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ABSTRACT
Background: Soybean is an important oil seed crop grown in a varied range of climate and soils in India. Phosphorous and sulphur
is an important macronutrient required for plants. Their deficiency in soil is a worldwide concern for production of oil seed crops. The
gibberellic acid involved in plant growth and development. Therefore, investigation was carry out to study influenced of phosphorus,
sulphur and gibberellic acid on nutrient content and uptake of soybean.
Methods: An experiment conducted during kharif-2020 on soybean in sub-sub split plot design with three replications. The twenty
four treatment combinations were comprised viz. four levels of phosphorus (Control, 20, 40 and 60 kg ha-1), three levels of sulphur
(15, 30 and 45 kg ha-1) and two levels of gibberellic acid (Foliar spray of GA3 @ 75 ppm and no spray).
Result: Results revealed that application of 40 kg phosphorus ha-1 and 30 kg sulphur ha-1 is optimum dose for obtaining higher
available nitrogen, phosphorus, potassium and sulphur in the soil after crop harvest, nutrient content in seed and straw and uptake of
soybean crop. The foliar spray of gibberellic acid @ 75 ppm is also beneficial for improving productivity and profitability of soybean crop.

Key words: Gibberellic acid, Nutrient content, Phosphorus, Quality, Sulphur.

INTRODUCTION
Soybean [Glycine max (L.) Merrill] is an important oilseed
and food grain legume crop. It has paramount importance in
human and animal nutrition, because it is a major source of
edible vegetable oil and high protein feed as well as food in
the world. It is highly nutritious containing higher amount of
22-24% protein, 1.3% fat and 60% carbohydrates on dry
weight basis and it is rich source of calcium and iron. On the
national basis, soybean occupied an area of 12.09 million ha
with production and productivity of 11.22 metric tonnes and
928 kg ha-1, respectively (Anonymous, 2020). Inadequate
fertilizer used and emergence of multiple-nutrient deficiencies
due to poor recycling of organic resources and unbalanced
use of fertilizers are important factors to be considered for
low productivity of soybean (Jadon et al., 2019).

Phosphorus fertilizer sources have been shown to
positively influence soybean yields (Gonyane and Sebetha,
2022). Diammonium phosphate fertilizer source is known
to significantly increase the number of pods per plant in the
case of common beans, while the lowest number of pods
per plant have been recorded in cases where there have
been no applications of phosphorus fertilizer (Meseret and
Amin, 2014). The triple superphosphate, rock phosphate
phosphorus and monoammonium phosphate resulted in
higher seed mass across the planting seasons (Gonyane
and Sebetha, 2022). Sulphur is essential for synthesis of
proteins, vitamins and sulphur containing essential amino
acids and is also associated with nitrogen metabolism. The
good yield of soybean can be achieved by balanced and

adequate supply of phosphate, sulphur and other deficient,
nutrients (Suman et al., 2018). Sulphur is used as soil
amendment for amelioration, as plant nutrient for increasing
yield and quality of crop produce, as chemical agent to
acidulate other nutrient and pesticides (Kanwar and
Mudahar,1986). It is also implicated in oil biosynthesis in
soybean seed (Fazli et al., 2005). The sulphur is required in
high amount by the oilseeds and hence has been identified
as key nutrient responsible for high production.
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Plant growth regulators are known to enhance the
source-sink relationship and stimulate the translocation of
photo-assimilates there by helping in improve the
physiological efficiency, photosynthetic ability, effective
partitioning of accumulates from source to sink and ultimately
enhance productivity of the soybean crop (Solamani et al.,
2001). Gibberellic acid constitutes a group of tetracyclic
diterpenoids, involved in plant growth and development
(Aftab et al., 2010). The productivity of soybean to greater
extent depends on efficient use of phosphorus, sulphur and
gibberellic acid strategies. It has been now well understood
that phosphorus and sulphur nutrient management with foliar
spray of gibberellic acid play a very important role for
sustaining crop productivity. Hence, considering above facts,
the investigation was planned to find out the effect of
phosphorus, sulphur and gibberellic acid on productivity,
nutrient content, uptake and available nutrient status in the
soil after crop harvest.

MATERIALS AND METHODS
An experiment conducted during kharif 2020 at Instructional
Farm, College of Agriculture, Kota (Rajasthan), which is
situated at south eastern part of Rajasthan. In Rajasthan,
this region falls under Agro-climatic Zone-V of Rajasthan.
This zone possesses typical sub-tropical conditions with
maximum and minimum temperatures ranged between 30.2C
to 42.3C and 20.3C to 23.0C during kharif, 2020. The
total rainfall received during crop growing season 676 mm.
The soil samples were collected and analysed for initial
physicochemical properties followed by standard methods
(Piper, 1950 and Black, 1965). The soil was clay loam in
texture, slightly saline in reaction, medium in available
nitrogen (264 kg ha-1) and phosphorus (21.7 kg ha-1) while
high in potassium (388 kg ha-1) and sufficient in DTPA
extractable micronutrients with pH (7.61) and EC (0.52 dS m-1).
Recommended dose of fertilizer 20:40:40:30 (NPKS kg ha-1)
along with Rhizobium japonicum culture seed inoculation.
Among these nitrogen and potassium was applied as basal
dose through urea and muriate of potash, whereas
phosphorus and sulphur were applied through triple super
phosphate and elemental sulphur according to various
treatments as basal dose.

The twenty-four treatment combinations consisted of
four levels of phosphorus (control, 20, 40 and 60 kg ha-1)
allocated in main plots, three levels of sulphur (15, 30 and
45 kg ha-1) in sub plots and two levels of gibberellic acid
(foliar spray of GA3 @ 75 ppm and no spray) in sub-sub
plots were under taken in sub-sub split plot design with three
replications. Data on nutrient content in seed and straw,
nutrient uptake by crop, nutrient status in the soil were
recorded as per standard procedures (Subbiah and Asija,
1956 and Olsen et al., 1954). Plant samples (Grain and
straw) were collected after harvest of soybean crop from
each plot. Data were statistically analysed by adopting
appropriate method of standard analysis of variance (Gomez
and Gomez, 1984).

RESULTS AND DISCUSSION
Effect of phosphorus on nutrient content and uptake
It is obvious from data presented in Table 1 further indicated
that the significantly higher nitrogen, phosphorus and
sulphur content in soybean seed (6.47, 0.653 and 0.45 per
cent) were recorded with the application of 60 kg P2O5 ha-1

over application of 20 kg P2O5 ha-1 (6.18, 5.81 and 0.37
per cent) and control (5.83, 4.91 and 0.32 per cent).
However, it was found at par with 40 kg P2O5 ha-1 (6.47, 0.619
and 0.44 per cent). The maximum phosphorus and sulphur
content (0.182 and 0.35 per cent) was found with application
of 60 kg P2O5 ha-1, which was closely followed by 40 kg
P2O5 ha-1 (0.178 and 0.34 per cent). However, it was found
significantly superior over application of 20 kg P2O5 ha-1

(0.168 and 0.29 per cent) and control (0.151and 0.21 per
cent) in soybean straw. The various levels of phosphorus
fertilizer did not significantly influence potassium content in
seed and straw and nitrogen content in straw of soybean.

Significantly highest nitrogen, phosphorus, potassium
and sulphur uptake by soybean seed (128.8,12.81, 28.87
and 8.78 kg ha-1) was recorded with application of 60 kg
P2O5 ha-1, which was found at par with 40 kg P2O5 ha-1  (121.5,
11.63, 27.18 and 8.53 kg ha-1) over application of 20 kg
P2O5 ha-1 (96.6, 9.08, 23.20 and 5.97 kg ha-1) and control
(68.9, 5.80,16.20    and 3.80 kg ha-1). The maximum nitrogen,
phosphorus, potassium and sulphur uptake by straw of
soybean (70.1, 6.26, 77.60 and 11.94 kg ha-1) was recorded
with application of 60 kg P2O5 ha-1, which was found at par
with 40 kg P2O5 ha-1 (63.4, 5.80, 72.30 and 11.15 kg ha-1)
over 20 kg P2O5 ha-1 (55.0, 4.93, 64.8 and 8.77 kg ha-1) and
control (37.8, 3.32, 48.0 and 4.76 kg ha-1). Significantly
higher total nitrogen, phosphorus, potassium and sulphur
uptake by soybean crop (197.7,19.08, 106.4 and 20.73 kg ha-1)
with application of 60 kg P2O5 ha-1 over 20 kg P2O5 ha-1 (151.7,
14.01, 86.0 and 14.75 kg ha-1) and control (106.7, 9.12, 64.2
and 8.56 kg ha-1). However, it was found at par nitrogen
uptake by total (184.9,17.43, 98.3 and 19.69 kg ha-1) with
40 kg P2O5 ha-1 (Table 2).

In Nigeria, Amba et al. (2011), reported increases in
number of root nodules after varying levels of phosphorus
fertilizer. The maximum nitrogen content, phosphorus
content, potash content as well as sulphur content were
recorded in seed and straw of soybean. Similar results
obtained were corroborating with those reported by Devi
et al. (2012) and Dhage et al. (2014). Results showed that
the maximum uptake of nitrogen, phosphorus, potassium
and sulphur by seed, straw and total of soybean crop were
recorded with application of 60 kg phosphorus ha-1 over rest
of treatments similar findings was reported by Thakur et al.
(2009). Similarly, the effect of phosphorus fertilizer in
improvement of biological nitrogen fixation have been
several times reported in other studies. For instance, in
Kenya, Mugendi et al. (2010) observed increase in root
nodule weight with the increase in doses of phosphorus
fertilization.
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Effect of sulphur on nutrient content and uptake
A perusal of data presented in Table 1 further indicated that
the significantly higher nitrogen, phosphorus and sulphur
content (6.44, 0.599 and 0.45 per cent) were recorded with
the application of 45 kg sulphur ha-1 over application of 15
kg sulphur ha-1 (5.98, 0.568 and 0.33 per cent). However, it
was found at par with 30 kg sulphur ha-1 (6.24,0.590 and
0.41 per cent) in soybean seed. The maximum phosphorus
and sulphur content (0.178 and 0.35 per cent) was found
with application of 45 kg sulphur ha-1, which was closely
followed by 30 kg sulphur ha-1 (0.173 and 0.31 per cent).
However, it was found significantly superior over application
of 15 kg sulphur ha-1 (0.159 and 0.24 per cent) in soybean
straw. Under application of sulphur fertilizer was observed
non-significant difference of potassium content in seed and
nitrogen and potassium content in straw of soybean. The
nitrogen and potassium content in straw numerically increases
with increasing levels of sulphur fertilizer but did not show
any significant difference.

Significantly highest nitrogen, phosphorus, potassium
and sulphur uptake by soybean seed (114,10.65, 24.5 and
7.98 kg ha-1) was recorded with the application of 45 kg
sulphur ha-1, which was found at par with 30 kg sulphur ha-1

(107.3, 10.11, 23.3 and 7.16 kg ha-1) over application of 15
kg sulphur ha-1 (90.5, 8.72, 20.8 and 5.17 kg ha-1). The
maximum nitrogen, phosphorus, potassium and sulphur
uptake by straw of soybean (60.5, 5.58, 69.1 and 10.96
kg ha-1) was recorded with application of 45 kg sulphur ha-1,
which was found at par with 30 kg sulphur ha-1 (57.7, 5.23,
66.8 and 9.65 kg ha-1) over 15 kg sulphur ha-1 (51.6, 4.42,
61.1 and 6.86 kg ha-1). Significantly higher total nitrogen,
phosphorus, potassium and sulphur uptake (174.6,16.23,
93.2 and 18.95 kg ha-1) with application of 45 kg sulphur ha-1

over 15 kg sulphur ha-1 (141.2, 13.15, 81.9 and 12.03 kg ha-1).
However, it was found at par nitrogen uptake by total
(165.0,15.35, 89.9 and 16.82 kg ha-1) with 30 kg sulphur ha-1

by soybean crop (Table 2).
Sulphur plays a vital role in improving vegetative

structure for nutrient absorption, strong sink strength through
development of reproductive structures and production of
assimilates to fill economically important sink (Sharma and
Singh, 2005). The above results revealed that sulphur dose
increases its uptake due to high sulphur content and high
seed yield. These results are in agreement with (Ravi et al.,
(2017), who reported that sulphur significantly increased the
nutrients uptake by soybean crop. The above results
revealed that sulphur dose increases its uptake due to high
sulphur content and high seed yield. These results are in
agreement with those of Layek and Shiva Kumar (2009),
who reported that sulphur significantly increased the
nutrients uptake by soybean crop.

Effect of gibberellic acid on nutrient content and uptake
It is obvious from data Table 1 further indicated that nitrogen,
potassium content in seed and straw of soybean failed to
bring any significant variation with foliar spray of gibberellic

acid  @ 75 ppm. The phosphorus and sulphur content was
recorded significantly higher with foliar spray of gibberellic
acid @ 75 ppm (0.594 and 0.41 per cent) over no spray
(0.577 and 0.38 per cnet). The maximum phosphorus and
sulphur content (0.172 and 0.31%) in soybean straw
recorded with foliar spray of gibberellic acid @ 75 ppm over
no spray (0.168 and 0.29 per cent) in soybean straw.

Significantly higher uptake of nitrogen, phosphorus,
potassium and sulphur uptake by seed (112, 10.72, 25.5
and 7.54 kg ha-1) with foliar spray of gibberellic acid @ 75
ppm over no spray (95.9, 8.59, 22.1 and 6.48 kg ha-1).
Results showed that the maximum nitrogen, phosphorus,
potassium and sulphur uptake (58.5, 5.24, 66.7 and 9.38
kg ha-1) by straw of soybean was recorded with foliar spray
of gibberellic acid @ 75 ppm over no spray (54.6, 4.91,64.6
and 8.91 kg ha-1). The maximum total uptake of nitrogen,
phosphorus, potassium and sulphur by crop (170.6, 15.96,
92.0 and 17.12 kg ha-1) was recorded with foliar spray of
gibberellic acid @ 75 ppm as compared to no spray (150.5,
13.86, 86.6 and 14.75 kg ha-1) Table 2.0.The nitrogen and
potassium content in seed and straw of soybean failed to
bring any significant variation with foliar spray of GA3 @
75 ppm and no spray.While, markedly higher values uptake
of nitrogen, phosphorus, potash and sulphur was recorded
due to the enhanced plant growth and yield attributes only.
This is consistent with findings of (Pal et al., 2016) who
reported increased nitrogen, phosphorus, potash and
sulphur uptake compared with the control in black fennel
(Nigella sativa L.) and cucumber, respectively Similar
observation was reported by Jayapaul et al. (1987) in the
treatment foliar spray of GA3 @ 125 ppm increased nutrient
content in soybean seed.

Effect of phosphorus on available soil nutrients
A perusal of data presented in Table 1 that the available
nitrogen, phosphorus, potassium and sulphur (290, 34.45,
443 and 22.77 kg ha-1) was recorded with application of
60 kg P2O5 ha-1 over application of 20 kg P2O5 ha-1 (281,
25.07, 430 and 19.51 kg ha-1) and control (270, 16.86, 416
and 16.09 kg ha-1). However, it was found at par with 40 kg
P2O5 ha-1 (285, 33.28, 438 and 21.97 kg ha-1) in soil after
harvest of crop. The phosphorus application may be helpful
in improving the soil health in terms of available nutrients.
Similar findings have been also reported by (Taliman et al.,
2019). The nitrogen, phosphorus and potassium uptake
improved remarkably by application of phosphorus. Available
phosphorus status of soil after crop harvest also improved
with the use of phosphorus. Hence, application of 50 kg
phosphorus ha-1 and phosphorus solubilizing bacteria culture
are recommended for better yield of green gram in Nagaland.
(Nusakho et al., 2015).

Effect of sulphur on soil nutrient status
The maximum available nitrogen, phosphorus, potassium
and sulphur (285, 29.50, 433 and 23.05 kg ha -1) was
recorded with application of 45 kg sulphur ha -1 over
application of 15 kg sulphur ha-1 (279, 24.43, 426 and 16.66
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kg ha-1) in soil after crop harvest (Table 1.0).However, it was
found at par with application of 30 kg sulphur ha-1 (282,
28.32, 429 and 20.56 kg ha-1). These results are conformity
with the findings of Meena et al. (2011). The above results
revealed that sulphur doses increased sulphur availability
in soil after harvest of soybean. Similar findings are also
reported by (Asisan et al., 2017), who reported that
application of sulphur significantly increased the sulphur
availability in soil after the harvest of soybean.

Effect of gibberellic acid on available soil nutrients
A reference data revealed that foliar spray of GA3 @ 75 ppm
was did not significantly influence available nitrogen,
phosphorus, potassium and sulphur in soil after crop harvest.
The available nitrogen, phosphorus, potassium and sulphur
(kg ha-1) in soil after crop harvest was found numerically
higher with application of foliar spray of GA3 @ 75 ppm over
control. The increase available nutrient content in soil due
to gibberellic acid is attributed due to addition of more
organic matter in soil in the form of litter fall and fine root
biomass as well as the fixing atmospheric nitrogen by
soybean reported by Sharma et al. (2009). As the organic
anion exudation and acidic phosphatase activity of soybean
roots was found mobilization of phosphorus by foliar spray
of GA3 (Sharma et al., 2009).

CONCLUSION
It is concluded that the application of 40 kg phosphorus ha-1

and 30 kg sulphur ha-1 is suitable dose for obtaining higher
nutrient content and uptake of soybean crop. Hence this dose
of phosphorus and sulphur is proved as beneficial for
enhancing the sustainable production of soyabean. The foliar
spray of gibberellic acid @ 75 ppm is also beneficial for
soybean crop.
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