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	ABSTRACT	
The	challenges	in	enhancing	the	yield	and	nutrient	uptake	of	Summer	Greengram	include	addressing	widespread	sulphur	de�iciency	
in	Indian	soils,	which	is	crucial	for	protein	synthesis,	nodulation	and	overall	plant	growth.	Integrating	organic	manures	like	farm	
yard	manure	(FYM)	and	vermicompost	can	improve	soil	fertility,	structure	and	microbial	activity,	positively	in�luencing	crop	growth	
and	yield.	Additionally,	the	application	of	biofertilizers	containing	Rhizobium	for	nitrogen	�ixation	and	phosphorus	solubilizing	
microorganisms	for	improved	phosphorus	availability	can	play	a	vital	role	in	overcoming	nutrient	limitations	and	enhancing	the	
productivity	of	greengram	crops.	A	�ield	trial	was	conducted	at	the	Soil	and	Water	Management,	Cotton	Research	Sub	Station,	
Achhalia	during	the	Summer	season	of	2021	to	evaluate	the	effect	of	sulphur,	organic	manure	and	biofertilizers	on	the	yield	and	
nutrient	uptake	of	Greengram.	The	experiment	comprised	with	twelve	different	treatment	combinations	arranged	in	a	factorial	
randomized	block	design	with	three	replications.	Sulphur	was	applied	at	three	levels	(20	kg	S/ha,	30	kg	S/ha,	40	kg	S/ha)	along	with	
organic	manure	(FYM	@	5t/ha,	Vermicompost	@	1	t/ha)	and	biofertilizers	(control,	PSB	+	Rhizobium	inoculation).	The	�indings	
revealed	that	the	application	of	40	kg/ha	of	sulphur	signi�icantly	increased	the	seed	yield,	stover	yield,	and	overall	nutrient	uptake,	
encompassing	N,	P,	K,	S,	Fe,	Mn,	Zn,	and	Cu.	The	inclusion	of	organic	manure,	particularly	FYM	at	5	t/ha,	led	to	improved	nutrient	
uptake,	speci�ically	 for	N,	P,	K,	and	Cu	in	the	Greengram	crop.	The	introduction	of	biofertilizers	containing	PSB	and	rhizobium	
resulted	in	a	notable	improvement	in	seed	yield,	stover	yield	and	total	nutrient	uptake.	Additionally,	the	interactive	effects	showed	a	
synergistic	in�luence	when	combining	sulphur,	organic	manure	and	biofertilizers,	resulting	in	increased	seed	yield,	stover	yield,	and	
total	nutrient	uptake	for	Greengram.
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INTRODUCTION
Greengram (Vigna	radiata L.) holds a signi�icant position as a 
crucial pulse crop in India, known for its short growth period, 
substantial yield potential and outstanding nutritional value for 
both human consumption and use as livestock feed and forage. It 
covers approximately 34.37 lakh hectares nationwide, resulting 
in a total production of 17.83 lakh tonnes, with an average yield 
of 519 kg/ha. In Gujarat alone, it spans 0.90 lakh hectares, 
producing 0.55 lakh tonnes at an average productivity of 611 
kg/ha in the 2019-20 period (Anonymous, 2020). Sulphur plays 
a pivotal role in the development of pulse crops, particularly in 
protein and vitamin synthesis, as well as in enhancing 
nodulation in legumes for improved nitrogen �ixation. 
Throughout the growth cycle of Greengram, sulphur in�luences 
various aspects, ranging from plant height to grain yield. 
Sulphur is crucial for amino acids like cysteine, methionine and 
cystin, essential for protein synthesis in plants, contributing to 
the overall quality of pulses and oilseeds. The combination of 
nutrient application with organic manure, such as farmyard 
manure (FYM) and vermicompost, can function as a source of 
nutrients and complexing agents. 

These materials form stable complexes with native nutrients, 
preventing their loss and enhancing nutrient ef�iciency. 
Integrated Plant Nutrient Systems (IPNS) enhance fertilizer 
ef�iciency,  supporting sustainable crop production. 
Microorganisms, including bacteria and fungi like Bacillus, 
Pseudomonas ,  Aspergillus  and Penicillium, solubilize 
phosphorus, making it more accessible to plants (Sharma et	al., 
2000). Some soil bacteria and fungi can transform insoluble 
phosphates into soluble forms by secreting organic acids, 
improving phosphorus absorption and surpassing the 
effectiveness of chemical fertilizers. The use of Rhizobium 
inoculation proves to be an economical and safe method for 
nitrogen provision in Greengram, promoting biological nitrogen 
�ixation and increasing nitrogen availability.

MATERIALS	AND	METHODS
A �ield trial was conducted during the Summer season of 2021 at 
the Soil and Water Management, Cotton Research Sub Station, 
Achhalia, situated in the South Gujarat Agro Climatic Zone-II. 
The aim was to evaluate the impact of varying levels of sulphur, 
organic manure and biofertilizers on the yield and nutrient 
uptake of Greengram. The experimental �ield had clay-textured 
soil, medium levels of available nitrogen and phosphorus, and 
high levels of available potassium. The study employed a 
factorial randomized block design with twelve different 
treatment combinations and three replications. Sulphur was 
applied at three different rates (20 kg/ha, 30 kg/ha, 40 kg/ha) in 
c o m b i n a t i o n  w i t h  o rga n i c  m a n u re  ( F Y M  @  5 t / h a ,
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Vermicompost @ 1 t/ha) and biofertilizers (control, PSB + 
Rhizobium inoculation). Greengram variety GM-6 was sown 
with a furrow spacing of 30 cm x 10 cm. Fertilizers were 
manually applied before sowing, and biofertilizer was applied 
through seed inoculation (10 ml/kg). Standard cultural 
practices and plant protection measures were adhered to 
throughout the experimental period. Statistical analysis 
following the procedures outlined by Panse and Sukhatme 
(1985) was performed to assess the signi�icant effects of 
treatments on yield and nutrient uptake.

RESULTS	AND	DISCUSSION
Effect	of	Sulphur
Examination of the data elucidated that both seed yield and 
stover yield, along with the augmented total nutrient uptake 
encompassing nitrogen, phosphorus, potassium, sulphur, iron, 
manganese, zinc and copper were signi�icantly in�luenced by the 
application of sulphur (Table 1).
The application of sulphur @ 40 kg/ha resulted in a noteworthy 
augmentation in both seed and stover yields, as well as an 
ampli�ication in the overall uptake of nutrients (N, P, K, S, Fe, Mn, 
Zn, and Cu) in comparison to alternative sulphur levels. The 
heightened growth and development of the crop plants, as 
observed in this study, can be ascribed to elevated metabolic 
activities and an increased photosynthetic rate. These factors 
collectively contributed to improved assimilation of dry matter 
during diverse growth stages and at the point of maturity.
Furthermore, sulphur application manifested an apparent 
enhancement in nutrient concentration within the plants, likely 
serving as the primary determinant for the observed escalation 
in nutrient uptake following sulphur application. The outcomes 
of the current investigation align with the �indings of Meena et	
al.	(2013) and Dheri et	al. (2021).

Effect	of	Organic	Manure
The utilization of Farm Yard Manure (FYM) @ 5 t/ha resulted in 
a marked enhancement in the uptake of essential nutrients, 
namely nitrogen, phosphorus, potassium and copper in 
comparison to the application of Vermicompost @ 1 t/ha (Table 
1). The augmented nutrient uptake observed with FYM can be 
attributed to an increased accessibility of nutrients to the plants. 
Furthermore, the application of FYM positively in�luenced the 
soil environment, fostering an environment conducive to robust 
root system development. This, in turn, facilitated improved 
absorption of both moisture and nutrients, consequently 
leading to heightened biomass production. Similar results were 
reported by Singh et	al.	(2013).
Conversely, seed yield, stover yield, and total nutrients (S, Fe, Mn 
and Zn) uptake did not exhibit signi�icant differences as a result 
of the organic manure treatments. These parameters remained 
relatively consistent and were not signi�icantly affected by the 
application of organic manures. 

Effect	of	Biofertilizer
Examination of the data elucidated a signi�icant impact of 
biofertilizer inoculation on both seed yield and stover yield, 
concurrently leading to heightened total nutrient uptake, viz.N, 
P, K, S, Fe, Mn, Zn and Cu (table 1). 
When Greengram seeds were treated with both PSB and 
Rhizobium@ 10 ml/kg of seed, a signi�icant boost in seed and 
stover yield was observed. The increased yield was attributed to 
the positive role of Rhizobium in enhancing root nodulation, 
leading to improved root development and increased nutrient 

availability. Simultaneously, the presence of Pseudomonas in the 
co-inoculation contributed to sustained nutrient availability, 
supporting robust plant growth and higher dry matter 
production. This enhanced vegetative growth, in turn, resulted 
in improved �lowering and pod formation, ultimately leading to 
a positive impact on seed yield. Similar results were reported by 
Kumar et	al. (2009) and Kumawat et	al. (2010). However, the 
application of PSB and Rhizobium inoculation @ 10 ml/kg of 
seed resulted in signi�icantly higher total nutrient uptake by 
Greengram, including N, P, K, S, Fe, Mn, Zn, and Cu, compared to 
non-inoculated plants. The increased nutrient uptake with 
biofertilizer application may be attributed to the heightened 
activity of symbiotic N-�ixers and P solubilizers, promoting 
nodulation by enhancing nitrogenase activity and resulting in 
higher nutrient uptake in both seeds and stover. Additionally, it 
was noted that the application of biofertilizers improved 
chlorophyll content in plants, regulating photosynthesis and 
enhancing the accumulation of food in plants, as indicated by 
Singh et	al. (2021).

Interaction	Effect
The interaction effects between sulphur and organic matter 
exhibited noteworthy impacts on phosphorus and sulfur 
uptake. Notably, the treatment combination S O , characterized 3 1

by the application of 40 kg S/ha and 5 t/ha of FYM, 
demonstrated signi�icantly elevated levels of total P and S 
uptake as compared to the other treatment combinations (Table 
2). 
The interaction effects between sulphur and biofertilizer had 
noteworthy impacts on the overall nitrogen and phosphorus 
uptake in Greengram, as depicted in Figure 1 and Figure 2, 
respectively. Notably, the combination labelled as S B , which 3 1

included the application of 40 kg S/ha and the inoculation of PSB 
+ Rhizobium (each @ 10 ml/kg of seed), exhibited signi�icantly 
higher levels of both total nitrogen uptake and total phosphorus 
uptake as compared to the other treatment combinations.
However, when examining the interaction effects of sulphur, 
organic matter and biofertilizers, a noteworthy in�luence was 
observed on seed yield, stover yield and the overall uptake of 
nutrients such as nitrogen, phosphorus, potassium, sulphur, 
iron, manganese, zinc and copper (Table 3). Speci�ically, in the 
context of the S×O×B interaction, the combination S O B , 3 1 1

involving the application of 40 kg S/ha, FYM @ 5 t/ha, along with 
PSB + Rhizobium inoculation, demonstrated signi�icantly 
increased seed yield, stover yield and total nutrient uptake, 
including N, P, K, S, Mn, Zn, and Cu. The simultaneous use of 
organic, inorganic and biofertilizers contributed to enhanced 
plant growth, potentially due to improved nutrient availability, 
leading to better yield development and improved soil physical 
properties. These positive outcomes in nutrient uptake by 
Greengram are consistent with the �indings of Kumpawat 
(2010).

CONCLUSION
The study outcomes emphasize the considerable positive effect 
of sulphur application, particularly when combined with 
organic manures and biofertilizers, on both the yield of 
Greengram and its nutrient absorption. These results highlight 
the promise of integrated nutrient management approaches, 
such as utilizing 40 kg S/ha, incorporating 5 t FYM/ha and 
administering PSB + Rhizobium inoculation. Such strategies 
have the potential to boost Greengram productivity and 
enhance the overall nutrient uptake by the crop.
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Table	2:	 S	 x	O	 interaction	effect	on	 total	P	uptake,	 total	S	uptake	as	well	as	
available	N	and	available	S	in	soil
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Fig.	1:	Total	N	uptake	by	Greengram	as	in�luenced	by	S×	B	interaction

Fig.	2:	Total	P	uptake	by	Greengram	as	in�luenced	by	S×	B	interaction
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