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 
Abstract—Salinity is one of the major factors limiting crop 

production in an arid environment. Despite its global importance 
soybean production suffer the problems of salinity stress causing 
damages at plant development. So it is implacable to either search for 
salinity enhancement of soybean plants. Therefore, in the current 
study we try to clarify the mechanism that might be involved in the 
ameliorating effects of osmo-protectants such as proline and glycine 
betaine as well as, compost application on soybean plants grown 
under salinity stress. The experiment was conducted under 
greenhouse conditions at the Graduate School of Biosphere Science 
Laboratory of Hiroshima University, Japan in 2011. The experiment 
was designed as a spilt-split plot based on randomized complete 
block design with four replications. The treatments could be 
summarized as follows; (i) salinity concentrations (0 and 15 mM), (ii) 
compost treatments (0 and 24 t ha-1) and (iii) the exogenous, proline 
and glycine betaine concentrations (0 mM and 25 mM) for each. 
Results indicated that salinity stress induced reduction in growth and 
physiological aspects (dry weight per plant, chlorophyll content, N 
and K+ content) of soybean plant compared with those of the 
unstressed plants. On the other hand, salinity stress led to increases in 
the electrolyte leakage ratio, Na and proline contents. Special 
attention was paid to, the tolerance against salt stress was observed, 
the improvement of salt tolerance resulted from proline, glycine 
betaine and compost were accompanied with improved K+, and 
proline accumulation. While, significantly decreased electrolyte 
leakage ratio and Na+ content. These results clearly demonstrate that 
harmful effect of salinity could reduce on growth aspects of soybean. 
Consequently, exogenous osmoprotectants combine with compost 
will effectively solve seasonal salinity stress problem and are a good 
strategy to increase salinity resistance of soybean in the drylands. 

 
Keywords—Compost, glycine betaine, growth, proline, salinity 

tolerance, soybean. 

I. INTRODUCTION 

OYBEAN seed production may be limited by 
environmental stresses such as soil salinity. Growth, 

development and yield of soybean are the result of genetic 
potential interacting with environment [1]. Minimizing 
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environmental stress will be optimized the seed yield [2]. 
Salinity has become more and more important to the 

scientific and political agenda. Over 6% of the world’s total 
land area and 20% of the irrigated land are salt-affected [3]. 
Salinity problems are particularly relevant for arid and 
semiarid areas like an Egypt. Approximately 33% of the 
cultivated land and most extension agricultural land in Egypt 
are already salinized [4]. 

Proline and glycine betaine are known to serve as 
compatible osmolytes, protectants of macromolecules and also 
as scavengers of reactive oxygen species (ROS) under 
stressful conditions [5]. During osmotic adjustment, many 
plants accumulate proline in response to salt stress widely 
believed to function as a protector against salt damage [6]. 
Glycine betaine is one of several such compatible solutes that 
has an osmoprotective function and is known to improve salt 
stress tolerance in most crop plants [7]. 

The productivity of irrigated crops with saline water or 
crops grown under saline stress can be enhanced by using 
compost as an amendment reported by [8]. The addition of 
composted material in soil is responsible for enhancing soil 
microbial activities [9]. Therefore, the objectives of this work 
were to study the effect of salinity stress on physiological 
traits in soybean, and to examine whether alleviation of salt 
stress-induced adverse effects by the exogenous of proline and 
glycine betaine accompanied with compost application. 

II. THE STUDY AREA 

The experiment was conducted under greenhouse 
conditions at Plant Nutritional Physiology, Graduate School of 
Biosphere Science Laboratory of Hiroshima University, Japan 
in 2011. 

III. MATERIALS AND METHODS 

A. Plant Material and Culture Conditions  

The seeds of soybean cultivar (Giza 111) were sown into 
wood made basin (length 10 meter, width 50 cm, height 50 cm 
and soil depth 35 cm). The basin was filled with a mixture of 
soil, perlite and peat moss at the ratio of 4:2:1 (v/v/v). Each 
basin was fertilized at a rate of 40 kg N ha-1, 120 kg P2O5 ha-1, 
100 kg K2O2 ha-1 and calcium carbonate (300 kg ha-1). The 
experiment was designed as a completely randomized block 
design with arranged a spilt split plot arrangement; each 
treatment was replicated four times. The trial materials could 
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be summarized as follows (i) Main plots included two salinity 
treatments (control and 15 mMNaCl) salinity were applied in 
fully developed trifoliolate leaf node (V1). (ii) Sub plots 
included compost (control, 24 ton ha-1) was mixed with soil 
and manufactured using wood poop, chicken poop and palm. 
Chemical analysis of compost was (N 9.1%, phosphorous: 
9.0%, potassium: 5.0% and C/N: 24) and (iii) Sub-sub plots 
included exogenous proline and glycine betaine: (control, 25 
mM) one level of proline and glycine betaine was applied in 
fully developed trifoliolate leaf node (V1).  

B. Plant Sampling and Measurements 

During the vegetative stage (V6: six fully developed 
trifoliate leaf stage and near the flowering stages) plants in 
each plot were sampled after treatments imposition and 
separated. The fresh samples were kept frozen in liquid 
nitrogen then freeze-dried and we measured the dry weight. 
Dry samples were ground into fine powder using a vibrating 
sample mill (Model TI-100, Heiko Seisakusho Ltd., Tokyo, 
Japan) for chemical analysis. 

1. Electrolyte Leakage Rate (ELR) 

It was measured with the method described by [10]. 
Electrolyte leakage rate can be defined as follows: ELR (%) = 
EC1/EC2 x 100). Where; EC1: Electrical conductivity of the 
bathing solution was determined after 24 h; EC2: Electrical 
conductivity of samples were then autoclaved at 120°C for 20 
min and a last conductivity reading. 

2. Total N Content 

Nitrogen content was determined using a Kjeldahl Nitrogen 
Digester and Distillator (Kjeldatherm Type TT100 &Vapodest 
Type 20, Gerhardt, Germany). 

3. Determination of Na and K Content 

The Na and K content in leaves were measured using a 
flame photometer (ANA-135; Tokyo Photoelectric, Tokyo, 
Japan) according to the method of [11]. Dried samples were 
gently agitated in 1 N HCl overnight, and the content of Na 
and K ions was estimated from the Na and K standard curves. 

 

 

Fig. 1 The effects of salinity on shoot dry weight in soybean as 
affected by compost application and exogenous proline and glycine 

betaine. Means followed by the same letters in each trait are not 
significantly different at 5% level, according to Duncan's test 

 4. Proline Content 

It was determined spectrophotometrically following the 
ninhydrin method described by [12] using l-proline as a 
standard.  

5. Statistical Analysis 

All data collected for both seasons were subjected to 
analysis of variance according to [13]. Treatment means were 
compared using Duncan Multiple Range Test [14]. All 
statistical analysis performed using analysis of variance 
technique by “MSTAT-C” computer software package 1990. 

IV. RESULTS AND DISCUSSION 

A. Shoot Dry Weight  

The current results had significant differences were 
observed between salinity treatments with respect to dry 
weights of shoots (Fig. 1). Hussein et al. [15] reported that a 
negative relationship was detected between vegetative growth 
parameters and salinity stress. On the other side, in 
comparison with control, the treatments of proline application 
increased dry weights of shoots of soybean under salinity 
stress, significantly (Fig. 1). The present finding is agreement 
with earlier reports that the exogenous application of proline 
alleviates the adverse effect of stress on plant growth [16]. As 
well as, exogenous application of glycine-betaine significantly 
increased dry weight under saline conditions (Fig. 1). These 
findings can be related to some earlier studies in which it has 
been observed that exogenous application of glycine betaine 
counteracts the growth inhibition caused by salt stress in 
different crop plants [17]. In this concern, application of 
compost caused significant increases in dry weight under 
investigation (Fig. 1). Previous studies have confirmed that 
physical, chemical and biological properties in soil in salt 
affected areas are strongly enhanced upon the application of 
organic manure, leading to better crop growth and 
development [18]. 

B. Leaf Electrolyte Leakage 

Leaf electrolyte leakage (LEL) rate is a good strain index as 
it reflects the degree of plant injury by salt stress. The 
presence of saline stresses induced a significant increase in 
electrolyte leakage ratio in leaves of soybean (Fig. 2). Increase 
in electrolyte leakage has been documented by [19] which 
reported sodium can increase membrane leakage ratio. Special 
attention was paid to, the treatments of exogenous proline 
indicated that maintained a better electrolyte leakage status 
under salinity conditions. The proposed functions of 
accumulated proline are osmoregulation and maintenance of 
membrane [20]. Also, our results showed that exogenous 
glycine betaine lowered the leaf electrolyte leakage rate in 
salt-stressed leaves (Fig. 2). This facilitation could be 
attributed to the glycine betaine-induced antioxidant responses 
that protect the plant from oxidative damage [21]. Likewise, 
the application of compost indicated that maintained a better 
electrolyte leakage status under salinity conditions (Fig. 2). 
Decrease electrolyte leakage in strawberry grown under wheat 
straw or black polythene has been reported by [22]. 
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Fig. 2 The effects of salinity on the electrolyte leakage ratio in 
soybean as affected by compost and exogenous proline and glycine 

betaine. Means followed by the same letters in each trait are not 
significantly different at 5% level, according to Duncan's test 

C. Nitrogen Content 

According to the result under control condition the 
maximum nitrogen content was recorded (Fig. 3). Singh et al. 
[23] reported that, the decrease in total-N concomitantly with 
the decrease in soluble-N and protein-N in salinity stressed 
mungbean plants can be attributed to the effect of salinity on 
decreasing the biosynthesis of protein and/or the decrease in 
nitrogen fixation and/or inhibition in nitrate reductase activity. 
On the contrary, applied proline increased of nitrogen content 
(Fig. 3). The proposed function of accumulated proline is 
redulated to osmotic adjustment, protein stability and plant 
growth [20]. In a similar way, nitrogen contents were 
significantly affected by exogenous of proline (Fig. 3). 
Glycine betaine can protect the chloroplasts and their 
membranes against the deteriorative effects of salinity stress 
and thus maintaining their integrity [24]. Additionally, the 
application of organic compost increase nitrogen content of 
soybean plants compared with control (Fig. 3). These results 
are in full agreement with those obtained by [25]. 

D. Sodium Content 

Na+ concentration in soybean shoot significantly increased 
under salt stress as a compared with plants grown in control 
conditions (Fig. 4). Salt stress commonly stimulate to 
accumulation of Na+ and a massive K+ efflux from plant 
tissues [26]. But, application of proline significantly decreased 
Na+ content in plant undergoing salinity stress (Fig. 4). The 
lower accumulation of Na+ in tissues of proline-treated plants, 
compared to their corresponding salinity treatment, displayed 
the improved effect of proline on the ability of roots to 
exclude the salt ions from the xylem sap flowing to the shoot, 
and thus better growth rates, as suggested by [27]. Also, 
glycine betaine significantly decreased Na+ content in plant 
parts undergoing salinity stress (Fig. 4). This can be involved 
in osmotic adjustment and turgor maintenance of stressed cells 
which improve salt tolerance. Glycine betaine is able to 
decrease the uptake of Na+ ions in stressed maize plant [28]. 
Moreover, application of compost significantly decreased Na+ 
content in plant parts undergoing saline water irrigation 

whereas K+ content showed an increase accordingly in plant 
parts under saline conditions (Fig. 4). Application of organic 
manure increased the availability of K+ content, nitrogen and 
phosphorus to the whole plant [29].  

 

 

Fig. 3 The effects of salinity on N content (mg N g-1 DW) in soybean 
as affected by compost and exogenous proline and glycine betaine. 

Means followed by the same letters in each trait are not significantly 
different at 5% level, according to Duncan's test 

 

 

Fig. 4 The effects of salinity on Na content (µg Na mg-1 DW) in 
soybean leaves as affected by compost and exogenous proline and 

glycine betaine. Means followed by the same letters in each trait are 
not significantly different at 5% level, according to Duncan's test 

E. Potassium Content 

K+ concentration showed the highest values in soybean 
leaves grown in the control and it decreased with salinity 
stress (Fig. 5). The K content in plant tissues represents the 
main cation in plant cells, and is an important component of 
the cell osmotic potential [30]. However, the application of 
external proline enhanced K uptake in soybean plants (Fig. 5). 
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Fig. 5 The effects of salinity on K content (µg K mg-1 DW) in 
soybean leaves as affected by compost and exogenous proline and 

glycine betaine. Means followed by the same letters in each trait are 
not significantly different at 5% level, according to Duncan's test 
 
The results agree with [31] which showed that exogenous 

application of proline counteracted the adverse effects of 
salinity on early seedling growth and enhances the K/Na ratio. 
Thus, proline caused a reduction in Na+ ion absorption and 
toxicity. This could explain the mitigating effects of proline on 
the growth of soybean plants in saline condition. Similarly, the 
application of external glycine betaine increased K+ uptake in 
soybean plants (Fig. 5). These results indicated that glycine 
betaine may play a role in maintaining cytosolic K+ 
homeostasis by suppressing Na+-enhanced apoplastic flow to 
reduce Na+ uptake [28]. In this concern, the application of 
compost increases K+ content (Fig. 5). Organic matter (OM) 
can function as salt ion binding agents who detoxify the toxic 
ions, particularly Na+ and Cl- [32]. 

F. Proline Content  

The results show that salt stress was significantly increased 
proline content (Fig. 6). The increase due to salinity was also 
demonstrated by [33]. Moreover, exogenous of proline to 
plants exposed to salinity stresses generally, provides a stress 
preventing or recovering effect (Fig. 6). Increased 
accumulation of proline in stressed plants may be an 
adaptation to compensate for the energy for growth and 
survival and thereby help the plant tolerate stress, as reported 
by [34]. In the same way, glycine betaine treatment, in the 
present work was shown to increase proline concentrations 
(Fig. 6). This may be due to the effect of glycine betaine in 
increasing the proline which can be involved in increasing the 
ability of soybean to cope with salinity stress [35]. 
Importantly, exogenous application of proline and glycine 
betaine in stressed plants further enhanced the endogenous 
proline content and in every case the effect of proline was 
higher than glycine betaine (Fig. 6). Moreover, the results 
revealed that plants grown in the organic compost soil has 
more proline content than the control (Fig. 6). Organic manure 
increased proline content under saline conditions which was 
reflected on producing better growth parameters, 
photosynthesis apparatus and sugar content. This free amino 
acid accumulates in plant tissues in response to several types 

of abiotic stresses as salt, drought or high temperature. The 
accumulation of proline might be resulted from increasing of 
protein turnover [36]. 

 

 

Fig. 6 The effects of salinity on proline content (µg mg-1 DW) in 
soybean leaves as affected by compost and exogenous proline and 

glycine betaine. Means followed by the same letters in each trait are 
not significantly different at 5% level, according to Duncan's test 

V. CONCLUSION 

This study indicated that that exogenous application of 
proline and glycine betaine combining with compost 
application alleviated detrimental effects of salt stress and may 
be a practical approach to improve salt stress tolerance in 
soybean. Consequently, the research will effectively solve 
seasonal salinity stress problem and are a good strategy to 
increase salinity resistance in soybean. 

ACKNOWLEDGMENT 

Sincere thanks to all staff in Plant Nutritional Physiology, 
Hiroshima University, Japan. 

REFERENCES  
[1] F. Ghassemi, A. J. Jakeman, H.A. Nix, “Salinization of land and water 

resources”. University of New South Wales Press Ltd, Canberra, 
Australia, 1995. 

[2] D. A. Mc Williams, D. R. Berglund, G. J. Endres, “Soybean growth and 
management”. North Dakota State University. University of Minnesota, 
2004. 

[3] FAO, “State of food insecurity in the world. High food prices and food 
security-threats and opportunities”. 2008. 

[4] G. K. Ghassemi, N. M. Taifeh, S. Oustan, M. Moghaddam, “Response 
of soybean cultivars to salinity stress”. Journal of Food Agriculture and 
Environment, 7: 401-404, 2009. 

[5] M. Ashraf, M.R. Foolad, “Roles of glycine betaine and proline in 
improving plant abiotic stress resistance”. Environmental and 
Experimental Botany, 59: 207-216, 2007. 

[6] Z. Q. Wang, Y.Z. Yuan, J. Q. Ou, Q. H. Lin, C. F. Zhang, “Glutamine 
synthetase and glutamate dehydrogenase contribute differentially to 
proline accumulation in leaves of wheat (Triticuma estivum L.) seedlings 
exposed to different salinity”. Journal of Plant Physiology, 164: 695-
701, 2007. 

[7] M. Hossain, M. Fujita, “Evidence for a role of exogenous glycinebetaine 
and proline in antioxidant defense and methylglyoxal detoxification 
systems in mungbean seedlings under salt stress”. Physiology and 
Molecular Biology of Plants, 16:19–29, 2010. 

[8] A. Lakhdar, C. Hafsi, M. Rabhi, A. Debez, F. Montemurro, C. Abdelly, 
N. Jedidi, Z. Ouerghi, “Application of municipal solid waste compost 



International Journal of Biological, Life and Agricultural Sciences

ISSN: 2415-6612

Vol:9, No:9, 2015

1018

 

 

reduces the negative effects of saline water in (Hordeum maritimum L)”. 
Bioresource Technology, 99(15): 7160-7167, 2008. 

[9] H. Aviva, L. Kautsky, R. Portnoy, “Mineralization of composted manure 
and microbial dynamics in soil as affected by long-term nitrogen 
management”. Soil Biology and Biochemistry, 28, 733-738, 1996. 

[10] S. Lutts, J.M. Kinet, J. Bouharmont, “NaCl-induced senescence in 
leaves of rice (Oryza sativa L.) Cultivars differing in salinity resistance”. 
Annals of Botany, 78: 389-398, 1996. 

[11] M. Kushizaki, “An extraction procedure of plant materials for the rapid 
determination of Mn, Cu, Zn, and Mg by the atomic absorption 
analysis”. J. Sci. Soil Manure Jpn., 39, 489e490. 1968. 

[12] L.S. Bates, R.P. Waldren, I.D. Teare, “Rapid determination of free 
proline for water stress studies”. Plant and Soil, 39: 205-207. 1973. 

[13] K.A. Gomez, A.A. Gomez, Statistical procedures for Agricultural 
Research”. 2nd Ed. Johwiley and sons, Inc. New York. 1984. 

[14] B.D. Duncan, “Multiple ranges and multiple F. Test”. Biometrics II: 1- 
42. 1955. 

[15] M. Hussain, M.A. Malik, M. Farooq, M.B. Khan, Akram M, Saleem 
MF. “Exogenous glycinebetaine and salicylic acid application improves 
water relations, allometry and quality of hybrid sunflower under water 
deficit conditions”. Journal of Agronomy and Crop Science, 195(2): 98–
109. 2009. 

[16] M.A. Hoque, E. Okuma, M.N.A. Banau, Y. Nakamura, Y. Shimoishi, N. 
Murata, “Exogenous proline mitigates the detrimental effects of salt 
stress more thanexogenous betaine by increasing antioxidants enzyme 
activity”. Journal of Plant Physiology, 64: 553-561. 2007. 

[17] M.M. Posmyk, K.M. Janas, “Effects of seed hydropriming in presence 
of exogenous proline on chilling injury limitation in (Vigna radiate L.) 
Seedlings”. Acta Physiologiae Plantarum 29(6): 509-517, 2007. 

[18] V.N.L. Wong, R.C. Dalal, R.S.B. Greene, “Carbon dynamics of sodic 
and saline soil following gypsum and organic material additions: 
laboratory incubation”. Applied Soil Ecology, 41: 29-40. 2009. 

[19] E. H. Hansen, D.N. Munns, “Effects of CaSO4 and NaCl on growth and 
nitrogen fixation of (Leucaena leucocephala L)”. Plant and Soil, 107: 
94–99, 1988. 

[20] H.E. Wahba, H.M. Motawe, A.Y. “Ibrahim, A.H. Mohamed, The 
Influence of amino acids on productivity of Urtica pilulifera plant.” 3rd 
International Conference of Pharmaceutical and Drug Industries 
Division, National Research Council, Cairo, 2007. 

[21] D. Meloni, M. Gulotta, C. Martinez, M. Oliva, “The effects of salt stress 
on growth, nitrate reduction and proline and glycine betaine 
accumulation in prosopis Alba”. Brazilian Journal of Plant Physiology, 
16:39–46, 2004. 

[22] H. Kirnak, I. Tas, C. Kaya, D. Higgs, “Effects of deficit irrigation on 
growth, yield and fruit quality of eggplant under semi-arid conditions”. 
Australian Journal of Agricultural Research, (53)1367-1373, 2002. 

[23] S.P. Singh, B.B. Singh, M.R. Singh, M .Singh, “Effect of kinetin on 
chlorophyll, nitrogen and proline in mugbean (Vigna radiata) under 
saline conditions”. Indian Jornal of Plant Physiology, 37 (1): 37-39, 
1994. 

[24] N. Ahmad, R.G. Wyn Jones, W. D. Jeschke, “Effect of exogenous 
glycine betaine on Na+ transport in barley roots”. Journal of 
Experimental Botany, 38: 913-921, 1987. 

[25] A.M. Helmy, M.F. Ramadan, “Agronomic performance and chemical 
response of sunflower (Helianthus annuus L.) to some organic nitrogen 
sources and conventional nitrogen fertilizers under sandy soil 
conditions”. Grasas Y Aceites, 60: 55-67, 2009. 

[26] S.N. Shabala, L. Shabala, E. Volkenburgh, “Effect of calcium on root 
development and root ion fluxes in salinised barley seedlings”. 
Functional plant biology, 30:507–514, 2003. 

[27] B. Heuer, “Influence of exogenous application of proline and glycine 
betaine on growth of salt stressed tomato plants”. Plant Science,165: 
693–699, 2003. 

[28]  M.A. Sobahan, C.R. Arias, E. Okuma , Y. Shimoishi, Y. Nakamura , Y. 
Hirai, I.C. Mori, Y. Murata, “Exogenous proline and glycine betaine 
suppress apoplastic flow to reduce Na+ uptake in rice seedlings”. 
Bioscience, Biotechnology and Biochemistry. 73:2037–2042, 2009. 

[29]  M.M. Abou El-Magd, M.F. Zaki, S.D. Abou-Hussein, “Effect of 
organic manure and different levels of saline irrigation water on growth, 
green yield and chemical content of Sweet Fennel”. Australian Journal 
of Basic and Applied Sciences, 2008, 2(1): 90-98.  

[30] C.V. Santos-dos, G. Caldeira, C.L.V. Dos-Santos, “Comparative 
responses of (Helianthus annuus. L) plants and calli exposed to NaCl: I. 
growth rate and osmotic regulation in intact plants and calli”. Journal of 
Plant Physiology, 155: 769-77, 1999. 

[31] D.B. Roy, N.A. Bhunia, S.K. Banerjee, “Counteraction of exogenous L-
proline with NaCl in salt-sensitive cultivar of rice”. Biologia Plantarum, 
35:69–72, 1993. 

[32] W.M.T. Eletr, F.M. Ghazal, A.A. Mahmoud, G.H. Yossef, “Responses 
of wheat – rice cropping system to cyanobacteria inoculation and 
different soil conditioners sources under saline soil”. Nature and 
Science, 11(10):118-129, 2013. 

[33] K. Poustini, A. Siosemardeh, M.Ranjbar, “Proline accumulation as a 
response to salt stress in wheat (Triticum aestivum L.) cultivars differing 
in salt tolerance”. Genetic Resources and Crop Evolution, 54: 925-934, 
2007. 

[34] K.R. Chandrasekhar, S. Sandhyarani “Salinity induced chemical changes 
in Crotalaria striata DC plants”. Indian Journal of Plant Physiology, 
1:44–48, 1996. 

[35] P.S. Low, “Molucular basis of the biological compatibility of nature’s 
osmolytes. In: Gilles R and Gilles-Baillien M (eds). Transport processes, 
iono- and osmoregulation”. Berlin: Springer-verlag, pp: 469-477, 1985. 

[36] T.N. Singh, D. Dspinall, L.G. Raleg, “Proline accumulation and varietal 
adaptability to drought in barley: a potential metabolic measure of 
drought resistance”. Nature New Biology, 236: 188-192, 1972. 


