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ABSTRACT 
 

An experiment entitled, "Effect of sulphur and bio-inoculants on growth and yield of soybean 
(Glycine Max L.)" was conducted during kharif, 2023 at new experimental cum demonstration field, 
SVIAg, SVVV, Indore. The field experiment was carried out in randomized block design with nine 
treatments. The treatments were T1- RDF (20:40:20), T2- RDF + 20 kg S ha-1, T3- RDF + 20 kg S 
ha-1 + Rhizobium, T4- RDF + 20 kg S ha-1+ PSB, T5- RDF + 20 kg S ha-1+ Thiobacillus, T6- RDF + 
20 kg S ha-1 + Rhizobium + PSB, T7- RDF + 20 kg S ha-1 + Rhizobium + Thiobacillus, T8- RDF + 20 
kg S ha-1 + Thiobacillus + PSB and T9- RDF + 20 kg S ha-1 + Rhizobium + Thiobacillus + PSB. The 
growth and yield attributes such as plant height, no. of leaves plant-1at 60 DAS, no. of branches 
plant-1, leaf area plant-1 at 60 DAS, dry matter plant-1, number of pods plant-1, pod yield plant-1, seed 
yield plant-1, seed yield (ha-1), straw yield (ha-1) and biological yield (ha-1) were recorded and found 
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to be highest with the application of RDF + 20 kg S ha-1 + Rhizobium + Thiobacillus + PSB as 
compared to rest of the treatments. Application of RDF along with sulphur (20 kg ha-1) and seed 
treated with all bio-inoculants (Rhizobium, PSB and Thiobacillus) or at least one of the available 
bio-inoculant helps to increase soybean growth and yield of soybean. 
 

 
Keywords: Sulphur; bio-inoculants; rhizobium. 
 

1. INTRODUCTION 
 
The soybean (Glycine max) is a species of 
legume native to East Asia and belongs to the 
Fabaceae or bean family. Beans are classed as 
pulses whereas, soybeans are classed as 
oilseeds. Due to its high protein content, soybean 
is known as "poor man's meat'. It contains 18-20 
per cent oil and 40 per cent protein. The oil and 
protein content together account for about 60 per 
cent of dry soybeans by weight. The remainder 
consists of 35 per cent carbohydrate and about 5 
per cent ash. Soybean protein is rich in valuable 
amino acid, lysine (5 %) which is deficient in 
most cereals. It also contains 60 per cent 
polyunsaturated fatty acids (52.8 % linolenic acid 
+ 7.2 % linoleic acid). Soybean has high caloric 
value releasing 432 calories from 100 gm edible 
protein as compared to 350 calories from cereals 
of the same quantity. The oil contains about 0.5-
1.0 per cent lecithin which is essential for the 
building up of human nerve tissues.  
 
“As per world soybean production, United States 
was the leading global producer of soybeans with 
a production volume of 120.52 million metric tons 
in 2018-19. As of 2019, Brazil overtook the 
United States as the leading soybean-producing 
country with a production volume of some 162 
million metric tons in 2022-23 followed by United 
States of America, Argentina, China and India 
accounting for 40 per cent of world production. In 
India, the area, production and productivity of 
soybean during 2022-23 was 12.07 m ha, 13.98 
Mt and 1158 kg ha-1 respectively as against 
12.18 m ha area, 13.12 Mt production and 1077 
kg ha-1 productivity during 2021-22. Among the 
states, Madhya Pradesh stood first with 50.18 
lakh ha followed by Maharashtra, Rajasthan, 
Karnataka, Gujarat and Telangana”. (Anonymous 
2023). 
 
“Recent years have seen the use of chemical 
fertilizers in agriculture, making the nation more 
self-sufficient in food production, but at the 
expense of the ecosystem and the well-being of 
all living things, creating negative impacts on soil 
fertility. To satisfy our agricultural requirements, 
beneficial microorganisms are better alternatives 

to conventional farming methods. Bioinoculants 
do not show any detrimental impact on the soil, 
plant and animal life as they are eco-friendly and 
highly efficient. Nitrogen-fixing bacteria, such as 
Rhizobium, form intimate alliances with soybean 
roots, establishing nodules where they convert 
atmospheric nitrogen into a plant-usable form. 
This biological nitrogen fixation not only reduces 
the need for synthetic fertilizers but also 
enhances soil fertility, enriching the nutrient bank 
through enhancing nutrient availability and 
uptake for present and subsequent crops and 
promoting sustainable soil management 
practices, the key drivers of soybean growth and 
yield. Phosphorus-solubilizing bacteria (PSB) 
unlock phosphorus in the soil, making it 
accessible to soybean roots and fuelling critical 
metabolic processes. Thiobacillus, a genus of 
sulphur-oxidizing bacteria, plays a significant role 
in the sulphur cycle in soil environments. These 
bacteria facilitate the conversion of sulphur and 
sulphide compounds into forms that plants can 
readily absorb i.e. sulphate. The activity of 
Thiobacillus can enhance soil fertility by 
increasing a steady supply of sulphate thus, 
leading to better crop growth and higher yields” 
(Shahwar et al., 2023). 
 
The global demand for soybean continues to rise 
due to its nutritional benefits and use in various 
industrial applications. This increasing demand 
necessitates advancements in cultivation 
practices to enhance yield and ensure 
sustainability. The soybean crop's adaptability to 
different environmental conditions and its ability 
to enhance soil fertility through nitrogen fixation 
makes it an integral component of sustainable 
agricultural systems. The idea of combining 
sulphur fertilization with the bio-inoculant 
application can create a synergistic effect that 
promotes sustainable soybean production. 
Sulphur will enhance the efficiency of biological 
nitrogen fixation by supporting the enzymatic 
processes involved, while bio-inoculants improve 
the availability and uptake of nutrients, including 
sulphur and phosphorus. Thus, the research 
work to study the effect of sulphur and bio-
inoculants on soybean production was selected 
and the results obtained are discussed herewith. 
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2. MATERIALS AND METHODS 
 
The present experiment entitled “Effect of 
sulphur and bio-inoculants on soybean 
production (Glycine max L.)” was carried out at 
New experimental cum demonstration field, Shri 
Vaishnav Institute of Agriculture, Shri Vaishnav 
Vidyapeeth Vishwavidyalaya, Indore during rabi 
2023-24. The soil at the experimental site was 
clayey in texture, low in available nitrogen 
(206.18 kg ha-1), medium in phosphorus (13.98 
kg ha-1), and high in available potassium (448.25 
kg ha-1). The field experiment was carried out in 
randomized block design with nine treatments 
and three replications. The treatments were T1- 
RDF (20:40:20), T2- RDF + 20 kg S ha-1, T3- RDF 
+ 20 kg S ha-1 + Rhizobium, T4- RDF + 20 kg S 
ha-1+ PSB, T5- RDF + 20 kg S ha-1 + Thiobacillus, 
T6- RDF + 20 kg S ha-1 + Rhizobium + PSB, T7- 
RDF + 20 kg S ha-1 + Rhizobium + Thiobacillus, 
T8- RDF + 20 kg S ha-1 + Thiobacillus + PSB and 
T9- RDF + 20 kg S ha-1 + Rhizobium + 
Thiobacillus + PSB. The field was divided into 27 
plots with gross plot size of 3.00 m x 4.50 m 
each.  
 
Recommended dose of fertilizers (20:40:20 NPK 
kg ha-1) and sulphur was applied as basal dose 
and seed treatment with different bio-fertilizers 
(Rhizobium, Thiobacillus and PSB) was given as 
per treatments. The nutrients were applied 
through Urea, Single super phosphate (SSP), 
Muriate of potash (MOP) and Bensulph 
(Elemental Sulphur) as basal dose before 
sowing. 
 
“To record biometric observations, five plants 
were chosen at random from each net plot. 
Seedlings emerged six days after sowing, and 
the total number of plants was counted 15 days 
later. The final plant stand was recorded at the 
time of harvesting. Height of plant were 
measured from ground level to the base of last 
fully opened leaf and average height was work 
out. The total number of trifoliate leaves were 
counted and recorded. Number of branches 
plant-1 grown on stem were counted and 
recorded. Leaf area were calculated by using 
formula. A single plant was randomly sampled 
from each plot for dry matter production. 
Numbers of pods were counted from 5 randomly 
selected plants from net plots and then the 
average was worked out. Total numbers of pods 
from five selected sample plants were harvested 
and per plant seed yield was recorded. 
Thousand seeds were counted from each net 
plot seed yield and its weight was recorded. The 

plants from each net plot were harvested and 
seeds were separated by threshing. After sun 
drying seed yield obtained in each net plot were 
weighed in kg and presented as kg ha-1. Straw 
yield was obtained by deducting the seed yield 
from the weight of total dry produce (biological 
yield) of respective net plot in kg and given as kg 
ha-1. The figures of biological yield were 
calculated by summing of seed yield and straw 
yield of net plots. Finally, it was converted on 
hectare basis. The harvest index was calculated 
by using formula seed yield (kg ha-1) ÷ biological 
yield (kg ha-1) X 100” (A.A. Kawade et al.; 2016). 

 

3. RESULTS AND DISCUSSION  
 

3.1 Growth Attributes 
 

The growth parameters such as plant height 
increased at every step of crop development till 
maturity. The number of branches increased up 
to 60 days and remained constant thereafter. 
The number of nodules increased positively up to 
flowering and decreased thereafter due to 
shrinkage of nodules. The number of leaves and 
leaf area increased up to 60 days and decreased 
thereafter towards maturity due to leaf 
senescence. Total dry matter increased at every 
growth stage from 30 DAS up to harvest. The 
development of pods started after flowering and 
increases continuously up to harvest. Highest 
values of plant height (42.53 cm) at harvest, no. 
of leaves plant-1 (32.87) at 60 DAS, no. of 
branches plant-1 (12.13) at harvest, leaf area 
plant-1 (13.40) at 60 DAS and dry matter plant-1 
(23.53 g) at harvest was recorded in treatment 
with application of RDF + 20 kg S ha-1 + 
Rhizobium + Thiobacillus + PSB (T9) inoculants 
throughout the entire crop growth period. The 
lowest values of all these parameters were 
recorded by the application of RDF alone (T1). 
The increase in growth attributes may be due to 
better uptake and translocation of plant nutrients 
to growing plants. The findings were supported 
by Jaga and Sharma (2015), Farhad et al., 
(2010), Akter (2013), Kawde et al., (2016), Aziz 
et al., (2016) and Sharma (2011). 
 

3.2 Yield Attributes and Yield 
 

Yield attributing characters viz., maximum no. of 
pods plant-1 (31.90), pod yield plant-1 (22.67 g), 
seed yield plant-1 (11.33 g) at harvest was 
recorded in treatment with the application of RDF 
+ 20 kg S ha-1 + Rhizobium + Thiobacillus + PSB 
(T9). Whereas the minimum values were 
recorded from the treatment with the application 
of RDF alone (T1). 



 
 
 
 

Masih et al.; Arch. Curr. Res. Int., vol. 24, no. 12, pp. 342-346, 2024; Article no.ACRI.128662 
 
 

 
345 

 

Table 1. Effect of sulphur and bio inoculants on growth attributes of soybean 
 

Treatments Plant height 
(at harvest) 

No. of leaves 
plant-1 (60 
DAS) 

No. of 
branches plant-

1 (at harvest) 

Leaf area 
plant-1 (60 
DAS) 

Dry matter 
plant-1  
(at harvest) 

T
1
 33.70 24.33 7.12 7.33 12.22 

T
2
 33.88 26.33 8.53 7.48 17.68 

T
3
 35.87 27.41 9.82 9.59 19.50 

T
4
 34.07 27.03 9.56 8.79 18.20 

T
5
 36.56 27.47 9.92 10.37 20.02 

T
6
 39.37 29.47 10.99 12.19 21.95 

T
7
 40.53 30.20 11.82 12.28 22.31 

T
8
 38.85 28.93 10.63 11.60 21.26 

T
9
 42.53 32.87 12.13 13.40 23.53 

S.Em. (±) 1.78 0.85 0.59 0.51 1.02 
CD at 5% 5.35 2.56 1.77 1.53 3.06 
General mean 37.26 28.23 10.06 10.34 19.63 

 
Table 2. Effect of sulphur and bio inoculants on yield attributes of soybean 

 

Treatments No. of 
pods 
plant-1 

Pod yield 
(g) plant-1 

Grain yield 
(g) plant-1 

Seed yield  
q ha-1 

 

Straw 
yield  
q ha-1 

Biological 
yield  
q ha-1 

T
1
 21.03 13.17 7.67 8.11 13.99 22.09 

T
2
 21.57 15.23 7.83 10.27 17.22 27.49 

T
3
 24.20 18.20 8.40 12.11 21.58 33.69 

T
4
 22.73 17.00 7.97 11.76 20.28 32.04 

T
5
 26.87 19.43 9.17 13.21 24.45 37.66 

T
6
 30.00 21.07 10.10 15.08 27.10 42.18 

T
7
 30.47 21.43 10.67 15.92 27.87 43.80 

T
8
 29.13 20.07 9.87 14.21 25.94 40.15 

T
9
 31.90 22.67 11.33 16.41 28.52 44.93 

S.Em. (±) 0.93 0.88 0.56 1.06 0.92 1.48 
CD at 5% 2.79 2.65 1.68 3.18 2.76 4.44 
General 
mean 

26.43 18.70 9.22 13.01 22.99 36.00 

 
The seed, straw and biological yield of maize 
was significantly influenced by different 
treatments. Application of RDF + 20 kg S ha-1 + 
Rhizobium + Thiobacillus + PSB (T9) recorded 
maximum seed yield (16.41 q ha-1), straw yield 
(28.52 q ha-1) and biological yield (44.93 q ha-1) 
which was found to be at par with RDF + 20 kg S 
ha-1 + Rhizobium + PSB (T6), RDF + 20 kg S ha-

1 + Rhizobium + Thiobacillus (T7) and RDF + 20 
kg S ha-1 + Thiobacillus + PSB (T8). The 
increase in all the growth parameters with 
application of RDF + 20 kg S ha-1 + Rhizobium + 

Thiobacillus + PSB (T9) must have resulted in 
increase in final yield of soybean. The increase in 
all the growth and yield attributes in T9 treatment 
must have resulted in higher seed, straw and 
biological yield. These findings are supported by 
Bonde and Gawande (2017) and Patel et al., 
(2013). 
 

4. CONCLUSION 
 

It may conclude that; the highest values of 
growth attributes, yield attributes and yield can 
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be obtained with the application of RDF + 20 kg 
S ha-1 + Rhizobium + Thiobacillus + PSB (T9) 
whose values are at par with the treatment 
containing any one of the bio-inoculant. 
 
Application of RDF along with sulphur (20 kg ha-

1) and seed treated with all bio-inoculants 
(Rhizobium, PSB and Thiobacillus) or at           
least one of the available bio-inoculant helps       
to increase soybean growth and yield of 
soybean. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image 
generators have been used during the writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
Akter, F. M. D., Islam, N., Shamsuddoha, A. T. 

M., Bhuiyan, M. S. I., & Shilpi, S. (2013). 
Effect of phosphorus and sulphur on 
growth and yield of soybean (Glycine max 
L.). International Journal of Bio-resource 
and Stress Management, 4(4), 555-560. 

Anonymous. (2023). The soybean outlook. 
Aziz, A. L. A., Ahiabor, B. D. K., Opoku, A., & 

Abaidoo, R. C. (2016). Contributions of 
Rhizobium inoculants and phosphorus 
fertilizer to biological nitrogen fixation, 
growth, and grain yield of three soybean 
varieties on a fluvic luvisol. American 
Journal of Experimental Agriculture, 10(2), 
1-11. 

Bonde, A. S., & Gawande, S. N. (2017). Effect of 
integrated nutrient management on growth, 
yield, and nutrient uptake by soybean 
(Glycine max). Annals of Plant and Soil 
Research, 19(2), 154-158. 

Farhad, I. S. M., Islam, M. N., Hoque, S., & 
Bhuiyan, M. S. I. (2010). Role of potassium 
and sulphur on the growth, yield, and oil 
content of soybean (Glycine max L.). 
Academic Journal of Plant Sciences, 3(2), 
99-103. 

Jaga, P. K., & Sharma, S. (2015). Effect of bio-
fertilizer and fertilizers on productivity of 
soybean. Annals of Plant and Soil 
Research, 17(2), 171-174. 

Kawade, A. A., Panchal, V. V., & Kalegore, N. K. 
(2016). Influence of sulphur and bio-
inoculants on growth and yield of black 
gram (Vigna mungo L.). National Academy 
of Agricultural Science, 34(7), 2113-2117. 

Kawde, A. A., Panchal, V. V., & Kalegore, N. K. 
(2016). Influence of sulphur and bio-
inoculants on yield and economics of black 
gram (Vigna mungo L.). National Academy 
of Agricultural Science, 34(7), 2119-2122. 

Patel, H. R., Patel, H. F., Maheriya, V. D., & 
Dodia, I. N. (2013). Response of kharif 
green gram to sulphur and phosphorus 
fertilization with and without biofertilizer 
application. International Journal of Life 
Sciences, 8(1), 149-152. 

Shahwar, D., Mushtaq, Z., Mushtaq, H., 
Abdulaziz, A., Alqarawi, P. Y., Thobayet, 
S., & Alshahrani, F. S. (2023). Role of 
microbial inoculants as biofertilizers for 
improving crop productivity: A review. 
Heliyon, 9, 2405-8440. 

Sharma, A. (2011). Economic viability of soybean 
production with sulphur and phosphorus 
nutrients on yield and yield attributes of 
soybean. Journal of Progressive 
Agriculture, 2(2), 13-15. 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/128662  

https://www.sdiarticle5.com/review-history/128662

