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ABSTRACT

A field experiment was conducted during 2004 and 2005 to study the influence of sulphur.levels on yield, uptake and
quality of soybeanGlycine max.. Merr) under temperate conditions of Kashmir valley. Increasing levels of sulphur
significantly increased growth, nodulation, yield, uptake and quality of soybean up to the application of 30 kg S/ha but
maximum growth, nodulation, yield and quality of soybean was recorded under 40 kg S/ha which was at par with 30 kg
S/ha. Stover and grain yield of soybean increased in the tune of 66.0 and 53.4% over the control due to addition of 40 kg
S/ha, respectively. Application of 40 kg S/ha recorded highest total N, P, K, S, Ca and Mg nutrients uptake by soybean
over the rest of the treatments. However, highest sulphur-use efficiency and apparent sulphur recovery was recorded
with 10 kg S/ha, followed by 20 kg S/ha. The maximum N: S, K:'S, Ca: S and Mg: S ratio were recorded under control,
whereas minimum with the application of 40 kg S/ha in stover and seed of soybean. The available S at harvest soil
increased significantly with S level.
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Soybean Glycine maxL. Merr.) is an important  out detailed investigation to understand the uptake pattern
leguminous crop of economic and dietary value in India. in different crops. Therefore, an attempt has been made in
Summer season of Kashmir valley is most favourable for its the present investigation to find out optimal levels of sulphur
cultivation. The earlier studies were confined mainly to N, P for soybean crop under temperate conditions of Kashmir
and K requirement to this important crop. However, no valley.
attention was paid to sulphur nutrient. Sulphur deficiency is
reported in Inceptisols of Kashmir valley and identified as MATERIALS AND METHODS
yield-limiting factor, particularly in production of pulses and A field experiment was conducted at Regional Research
oilseed crops (Shrivastavet al. 2000). Sulphur is an  Station, SKUAST-K, Wadura for two consecutive years
important secondary nutrient which helps in synthesis of during rainy (kharif) 2004 and 2005 on soybean. The
cystein, methionine, chlorophyll, vitamins (B, biotin and experimental soil was silty clay loam in texture havh{
thiamine), metabolism of carbohydrates, oil content, protein (1:2.5) 7.20, EC 0.39 dS/m, organic carbon 7.8 g/kg and
content and also associated with growth and metabolismavailable N, P, K and S contents were 283.7, 15, and 210 and
especially by its effect on the protolytic enzymes. Sulphur 8.5 kg/ha, respectively. The experiment was laid out with
response has been observed for several legume cropfour replications in a randomized block design with five
including soybean and its application to sulphur deficient treatments, i e control ¢§ 10 (Sg), 20 (Sg), 30 (S and
soils has been found to increase the crop yield and improvet0 (S,0) kg S/ha in fixed plot. Sulphur was applied through
the quality of crop produce (Sarketr al. 2002, Singtet al. gypsum in moist soil three days prior to sowing as per
2006). The magnitude of sulphur removal is much higher treatments. A uniform recommended dose of N, P and K 20,
due to intensive cropping therefore it is important to carry 17.5 and 25 kg/ha were applied as basal through urea,

diammonium phosphate and muriate of potash, respectively.
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2Senior Scientist (e mail: shivramsingh22@gmail.com), followed as per package of practice. Nodules number, fresh
CRIJAF, Barrackpore, Kolkata 700 120 and dry weight was observed after 65 days of crop. The data
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was recorded on different parameters and pooled as theignificantly with the increasing levels of sulphur when
difference between the years was not significant. The initial compared with control. However, maximum plant height,
soil samples were analyzed for its various physico-chemicalpods/plant and seeds/pod were recorded with the application
parameters by the standard methods (Jackson 1973). Thef 40 kg S/ha which was at par with 30 kg S/ha. The
stover and grain samples were collected at harvest analyzednprovement in crop growth and yield attributes with S
for P, K Ca, Mg and S by vanadomolbedophosphoric yellow application could be observed to its pivotal role in regulating
colour method, flame photometer, EDTA titration method the metabolic and enzymatic processes including
and turbidimetric method (Chesnin and Yien 1951), photosynthesis and respiration which resulted in yield
respectively. Available S in soils at harvest was extractedincrease (Singlet al. 2000). Number, fresh-and dry weight
with 0.15% CaCJ and estimated by turbidimetric method. of nodules also significantly increased with successive
The N in soybean seed was determined by modified Kjeldahlincreasing of S up to the application of 30 kg S/ha, beyond
method and used for computation of crude protein by which a plateau was reached. This might be due to sulphur
multiplying the N content (%) with a factor of 5.71 as given being the integral component of nitrogenase enzyme which
by Sadasivam and Manickam (1992). The oil content in improved the nodulation and fixation of,Nn legume-
soybean seed was determined using Soxhlet apparatus iRhizobiumsymbiosis. Similar results were reported by
petroleum ether (40—60°C). Sulphur containing amino acidsGaneshamurthy and Reddy (2000). Increasing levels of
such as methionine and cystein content were analyzed bysulphur significantly increased the stover and grain yield of
adopting procedure as given by Hetral. (1946) and Leach ~ soybean over control. The significantly higher stover (1.89
(1966). The sulphur-use efficiency and apparent sulphurtonnes/ha) and grain (1.80 tonnes/ha) yield was recorded with

recovery was worked as follows: the application of 40 kg S/ha over rest of the treatments but
Sulphur-use efficiency (kg grain/ = (yield in treated plot-yield  was at par with the application of 30 kg S/ha during both the
kg S applied) in control plot)/amount of  years. Application of 40 kg S/ha increased stover and grain

S applied yield of soybean in the tune of 66.0 and 53.4% more over the

Apparent sulphur recovery (%) =  [(uptake in treated plot=  control, respectively. These results are in close conformity
uptake in control plot)/ with the findings of Nasreen and Farid (2006). The sulphur-

amount of S applied] x 100  use efficiency (SUE) and apparent sulphur recovery (ASR)
significantly decreased with increasing levels of sulphur in

e~ AND DISCTUSSION soybean. SUE and APR decreased from 28.1 to 15.7 and 24.3
Data presented in Table 1 revealed that plant growth,to 18.9 from the application of 10 to 40 kg S/ha. The highest
nodulation and yield attributes of soybean increased SUE (28.1 kg/kg) and APR (24.3%) were recorded under 10

Table 1 Effect of different levels of S on nodulation, yield and fertilizer-use efficiency of soybean (pooled data of fwo years

S level Plant Nodules/ Fresh Dry ' Pods/ Seeds/ Stover yield Seed yield SUE ASR Available
(kg/ha) height plant weight/ weight/ plant plant (tonnes/ha) (tonnes/ha) (kg (%) Sinsaoil
(cm) plant (g) plant grain/ at harvest
(mg) 2004 2005 Mean 2004 2005 Mean kgS) (kg/ha)
Sy 56.1 18.1 0.61 102 55.0 927 111 117 114 109 126 1.17 6.9
Sio 63.4 24.0 1.02 193 611 988 142 164 153 131 160 145 281 243 9.1
Sy 68.8 29.2 1.28 336 67.2 103.0 162 183 173 157 171 164 234 239 138
S3o 73.2 335 1.42 411 743 1061 181 191 186 1.67 183 1.75 19.2 215 16.7
Sio 74.4 34.6 1.46 420 76.6 1070 182 196 189 170 190 180 157 189 215
CD (P=0.05) 4.02 1.95 005 144 462 190 098 110 091 1.04 0.74

Table 2 Effect of different levels of S on concentration of macro and secondary nutrients in soybean (pooled data of two years)

S level (kg/ha) N content (%) P content (%) K content (%) S content (%) Ca content (%) Mg content (%)
Stover Seed Stover Seed  Stover Seed Stover Seed Stover Seed Stover Seed
Sy 1.80 5.68 0.032 0.68 2.21 2.40 0.20 0.38 0.78 0.86 0.38 0.40
Sio 1.93 5.77 0.042 0.70 2.28 244 0.22 0.41 0.81 0.90 0.42 0.43
Sy 2.00 5.81 0.045 0.71 2.32 249 0.24 0.45 0.81 0.94 044 0.46
Sy 2.05 5.84 0.047 0.72 2.34 254 0.25 0.48 0.82 0.96 0.46 0.49
Sag 2.07 5.88 0.048 0.73 2.34 255 0.26 0.49 0.82 0.96 0.47 0.51
CD (P=0.05) 0.05 0.12 0.002 0.01 NS NS 0.20 0.38 NS NS 0.013 0.02
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kg S/ha. The available S in the post-harvest soil increasedrhe N:S and P:S ratio recorded maximum in seed than stover
significantly with S level. of soybean, whereas K:S, Ca:S and Mg:S ratio were recorded
The concentration of macro and secondary nutrients inmaximum in stover with different treatments (Fig 1).
stover and seeds of soybean significantly affected due to théncreasing levels of S significantly decreased the entire ratio
application of sulphur (Table 2). Application of S| except P: S ratio which increased with increasing levels of S
significantly increased the concentration of N, P, S and Mg up to 20 kg S/ha thereafter decreased. The maximum N:S,
in stover and seed of soybean over the control. However, KK:S, Ca:S and Mg:S ratio were recorded under control
and Ca concentration did not increase significantly. The whereas minimum with the application of 40 kg S/ha in stover
maximum content of N (2.08 and 5.88%), P (0.47 and 73%),and seed. However, P:S ratio in stover recorded maximum
S (0.28 and 0.50%) and Mg (0.47 and 0.51%) in stover andunder 20 kg S/ha. Decreasing various nutrient ratios in stover
seed were recorded with 40 kg S/ha. The increase in nitrogemnd seeds of soybean with increasing levels of sulphur may
content might be attributed to the increase in number andindicate the S requirement for higher productivity of soybean
size of nodules and thereby increasing the fixation dfyN in S-deficient soil. Moreover, adequate availability of S may
the plant and also due to utilization of carbohydrates for also help in mineralization of nutrients as S is the integral
protein synthesis (Ganeshamurthy and Reddy 2000). Thepart of S-contain amino acids which is essential for growth
significant increase in the P and Mg content in the seed andand development of microorganisms resulted increased the
stover may be due to favourable effects of S fertilizers on concentration and uptake of macro and secondary nutrients
absorption of other elements. Such effect may be due to thdy soybean (Sairet al. 2005).
action of acid produced by the added sulphur (Sietgél. Total uptake of N, P, K, S, Ca, and Mg by soybean was
2006). Increased sulphur content in stover and seed may beecorded maximum with the application of 40 kg S/ha over
due to rapid absorption and translocation of it by plant with rest of the treatments but at par with 30 kg S/ha, although
adequate supply of sulphur from the soil (Shrivasttval. the increasing levels of sulphur increased the uptake of these
2000). elements significantly when compared to control (Table 3).
The application of sulphur in soybean significantly This may be owing to high production of stover and seed
affected various nutrient ratios in stover and seed of soybeanyield and increase in the content of these elements in stover
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Table 3 Effect of different levels of S on uptake of macro and secondary nutrients and quality of soybean (pooled dggarsj two

S level (kg/ha) Total nutrient uptake (kg/ha) Quality of soybean
N P K S Ca Mg Protein Oil content  Methionine Cystein
content (%) (%) (9/16 gN)  (9/16 g N)
Sy 83.7 8.39 53.3 6.74 19.08 9.22 34.02 15.7 1.50 1.42
Sio 113.4 10.8 70.4 9.17 25.47 12.68 35.43 17.5 1.57 1.48
Sy 132.3 12.4 80.9 11.52 29.38 15.13 36.94 18.3 1.62 1.52
Sy 140.0 13.5 88.0 13.20 32.07 17.14 37.66 19.1 1.65 1.54
S 144.6 14.1 91.7 14.29 32.87 18.07 37.74 19.2 1.67 1.55
CD (P=0.05 7.35 0.72 4.43 0.72 1.90 1.01 1.37 0.75 0.06 0.05

and seed due to S application at 40 kg/ha. These results are of farmyard manure and sulphur in a soybean and wheat
in agreement with those of Shrivastastal. (2000) and cropping system on nodulation, dry matter production and
Nasreen and Farid (2006). chlorophyll content of soybean on Swell-Shrink soils in Central

Protein, oil content and amino acid content in soybean 'ndia-Journal of Agronomy and Crop Scientés 91-7.

. . S Horn J M, Jones D and Blum A E..1946. Colorimetric determination
seed increased with successive increase of S levels. (Table . . o .
of methane in protein and food®urnal of Biological Chemistry

3). The protein content increased from 34.02 to 37:74% with 114 313_20.

the application of 40 kg S/ha which was markedly higher jackson M L. 197350il Chemical Analysirentice Hall of India
over the control. Oil content in soybean seed increased with  pyt. Ltd, New Delhi.

increasing levels of S when compared with control. Oil Kiyoko H, Gedi J S and Dirceu-Kleper. 2004. Diagnosis of sulphur
content increased from 15.7 to 19.2% at 40 kg S/ha which deficiency in soybean using see@®il Science Society of
was significantly superior over other treatments but at par America Journaks (1): 1445-51. _ '
with 30 kg S/ha. An increasetin-oil content in oilseeds due toleach S J.-1966. Determination of eystein by phosphotungustic
S application was also earlier reported by Sieiggil. (2006). a‘;]'d' )2 L?bora:jory Mangal of dAn"?“yt'C""' Mzthods of Protein
The methionineand cysteine content increased from 1.50 t a;ei?'grzrﬁjeé:; de;\FT)T\'; 2"0”0“6 g§3|;|h5r(5p2ke and yield of
1.67 and 1.42t0 1.55 g/16 g N with the application of sulphur : '

) ar : soybean as influenced by sulphur fertilizatiBakistan Journal
levels from O to 40 kg/ha, respectively. Application of Siin" ot Agricultural Researci9 (4): 59-64.

sulphur-deficient soil enhances the amount of these aminosarkar S K, Chowdhary and Mir H M. 2002. Sulphur and boron
acids and protein content in seed. Sulphur nutrition affects  fertilization on yield, quality and nutrient uptake by Bangladesh
the amino acid composition in seeds which determines their  soybean-4Journal of Biological Sciencekl (2): 729-33.
nutritive value. The same trend in sulphur containing amino Sadasivam S and Manickam A. 19%ochemical Methods for
acids in soybean seed was also reported by Kiyeikal. ' Agriculturgl Sciencespp 34-7. Wiley Eastern Ltd, New Delhi.
(2004). Singh R N, Singh S.and Slngh B. 2006. Interactloq effect of sulphur
From these studies it is concluded that application of S and boron on yield, nutrient uptake and quality characters of

A . soybean Glycine maxL. Meril) grown in acidic upland soil.
30 kg/ha was found to be beneficial in terms of obtaining Joﬁrnal o?t)r/]e Indian Society)oquoil Sciesde(4): 216—8.

high crop productivity, fertility and quality of soybean grown - gpyivastava U K, Rajput R L and Diwivedi M L. 2000. Response

on S-deficient soils (Inceptlsols) of Kashmir vaIIey. of soybean-mustard cropping system to sulphur and
biofertilizers on farmer’s fieldLegume Researc®3: 277-8.
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