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ABSTRACT

A field experiments were conducted to study the effect of phosphorus and sulphur
levels on soybean during 2009-10 and 2010-11 at Research Farm Department of

Keywords Soil Science and Agril. Chemistry, MKV, Parbhani (MS) on Vertisol. The

treatment consisted of four levels of phosphorus (Po, Pso, Pso and Pgo kg P,Os hat)
Phosphorus, and four levels of sulphur (So, S, Swo and Seo kg ha'®) applied through DAP and
Sulphur, elemental sulphur, respectively. Result indicated that grain and straw yield, uptake
Nutrient of phosphorus and sulphur increased with increase in the rate of application of P
uptake, and S individually as well asin various combinations. Applied various levels of P
Soybean and S also influenced the quality parameters of soybean i.e. protein content and test

weight. Available P in soil increased with increasing levels of phosphorus.
Similarly available S in the soil increased with increasing levels of sulphur.

Introduction

affects productivity of soybean. Next most
important emerging nutrient that is showing
wide sprad deficiency is sulphur. Sulphur is
essential for synthesis of proteins, vitamins
and sulphur containing essential amino acids
and is also associated with nitrogen

Soybean is a well known oilseed as well as
pulses crop which is grown in various
countries. Soybean, besides having excellent
nutritional quality, contributes the highest to
world oil production. Through, there has
been a prodigious increase in the acreage

(1.5 t0 6.3 m ha) as well as production (1.0
to 6.1 ml) of soybean during last one and
half decade, even then. The share of India
in world soybean production is significantly
(nearly 3.8%) attributed to low productivity.
Phosphorus, an important constituent of
biochemical products in plant itself; plays a
key role in balance nutrition of the crop and
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metabolism. The good yield of soybean can
be achieved by balanced and adequate
supply of phosphate, sulphur and other
deficient, nutrients.

M aterials and M ethods

A field experiments were conducted to study
the effect of phosphorus and sulphur levels
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on soybean at Research Farm of Department
of Soil Science and Agril. Chemistry,
MKV, Parbhani. The soil of the
experimental field had pH 7.73, EC 0.158
dSm®* and organic carbon 4.7 g kg,
respectively. The available nitrogen,
phosphorus and potassium contents in soil
were 11917, 94 and 8479 kg hal,
respectively. The soil was deficient in
available sulphur (961 mg kg?) and
phosphorus. Sixteen treatments consisting
of four levels of P (0, 30, 60 and 90 kg P,Os
ha') and four levels of S (0, 20, 40 and 60
kg S ha) were laid out in a split plot design
with three replications. Phosphorus and
sulphur were applied through diammonium
phosphate (DAP) and elemental sulphur,
respectively. A basal dose of 30 kg N and
30 kg K0 ha* through urea and muriate of
potash was applied uniformly to al the plots
at the time of sowing. At harvest, seed and
straw yields were recorded. Plant samples
were collected for chemical analysis of
phosphorus, sulpur and nitrogen in seed and
straw samples. In ground seed and straw
samples, N was estimated by microkjeldahl
method (Jackson, 1973). For P and S, plant
samples were digested in a diacid mixture
and P in the extract was determined by
vanadomolybdate yellow colour method
(Jackson, 1973). Sulphur content in the
same extract was determined according to
method outlined by Tabatabai and Bremner
(1970). Surface soil samples (0-20 cm
depth) were collected for chemical anaysis
after harvesting the crop each year from all
the plots. For available P, soil samples were
extracted with 0.5 M NaHCO; (pH=8.5)
(Olsen et al., 1954) and P content in the
extracts was determined as described by
Jackson  (1973). Avalable S was
determined by extracting soil samples with
0.15% CaCl, (Williams and Steinbergs,
1959) and S in the extract was estimated by
Turbidimetric method (Chesnin and Yien,
1951). The weight of 100 seeds of soybean
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from each net plot was recorded and
designated as test weight of soybean. The
crude protein was computed by multiplying
the nitrogen content with 6.25 and ail
content was estimated by Soxhlet extract
method as described by Jackson (1973).

Result and Discussion
Effect of P and Son yield

It is evident from the data on Table 1 that
the soybean seed and straw yield increased
significantly due to application of
phosphorus. The application of 90 kg P,Os
ha' showed significantly superior result
over rest of the treatment except crop
receiving 60 kg P,Os ha'. The application
of 60 and 90 kg P,Os ha™* increased the seed
yield by 22.15 and 28.54 per cent over
control. Whereas, application of 90 kg P,Os
ha* significantly increased the straw yield of
4909.8 kg ha* over rest of the treatments.
The significant increased in seed and straw
yield might be due to increased supply of
phosphorus to plant in P deficient soil. The
supply of phosphorus to soil might have
accelerated cell divison and enlargement,
carbohydrate, fat metabolism and respiration
in plants favouring increased growth and
yield (Pathan et al., 2005). These results are
in line with findings of Saran and Giri
(1990) and Singh et al. (1996).

The yield of soybean (seed and straw)
(Table 1) increased significantly due to
application of 60 kg S ha* by 14.01% and
15.90%, respectively over  control.
Similarly, the application of 40 kg S ha*
increased the seed and straw by 11.24 and
12.70%, respectively over control. The
application of sulphur might have increased
the availability of nutrient to soybean plant
due to improved nutritional environment,
which in turn, favourably influenced the
energy  transformation  activation  of
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enzymes, chlorophyll synthesis as well as
increased carbohydrate metabolism (Pathan
et al., 2005). These results corroborate the
findings of Chattergjee et al. (1985) and
Singh et al. (1996).

Further, synergistic effect of phosphorus and
sulphur interaction on straw yield was
highest at 90 kg P,Os + 60 kg S ha®
followed by 90 kg P,Os + 40 kg S ha*, 90
kg P,Os + 20 kg S ha! and 60 kg P,Os + 60
kg S ha' in straw yield. The magnitude of
increase in grain and straw yield 31.71 and
31.72 % due to combined application of
phosphorus and sul phur (90 kg P,Os + 60 kg
S ha') over control, respectively. The
synergistic effect of P and S may be due to
utilization of large quantities of nutrients
through their well developed root system
and nodules which might have resulted in
better plant development and ultimate yield
at lower initial status of available P (Olsen’s
P,0Os 9.4 kg ha') and low S content (9.61
mg kg™) in the experimental soil.

Effect of P and S on nutrient content and
uptake

With increase in P rates from O to 30, 30 to
60 and 60 to 90 kg P,Os ha', P and S
content in gran and straw increased.
Similarly P and S content influenced with
increasing levels of sulphur from 0 to 20, 20
to 40 and 40 to 60 kg S ha. The
phosphorus content in soybean ranged from
0.39t0 0.575% in grain and 0.108 to 0.234%
in straw by phosphorus levels and 0.395 to
0.495% in grain and 0.150 to 0.1875 in
straw by sulphur levels.  While, sulphur
content ranged from 0.241 to 0.358% in
grain and 0.186 to 0.23% in straw by
phosphorus levels and 0.227 to 0.346% in
grain and 0.181 to 0.237% by varied levels
of sulphur. At al the levels of phosphorus
and sulphur application, most of thePand S
accumulated in the grain and there was
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comparatively lower P concentration in the
straw. Similar results were reported by
Singh and Singh (2004) in black gram and
Islam et al. (2006) in mungbean. Effect of
phosphorus and sulphur application on total
uptake of P was found to be significant. The
increasing levels of phosphorus the response
was observed upto the highest level of
phosphorus application. The total P uptake
increased from 10.45 to 25.09 kg ha' with
highest level of phosphorus (90 kg P,Os ha
1), Similar result have also been reported by
Singh and Singh (2004) in black gram.
Application of  sulphur  significantly
increased the uptake of P. Theincreasein P
uptake by grain and straw due to sulphur
application was from 14.49 to 20.26 kg ha™
with the highest level of Si.e. 40 kg S ha
(Table 3). Asregards the S uptake by grain
+ straw (Total uptake), application of
phosphorus increased the S uptake from
12.51 to 20.07 kg ha® with increase in P
levels from O to 90 kg P,Os hal.
Application of sulphur increased the total S
uptake by soybean from 13.14 to 19.09 kg
ha' with risein Slevels from 0'to 60 kg ha*
(Table 3). The interactive effect of
phosphorus and sulphur was found to be
significant.  Among different treatment
combinations, application of 90 kg P,Os
with 40 kg S had maximum P uptake (27.24
kg ha') followed by PuSeo, PaoSo, and
PsoSs0. Maximum uptake of sulphur 22.37
kg ha' was observed under the combined
application of 90 kg P»Os and 60 kg S ha™.
Results corroborate the findings of
Khandekar and Shinde (1991), and Singh
and Singh (2004) for black gram and Islam
et al. (2006) for mugbean.

Effect of P and S on available nutrients

Results presented in Table 4 showed that the
available nitrogen numericaly increased
with increase in rates of P, S application in
the soil upto 60 kg P,Os and 60 kg S ha™; N
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content increased from 102.28 in control to
108.99 kg ha’ and from 92.48 in control to
106.08 kg ha’ with application of 60 kg
P,Os and 60 kg S ha’, respectively. The
interactive effect of phosphorus and sulphur
was found to be significant. = Among
different treatment combinations,
application of 60 kg P,Os with 40 kg S ha*
recorded maximum available N content
(124.41 kg ha™) in soil. The data (Table 4)
further show that the available P increased
consistently with increase in rates of P
application in the soil; P increased from 6.83
kg ha in control to 7.83 kg P,Os ha® with
application of 60 and 90 kg P,Os ha™.
Similar results were also observed by
Balaguravaich et al. (1989). The akaline
reaction maintains a higher content of
available phosphorus (Randhawa and Arora,
1997). Application of sulphur did not affect
available phosphorus significantly in the soil
but it available phosphorus significantly in
the soil but it tended to decrease with
increasing levels of sulphur at harvest of
soybean. Application of sulphur influences
the available S content in the soil and
increase was 15.83% with the application of
60 kg S ha™ over control (8.59 mg kg?) at
harvest of soybean. Kothari and Jethra
(2002) dso reported that the available
sulphur increased with increasing levels of
sulphur application phosphorus application
had no effect on the sulphur content of soil.

Effect of P and Son quality parameters of
soybean

Test weight

The test weight of soybean (Table 3)
significantly influenced by varied levels of
phosphorus and sulphur in both the years of
experiments. There was 22 to 32% increase
in test weight during 2009, 4.6 to 16%
increase in test weigh during 2010 and in
pooled the increase in test weight due to
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phosphorus application was 12.26% over
control. The application of sulphur also
improved the test weight of soybean. The
increase was from 12.27 to 13.59, 12.90 to
13.04 and 12.77 to 13.16 during the year
2009, 2010 and in pooled due to application
of 40 kg Sha’ over control.

Protein content

The protein content varied from 36.79 to
39.68%, 33.57 to 36.79% and 35.18 to
38.23% during the year 2009, 2010 and in
pooled, respectively (Table b5). The
application of 90 and 60 kg P,Os showed
highest and amost same concentration of
protein in both the years and in pooled.
However, the protein content of soybean
was found to be improved significantly due
to the application of 60 kg S ha'. The
protein content recorded was 39.89, 36.09
and 37.805 due to application of 60 kg S ha*
followed by 40, 20 kg S ha' during first
year, second year and in pooled.

Oil content

The data presented in Table 5 revealed that
increase in oil content was to the tune of 2%
to 7.2% due to application of 30 to 90 kg P
over control, while 2.32 t0 4.79% increase in
oil content was due to application of 20 to
60 kg S ha’. There was improvement in
quality parameters (test weight, protein
content and oil content) due to P and S
application. The improvement of P and S
through growing media to the soybean crop.
The Chaousaria et al. (2009) recorded
improvement in protein and oil content due
to application of phosphorus and sulphur in
soybean crop. Further, Dwivedi and Bapat
(1998), Mgumdar et al. (2001) and recently
Kumar et al. (2009) also reported that
improvement in protein and oil content due
to phosphorus and sulphur application.
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Table.1 Effect of phosphorous, sulphur and their interactions on yield (kg ha™) of soybean

Treatment Grain Straw Total biological yield

2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled
P levels (kg ha™)
Po 1189.2 2450.3 1819.8 2481.3 5606.4 4043.9 3670.5 8056.7 5863.6
Pso 1405.3 2609.9 2007.6 2637.5 5843.9 4240.7 4042.8 8453.7 6248.3
Pso 1491.5 2954.5 2223.0 2831.6 6299.0 4565.3 4323.1 9254.0 6788.6
Pgo 1578.6 3099.8 2339.2 2895.7 6923.8 4909.8 4474.3 10029.0 7251.7
SEm+ 54.8 207.1 76.32 419 167.5 115.0 23.2 122.9 190.9
CD at 5% 159.6 602.7 234.32 122.4 489.9 373.0 67.7 778.0 465.9
Slevels (kg ha™)
S 1327.2 2602.8 1965.0 2548.6 5586.7 4067.7 3875.8 8089.5 5982.7
Sy 1363.4 2648.7 2006.0 27274 6058.9 4393.2 4090.8 8812.9 6451.9
Sy 1446.4 2895.1 2170.8 2767.4 6401.2 4584.3 4213.8 9296.3 6755.1
Seo 1528.5 2967.8 2248.2 2802.6 6626.3 4714.5 4331.1 9594.5 6962.8
SEm+ 56.6 96.8 67.0 231 201.2 139.0 35.0 81.1 106.3
CD at 5% 170.0 329.0 199.0 719 588.4 490.0 111.0 236.0 452.3
INTERACTIONP X S
SEm+ 121.2 192.8 183.1 152.0 403.2 139.0 137.3 162.2 137.3
CD at 5% NS 563.1 NS NS 1170.0 463.0 400.2 NS 400.15
Grand mean 1416.2 2778.6 2097.3 27115 6168.3 4439.9 4127.7 8948.3 6538.0
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Table.2 Effect of phosphorous, sulphur and their interactions on phosphorus and sulphur content (%) in grain and straw of soybean

Treatments Phosphor us content Sulphur content
Grain Straw Grain Straw

2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled
P levels (kg hat)
Po 0.319 0.300 0.309 0.088 0.128 0.108 0.183 0.300 0.241 0.158 0.215 0.186
P30 0.383 0.415 0.399 0.160 0.178 0.169 0.263 0.313 0.288 0.208 0.224 0.216
Pso 0.454 0.558 0.506 0.200 0.210 0.205 0.345 0.353 0.349 0.203 0.235 0.219
Pgo 0.556 0.595 0.575 0.240 0.228 0.234 0.363 0.353 0.358 0.215 0.246 0.230
SEm+ 0.022 0.029 0.043 0.016 0.014 0.021 0.018 0.017 0.036 0.014 0.022 0.032
CD at 5% 0.064 | 0.086 NS 0.046 | 0.042 NS 0.052 NS NS 0.042 NS NS
Slevels (kg ha)
S 0.349 0.413 0.395 0.142 0.158 0.15 0.220 0.286 0.227 0.158 0.205 0.181
So 0.404 0.455 0.441 0.167 0.193 0.18 0.270 0.321 0.276 0.193 0.216 0.204
S 0.464 0.505 0.493 0.185 0.208 0.196 0.320 0.346 0.323 0.213 0.245 0.229
Seo 0.496 0.495 0.495 0.189 0.185 0.187 0.343 0.366 0.346 0.220 0.255 0.237
SEm+ 0.019 0.012 0.0197 0.009 0.010 0.014 0.008 0.013 0.016 0.010 0.015 0.018
CD at 5% NS NS 0.084 0.026 | 0.030 NS 0.025 | 0.037 0.067 0.029 NS NS
INTERACTION PXS
SEm+ 0.037 | 0.023 0.019 0.018 | 0.021 0.0138 0.017 | 0.025 0.159 0.020 | 0.029 0.018
CD at 5% NS NS NS NS NS 0.046 NS NS NS NS NS NS
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Table.3 Effect of phosphorous, sulphur and their interactions on phosphorous and sul phur uptake (kg ha-1) in grain,
straw and total uptake of soybean

Treatments Phosphorus uptake Sulphur uptake
Grain Straw Total Grain Straw Total
2009 | 2010 | Pooled | 2009 | 2010 | Pooled | 2009 | 2010 | Pooled | 2009 | 2010 | Pooled | 2009 | 2010 | Pooled | 2009 | 2010 | Pooled
P levels (kg ha™)

Py 4127 [ 7395 | 5761 [2184]7.185 [4684 [6.311 |14580]10.446 [2.09 [ 675 [442 [392 [1225]809 [6.01 [19.00] 1251

P 5.938 | 10.892 | 8.415 | 4.220 | 10.444 | 7.332 | 10.158 | 21.340 | 15.749 [ 3.91 [ 819 |6.05 [549 [1314[931 |940 |21.35]15.38

Peo 6.605 | 16.612 | 11.608 | 5.663 | 13.227 | 9.445 | 12.268 [ 29.840 | 21.054 | 4.48 | 1055 | 751 [ 575 | 14.86 | 10.30 | 10.23 | 25.41 | 17.82

Pso 8.951 | 18.432 | 13.691 | 6.950 | 15.844 | 11.397 | 15.901 | 34.280 | 25.091 | 5.66 | 11.01 | 833 | 6.23 [ 17.24 [ 11.73 | 11.89 | 28.24 | 20.07
SEm+ | 0415 |0.883 [ 0975 |0.210| 0.856 | 0.408 |0.375 |[1.390 [0.883 [ 024 | 048 [053 |024 |167 | 048 [047 |139 |289
CDat5% |1.211 | 2572 [3562 | 0612 | 2494 | NS 1.094 [4070 [ 2582 [ 070 [139 |161 [071 [NS [149 [1.38 [4.07 [NS
Slevels (kg ha®)

S 5.879 | 10577 | 8.228 [3.619] 8915 [6.267 | 9.498 [19.490 [ 14494 [ 345 [ 716 [404 [403 [1163][7.83 [748 [1879] 13.14

S 5.811 | 12.811 | 9.311 | 4555 11.918 | 8.236 | 10.366 | 24.730 | 17.548 [ 3.97 [ 890 | 477 526 [13.09[9.18 |9.23 | 22.00 | 15.62

Sw 6.991 | 14.964 | 10.977 | 5.120 | 13.440 | 9.280 | 12.111 | 28.410 | 20.261 | 4.01 | 10.14 [ 500 [5.89 | 1579 | 10.84 | 9.90 | 25.93 | 17.92

Swo 6.939 | 14.979 [ 10.959 | 5.297 | 12.190 | 8.743 | 12.236 [ 27.390 | 19.813 | 4.71 [ 1031 [ 562 |[6.17 | 16.98 | 11.57 | 10.88 | 27.29 | 19.09
SEm+ [ 0.392 | 0.318 [ 0505 | 0561|1509 [1.009 [ 0917 [0.820 [0.638 [019 [043 [035 |0.14 |088 [1.25 [024 |102 |247
CDat5% | NS [0926 [1550 |NS |NS NS NS 2390 [1.859 | 055|124 [106 [039 | 258 |[NS 071 |29 |NS
INTERACTION Px S

SEm+ 1.609 | 3679 [ 0505 | 1.589 | 1.356 [ 2239 [3210 [5089 [1276 [121 [143 [034 [027 |18 [027 [049 [320 |047
CDat5% |NS |[NS 1.69 |[NS [3950 [113 |[NS NS 3719 [NS [NS [115 [079 [NS |09 142 | NS | 158
c;:;;f 6.405 | 13.333 | 9.869 | 4.754 | 11.675 | 8.215 | 11.160 | 25.010 | 18.085 | 404 | 913 | 658 | 535 | 1437 | 9.86 | 9.38 | 23.50 | 16.44
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Table.4 Effect of phosphorous, sulphur and their interactions on available nitrogen, phosphorus (kg ha*) and

sulphur (mg kg™t) from soil at harvest stages of soybean

Treatments Available N Available P Available S
2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled

P levels (kg ha™)

Py 118.26 86.30 102.28 7.83 5.85 6.83 9.35 7.84 8.59
Pz 125.18 80.92 103.05 7.89 6.45 7.16 9.52 8.75 9.13
Peo 124.12 93.87 108.99 8.32 7.34 7.83 8.17 9.19 8.68
Pgo 100.41 83.46 91.93 8.84 6.84 7.83 10.27 9.64 9.95
SEm+ 2.24 4.03 4.60 0.11 0.38 0.41 0.50 0.63 0.48
CD at 5% 6.52 NS NS 0.32 NS NS NS NS NS
Slevels (kg ha™)

S 101.94 83.03 92.48 8.12 6.97 7.32 9.37 8.03 8.16
So 115.85 87.77 101.81 9.35 6.18 7.14 9.82 8.13 8.29
S 129.05 82.74 105.89 7.26 6.51 6.74 8.64 9.29 9.23
Sso 121.13 91.03 106.08 6.82 6.83 6.83 9.49 9.97 9.93
SEm+ 153 2.69 4.56 0.21 0.24 0.39 0.54 0.21 0.59
CD at 5% 4.46 NS NS 0.60 NS NS NS NS NS
INTERACTION Px S

SEm+ 3.06 5.58 2.60 0.42 0.47 0.39 1.08 0.43 0.61
CD at 5% 8.92 NS 8.71 121 NS NS NS NS NS
Grand mean 116.99 86.13 101.56 8.21 6.62 7.42 9.33 8.86 9.09
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Table.5 Effect of phosphorous, sulphur and their interactions on quality parameters of soybean at harvest stage

Treatments Test weight () Protein content (%) Oil content (%)

2009 2010 Pooled 2009 2010 Pooled 2009 2010 Pooled
P levels (kg ha™)
Py 10.58 11.73 11.15 36.79 33.57 35.18 18.39 18.34 18.36
Pz 12.71 12.27 12.49 38.40 34.21 36.30 18.73 18.58 18.65
Pso 13.78 12.96 13.37 39.65 36.79 38.21 19.18 18.02 18.60
Pgo 14.52 13.63 14.07 39.68 36.79 38.23 19.68 19.72 19.70
SEm+ 0.92 0.49 1.042 111 1.75 2.07 0.85 0.41 0.94
CD at 5% 2.67 145 NS NS NS NS NS NS NS
Slevels (kg ha™)
S 12.27 12.30 12.77 37.48 33.04 35.26 18.65 18.04 18.35
Sxo 12.98 12.31 12.45 37.93 34.62 36.29 18.86 18.69 18.78
S 13.59 13.04 13.16 39.23 35.59 37.64 19.14 18.86 19.00
Seo 12.74 12.35 12.43 39.89 36.09 37.80 19.39 19.07 19.23
SEm+ 0.40 0.21 0.37 1.86 2.56 1.56 0.81 0.42 0.74
CD at 5% 117 0.61 NS NS NS NS NS NS NS
INTERACTION PXS
SEm+ 1.36 0.65 0.99 1.86 2.86 1.56 161 0.84 0.74
CD at 5% NS NS NS NS NS NS NS NS NS
Grand mean 12.89 12.65 12.77 38.63 35.33 36.98 18.99 18.67 18.83
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POSO  P0S20 P0S40 PO0S60 P30S0 P30S20 P30540 P30S60 P60SO P60520 P60540 P60S60 P90SO P90S20 P905S40 P90S60

Interactions of P and S

Figure 1. Interaction effect of P and S on grain, straw and total biological yield (kg ha'!) of soybean (Pooled data)

Figure 2. Interaction effect of P and S on grain, straw and total phosphorus uptake (kg ha'!) of soybean (Pooled data)

M Grain uptake  ® Strawuptake = Total uptake (G +S)
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Figure 3. Interaction effect of P and S on grain, straw and total sulphur uptake (kg ha') of soybean (Pooled data)

W Grain uptake  m Strawuptake = Total uptake (G +S)

22837
21.98

21.08

POSO P0S20 POS40 P0S60 P30S0 P30s520 P30540 P30560 P60SO P60S20 P60540 P60S60 P90S0 P90S20 P90540 P90S60

Figure 4. Interaction effect of P and S on available nitrogen kg ha') in soil at harvest stage of soybean (Pooled data)
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