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INTRODUCTION

Soybean (Glycine max L.) is important oil and protein crop
belongs to family Fabaceae; it contains about high quality
protein (40-42 %), oil (18-20%) and other nutrients like
calcium, iron and glycine (Devi et al., 2012). Soybean is
preferable for human nutrition due to its high protein content.
It is a good source of isoflavones and therefore it helps in
preventing heart diseases, cancer and HIVs (Kumar, 2007).
Soybean oil is the leading vegetable oil in the world and is
used in many industrial applications including biodiesel.
Because of its high nutritional value and myriad form of uses,
it is recognized as ‘Golden Bean’. In India, The annual soybean
production in India was 12.21 million tonnes (2011-12) with
its area under cultivation was 10.1 million hectares. Madhya
Pradesh is known as the soybean bowl of India, contributing
59% of the country’s soybean production, followed by
Maharashtra with 29% contribution and Rajasthan with a 6%
contribution. Andhra Pradesh, Karnataka, Chhattisgarh and
other parts of India also produce the bean in small quantities
(Anonymous, 2013).

The most important constraints to crop growth are those
caused by shortage of plant nutrients. Sulphur is an essential
macronutrient in plant growth and development. It is
increasingly being recognized as the fourth major plant
nutrient after nitrogen, phosphorus and potassium. Among
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the fertilizer elements sulphur requirement of oilseed crops is
quite high as compared to other crops (Das and Das, 1994).
Sulfur deficiencies in crops have increasingly occurred due
to less to no addition of S to soil because of increased use of
S-free fertilizers, greater S removal from soil by crops with
enhanced yield and under more intensive cropping systems
(Scherer, 2001). Soils with coarse texture, low organic matter,
and good drainage are often S deficient (Waddoups, 2011).
In addition, conservation-till soils are more prone to S
deficiency since soil temperatures are usually lower (Hill,
2000). Low soil temperatures reduce the mineralization of
organic S to sulfate, and thus increase the probability of crop
responses to S fertilization (Havlin et al., 2005). Recently,
widespread deficiency of S in the soil of crop fields has been
noticed in many parts of India (Jamal et al., 2005).
The role of sulphur in the seed production of soybean has
been reported by several investigators. Bhuiyan et al. (1998)
found that application of sulphur at 20 kg per hectare
produced the highest seed yield in soybean, but Mohanti et
al. (2004) reported sulphur at 30 kg per hectare produced the
highest seed yield and found that sulphur was involved in the
synthesis of fatty acids and also increases protein quality
through the synthesis of certain amino acids such as cysteine,
cysteine and methionine. Srivastava et al. (2000) observed
that among the fertilizer elements, sulphur requirement of
oilseed crops is quite high as compared to other crops. Sounda
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and Nandini (2003) studied the effect of different levels of
irrigation and sources of sulphur on the productivity of
soybean and found that the sulphur content and uptake was
significantly higher with the application of gypsum as a source
of sulphur in soybean. Prasad and Prasad (2003) revealed
that sulphur at 30 kg per hectare treated pea plants had higher
number of grains per plant which was 24.18% higher than
the control one. More recently, Devi et al. (2012) reported
that application of sulphur improved nitrogenase activity,
nitrogen fixation, plant dry matter and quality of soybean grain
in sulphur deficient soil.

Out of seventeen essential elements, zinc is now being
recorded most important micronutrient for plant growth and
development in crop production, but the amount of Zn
required by plant is not large. It plays a vital role in the synthesis
of protein and nucleic acid, membrane integrity, enzyme
activation and helps in the utilization of nitrogen and
phosphorus in plant. Plant available Zn in soil is provided by
weathering of soil parent rocks, biotic and atmospheric
processes such as litter decomposition, volcanic deposition
and Zn fertilizer application. Plant availability of soil Zn is
affected by soil pH, soil type, organic matter, soil moisture,
mineralogy, Zn diffusion and plant uptake (Yin et al., 2011).
Darwish et al., (2002) reported that application of Zn gave the
highest seed, oil yield/fed in soybean. Yasari (2012) studied
the effect of applying Zn to compare the effects that
incorporating them in the soil and spraying them on the
soybean crop on seed oil and protein contents and
percentages.

Zizala et al., (2008) reported that sulphur and zinc content
and uptake were significantly higher with the application of
ZnCl2 as a source of zinc in soybean.  Pable and Patil (2011)
studied the effects of sulphur application rates and zinc
fertilization on soybean yields and quality. Devi et al., (2012)
studied the effect of sulphur and boron fertilization on yield,
quality and nutrient uptake by soybean under upland condition
and found useful for obtaining maximum yield attributes.

There is little information available in the current literature on
yield and their yield attributing traits responses of soybean to
S and Zn fertilization and their interactions. But these data are
insufficient to provide a basis for evolving a management
technology of S application with appropriate amount of Zn to
optimize N-assimilation efficiency and seed as well as oil yield
of soybean. In this experiment, therefore, an attempt was made
to evolve appropriate technology of S and Zn application for
optimum growth, seed and oil yield of soybean.

The objectives of this study were to examine the effects of S
and Zn applications and their interactions on soybean
(Glycine max L.) yield, their yield attributing traits and quality
parameters.

MATERIALS AND METHODS

A pot culture experiment was conducted in cemented pot at
Department of Soil Science and Agriculture Chemistry, Chandra
Shekhar Azad University of Agriculture and Technology,
Kanpur, Uttar Pradesh during Kharif season 2012.

Cultivar PK 1024 was used as the test crop. Air dried and then

oven dried at 1050C alluvial soil from student’s instruction
farm was taken for pot filling. Soil  having pH 7.8, 0.56 EC,
12.84 CEC, 0.48 % organic carbon, 240 kg ha-1 available N,
10.10 kg ha-1 available P, 108.00 kg ha-1 available K, 0.56 mg
kg-1 available Zn and 9.20  mg kg-1 available S. There were 16
treatment combinations consisting of four rates of both S (0,
20, 40 and 60 ppm) and Zn (0, 2.5, 5.0 and 7.5 ppm). The
experiment was laid out in a factorial combination of S and Zn
following randomized complete block design (Fisher, 1947).
Sulphur and Zink fertilizers were applied as per design and
treatments and all other fertilizers were applied according to
the fertilizer recommendation guide (Anonymous 1997). Grain
was sown @ 40 kg ha-1 in line and Intercultural operations
were done as and when necessary. Grain and straw yields
were recorded from the whole plot harvest. Soybean grain
from every plot was chemically analyzed for the determination
of total N, oil, S and Zinc contents.

Total nitrogen in the grain was determined by Micro-Kjeldhal
method (AOAC, 1965), Phosphorus by Vanadomolybdate
phosphoric acid yellow colour method as described by
Chapman and Pratt (1961) and Potassium by flame photometer
given by Black (1965).

The grain samples were digested in mixture of nitric +
perchloric acids to determine Zn by AAS method. In the extract
sulphur was determined turbidimctric by the procedure as
given by Chesin and Yien (1951). Protein was calculated by
% total N x 6.25 (Morrison 1956). Oil content was determined
by NMR method.

The uptake of S and Zn were calculated by multiplying the
concentration of S and Zn with grain yield. The data were
analyzed statistically and significant differences among the
treatment means were determined by least significant
difference (Steel and Torrie, 1980) test for interpretation of
results.

RESULTS AND DISCUSSION

Effect of sulphur

The data in Table 1 revealed that the yield components; All
yield attributing characters viz., plant height, branches plant-1,
capsule plant-1, grains capsule-1, 100-grain weight (g) and grain
yield pot-1 (g) of the experimental crop significantly influenced
by different sulphur levels. The highest yield components were
found when the crop was fertilized with 40 ppm S. In all the
cases control treatment produced the lowest. From the above
findings, it was clear that yield attributing characters were
greatly affected by sulphur application. It might be due to
involvement of sulfur in the synthesis of fatty acids and also
increases protein quality through the synthesis of certain amino
acids such as cystene, cysteine and methionine. The results
support the earlier findings of Vishwakarma et al. (1998),
Pable and Patil (2011) and Devi et al. (2012) in soybean. The
above results are in conformity with the results of Varun et al.
(2011) who reported that plant height, number of branches,
pod plant-1, 100 grain weight of soybean were significantly
higher by the application of sulphur. Similar result was on
put forward by Mahmoodi et al. (2013) who reported that
sulphur enhanced the branches plant-1, capsules plant-1, grains



139

INFLUENCE OF SULPHUR AND ZINC FERTILIZATION

Table 1:  Effect of sulphur and Zinc on yield and yield attributes of PK 1024
Treatment Plant height Branches Capsule Grains Test weight Grain yield Stover yield

(cm) plant-1 plant-1 Capsule-1 100 grain (g)  pot-1 (g) pot-1 (g)
S0 38.6 4.6 10.5 2.6 7.72 11.32 16.48
S20 40.8 5.4 11.5 2.9 8.67 13.49 19.56
S40 42.9 5.8 12.3 3.1 9.3 14.59 21.29
S60 42.3 4.7 12.2 3 9.12 14.05 21.2
Zn0 39.7 4.7 11 2.7 7.97 11.96 17.55
Zn2.5 41.8 5.3 11.9 2.9 8.78 13.45 19.58
Zn5 41.7 5.58 12.1 3 9.15 14.25 21.22
Zn7.5 41.4 4.9 11.4 2.9 8.44 13.8 20.18
S0 Zn0 36.4 4.2 9.4 2.3 7.51 9.8 14.11
S0 Zn2.5 39 4.7 10.5 2.7 7.71 11.06 16.03
S0 Zn5 39.9 4.9 11.6 2.8 7.85 12.32 17.98
S0 Zn7.5 39 4.7 10.5 2.7 7.8 12.12 17.81
S20 Zn0 40.3 4.9 10.8 2.8 7.97 11.42 16.55
S20 Zn2.5 41.5 5.6 12.1 2.9 8.72 13.18 19.11
S20 Zn5 40.8 5.8 11.6 3.02 9 15.1 21.89
S20 Zn7.5 40.8 5.2 11.5 3.1 8.99 14.28 20.7
S40 Zn0 41.9 5 11.9 2.9 8.14 13.06 19.19
S40 Zn2.5 43.3 5.8 12.5 3.1 9.32 14.89 21.18
S40 Zn5 43.5 6.7 13 3.2 9.96 15.3 22.59
S40 Zn7.5 43 5.6 11.9 3.1 9.8 14.28 22.19
S60 Zn0 40.2 4.8 11.9 3 8.25 13.57 20.35
S60 Zn2.5 43.4 5.1 12.5 3.1 9.38 14.67 22
S60 Zn5 42.8 4.6 12.4 3.1 9.8 14.28 22.42
S60 Zn7.5 42.8 4.2 11.9 2.8 9 13.68 20.04
SEm± 0.67 0.18 0.24 0.13 0.19 0.49 0.67
CD 5% NS NS 0.58 NS 0.38 0.99 1.33

Table 2: Effect of sulphur and zinc on sulphur, zinc, protein and oil content of the grain of PK 1024
Treatments Grain sulphur Grain Zinc Proteincontent Oil content

Content (%) Uptake (mg pot-1) Content (ppm) Uptake (mg pot-1) (%) (%)
S0 0.19 21.09 40.67 0.91 36.24 18.89
S20 0.35 46.76 52.15 1.42 38.01 20.63
S40 0.39 56.79 51.92 1.51 38.58 21.33
S60 0.42 58.69 50.22 1.35 38.64 21.54
Zn0 0.35 43.43 31.17 0.74 36.69 20.08
Zn2.5 0.34 47.03 50.52 1.36 38.17 20.68
Zn5 0.33 47.95 55.87 1.55 38.42 20.90
Zn7.5 0.32 44.59 57.40 1.55 38.27 20.73
S0 Zn0 0.21 20.58 23.4 0.44 35.36 18.30
S0 Zn2.5 0.19 21.01 45.3 0.94 36.44 18.92
S0 Zn5 0.18 22.18 46.4 1.11 36.69 19.35
S0 Zn7.5 0.17 20.60 47.6 1.14 36.47 19.00
S20 Zn0 0.36 41.11 34.2 0.77 36.53 19.80
S20 Zn2.5 0.36 47.45 54.6 1.41 38.03 20.91
S20 Zn5 0.34 51.34 58.9 1.77 38.84 21.00
S20 Zn7.5 0.33 47.12 60.9 1.74 38.67 20.80
S40 Zn0 0.41 53.35 34.0 0.85 37.30 20.82
S40 Zn2.5 0.39 58.07 54.4 1.63 39.11 21.28
S40 Zn5 0.39 59.67 59.0 1.78 39.14 21.64
S40 Zn7.5 0.37 55.87 60.3 1.77 38.75 21.58
S60 Zn0 0.43 58.49 33.1 0.89 37.57 21.40
S60 Zn2.5 0.42 61.58 47.8 1.45 39.12 21.60
S60 Zn5 0.41 58.60 59.2 1.52 39.00 21.69
S60 Zn7.5 0.41 56.09 60.8 1.54 38.87 21.55
SEm ± 0.03 1.02 2.65 0.03 0.83 0.21
CD % NS NS NS NS NS NS

capsule-1 and 100-grain weight of soybean.

Effect of zinc

Different levels of Zinc also brought a significant variation in
respect of yield components (Table 1). Zinc @ of 5 ppm
produced the highest plant height, branches plant-1, capsule

plant-1, grains capsule-1, 100- grain weight (g) and grain yield
pot-1 (g), lowest from control in all the yield components. Earlier
works mark the evidence that application of zinc influenced
the yield component. Also, results achieved from present
research were conformed to those established by Ghasemian
(2000) on the significant increase in the filled pod weight due
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to application of Zn fertilizer treatments in soybean. Kanase et
al. (2006) conclusively suggested that application of Zn
increased branches plant-1, capsule plant-1, grains capsule-1

and 100 grain weight. However, the highest value for most of
the yield components was obtained when the crop was
fertilized with 40 ppm S in combination with 5 ppm Zn and
control treatment produced the lowest.

The beneficial effect of sulphur and zinc application on yield
attributing characteristics have also been recorded  by
Raghuwanshi et al. (2009), Imade et al. (2010), Kumar and
Sidhu, (2010), Pable and Patil, (2011). Combination of sulphur
and zinc was not found to have significant effect on yield
attributes.

Grain yield

Significant variations on Grain yield were obtained from
different sulphur levels (Table 1). Among the treatment 40
ppm S produced the highest grain yield   (14.59 g) and lowest
(11.32 g) was obtained at control. Likewise sulphur, zinc
application showed significant effect on grain yield. It increased
up to 5 ppm level and their after decrease at 7.5 ppm level.
The result obtained in this regard is in accordance with the
findings of Chandel and Khandelwal (2009) who stated that
Zn increased the grain yield of Soybean.

Zinc showed a significant variation on grain yield. The grain
yield was highest (14.25 g) when the crop received 5 ppm Zn
and lowest (11.96 g) was found from control. This might be
due to boron deficiency which helps grain formation (Brady,
1996). Results of this study were consistent with that of Ferguson
et al., (2006); Pable and Patil (2011), who reported that grain
yield increased significantly with each increment of zinc.
Results also noticed that interaction of sulphur and zinc was
not significant regarding grain yield.

Combination of sulphur and zinc had significant effect on
grain yield. The highest grain yield (15.30 g pot-1) was recorded
with 40 ppm sulphur and 5 ppm zinc obtained 56.12% higher
than the lowest grain yield 9.6 g pot-1 at control. Similar opinion
was on put forward by Pable et al. (2010) who reported that S
and Zn produced higher grain yield of soybean.

Grain nutrient uptake

Grain sulphur and zinc uptake showed a significant variation
by the application of different levels of sulphur (Table 2). The
highest S and Zn uptake were found when sulphur was applied
@ 60 and 40 ppm respectively and lowest uptake were
obtained from no sulphur application. The above results
revealed that S dose increases its uptake due to high S content
and high grain yield. These results are in agreement with those
of Layek and Shivakumar (2009), who reported that sulphur
significantly increased the S uptake in soybean. Similar result
was found by Chand et al. (1997) in mustard. But the results
differed from that of Krishna (1995), who stated that S uptake
decreased with its increased application. Zinc had significant
variation in relation to Zn and S uptake by soybean (Table 1).
Application of zinc on its uptake in grains did not have obvious
effect. However, on an average, zinc uptake increased at
different level of zinc in comparison to control. The value of
zinc uptake at 5.0 and 7.5 ppm were statistically equal. The

highest S uptake was achieved by the application of 5 ppm S
and lowest from control. In this study it might be concluded
that Zn uptake was influenced by Zn application. The results
are in concurrent with the findings observed by Pable and
Patil (2011), who reported that uptake of boron increased due
to Zinc application. However, the highest S and Zn uptake
was found from the treatment combination of S60 Zn2.5 and S40
Zn5 respectively and lowest from control.

Protein and oil content

Grain protein and oil content was not significantly influenced
by different levels of S (Table 2). Sulphur @ 60 ppm produced
the highest protein and oil content and lowest was in control.
It is evident from the results that S had remarkable influence
on protein and oil content. Because S is required for the
synthesis of fatty acids and S containing amino acids, such as
cystine, cysteine and methionine which are essential
components of protein (Havlin et al. 1999).

Oil content increased in the linear order with increase in
sulphur doses being lowest at control and highest at 60ppm
level. The increase in oil content on addition of sulphur might
be associated with increase in acetyl-CoA carbohydrate activity
through the enhancement of acetyle CoA concentration
(Ahmad et al. 2000). Soybean is oilseed and leguminous crop
and increase in oil content on addition of sulphur has also
been reported by a number of research workers (Varun et al.,
2011; Pable et al., 2010; Raghuwanshi et al., 2009).

 However, the zinc addition did not show obvious effect on
the oil content of grains, though slight increase in oil content
with an addition in zinc up to 5.0 ppm level was observed.
The increase in oil content on addition of zinc has also been
reported by Pable et al. (2010).

Addition of sulphur and zinc both had significant positive
effect on the protein content of soybean. Sulphur is a
constituent of sulphur containing amino acid. Hence, it is
expected that addition of sulphur would have increased the
protein content of. The result of present study in concordantly
supported by the findings of Pable and Patil, 2011; Varun et
al., 2011; Umbarkar et al., 2010 and Vaiyapuri et al., 2009.
The increase in protein content an addition of zinc has also
been reported by Husain and Kumar, 2006. The interaction, S
× Zn did not have significant effect on the quality
characteristics i.e., oil and protein contents of grain.

CONCLUSION

This study demonstrated that highest protein (38.64%) and
oil (21.54%) content was observed due to application of 60
ppm S, while 5 ppm Zn gave the highest protein (38.42%) and
oil (20.90%) content of soybean grain.
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