 

Significant difference was observed in respect of seed and stover yield with 

different sulphur and boron level at 5 % level of probability.  Maximum seed yield 

(21.04 q ha
-1

) and stover yield (22.55 q ha
-1

) was recorded with 30 kg S ha
-1

. The 

second highest seed yield (19.67 q ha
-1

) and stover yield (22.20 q ha
-1

) was 

obtained from 45 kg S ha
-1

. Seed and stover yield of soybean was significantly 

influenced by boron level. Significantly higher seed yield (18.82 q ha
-1

) and stover 

yield  (21.05 q ha
-1

) was observed with 1.0 kg B ha
-1

followed by 1.5 kg B ha
-1

 

(18.71 q ha
-1

 and  20.88 q ha
-1

 seed and stover yield respectively). Interaction 

effect of sulphur and boron level was found to be non-significant in relation to seed 

and stover yield. Sulphur and boron levels and their interactions did not result any 

significant variations in harvest index. Highest harvest indices were associated 

with 30 kg S ha
-1

(48.25 %), 0.5 kg B ha
-1 

(47.49 %) and T
10

 - S
30

B
0.5

 (48.94 %). 

  Effect of sulphur and boron on nutrient content of soybean 

Nitrogen, phosphorus, potassium, sulphur and boron content in seed and 

stover of soyben were determined by standard procedures. Nutrient content was 

non significantly affected by sulphur and boron levels and their interactions.  

Nitrogen, phosphorus, sulphur and boron content were found more in seed in 

comparison to stover.  In contrast potassium content was observed more in stover 

than seed. Maximum nitrogen, phosphorus, potassium and boron content (5.81 and 

1.10 %, 0.34 and 0.125 %, 0.57 and 1.22 %, 35.19 and 10.93 % in seed and stover 

respectively) were associated with application of 30 kg S ha
-1

. No difference in 

sulphur content (0.30 and 0.09 % in seed and stover respectively) were observed 

with application of different sulphur level but was higher than that of control i.e. 0 

kg S ha
-1

 (0.29 and 0.08 % in seed and stover respectively). Application of 1.5 kg 

B ha
-1

 recorded maximum boron content (35.45 and 11.21 mg kg
-1 

in seed and 

stover respectively). Nitrogen, phosphorus, potassium and sulphur content was 

found maximum (5.75 and 1.10 %, 0.33 and 0.134 %, 0.58 and 1.22 %, 0.31 

and0.93 % in seed and stover respectively) with application of 1.0 kg B ha
-1

. 
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Sulphur content with application of  1.5 kg B ha
-1 

was similar to that of 1.0 kg B 

ha
-1

. 

Effect of sulphur and boron on nutrient uptake by soybean 

Application of different sulphur level significantly influenced the nitrogen 

uptake by seed, stover and total uptake and maximum uptake (122.17, 24.86 and 

147.03 kg ha
-1 

in seed, stover and total respectively) was associated with 30 kg S 

ha
-1

 and minimum uptake (80.12, 16.86 and 96.97 kg ha
-1 

in seed, stover and total 

respectively) with the treatment where sulphur was not applied i.e. 0 kg S ha
-1

 

Increase in level of boron resulted in significantly increase in nitrogen uptake by 

seed and maximum uptake (108.36, 23.15 and 131.51 kg ha
-1 

in seed, stover and 

total respectively) was observed with 1.0 kg B ha
-1

 while minimum in plot where 

boron was not applied (0 kg B ha
-1

). Nitrogen uptake with 1.5 kg B ha
-1

 and 1.0 kg 

B ha
-1

 were statistically at par with each other but significantly higher over control 

i.e. 0 kg B ha
-1 

. Nitrogen uptake by soybean was not significantly affected by 

interaction of sulphur and boron level. Significant difference was observed in 

respect of phosphorus uptake due to different sulphur level. Maximum total 

phosphorus uptake (10.17 kg ha
-1

) was associated with 30 kg S ha
-1

 and it was 

closely followed by 45 kg S ha
-1

 (9.42 kg ha
-1

). Phosphorus uptake in these sulphur 

levels were statistically at par with each other. Maximum total phosphorus uptake 

(9.10 kg ha
-1

) was obtained with 1.0 kg B ha
-1

 followed by 1.5 kg B ha
-1

 (9.01 kg 

ha
-1

) and 0.5 kg B ha
-1

 (8.56 kg ha
-1

). Phosphorus uptake in these plots was 

significantly higher than those of 0 kg B ha
-1

 but statistically similar with each 

other. Interaction effect between sulphur and boron level was found to be non-

significant maximum total phosphorus uptake (10.61 kg ha
-1

) being associated with 

T12 (S30B1.5). Potassium uptake was found more in stover than seed of soybean. 

Increase in sulphur level resulted in significantly higher potassium uptake and 

maximum total uptake (39.61 kg ha
-1

) was associated with 30 kg S ha
-1

 and 

minimum uptake (96.97 kg ha
-1

) with the treatment where sulphur was not applied 

(0 kg S ha
-1

). Maximum total potassium uptake (36.85 kg ha
-1

) was observed with 

application of 1.0 kg B ha
-1

 followed by 1.5 kg B ha
-1

 and 0.5 kg B ha
-1

. Different 
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sulphur and boron level had no significant effect on potassium uptake. Significant 

difference was observed in sulphur uptake by soybean due to different sulphur 

levels and highest total sulphur uptake (8.35kg ha
-1

) was associated with 30 kg S 

ha
-1

 and it was statistically at par with  45 kg S ha
-1

 (7.83 kg ha
-1

). Statistically 

higher total sulphur uptake over control was obtained with 1.0 kg B ha
-1

 (7.74 kg 

ha
-1

) followed by 1.5 kg B ha
-1

 (7.62 kg ha
-1

) and 0.5 kg B ha
-1

 (7.05 kg ha
-1

). 

However sulphur uptake in these treatments was statistically similar with each 

other. Interaction between sulphur and boron level was found to have no 

significant effect on sulphur uptake. Boron uptake by seed was more than that of 

boron uptake by stover. Different sulphur level significantly influenced boron 

uptake maximum total uptake (98.71 g ha
-1 

) was associated with 30 kg S ha
-1

 and 

minimum uptake (64.70 g ha
-1

) with 0 kg S ha
-1

. Maximum total uptake (90.08 g 

ha
-1

) was observed with application of 1.0 kg B ha
-1

 followed by 1.5 kg B ha
-1

 

(89.38 g ha
-1

). Interaction of sulphur and boron level had no significant effect on 

boron uptake by soybean.  

Effect of sulphur and boron on available nutrient status of post harvest soil 

Available nitrogen in post harvest soil was increased over the initial value 

(225.45 kg ha
-1)

) in all the treatments. Increase in sulphur level up to 30 kg ha
-1 

resulted in increase in available nitrogen and thereafter it was decreased. Highest 

status was recorded with 30 kg S ha
-1

 (239.48 kg ha
-1

) followed by  45 kg S ha
-1

 

(237.13 kg ha
-1

) and 15  kg S ha
-1

 (235.74 kg ha
-1

). Available nitrogen was 

recorded higher with 1.5 kg B ha
-1

(238.84 kg ha
-1

) followed by 1.0 kg B ha
-

1

(237.42 kg ha
-1

)  and 0.5 kg B ha
-1

 (236.68 kg ha
-1

). Available phosphorus in post 

harvest soil increased over the initial value (9.68 kg ha
-1

). Different sulphur level 

significantly influenced available phosphorus in soil and highest value was 

observed with 30 kg S ha
-1

 (12.02 kg ha
-1

) and lowest (10.70  kg ha
-1

) with 0 kg S 

ha
-1

 . Available phosphorus was increased with increase in boron level over control 

(0 kg B ha
-1

) but did not vary significantly. Different boron and sulphur levels did 

not have significant effect on available potassium. Increase in level of sulphur and 

boron caused decrease in available potassium over the initial value (474 kg ha
-1

). 

Highest available potassium (471.37 kg ha
-1

) was observed with 0 kg S ha
-1 

and 
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lowest (466.66 kg ha
-1

) with 30 kg S ha
-1

. Similarly highest available potassium 

(473.79 kg ha
-1

) was observed with 0 kg B ha
-1 

and lowest (463.38 kg ha
-1

) with 

1.0 kg B ha
-1

. In all the treatments available sulphur was increased over the initial 

value (22.15 kg ha
-1

). Increase in sulphur level resulted in increase in available 

sulphur and highest status (27.05 kg ha
-1

) was recorded with 45 kg S ha
-1

 followed 

by 30 kg S ha
-1

 (25.00 kg ha
-1

) and 15 kg S ha
-1

 (23.02 kg ha
-1

). Available sulphur 

was recorded highest with 1.5 kg B ha
-1

(24.48 kg ha
-1

) and minimum with 0 kg B 

ha
-1

 (23.28 kg ha
-1

).  Available boron in soil increased over the initial value (0.88 

mg kg
-1

). Different sulphur level influenced available boron in soil and highest 

value was observed with 45 kg S ha
-1

 (1.08 mg kg
-1

) and lowest (0.92 mg kg
-1

) 

with 0 kg S ha
-1

. Available boron was increased with increase in boron level over 

control i.e. (0 kg B ha
-1

) and highest value (1.17 mg kg
-1

) was seen with 1.5 kg B 

ha
-1 

and it was statistically significant. Interaction between sulphur and boron 

levels was found to have no significant effect on available nitrogen, phosphorus, 

potassium, sulphur and boron in post harvest soil. 

CONCLUSIONS 

In the light of study conducted on “Influence of Sulphur and Boron on 

yield of Soybean (Glycine max) in Vertisols of Kabirdham District”, it can be 

concluded that yield attributes and yield of soybean was significantly influenced by 

different sulphur levels and the dose of 30 kg S ha
-1

 was found optimum for getting 

maximum yield of soybean. Among boron levels, 1.0 kg B ha
-1

 was superior to 

others for getting higher soybean yield. Same levels of sulphur and boron (30 kg S 

ha
-1

 and 1.0 kg B ha
-1

) were superior over other levels in increasing the uptake of 

nitrogen, phosphorus, potassium, sulphur and boron by soybean. Available 

nitrogen, phosphorus and potassium in post harvest soil were found higher with 30 

kg S ha
-1

 and 1.0 kg B ha
-1

. However, available sulphur was more in treatment 

where sulphur was applied at higher level (45 kg S ha
-1

) and similarly available 

boron was found more where higher level of boron was applied (1.5 kg B ha
-1

). 

Interaction of sulphur and boron levels had no significant effect on different 

parameters that was studied.   
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SUGGESTIONS FOR FUTURE RESEARCH WORK 

In view of the above discussion the attention should be drawn towards 

following priority areas of research. 

 Sulphur is important for oilseed crops and studies on the effect of sulphur 

on oilseed crops other than soybean of Kabirdham district should be 

studied.   

 The study was conducted at farm of Krishi Vigyan Kendra, Kawardha. The 

same experiment should be replicated in farmers’ field to draw more 

conclusions.  

 Soybean is a legume crop and it involves in nitrogen fixation. So, 

experiment on the effect of molybdenum on soybean should also be carried 

out.    

 The present investigation was limited to observe the effect of sulphur and 

boron on yield attributes and yield of soybean. The same may be extended 

to study the effect on quality parameters of soybean. 

 



 

51 

 

REFRENCES 

 

Abbes, C., Karam, A., Irean, D. and Parent, L.E., 1992. Fertilization soufree 

dusoja. Canadian J. of Plant Sciences, 92(2): 377-382. 

 

Anon, 2013a., and Anon., 2013b. Food and Agriculture Organization (FAO) of the 

United Nations.www.faostat.org. 

 

Anon., 2013. The Soybean Processors Association of India (SOPA). 

www.sopa.org. 

 

Aulakh, M.S., Pasricha, N.S. and Azad, A.S., 1990. Phosphorus and sulphur 

application boost soil seed production in coarse textured soils. Indian 

Farming.  39(10): 29-30. 

 

Berger, K.C. 1949. Boron in Soil and Crops. Adv. Agron., 1: 321-51. 

 

Black, C.A. and Evans, D.D. 1965. Method of soil analysis. American Society of 

Agronomy, Madison, Wisconsin, USA. 131-137. 

 

Brar, M.S. et al. 2006. Delineation of sulphur deficient areas and response of 

sulphur application in mustard-moong cropping sequence. Pages 41-63 in 

Proc. TSI- FAI- IFAS ymposium–cum-Workshop on Sulphur. 

 

Biswas, B.R., Shaila Sharmin, Zakir H.M., Chowdhury, A.K. and Talukder, N.M. 

2002-03. Growth and yield of soybean (Glycine max L.) as influenced by 

the application of sulphur and molybdenum. 

 

Biswas, B.C., and R.K. Tewatia. 1991. Results of FAO sulphur trails network in 

India. Fertilizer News 36: 11–35. 

 

Chand, L., Sharma, A.S. & Jat, S.C. 1997. Quality and uptake of nutrients in 

mustard as affected by foliar spray of urea and sulphur application. Ann. 

Biol., Ludhiana, 13:103-10. 

 

Chapman, L. and Pratt, E. 1961. Soil chemical analysis Prentice hall of India 

Private limited. New delhi. 

 

Chesnin, L. and Yien, C.H. 1951. Turbid metric determination of available sulphur 

in soil. Soil Sci. Soc. America Pro. 15: 199-151. 

 

Chowdhury, M.M.U., Ullah, M.H., Rahman, M.A. & Islam, M.S. 2000. Effect of 

boron and nitrogen fertilization on cowpea growth, nodulation and grain 

yield in Rangamati, Bangladesh. Legume Res., 23: 9-14. 

 

http://www.faostat.org/
http://www.sopa.org/


52 

 

 

Choudhary, P., Jhajharia. A., Kumar, R. 2012. Influence of sulphur and zinc     

fertilization on yield, yield components and quality traits of soybean 

(Glycine Max L.). An. Int. quarterly J. of life sciences. : 9(1): 137-142 

 

Choudhary, P., Jhajharia, A. and Kumar, R. 2014. Influence of sulphur and zinc 

fertilization on yield, yield components and quality traits of soybean 

(Glycine max L.). The Bioscan. 9(1): 137-142. 

 

Chauhan, B.S. and Opena, J.L. 2013. Effect of plant spacing on growth and grain 

yield of soybean. American J. of Plant Sciences, 4(10): 2011-2014. 

 

Das, D.K. 2003. Micronutrients: Their behaviour in soils and plants, Kalyani 

Publishers,  New Dehli, 148-149. 

 

Das, K.N. & Das, K. 1994. Effect of sulphur and nitrogen fertilization on yield and 

N uptake by rapeseed. J. Indian Soc. Soil Sci., 42: 476-478. 

 

Das, K.P. 1993. Studies on the response of some micronutrients on growth and 

yield of groundnut (Arachis hypogaea L.). Proceedings of the Workshop 

on Micronutrients, 295-296. 

 

Debnath, P. and Ghosh, S.K. 2011. Determination of critical limit of available 

boron for rice in terai zone soils of West Bengal. J. of the Indian society 

of soil science, 59 (1): 82-86. 

 

Chaubey, A.K., Singh, S.B. & Kaushik, M.K. 2000. Response of groundnut 

(Arachis hypogaea) to sources and level of sulphur fertilizer in mid-

western plains of Uttar Pradesh. Indian J. of Agronomy, 45: 166-169. 

 

Dhage, S.J., Patil, V.D. and Patange, M.J. 2014. Effect of various levels of 

phosphorus and sulphur on yield, plant nutrient content, uptake and 

availability of nutrients at harvest stages of soybean [Glycine max (L.)]. 

Int.J.Curr.Microbiol.App.Sci (2014) 3(12): 833-844. 

 

Donald, 1962. In search of yield. J. of Aus. Agri. Science. 28: 171-178. 

 

Fahmina Akter, Md. Nurul Islam, A. T. M. Shamsuddoha, M. S. I. Bhuiyan, Sonia 

Shilpi (2008-09. Effect of Phosphorus and Sulphur on Growth and Yield 

of Soybean (Glycine max L.). Int. J. of Bio-resource and Stress 

Management 2013. 4(4): 555-560. 

 

Farhad, I.S.M., Islam, M.N., S, Hoqueand., M.S.I. Bhuiyan 2008-09. Role of 

Potassium and Sulphur on the Growth, Yield and Oil Content of Soybean 

(Glycine max L.) Academic J. of Plant Sciences 3(2): 99-103. 

 

Ganeshamurthy, A.N. 1996. Critical plant S content and effect of sulphur 

application on grain and oil yield of rainfed soybean in vertic ustochrepts. 

J. Indian Soc. Soil Sci., 44:290-294.  



53 

 

 

 

Gomez, A.K and Gomez, A.A. 1984. Statistical Procedures for Agriculture Res. A 

wiley Inter Sci. Publication. Johan Wiley and Sons, New York. 

 

Halepyati, A.S. 2001. Conjunctive use of organic and inorganic fertilizers in 

rabi/summer groundnut in UKP area. Karnataka J. of Agricultural Sci. 14 

(2): 454-455 

Ram, H., Singh, G. L. and Aggarwal, N. 2014. Grain yield, nutrient uptake, quality 

and economics of soybean (Glycine max L.) under different sulphur and 

boron levels in Punjab. Indian J. of Agronomy 59(1): 101-105 (March 

2014) 

 

Havlin, L.J., Beaton, D.J., Tisdale, L.S. & Nelson, L.W. 1999. Soil fertility and 

fertilizers. Prentice Hall of Indian. 6
th

 ed., pp: 220, 227, 228, 319-346. 

 

Hosmath, J.A., Babalad, H.B., Basavaraj, G.T 2005-06. Sulphur nutrition in 

soybean in India. International Conference on Biological, Civil and 

Environmental Engineering (BCEE-2014) March 17-18, 2014 Dubai 

(UAE). 

 

Ismail, Syed., Syed Javed Janiand., C.S., Kosare 2008-09. Interaction effect of 

sulphur and boron on yield, nutrient uptake and quality of soybean grown 

on Vertisol. An Asian J. of Soil Science. : Volume 8 Issue 2 December, 

2013, 275-278. 

 

Jaggi R.C. and Sharma, R.K. 1999. Sulphur response patterns on flowering, dry 

matter yield and S utilization in raya (Brassica juncea) in soils of district 

Kangra. J. Indian Soc.Soil Sci., : 47(3): 513-518. 

 

Jeena Mathew and Sumam George 2013. J. of the Indian Society of Soil Science, 

Vol. 61, No. 2, pp 122-127. 

 

Jackson, M.L 1967. Soil chemical analysis, Pentice Hall of India Pvt. Ltd., New 

Delhi. 

 

John, M.K., Chuah, H.H. and Ndufeld, J.H. 1975. Application of improved 

azomethine H method for the determination of boron in soils and plants. 

Anal. Lett. 8: 559-568. 

 

Joshi, O.P. & Billore, S.D. 1998. Economic optima of sulphur fertilizer for 

soybean (Glycine max). Indian J. of Agricultural Sci., 68: 244-246. 

 

Kothari, M. L. and J. K. Jethra 2002. Response of wheat to sulphur  

              application in loamy sand soil. Ann. Arid Zone, 41: 191-194. 
 

Kumar, A., Singh, K.P., Singh, R.P. & Sarkar, A.K. 1996. Response of groundnut 

to boron application in acid sedimentary soil. J. Indian Soc. Soil Sci., 

44:178-179.  



54 

 

 

 

Kumar D Singh & Sidhu Sudeep 2010. Effect of soil applied sulfur and boron on 

yield and uptake of boron in soybean. Annals of Agri Bio Research; 

2010. 15(1): 57-62. 

 

Kumar, V., Shrotry, G.C. & Khare, S.V. 1992. Crop response to sulphur 

application. Indian Farmers Fertilizer Corporative Ltd., New Delhi, p: 50. 

 

Devi, K.N., Singh, L.N.K., Singh, M.S., Singh, S.B. and Singh, K.K. 2012. 

Influence of Sulphur and Boron Fertilization on Yield, Quality, Nutrient 

Uptake and Economics of Soybean (Glycine max) under Upland 

Conditions. J. of Agricultural Science. 4(4): 1-10. 

 

Layek, B.G., Shivakumar and Rana, D.S. 2007-08. Growth, nodulation, 

physiological indices and yield of soybean as influenced by sulphur and 

boron nutrition. An Int. quarterly J. of life sciences. : 9(4): 1389-1393. 

 

Mahapatra, A.K.and Jee, R.C.1992. Effect of sulphur application on yield Quality 

and nutrient uptake of unirrigated Indian rapeseed (Brassica napus). 

Indian J. Agron. : 37(1): 201-202. 

 

Mahale, T.G., Shinde, B.N. and Patil, A.J. 1985. Effects of boron and drum rolling 

on the yield of groundnut (Arachis hypogaea L.). Current Research 

Reporter. 1(1): 110-111. 

 

Malewar, G.V., Katem, S.D., Waiker S.L. and Ismail, S. 2001. Interaction effect of 

zinc and boron on yield, nutrient uptake and quality of mustard (Brassica 

juncea L.) on a Typic Haplustert. J. Indian Soc. Soil Sci., 49; 763-766. 

 

Marschner, H. 1995. Mineral nutrition of higher plants. 2nd ed. Academic Press, 

San Diego, CA. 

 

Meena, D.S. 2007-08. Productivity, quality and profitability of soybean (Glycine 

max L.) as influenced by sulphur and boron nutrition. Soybean Research; 

2011. 9: 103-108. 9. 

 

Mengel, K. & Kirkby, E.A. 1987. Principles of plant nutrition. International Potash 

Institute, Bern. Switzerland. 

 

Mohanti, A. K., Sunil Kumar., Jha, S. K., Sanjeev Malaiya., Chandrakar, B. L. 

2000. Effect of different level of sulphur and boron on morpho-

physiological growth and economics of soybean (Glycine max L.).  Plant 

Archives; 2004. 4(2): 375-377. 

 

Nayak, S.C., Sarangi, D., Mishra, G.C. and Rout, D.P. 2009. Response of 

groundnut to secondary and micronutrients. J. of SAT Agricultural of 

Res. 7. 

 



55 

 

 

Olsen, S.R., Cole, C.V., Watnable, F.S. and Dean, L.A. 1954. Estimation of 

available phosphorous in soils by extraction with sodium carbonate. 

U.S.D.A. Cir. No.933: 1-10. 

 

Pan, S., Mohanty, S. and Welch, M. 2008. India Edible Oil Consumption: A 

Censored Incomplete Demand Approach. Journal of Agricultural and 

Applied Economics, 40: 821-835. 

 

Patel, C.B., Amin, A.U. and Patel, A.L. 2013a. Effect of varying levels of nitrogen 

and sulphur on growth and yield of coriander (Coriandrum sativum L.). 

The Bioscan, 8(4): 1285-1289. 

 

Patel, H.R., Patel, H.F., Maheriya, V.D. and Dodia, I.N. 2013b. Response of kharif 

greengram (Vignaradita L. Wilczek) to sulphur and phosphorus 

fertilization with and without bio-fertilizer application The Bioscan, 8(1): 

149-152. 

 

Pilbam, D.J. and Kirkby, E.A. 1983. The physiological role of boron in plants. J. 

Plant Nutrition, 6: 563-582. 

 

Piper, C.S. 1967. Soil and plant analysis. Asian publishing House, Bombay, New 

Delhi. 85-102. 

 

Rerkasem, B., R.W. Bell., S. Lodkaew & J.F. Loneragan 1997 . Relationship of 

seed boron concentration to germination and growth of soybean (Glycine 

max L.). Nutrient cycling in Agroecosystems 48: 217–223. 

 

Romheld, V. and Marschner, H. 1991. Function of micronutrients in plants. In J.J. 

Mortvelt (ed.) Micronutrients in agriculture. 2nd ed. SSSA, Book Ser. 

4.SSSA, Madison, WI. p. 297-328. 

 

Shankhe, G.M., Naphade, P.S., Ravankar, H.N., Sarap, P.A. and Hadole, S.S. 

2004. Effect of boron and molybdenum on their uptake and yield of 

groundnut. Agric. Sci. Digest, 24 (1): 51-53. 

 

Sarkar, S.K., Chowdhury, M.A.H. & Zakir, H.M. 2002. Sulphur and boron 

fertilization on yield quality and nutrient uptake by Bangladesh soybean-

4. J. Biological Sci., 2:729-733. 

 

Sharma, P.K., Gill, O.P. and Sharma, B.L.1992. Effect of source and mode of 

sulphur application on yield of groundnut. Indian J. of Agronomy, 37(3): 

489-492. 

 

Singh, M.V., Patel, K.P. & Ramani, V.P. 2003. Crop responses to secondary and 

micronutrients in swell-shrink soils. Fertilizer News, 48(4):63-66.   

 



56 

 

 

Singh, S., Chopra, N., Reddy, K.S. and Leelavati 2007-08. Influence of sulphur 

and boron on yield attributes and yield of soybean. Crop Research 

(Hisar); 2012. 44(3): 318-321. 15 ref. 

 

Singh, R.N. 2001-03. Interaction effect of sulphur and boron on yield, nutrient 

uptake and quality characters of soybean (Glycine max L. Merill) grown 

in acidic upland soil. J. of the Indian Society of Soil Science, : 54(4): 

516-518. 

 

Singh, G.P., Singh, P.L. and Panwar, A.S. 2011. Response of groundnut (Arachis 

hypogaea) to biofertilizer, organic and inorganic sources of nutrient in 

north east India. Legume Res. 34 (3): 196 – 201. 
 

Singaravel, R., Parasath, V. and Elayaraja, D. 2006. Effect of organics and 

micronutrients on the growth, yield of groundnut in coastal soil. Internat. 

J. agric. Sci. 2 (2): 401-402. 

 

Sounda, G., Nandini Devi, K., Maiti, S. & Mondal, S.S. 2006. Productivity and 

water use efficiency of spring soybean (Glycine max L.) as affected by 

levels of irrigation and sources of sulphur. J. Crop and Weed, 2: 5-8. 

 

Shubhangi J. Dhage, V.D. Patil and Mamta J. Patange (2014).  Effect of various 

levels of phosphorus and sulphur on yield, plant nutrient content, uptake 

and availability of nutrients at harvest stages of soybean.  Int. J. Curr. 

Microbiol. App. Sci (2014) 3(12): 833-844. 

 

Subbiah, B.V. and Asija, G.L. 1956. A rapid procedure for estimation of available 

nitrogen in soils. Curr. Sci., 25: 259-260. 

 

Sreemannarayana, B. and Sreenivasa Raju, A.1993. Direct and residual effect of 

applied sulphur in sunflower based cropping systems. Fertilizer News, 38 

(9): 39-42. 

 

Suryanarayana Reddy, M. and Chhonkar, P.K. 1991. Urease activity in soil and 

flood waters as influenced by regulatory chemicals and oxygen stress. J. 

of the Indian Society of Soil Science, 39: 84-88. 

 

Swarup A. et al. 2001. Nutrient mining in agro-climatic zones of Madhya Pradesh. 

FN, 46(4), 33-38, 41-45. 

 

Tahir, M., Mehmood, Q. & Tahir, Shahzad.  2012. Production potential of soybean 

(Glycine max L.) In response to boron under agro ecological conditions of 

pakistan. Int. J. of Modern Agriculture, 3(2). 

 

Tandon, H.L.S. 1991. Sulphur Research and Agricultural Production in India, 3rd 

edition. 

 



57 

 

 

Tripathy, S.K., Patra, A.K. & Samui, S.C. 1999. Effect of micronutrient on 

nodulation, growth, yield and nutrient uptake by groundnut (Arachis 

hypogaea). Indian J. Plant Physiology, 4: 207-209.  

 

Williams, C.H. and Steinberg, A. 1959. Soil sulphur fractions as chemical indices 

of available sulphur in some Australian soils. Aus. J. of Agri. Research 

10: 340-352. 

 

Vaiyapuri, K., Amanullah, M.M., Sundareswaran, S. 2007-08. Influence of sulphur 

and boron on yield, protein content and sulphur and boron uptake of 

soybean. Green Farming, : 2(10): 664-666. 

 

Vaiyapuri, K., Amanullah, M.M.  and Rajendran K. 2010. Influence of Sulphur   

and Boron on Yield Attributes and Yield of Soybean. Madras Agric. J., 

97 (1-3): 65-67, March 2010. 

 

Vyas, M.D., Rupendra, Khandwe. 2007-08. Effect of sulphur and boron levels on 

productivity, quality and profitability of soybean [Glycine max L.Merill] 

in Vertisols under rainfed conditions. Soybean Research; 2013. : 11(1): 

14-21. 

 

Yadav, H.K., T. thomas  and V. khajuria 2004. Effect of different levels of sulphur 

and biofertilizer on the yield of Indian mustard (Brassica juncea L.) and 

soil properties. J. of Agricultural Physics Vol. 10, pp. 61-65 (2010) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

58 

 

APPENDICES 

 
APPENDIX-A 

 

Average value of available Nitrogen, Phosphorous and Potassium after 

harvest of soybean  

 

Treatments 
Available N             

(kg ha
-1

) 

Available N               

(kg ha
-1

) 

Available N               

(kg ha
-1

) 

T
1
- S

0
B

0
 232.17 10.61 480.22 

T
2
- S

0
B

0.5
 234.33 10.34 473.09 

T
3
- S

0
B

1.0
 235.72 11.16 467.81 

T
4
- S

0
B

1.5
 236.92 10.71 464.37 

T
5
- S

15
B

0
 233.37 11.24 475.42 

T
6
- S

15
B

0.5
 236.68 11.73 468.36 

T
7
- S

15
B

1.0
 235.43 11.97 462.85 

T
8
- S

15
B

1.5
 237.48 11.54 465.52 

T
9
- S

30
B

0
 236.82 11.68 472.08 

T
10

- S
30

B
0.5

 239.02 12.02 465.01 

T
11

- S
30

B
1.0

 240.44 12.14 463.13 

T
12

- S
30

B
1.5

 241.66 12.23 463.13 

T
13

- S
45

B
0
 234.49 11.65 475.42 

T
14

- S
45

B
0.5

 236.68 12.10 468.36 

T
15

- S
45

B
1.0

 238.08 12.15 459.73 

T
16

- S
45

B
1.5

 239.29 12.05 463.13 

 

 

 

 

 

 






