
Journal of Oasis Agriculture and Sustainable Development  
www.joasdjournal.org 

 DOI : https://doi.org/10.56027/JOASD.spiss032021 |  Special Issue | June 2021  19 
 

RESEARCH ARTICLE 

 

Comparative analysis of responses to field salinity stress in contrasting 
soybean accessions highlights NaCl exclusion in leaves as a key mechanism 
for salinity stress tolerance. 

Akanbi Musa Oyebowale1, Egbichi Ifeanyi Moses2 & Ludidi Ndiko1, 3* 

1Plant Biotechnology Research Group, Department of Biotechnology, Faculty of Natural Sciences, University of the Western Cape, 
Robert Sobukwe Road, Bellville, 7530, Cape Town, South Africa. 

2Botany Section, Department of Biological and Environmental Sciences, Walter Sisulu University, Mthatha, South Africa. 

3DST-NRF Centre of Excellence in Food Security, University of the Western Cape, Robert Sobukwe Road, Bellville, 7530, Cape Town, 
South Africa. 

Article info  Abstract 

Article history: 
Received 25 April 2021 
Accepted 10 June 2021 

Salinity is one of the main limitations to legume productivity in many regions of 
the world and it is estimated that 50% of all arable land will become affected by 
salinity by 2050. The impact of field salinity on soybean performance was 
assessed using two soybean accessions (KCW and HMC) cultivated in salt-
treated soil and non-salt treated soil. We used a 30 cm deep field system layered 
with 0.4 kg/m2 NaCl for the salt-treated experiment while the control field 
received no salt treatment. The results show that salinity reduces soybean 
growth and yield as evident from the reduction in the plant shoot length, stem 
diameter, number of branches, number of pods and seed weight. However, the 
reduction in these growth parameters was less pronounced in the HMC 
accession than the KCW accession. Furthermore, Na+ content in leaves of the 
HMC accession was lower than that of the KCW accession. This proved that 
salinity has a damaging effect on soybean growth and yield and the relative 
tolerance of the HMC accession is attributed in part to its ability to restrict Na+ 
transport to the leaves. While the study emphasizes salt exclusion as a 
potentially useful mechanism for salinity tolerance in soybean, it provides 
evidence that the HMC accession is a good genetic resource for breeding 
soybean varieties with improved salinity stress tolerance. 
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1. INTRODUCTION 

As the world population continues to increase, 
the amount of arable land keeps decreasing 
(Essa, 2002). Soil salinity is one of the most 
common agricultural constraints rendering land 
non-arable in arid and semi-arid regions of the 
world (Amirjani, 2010). Due to increased soil 
salinity, which renders previously arable land 
unsuitable for crop production (Butcher et al., 
2016), plant responses to salinity is one of the 
most widespread research topics in plant 

physiology. The excessive use of fertilizers and 
saline irrigation water are the major factors that 
increase soil salinity (Shahid et al., 2018). In light 
of the predicted 70-100% increase in food 
demand needed to feed the growing population 
by 2050, and with no modern alternative for 
broadening arable agricultural land, an increase 
in traditional crop breeding for salt tolerance 
serves as a vital step towards sustaining food 
security (Guan et al., 2014). Salinity becomes a 
burden when there is an excessive amount of 
soluble salts in the soil or water, mainly due to 
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excessive Na+ levels in the soil, mostly 
originating from NaCl (Grewal, 2010). This can 
limit water potential and induce ionic stress in 
plant tissue, thereby causing oxidative stress in 
plants (AbdElgawad et al., 2016). Many studies 
have reported that salinity reduces plant growth 
and productivity through changes in plants 
physiology, morphology and biochemistry 
(AbdElgawad et al., 2016; Chawla et al., 2013; 
Hernández, 2019). These changes are usually 
quantified by measuring plant shoot length, 
biomass, leaf anatomy, yield, stomatal density, 
photosynthetic capacity, phytohormones, 
osmolytes and antioxidants, among others. 
Soybean (Glycine max) is a glycophytic crop for 
which growth and yield can be adversely 
impacted by salinity. This crop species is the 
most produced grain legume worldwide, 
providing an excellent source of high quality 
protein (35%) and oil (21%) to human and 
animal diets (Wang et al., 2020). This 
economically important crop is also rich in 
vitamins B1, B2, B6 and contains good levels of 
micronutrients such as Fe, Cu, Mn, Ca, Mg, Co, K, 
and Zn (de Vargas et al., 2018). Soybean grain is 
mainly used as animal feed (Willis, 2003). 
Soybean oil, soybean cake, soya sauce, flavoured 
soymilk and yoghurt are all soybean final 
products for direct human consumption (Wang 

et al., 2020). Soybean is also used industrially in 
the production of biofuels, emulsifiers, 
cosmetics, soaps and pharmaceuticals (Hart, 
2017). Soybean is classified as moderately 
tolerant to salinity, with a threshold of 2 to 5 
dS.m-1, beyond which its growth is remarkably 
reduced (Guan et al., 2014). Many studies on 
soybean salinity responses where molecular 
studies were conducted make use of pot-based 
experiments. However, this does not reflect true 
field responses because the physiological effect 
of soybean salinity in real scenarios may not be 
effectively scored and thus limits advancement 
towards the development of salinity tolerance in 
soybean. In this study, we used a field system to 
assess the salinity effect on two contrasting 
accessions of soybean. 

2. MATERIALS AND METHODS  

The study was conducted on a 240 m2 field (at 
Lukholweni village, Matatiele, Alfred Nzo 
District, Eastern Cape province in South Africa, 
GPS coordinates 30°37’54.8”S 28°51’29.3”E), 
consisting of a 120 m2 block for the salt stress 
treatment and 120 m2 for the non-saline 
(control) experiment, as illustrated in Fig. 1. The 
experiment was initiated on 30 September 2020 
and ended at soybean maturity on 30 January 
2021. For the 120 m2 salt block, the field was dug 

 

Fig. 1. The salt stress field setup. A field measuring 120 m2 was used for each of the salt and non-salt 
stress study. The distance between the control setup and the salt-stressed setup was 5 meters. The salt-
stress setup was 30 cm deep and was covered with a waterproofing membrane to restrict salt 
penetration to other parts of the field. The membrane was covered with soil layer 15 cm thick, following 
which NaCl (0.4 kg/m2, thus 48 kg for the 120 m2 area) was evenly distributed on the soil. The salt-
treated soil was then layered with a soil layer 15 cm thick on which the seeds were sowed. The control 
filed was also 120 m2 and set up similarly to the salt block but without any addition of salt. 
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up to a depth of 30 cm and the dug up soil was 
set aside such that a plastic waterproof 
membrane was laid at the 30 cm deep base of 
the dug up field. Following the plastic membrane 
laying, the dug up soil was returned on top of the 
plastic membrane to make an even layer of soil 
that is 15 cm thick. This was followed by 
applying salt (NaCl) on this soil layer at a rate of 
0.4 kg/m2. A ‘no salt’ control block was set up in 
a similar way as the salt block at a space of 5 
meters away from the salt block,  except that no 
salt was applied to the control block. Seeds of 
two soybean accessions (KCW and HMC) were 
sowed 6 cm deep with a spacing of 10 cm 
between seeds and 40 cm between rows such 
that each accession occupied a block of 40 m2 
repeated three times for each treatment, with 
100 plants per block. The soil was irrigated daily 
with water at a rate of 2 L/m2. After 123 days of 
sowing, the plants were harvested and yield 
parameters such as the shoot length, stem 
diameter (at the cotyledonary node), number of 
branches, number of pods and seed weight were 

recorded. The level of salinity in both salt-
stressed and non-saline field was measured in 
soil sampled at a depth of 5 cm, using the Extech 
EC410 ExStik Conductivity/TDS/Salinity Kit 
(Extech instruments, New Hampshire, USA). Na+ 
content in leaves was measured as described in 
Liu et al. (2016) using a Thermo ICap 6200 ICP-
AES emission spectrometer. Statistical analysis 
was done using a one-way analysis of variance 
(ANOVA) and was tested for significance using 
GraphPad Prism 6.01 software (GraphPad 
Software. San Diego, CA) via the application of 
the Tukey-Kramer test at a 5% level of 
significance. 

3. RESULTS AND DISCUSSION 

Soil salinity increased in the soil approximately 4 
times higher in the salinity block than the 
control block (Fig. 2A.). Soybean growth and 
yield were significantly impaired by salinity as 
demonstrated by reduced shoot length, stem 
diameter and number of branches (Fig. 2B-D.). 

 

Fig. 2. Effect of salt stress on soybean growth. Changes in soil salinity (A), shoot length (B), stem 
diameter (C) and number of branches (D) as a result of application of salt on the soil. Data are means ± 
SD of  five soil samples (taken from the four cornes and the centre of each of control and salt stress 
blocks) and twelve plants randomly selected from each treatment for each of the two accessions.  Bars 
with different letters indicate statistically different means (P < 0.05). 
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These changes in the soybean growth 
parameters are in agreement with the study 
from Amirjani (2010) and Ghassemi-Golezani et 
al. (2009). The reduction in shoot length, stem 
diameter and number of branches should be due 
to increased Na+ in shoots, inducing an ionic 
toxicity effect on the plants (Roy et al., 2019). It 
could also be exercebated by a reduction in 
water potential caused by the elevated salt levels 
in the soil, which hinders plant water uptake to 
ultimately lead to reduced growth (Yan et al., 
2020, Arif et al., 2020). Luo et al. (2019) 
observed that reduction in shoot length and 
biomass under salt stress was due to the 
excessive accumulation of Na+ and Cl- in the 
chloroplasts, which affects the electron transport 
activities of photosynthesis, thereby inhibiting 
PSll activity. Kiełkowska (2017) showed that 
reduction in plant height under salt stress may 
be as a result of changes in plant-water 
relationships, which attenuates meristem 
activity and cell elongation. Some studies have 
established that salinity stress reduces leaf area, 
stem diameter, biomass, and shoot length 
(Beinsan et al., 2009, Basal, 2010, Taïbi et al., 
2016). This ultimately leads to low yields in 
crops. In both accessions, Na+ was accumulated 
in leaves in response to the salinity treatment. 
However, the Na+ accumulation was higher in 
KCW than in HMC (Fig. 3A.). This suggest that 
HMC is better equipped to either restrict uptake 
of Na+ by the roots or restrict Na+ transport onto 
the leaves. The association between salinity 
tolerance and salt exclusion has been 

demonstrated in soybean, where it is associated 
with the activity of a protein encoded by the 
GmSALT3 gene, which is proposed to be a 
cation/H+ exchanger (Do et al., 2016; Guan et al., 
2014; Qi et al., 2014). Further work to identify 
more genes associated with salinity stress 
tolerance in soybean can be pursued through 
comparative proteome-wide and genome-wide 
analyses between highly salt stress tolerant and 
sensitive soybean accessions. Such pursuit will 
aid in enhancing soybean tolerance to salinity 
and subvert the impact of soil salinization on 
food security. The KCW accession suffered a 
more pronounced reduction in shoot length, 
stem diameter, number of branches, number of 
pods and  100-seed weight than HMC, which 
implies that KCW has a higher degree of 
sensitivity to salt stress than HMC (Fig. 2B-D, Fig. 
3B-C). 
The above growth and yield parameters have 
been used as common biomarkers to screen for 
tolerant and sensitive cultivars under salt stress 
in maize (Cha-Um and Kirdmanee, 2009), 
sorghum (Yang et al., 2020) and wheat (Yang et 
al., 2014). Therefore, we infer that HMC is more 
salt stress tolerant than KWC, and this is in part 
due to the ability of HMC to limit Na+ 
accummulation in leaves. Future studies 
assessing other biochemical markers such as 
reactive oxygen species accummulation, 
oxidative stress tolerance and antioxidant 
responses of these soybean accessions under salt 
stress contribute to further elucidation of other 
mechanisms mediating salinity stress tolerance.  

 

Fig. 3. Effect of salt stress on soybean yield . Changes 
in leaf sodium ion content (A), pod number (B),  and 
100-seed weight (C) consequent to soil salinity. Data 
are means ± SD obtained from analysis of twelve plants 
randomly selected from each treatment for each of the 
two accessions.  Bars with different letters indicate 
statistically different means (P < 0.05). 
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4. CONCLUSION 

This study shows that decreased soybean yield 
under salt stress is manifested as a decrease in 
shoot length, stem diameter, number of 
branches, pod number and seed weight. The 
study suggests that such negative impacts can be 
mitigated by improving the ability of soybean to 
limit salt accumulation in leaves.  

ACKNOWLEDGEMENTS 

We thank the DSI-NRF Centre of Excellence in 
Food Security for funding this project. 

REFERENCES 

Abdelgawad, H., Zinta, G., Hegab, M.M., Pandey, 
R., Asard, H., Abuelsoud, W. (2016). High 
salinity induces different oxidative stress and 
antioxidant responses in maize seedlings 
organs. Frontiers in Plant Science 7, 276. 

Amirjani, M. (2010). Effect of salinity stress on 
growth, mineral composition, proline content, 
antioxidant enzymes of soybean. American 
Journal of Plant Physiology 5, 350-360. 

Arif, Y., Singh, P., Siddiqui, H., Bajguz, A., Hayat, S. 
(2020). Salinity induced physiological and 
biochemical changes in plants: An omic 
approach towards salt stress tolerance. Plant 
Physiology and Biochemistry 156, 64-77. 

Basal, H. (2010). Response of cotton (Gossypium 
hirsutum L.) genotypes to salt stress. Pakistan 
Journal of Botany 42, 505-511. 

Beinsan, C., Camen, D., Sumalan, R., Babau, M. 
(2009). Study concerning salt stress effect on 
leaf area dynamics and chlorophyll content in 
four bean local landraces from Banat area.  
44th Croatian and 4th International 
Symposium on Agriculture, Opatija, Bosnia and 
Herzegovina. 

Butcher, K., Wick, A. F., Desutter, T., Chatterjee, 
A., Harmon, J. (2016). Soil salinity: A threat to 
global food security. Agronomy Journal 108, 
2189-2200. 

Cha-Um, S., Kirdmanee, C. (2009). Effect of salt 
stress on proline accumulation, photosynthetic 
ability and growth characters in two maize 
cultivars. Pakistan Journal of Botany 41, 87-98. 

Chawla, S., Jain, S., Jain, V. (2013). Salinity 
induced oxidative stress and antioxidant 
system in salt-tolerant and salt-sensitive 
cultivars of rice (O ryza sativa L.). Journal of 
Plant Biochemistry and Biotechnology, 22, 27-
34. 

De Vargas, R.L., Schuch, L.O., Barros, W.S., Rigo, 
G.A., Szareski, V.J., Carvalho, I.R., Pimentel, J.R., 

Troyjack, C., Jaques, L.B., De Souza, V.Q. (2018). 
Macronutrients and micronutrients variability 
in soybean seeds. Journal of Agricultural 
Science 10, 209-222. 

Do, T.D., Chen, H., Hien, V.T., Hamwieh, A., 
Yamada, T., Sato, T., Yan, Y., Cong, H., Shono, M., 
Suenaga K., Xu, D. (2016). NaCl synchronously 
regulates Na+, K+, and Cl- in soybean and greatly 
increases the grain yield in saline field 
conditions. Scientific Reports 6, 19147.  

Essa, T. (2002). Effect of salinity stress on 
growth and nutrient composition of three 
soybean (Glycine max L. Merrill) cultivars. 
Journal of Agronomy and Crop science, 188, 86-
93. 

Ghassemi-Golezani, K., Taifeh-Noori, M., Oustan, 
S., Moghaddam, M. (2009). Response of 
soybean cultivars to salinity stress. Journal of 
Food, Agriculture and Environment 7, 401-404. 

Grewal, H. S. (2010). Water uptake, water use 
efficiency, plant growth and ionic balance of 
wheat, barley, canola and chickpea plants on a 
sodic vertosol with variable subsoil NaCl 
salinity. Agricultural Water Management 97, 
148-156. 

Guan, R., Qu, Y., Guo, Y., Yu, L., Liu, Y., Jiang, J., 
Chen, J., Ren, Y., Liu, G., Tian, L. (2014). Salinity 
tolerance in soybean is modulated by natural 
variation in G m SALT 3. The Plant Journal 80, 
937-950. 

Hart, C. (2017). The Economic Evolution of the 
Soybean Industry, in: Nguyen H., Bhattacharyya 
M. (eds) The Soybean Genome. Compendium of 
Plant Genomes. Springer, Berlin, pp. 1-9. 

Hernández, J. A. (2019). Salinity tolerance in 
plants: trends and perspectives. International 
Journal of Molecular Sciences 20, 2408. 

Kiełkowska, A. (2017). Cytogenetic effect of 
prolonged in vitro exposure of Allium cepa L. 
root meristem cells to salt stress. Cytology and 
Genetics 51, 478-484. 

Liu, Y., Yu L., Qu, Y., Chen, J., Liu, X., Hong, H., Liu, 
Z., Chang, R., Gilliham, M., Qiu, L., Guan, R. 
(2016). GmSALT3, which confers improved 
soybean salt tolerance in the field, increases 
leaf Cl- exclusion prior to Na+ exclusion but 
does not improve early vigor under salinity. 
Frontiers in Plant Science, 7, 1485 

Luo, D., Shi, Y.J., Song, F.H., Li, J.C. (2019). Effects 
of salt stress on growth, photosynthetic and 
fluorescence characteristics, and root 
architecture of Corylus heterophylla× C. avellan 
seedlings. Ying Yong Sheng Tai Xue Bao= The 
Journal of Applied Ecology 30, 3376-3384. 

Qi, X., Li, M. W., Xie, M., Liu, X., Ni, M., Shao, G. 
(2014). Identification of a novel salt tolerance 



Journal of Oasis Agriculture and Sustainable Development  
www.joasdjournal.org 

 DOI : https://doi.org/10.56027/JOASD.spiss032021 |  Special Issue | June 2021  24 
 

RESEARCH ARTICLE 

gene in wild soybean by whole-genome 
sequencing. Nature Commununications 5, 
4340. 

Roy, P.R., Tahjib-Ul-Arif, M., Polash, M.A.S., 
HOSSEN, M. Z., HOSSAIN, M. A. (2019). 
Physiological mechanisms of exogenous 
calcium on alleviating salinity-induced stress in 
rice (Oryza sativa L.). Physiology and Molecular 
Biology of Plants 25, 611-624. 

Shahid, S. A., Zaman, M., Heng, L. (2018). Soil 
Salinity: Historical Perspectives and a World 
Overview of the Problem, in: Guideline for 
Salinity Assessment, Mitigation and Adaptation 
Using Nuclear and Related Techniques. 
Springer, Berlin, pp. 43-53. 

Taïbi, K., Taïbi, F., Abderrahim, L.A., Ennajah, A., 
Belkhodja, M., Mulet, J.M. (2016). Effect of salt 
stress on growth, chlorophyll content, lipid 
peroxidation and antioxidant defence systems 
in Phaseolus vulgaris L. South African Journal 
of Botany 105, 306-312. 

Wang, S., Liu, S., Wang, J., Yokosho, K., Zhou, B., 
Yu, Y.C., Liu, Z., Frommer, W.B., Ma, J.F., Chen, 
L.Q. (2020). Simultaneous changes in seed size, 
oil content and protein content driven by 
selection of SWEET homologues during 
soybean domestication. National Science 
Review 7, 1776-1786. 

Willis, S. (2003). The use of soybean meal and 
full fat soybean meal by the animal feed 
industry.  12th Australian soybean conference. 
Soy Australia, Bundaberg. 

Yan, H., Shah, S. S., Zhao, W., Liu, F. (2020). 
Variations in water relations, stomatal 
characteristics, and plant growth between 
quinoa and pea under salt-stress conditions. 
Pakistan Journal of Botany 52, 1-7. 

Yang, C., Zhao, L., Zhang, H., Yang, Z., Wang, H., 
Wen, S., Zhang, C., Rustgi, S., Von Wettstein, D., 
Liu, B. (2014). Evolution of physiological 
responses to salt stress in hexaploid wheat. 
Proceedings of the National Academy of 
Sciences 111, 11882-11887. 

Yang, Z., Li, J.L., Liu, L.N., Xie, Q., Sui, N. (2020). 
Photosynthetic regulation under salt stress and 
salt-tolerance mechanism of sweet sorghum. 
Frontiers in Plant Science 10, 1722. 

 


