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Effect of nitrogen and sulphur nutrition on yield parameters and protein
composition in soybean [Glycinemax (L.) Merrill].
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Abstract Accumulation patterns of various protein fractions in seed, yield and protein quality parameters of soybean
cultivar SL 525 harvested at different stages of development from plants grown under different treatments viz.,
nitrogen (urea @ 31.25 kg N ha™), sulphur (gypsum @ 20 kg S ha™) and combined application of nitrogen (N) and
sulphur (S) were investigated. Application of S alone or combined with N significantly increased plant height, number
of seeds per pod and total seed yield. Sulphur-containing amino acids viz., methionine and cysteine increased
significantly (P<0.05) by all the treatments in comparison to control and maximum increase of 1.3 fold was observed
by urea application. The contents of different protein fractions viz., albumin, globulin and glycinin (a subfraction of
globulin) increased under the effect of N and S applied alone or in combination from 30 DAP to maturity with
maximum accumulation at maturity as compared to control (without N or S application). Gypsum @ 20 kg S ha™
resulted in higher accumulation of glycinin (11S) relative to B-conglycinin (7S) fraction of globulin protein in soybean
seed thereby increasing 11S:7S ratio indicating improvement in soybean seed quality. The current study showed
that improvement of soybean nutritional quality can be achieved by application of gypsum @ 20 kg S ha™* along with
recommended N doses under agroclimatic conditions of Punjab.
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INTRODUCTION S-containing amino acids (Krishnahal., 2005) and

. ) -subunit off-conglycinin is poor in quality and usually
Legume seeds contain high amounts of storagg,cys jimiting S-containing amino acids (Tierretyl.,
proteins that are classified on the basis of the|r1987)'

s?lgbzl_lty asl Wﬁtelr - S?";}?le alblum!ns, saét i *g’d“ The seed protein composition depends upon various
globulins, alconol - solubleé prolamins and acldr- 0 epyironmental factors such as temperature,

alkaline - soluble glutelins (Utsumi, 1992). Thesed  ,,oneriod and nutrition etc during seed develagtme
storage proteins are synthesized in cotyledonsnguri (Arslanoglu et al., 2011: Kumaret al., 2013).

mid to later stages of crop development (Golom&ek aerations in the nutritional conditions may cause

al., 2001). Soybean is an important commercialije range of morphological, physiological and
leguminous crop grown throughout the world and is yischemical changes by modification of genes and
major source of protein, oll, fiber, vitamins, miaks enzymes expression and thus protein synthesis and

and other nutrients. Its seed contains 40-45% jorote activity (Fabre and Planchon, 2000). Protein sysithe
on dry weight basis. The most abundant seed storagg soybean is reported to be highly influenced by

proteins of soybean are salt-soluble globulins@#ey  inerais such as phosphorus, potassium, nitrogen an
consist of three fractiongz., glycinin, B-conglycinin sulphur (Peaket al., 1997; Utsumi,et al., 2002:
and 2S proteins. Glycinin accounts for 60% of gera  \jahmoodiet al., 2013). Soybean plants grown under
proteins and is relatively rich in S-containing ami varying levels of sodium and potassium salts
acids (3-4.5%) (Kaviani and Kharabian, 2008). 18IS jnfiienced seed storage protein subunit composition
hex_amerlc, 11S _globulm (Mr 320-350 kDa), Composed(Kaviani et al., 2011). Sulphur as well as N are
m"?"’?'y of subunits _A3;_ total Ala, Alb’_ A2, A4 and important nutrients required by crops for protein
acidic and total basic with molecular weight 45,2381 structure, vitamins and other structural components

22 kDa, respectively - conglycinin (7S) is a trimeric 54 4150 improve plant growth and yield (Marshner,
protein (Mr 180-240 kDa) and consists odf o and 3 2005 Koprivaet al., 2002).

subunits with molecular weight 76, 72 and 53 kDa, Njyrogen and S assimilation is well coordinated and
respectively (Remkemat al., 2001). Subumtso of " deficiencies of one of the nutrient reduce thenaitation
B - conglycinin contain no more than 1.1% of ot oher nutrient (Kopriva and Rennenberg, 2004:
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Siddiquiet al., 2008). Also, an insufficient supply of S proteins (Lowryet al., 1951), free amino acids (Lee
can affect yield and quality of crop adversely (&eh, and Takahashi, 1966), S-containing amino aeids
2001). methionine (Horret al., 1946) and cysteine (Gaitonde,
Soybean is considered as an alternative to rice irl967). Various yield parameteviz, seed yield, seeds
rice-wheat cropping system in Punjab due to ithhig per pod, pods per plant and plant height were
nutritional quality and low water requirement. lipat determined at maturity before harvesting.
experiment, S as gypsum @ 20 kg'tadong with urea  Statistical analysis. The data was analysed for the
@ 31.25 Kg N ha significantly increased nutrient critical differences between treatments and
uptake and seed yield (Sharrdaal., 2014). In our developmental stages by applying one way analyfsis o
earlier work, we have studied the effect of variousvariance (ANOVA) at 5% level of significance using
sources and levels of S fertilizers on storagegimot CPCS1 software package, developed by PAU,
accumulation in soybean crop to find out the optimu Ludhiana.
levels of S under the agroclimatic conditions ohjab
and observed that gypsum @ 20 kg S's$teowed RESULTSAND DISCUSSION
maximum seed storage proteins accumulation inThe accumulations of albumin and globulin proteins
soybean (Kaur, 2014). In the present investigation,increased significantly from 30 DAP to maturityati
gypsum @ 20 Kg S Haalong with recommended dose the treatments (Table 1). Albumin content in seeds
of urea @ 31.25 Kg N hahas been studied to evaluate increased significantly @9.05) in response to all the
the interactive effects of N and S application ontreatments as compared to control at various
protein quality and soybean yield. developmental stages and maximum increase was
MATERIALSAND METHODS (r)]b_ferved by application of urea alone @ 31.25. Kg N
a  at each stage of development. Accumulation of
Study area: A field experiment was conducted at globulins showed significant €B.05) increase in all
experimental fields of Pulses Section, Departmédnt othe treatments and their content varied signifigant
Plant Breeding and Genetics, PAU, Ludhiana duringamong N, S and their combined application. The
kharif season (2013) on soybean cultivar SL 525. Themaximum globulin accumulation in mature seeds was
experiment was laid out with four replications in a observed by S application.
randomized block design with four treatments i.e.Prolamin content decreased significantly from 38@o
control, urea @ 31.25 kg N hagypsum @ 20 kg S Ha DAP and increased thereafter up to maturity irttad!
and urea @ 31.25 kg N ha gypsum @ 20 kg S Ha  treatments (Table 1). Maximum accumulation of
The experimental soil was sandy loam in textureprolamins was observed by the application of gypsum
having pH 7.7, electrical conductivity 0.15 mmotes™, alone from 30 to 50 DAP while at maturity, the nmaxim
organic carbon 0.51 % and available nitrogen,response was given by combined application of N and
phosphorus, potassium and sulphur contents wefe 0.2S. The accumulation of glutelins decreased
%, 14.3 kg acré 30 kg acré and 0.22 % respectively. significantly in mature seeds compared to the ahiti
Seeds were collected at 30, 40 and 50 days aftestages of development in all the treatments. Variou
podding (DAP) and maturity from each treatment. treatments significantly increased the seed ghuteli
Developing and mature seeds were defatted withcontent compared to control at maturity. Prolanmd a
chloroform and methanol in 2:1 ratio by overnight glutelin accumulation was highest in the combined
extraction at room temperature. After centrifugatio application of N and S in mature seeds.
supernatant was discarded and defatted seed flasir w The glycinin (11S) fractions of globulin storage
used for storage protein extraction and analysis. protein increased significantly from 30 DAP to
Different protein fractions were extracted from maturity (Fig. 1) in all the treatments. Glyciniardent
defatted soybean seed flour based on their sdipbili  increased by the application of N and S alone or in
25°C in distilled water (for albumin), 0.2 M sodium combination compared to control and maximum
phosphate buffer pH 8.0 containing 3% NaCl (for accumulation of glycinin fraction was observed at
globulin), 70% ethanol (for prolamin) and 0.1 N N&O maturity in each treatment. The accumulation of
(for glutelin) following the procedure given by Ran p-conglycinin (7S) increased from 30 to 40 DAP ih al
and Tulsiani (1969). The subfractions of globubis, the treatments and then decreased further up to 50
glycinins and B-conglycinins were extracted from DAP (Fig. 1). The relative proportion @fconglycinin
defatted soybean flour with 5-6 volumes of 0.1M decreased significantly {8.05) by the application of
potassium phosphate buffer (pH 7.0) and further,S alone at all the developmental stages and matiiit
isolated by repeated isoelectric precipitationssf{iza treatment alone or in combination with S resulted i
and Beevers, 1975) where glycinins were recoveted aincreased accumulation di-conglycinin in mature
pH 6.4 whilep-conglycinins were obtained at pH 4.8. seeds. 11S:7S ratio initially decreased upto 40 DAP
The protein content of various fractions was and then increased up to maturity in all the tremtis
determined by the method of Lowmt al. (1951). and maximum increase was observed in S treatment.
Mature seeds were also analyzed for total solubleTotal soluble proteins, free amino acids content
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Fig. 1. Effect of nitrogen and sulphur fertilization on glycinin (11S), p-conglycinin (7S) content and 11S:7S ratio in soybean
seeds at different developmental stages. (C: control; N: urea @ 31.25 kg ha’; S gypsum @ 20 kg ha'’; N+S: urea @ 31.25 kg
hal+ gypsum@ 20 kg ha™).

increased after treatment with N or S alone or in20 Kg S h& or by its combination with N.

combination but the contents varied non-signifigant In present studies, the major proteins in soybesds
(P<0.05). Methionine and cysteine content in seedswere globulins, followed by albumins, glutelin and
increased significantly in all the treatments imparison  prolamins being the lowest. Globulins, being théama

to control (Table 2). seed storage proteins in legumes, had the higtleste

In addition to protein quality, various yield parat@rs  content in mature soybean seeds and are synthesized
determined at maturity were also affected by atllifeer during seed development on polysomes, transfeiieed v
treatments (Table 3). Plant height and number efise lumen, sequestered and ultimately deposited ireprot
per pod increased significantly by the applicadriN bodies (Kaviani and Kharabian, 2008). Increase in
or S alone and in combination as compared to cbntro albumin and globulin content in chickpea seeds by
Seed yield increased significantly by gypsum al@e various S sources including single super phosphate,
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Table 2. Effect of nitrogen and sulphur fertilization ondbsoluble proteins, amino acids, methionine arsteige content of
mature soybean seeds.

Treatment Total solubleproteins Freeaminoacids Methionine Cysteine

(%) (%) (%) (%)
Control 21.25+0.37 1.58+0.14 0.57 £0.04 0.22(1
Nitrogen @ 31.25 kg ha-1 urea 22.13+0.81 1.920% 0.75+0.05 0.30+£0.01
Sulphur @ 20 kg ha-1 gypsum 22.66 £+ 0.65 1.8250 0.73+0.09 0.27£0.01
Nitrogen @ 31.25 kg ha-1 urea 22.88 +0.81 1.92 +0.01 0.70£0.05 0.26 £ 0.01
+
Sulphur @ 20 kg ha-1 gypsum
Critical Difference (R0.05) NS NS 0.12 0.02

Values are mean + SD of four replicates, NS: Nagmificant.

Table 3. Effect of nitrogen and sulphur fertilization on lgigoarameters of soybean

Treatment Seed Yield Pods/plant Seeds/pod Plant Height
(kg/plot) (cm)

Control 1.27+0.14 103.33 +5.03 2.05+0.09 646551

Nitrogen @ 31.25 kg ha-1 urea 1.30+£0.08 82.6704 2.15+0.12 71.67 +0.57

Sulphur @ 20 kg ha-1 gypsum 1.65+0.10 89.00488.0 2.50+0.06 73.67 £1.52

Nitrogen @ 31.25 kg ha-1 urea 1.62 +0.07 106.33 + 14.46 2.23+0.07 75.33+1.15

+

Sulphur @ 20 kg ha-1 gypsum

Critical Difference (R0.05) 0.20 16.82 0.16 3.03

Values are mean + SD of four replicates.

gypsum and elemental S at all developmental stagefutritional conditions that promote 7S protein, veees
(Ghalotraet al., 2007), by N and S in chickpea (Singh S-containing subunits are influenced less or natllat
and Matta, 2005) and mungbean (Kuretl., 2013)  thereby deteriorating the 11S/7S ratfsubunit of
have been reported whereas seed globulin decréased B-conglycinin demonstrated plasticity in respons&to
lupin seeds due to S deficiency (Gillespial., 1978).  availability (Tabeet al.,, 2002; Hagaret al., 2003)

In the present studies, the increase in globulid an which modulated the expression of transcripts and
albumin contents in soybean seeds with N and Slysupp genetic developmental program (Rolletschetkal.,
alone or in combination suggested that supply dbua  2005).

minerals can improve the storage protein fractions Availability of S-amino acids in the developing dee
soybean. determined which storage protein subunits were
There was higher accumulation of 11S fractions atsynthesized from the extra N. The increase in custe
maturity with N and S treatments as glycinin pnegei of S-containing amino acids by N and S alone or in
are reported to reach maximum transcription letel a combination in present studies suggest improvement
70-80 DAF (Nielseret al., 1989). There was decreased seed storage protein quality. Sulphur fertilization
accumulation of-conglycinin due to N and S alone or increased cysteine and glutathione content of kave
in combination except that N application increaged while N fertilization had no significant influence
content at maturity. Peadt al. (1997) have shown that (Bloemet al., 2010) at all the developmental stages in
nitrogen source has a profound effect on the kaati garlic.

amounts offp-subunit of B-conglycinin and that the In the present studies, plant height, seeds perapdd
accumulation of-subunit is controlled by N availability. seed yield improved by S alone or combined with N
Eliminating or reducing theB-subunit has been whereas N alone decreased number of pods per plant
suggested as one method of improving the quality ofthus showing non-significant €©.05) variation in
soybean proteins (Wilson, 1987). Accumulation of seed yield as compared to control. Sulphur apjicat
S-poor B-subunit of B-conglycinin was promoted by @ 40 kg ha enhanced the plant height, branches, pod/
excess application of N or by S deficiency while th plant and 1000g weight in green gram (Sharma and
application of S fertilizers increased glycinin 8ygsis  Singh, 1997), black gram (Singh and Aggarwal, 1998)
(Krishnan,et al.,, 2000; Awazuharat al.,, 2002 and  and soybean (Ganeshamurthy and Reddy, 2000). The
Krishnan, et al., 2005). The S-poof-subunit of - improved growth and physiological attributes apgear
conglycinin is more strongly expressed under nérog be mainly responsible for the observed parallel
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increase in the various yield characteristics stuidi
Nitrogen and S assimilation was enhanced due to

fertilizer treatment that can be correlated todyel

Conclusion

From the present studies, it was concluded that
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the amino acid composition of grains using gertaaogy.
Plant biotechnology 2002 and beyond, Kluwer
Academic Publishers, Dordrecht, The Netherlands, pp
305-308.

Horn, M. J., Jones, B. and Blum, A. E. (1946). Colmtiric
determination of methionine in proteins and foods.
Journal of Biological Chemistry, 166: 313-320.

gypsum @ 20 kg S Haalone or in combination with  Kaur, G. (2014). Effect of sulphur supply on sulpfand

recommended doses of nitrogen for soybean improved

the total storage protein, glycinin fraction of igldin,

S-containing amino acids and seed yield in soybean

nitrogen assimilating enzymes and protein quality i
developing soybearG{ycine max (L.) Merrill) seeds.
Ph D Thesis.

under agro-climatic conditions of Punjab whereas th Kaviani, B. and Kharabian, A. (2008). Improvementtioé

content of S-deficierfi-conglycinin fraction decreased

thus improving 11S:7S ratio indicating improvemient

protein quality of soybean. Hence, S as gypsum @ 20

nutritional value of soybearG[ycine max (L) Merr.]
seed with alteration in protein subunits of glynini
(11S Globulin) andp-conglycinin (7S Globulin).
Turkish Journal of Biology, 32: 91-97.

kg ha' along with urea @ 31.25 kg N'haan be used  kaviani, B., Pourkhalili, S. T., Sajedi, R. H. and sddegh,

to improve yield and storage protein quality of lsegn
under local climatic conditions.
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