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Abstract

Salinity is a major environmental constraint affecting crop productivity, particularly in arid and semi-
arid regions. This study investigated the response of Soybean varieties to salinity stress During early
growth of three soybeans (Glycine max) varieties — TGX 1904-6F, TGX 1951, and TGX 1448-2E —
with the aim of identifying the most tolerant variety and the threshold of salinity most detrimental to
growth. A pot experiment was conducted using four sodium chloride (NaCl) concentrations (0.00, 3.0,
4.5, and 6.0 g per 3 kg of soil) in a completely randomized design with three replications. Growth
parameters, including plant height, number of leaves, stem diameter, root length, and fresh and dry
weights of roots and shoots, were measured. Results showed that increasing salinity significantly
reduced all measured growth traits. Although differences among the varieties were not statistically
significant, a significant interaction between NaCl concentration and variety indicated varying degrees
of sensitivity among them. The study highlights the negative impact of salinity on early soybean growth
and underscores the importance of implementing salinity management strategies to sustain soybean
production in salt-affected areas of the Sahelian Savannah.
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INTRODUCTION

Soybean (Glycine max) is globally recognized as one of the most important leguminous crops,
serving as a vital source of plant-based protein and oil. It contains approximately 40% protein
and is rich in secondary metabolites such as isoflavones, phenolics, and saponins, which
enhance its value in human nutrition and animal feed (Moussa, 2004; Gibb et al., 2004;
Sakthivelu et al., 2008). Due to its exceptional nutritional profile and high digestibility,
soybean plays a pivotal role in promoting food security and supporting sustainable
agricultural systems worldwide.

Beyond its protein richness, the chemical composition of soybean underpins its significance
as an agronomic crop. Nevertheless, it is relatively deficient in methionine, an essential amino
acid crucial for balanced nutrition (Liu, 1997). Soybean cultivation is often challenged by
various environmental stresses, among which soil salinity is particularly detrimental. Salinity
stress, prevalent in arid, semi-arid, and coastal regions, adversely affects crop establishment,
growth, and yield. Given the increasing prevalence of salinized soils, it is critical to deepen
our understanding of how soybean responds to saline conditions to sustain and enhance its
productivity.

Several studies have documented the high sensitivity of soybean to salinity stress, particularly
during the early stages of growth. Soil salinity impairs germination by disrupting the osmotic
balance, leading to reduced water uptake, while excessive sodium (Na*) and chloride (CI")
ions cause toxicity that affects cellular metabolism (Abu-Elkhaeir and Mekki, 2007).
Experimental findings by Bayuelos et al. (2002) and Jamil ef al. (2006) have demonstrated that
elevated salinity levels result in decreased germination rates, inhibited root and shoot
elongation, and reduced biomass accumulation in soybean. These results underline the
vulnerability of soybean seedlings to saline environments.

Further investigations have emphasized that soybean is inherently salt-sensitive compared to
many other leguminous species (Lduchli, 1984 and 2007). Varietal differences in salinity
tolerance have been observed, suggesting the existence of genetic variability that can be
exploited for crop improvement. However, the majority of previous studies have largely
focused on general physiological and biochemical responses to salinity, with relatively fewer
efforts directed at evaluating varietal performance specifically during the early germination
and seedling stages under controlled saline conditions. Understanding varietal variation at
these initial growth phases is critical for breeding programs targeting salt-affected regions.

Despite the progress made, a critical research gap remains in the systematic evaluation of
soybean varieties for salinity tolerance at the early growth stage. Current knowledge is limited
regarding the identification of genotypes capable of better germination and early vigor under
saline stress. This study aims to address this gap by assessing the responses of different
soybean varieties to varying levels of salinity stress during germination and early seedling
growth. The findings are expected to contribute to the development of salt-tolerant soybean
cultivars, thereby enhancing crop productivity and sustainability in salt-affected
environments.

MATERIALS AND METHOD

Study Area

The experiment was conducted in a screen house at the Faculty of Agriculture, University of
Maiduguri, Nigeria. Maiduguri is situated at 11°05' N latitude and 30°05' E longitude (BSBLS,
2004). The area experiences a mean annual rainfall of approximately 625 mm and an average
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temperature of 32°C.The relative humidity varies between 40% in the dry season and 60% in
the rainy season, with an annual evaporation rate of about 1600 mm (Umar et al., 2006). The
region has a semi-arid climate, and the soil is classified as typic ustipsamment (Rayar, 1984).
Due to its sandy loam nature, the soil is loose and has a low water and nutrient holding
capacity. The main agricultural activities in the region involve arable cropping of drought-
tolerant crops such as millet and sorghum under rain-fed conditions, while vegetables and
wheat dominate during the dry season.

Treatment and Experimental Design
Four salinity levels—0 g NaCl per 3 kg soil (control), 3.0 g NaCl per 3 kg soil, 4.5 g NaCl per
3 kg soil, and 6.0 g NaCl per 3 kg soil —were used in this study. These were combined with
three soybeans (Glycine max) varieties: TGX 1904-6F, TGX 1951, and TGX 1448-2E, resulting
in a total of 12 treatment combinations. The experiment was laid out in a completely
randomized design (CRD) with three replications, making a total of 36 experimental pots. The
treatment combinations were as follows:

e T1: No salt added (control)

e T2:3.0 g NaCl/3 kg of soil

e T3:4.5 gNaCl/3 kg of soil

e T4:6.0 g NaCl/3 kg of soil

Three viable and disease-free soybean varieties (TGX1904-6F, TGX1951, TGX1448-2E) were
planted in pots using a factorial completely randomized design. Six seeds were sown evenly
per pot, and 200 ml of water was applied daily. Germination potential was recorded every
two days after sowing (DAS) based on the International Seed Testing Association (ISTA, 1985)
guidelines.

Soil Analysis

Prior to the experiment, soil samples were collected and analyzed to determine their
physicochemical properties. The air-dried samples were passed through a 2-mm sieve and
analyzed using standard procedures.

Prior to the experiment, soil samples were collected and analyzed to determine their
physicochemical properties. The air-dried samples were passed through a 2-mm sieve and
analyzed using standard procedures. Particle size distribution was determined using the
Bouyoucos hydrometer method (Gee and Bauder, 1986). Soil pH was measured in a 1:2.5 soil-
to-water suspension using a glass electrode pH meter, while electrical conductivity (EC) was
determined on the same suspension using an EC meter. Organic carbon content was analyzed
using the wet oxidation method (Walkley and Black, 1965). Exchangeable cations (Ca, Mg, Na,
and K) were extracted using the neutral ammonium acetate method and analyzed by titration
for Ca and Mg, and by flame photometry for Na and K. Available phosphorus was determined
using the Bray and Kurtz (1945) method. Exchangeable acidity was measured using the KCl
extraction method. The cation exchange capacity (CEC) was calculated as the sum of total
exchangeable bases and exchangeable acidity, while base saturation percentage was derived
by dividing the total exchangeable bases by the CEC and multiplying by 100.

Determination of Plant Parameters

Plant growth parameters, including plant height and stem diameter, were measured weekly
over a six-week period. Plant height was measured using a ruler, while stem diameter was
determined with a vernier caliper. At the end of the sixth week, the plants were harvested by
cutting them at the base using scissors. The fresh and dry weights of the shoot and root were
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recorded using an electronic scale. Root samples were washed with fresh water prior to
weighing.

Data Analysis

All data generated from the experiment were subjected to analysis of variance (ANOVA)
using the statistical software Statistix 8.0. Significant differences between treatments were
assessed using appropriate post hoc tests.

Results and Discussion

The initial physico-chemical properties of the soil used for the study indicated that the soil
was non-saline, with an EC value below the salinity hazard threshold. The soil texture was
sandy loam, with low organic matter and moderate cation exchange capacity.

Effects of Sodium Chloride on Seedling Emergence

Salinity significantly (p<0.01) affected soybean germination, irrespective of varietal
differences. Germination percentage was highest (78%) in the control and lowest (0%) in the
highest salt treatment (6.0g/3kg soil). The trend continued through 8DAS, with the control
maintaining the highest germination rate (86%). These results align with previous studies that
showed reduced germination under saline conditions due to lower soil water potential, which
hinders water absorption by seeds.

Soybean varieties showed some variation in germination percentage but without significant
differences (p<0.01). TGX1951 recorded the highest mean germination percentage (36.15%) at
8DAS, while TGX1904-6F and TGX1448-2E had 26.39% and 27.78%, respectively.

Table 1: Effects of Sodium Chloride on Seedling Emergence of Soybean (Glycine max.).

TREATMENT S 4DAS 6DAS S8DAS
Salt Level

Control 77.772 81.462 86.172

3.0g 9.26p 12.96b 18.52p
4.5¢g 3.70p 14.81P 16.72b
6.0g 0.00p 0.00b 0.00r
SE 4.83 6.81 6.95
LSD(p<0.01) 14.16 19.99 20.38
Varieties

TGX 1904 - 6F 18.05a 20.82a 26.39a
TGX 1951 24.99a 34.71a 36.39a
TGX1448 - 2E 25.00a 26.39a 27.78a
Mean 22.68 27.31 30.10
SE 4.18 5.90 6.02
LSD NS NS NS

The result obtained in this work is consistent with earlier findings that germination is higher
in non-saline than saline condition (Khan et al., 2000). Essa (2002) also observed significantly
reduction in germination percentagein soybean with increasing salinity levels. The decrease
in germination with increasing salinity level is thought to be related to the lowering of soil
water potential which hinders water absorption by the germinating seeds and thus lowering
the germination percentage (Maas and Nieman,1978). Similar reduction in germination due
to salinity has been reported in earlier studies (Yakubu et al., 2010; Chiroma et al., 2007 and
Gulza et al., 2001).
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Effects of Sodium Chloride on Plant Height

Salinity significantly reduced plant height as salt concentration increased. The reduction in
growth may be attributed to nutrient absorption interference, physiological water stress, and
potential toxic effects of sodium chloride. However, no significant varietal differences (p<0.01)
in plant height were observed.

Table 2: Effects of Sodium Chloride on plant height (cm) of soybean (Glycine max.)

Treatment salt level 1WAS 2WAS 3WAS 4WAS 5WAS 6WAS
Control 13.09a 19.05a 26.29a 35.37a 43.09a 49.32a
3.0g 3.25b 3.31b 4.81b 6.27b 7.48b 8.51b
4.5¢g 2.67bc 4.65b 5.52b 8.19b 10.29b 10.92b
6.0g 0.00c 0.00b 0.00b 0.00b 0.00b 0.00b
SE 1.09 1.62 2.20 3.03 3.78 415
LSD(p<0.01) 3.20 4.74 6. 46 8.88 11.08 12.16
Variety
TGX 1904-6F 4.18a 7.04ab 9.30a 12.85a 16.36a 18.86a
TGX 1951 5.73a 8.86a 11. 45a 15.63a 18.63a 20.06a
TGX114-2E 4.35a 4.56b 6.32a 8.89a 11.17a 12.64a
Mean 4.75 6.75 9.16 12.46 15.22 17.19
SE 0.9 1.39 1.91 2.62 3.27 3.59
LSD NS NS NS NS NS NS
NS NS

similar result were obtained by Yakubu et al., (2010) in millet. The effect of salinity on growth
of plant might be due to interference with nutrient absorption; and physiological water stress
created by high salt concentration in the root zone (Shukla and Makhi, 1985 and Folorunso et
al., 2005). It may be due to toxic effect of sodium chloride used as well as unbalanced nutrient
uptake by the seedling (Jamil et al.,2006). This result is in contrast with the Jeannette et al.,
(2002) who reported the differences in growth among Phaseolus species under saline
condition.

Effects of Sodium Chloride on Number of Leaves

Leaf count decreased with increasing salinity, consistent with previous findings in tomato and
other crops. The reduction in leaf number may be linked to the destruction of chloroplast
structure and instability of pigment-protein complexes. However, some studies have reported
no significant differences in canopy yield of soybean under saline conditions.

Table 3: Effects of Sodium Chloride on number of Leaves of soybean (Glycinemax.)

Treatment salt level 1WAS 2WAS 3WAS AWAS BWAS 6WAS
Control 5.86a 8.51a 10.67a 14.18a 18.04a 23.32a
3.0g 1.83b 1.94b 2. 44b 3.39b 3.94b 3.92b
4.5¢g 1.33bc 2.09b 3.39b 3.75b 3.65b 4.31b
6.0g 0.00c 0.00b 0.00b 0.00b 0.00b 0.00b
SE 0.55 0.99 1.33 1.59 1.72 1.79
LSD(p<0.01) 1.62 2.93 3.91 4.67 5.03 5.27
Variety

TGX 1904-6F 1.86a 3.82a 4.09a 5.64a 7.07a 7.62ab
TGX 1951 2.76a 4.36a 5.39a 7.02a 8.04a 10.58a
TGX114-2E 2.14a 1.83a 2.89a 3.32a 411a 5. 46a
Mean 2.25 3.34 413 5.33 6. 41 7.89
SE 0.48 0.86 1.56 1.38 1. 49 1.55
LSD NS NS NS NS NS NS

However, this result is in contrast to those of Meiri et al., (1971), that observed no significant
differences in canopy yields of soybean. This observation was attributed to the reduction in
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the activity of chlorophyll degrading enzymes (Jamil et al., 2007); and destruction of
chloroplast structure and instability of pigment protein complexes (Singh and Dubey, 1995).

Effects of Sodium Chloride on Stem Diameter and Root Length

Both stem diameter and root length decreased significantly (p<0.01) with increasing salinity.
The control recorded the highest root length (25.4 cm), while the highest salt treatment
(6.0g/3kg soil) resulted in a complete inhibition of root growth. This reduction may be
attributed to the toxic effects of accumulated salt in plant tissues and water stress due to lower
water potential.

Table 4: Effects of Sodium Chloride on stem diameter and root length of soybean (Glycine

max.)
Treatment salt level 1WAS 2WAS 3WAS 4WAS 5WAS 6WAS ROOT LENGTH
Control 0.99a 1.07a 1.21a 1.37a 1.47a 1.63a 25.44a
3.0g 0.49b 0.24b 0.26bc 0.28b 0.31bc 0.32b 5.67b
4.5g 0.32bc 0.34b 0.39b 0.42b 0.47b 0.47b 5.56b
6.0g 0.00c 0.00b 0.00c 0.00b 0.00c 0.00b 0.00b
SE 0.14 0.12 0.13 0.14 0.16 0.16 2.63
LSD(p<0.01) 0.40 0.34 0.38 0.42 0.46 0.48 7.70
Variety
TGX 1904-6F 0.40a 0.43a 0.49a 0.57a 0.62a 0.65a 10.83a
TGX 1951 0.49a 0.56a 0.61a 0.66a 0.71a 0.77a 10.33a
TGX114-2E 0.51a 0.25b 0.29a 0.33a 0.36b 0.39a 6.33a
Mean 0.45 0.41 0.47 0.52 0.56 0.61 9.12
SE 0.12 0.10 0.11 0.12 0.13 04 2.27
LSD NS NS NS NS NS NS NS

The decrease in both stem diameter and root length is consistent with the findings of Neves
et al.,(2005) who reported that increasing salt concentration reduces the number and length of
roots as well as the stem diameter of soybean. The reduction in root length and stem diameter
could be attributed to translocation of salt into the root and shoots as a result of transpiration
flux required for the maintenance of the plant status; and unregulated transpiration that
causes toxic levels of the ions in the shoots (Yeo, 1998).

Effects of Sodium Chloride on Fresh and Dry Weight of Root and Shoot

Salinity stress significantly affected fresh and dry weight (p<0.01), with increasing NaCl
concentration leading to a decline in both root and shoot biomass. The highest fresh and dry
weights were recorded in the control, while the lowest occurred at the highest salt
concentration. The reduction in biomass is likely due to excessive Na+ accumulation in the
chloroplast, affecting photosynthesis and overall growth.

Table 6: Effects of Sodium Chloride on fresh and dry weight of root and shoot of soybean
(Glycine max.)

TREATMENT RFW SFW RDW SDW
Salt level

Control 7.39a 21.71a 4.64a 13.98a
3.0g 0.86b 3.02b 0.63b 2.08b
4.5¢g 0.62b 1.89b 0.51b 1.22b
6.0g 0.00b 0.00b 0.00b 0.00b
SE 0.57 1.56 0.32 0.94
LSD(p=0.01) 1.66 4.58 0.95 0.82
Variety

TGX1904 - 6F 1.74a 5.64a 1.23a 3.68a
TGX1951 2.73a 8.46a 1.86a 5.30a
TGX1448 - 2E 2.18a 5.87a 1.26a 3.98a
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Mean 222 6.66 1.45 4.32
SE 0.49 1.35 0.28 0.81
LSD NS NS NS NS

Dolatabadian et al., (2011) reported that the soybean had the reduction in in their fresh weight
because of the proportional increase in Na* concentration, which could imply that an ionic
effect was being manifested. They also suggested that, in addition to the toxic effects of NaCl,
higher salt concentrations reduce the water potential in the medium, which impedes water
absorption and subsequently limits plant growth. Sagi et al. (1997) also observed the
detrimental effects of salinity stress on both shoot and root growth. The decline in plant
biomass observed in this and other studies may be attributed to the excessive accumulation
of NaCl in the chloroplasts of soybean, which negatively impacts growth rate, disrupts
electron transport activities involved in photosynthesis, and inhibits overall plant activity.

CONCLUSION

This study demonstrated that increasing salinity significantly impairs the early growth of
soybean varieties, resulting in reduced germination, plant height, number of leaves, stem
diameter, root length, and biomass accumulation. While the soybean varieties showed some
variation in their response to salinity stress, these differences were not statistically significant.
Salinity stress has a detrimental effect on the early growth of soybean, affecting key growth
parameters. The findings indicate that high salinity levels limit seedling establishment,
growth, and biomass accumulation. These results underscore the need for selecting salt-
tolerant varieties or implementing soil management strategies to mitigate salinity effects in
soybean cultivation.

Breeding programs should focus on developing salt-tolerant soybean varieties. Further
research should be conducted on the physiological mechanisms underlying soybean's
response to salinity to develop effective mitigation strategies.

REFERENCES

Abu-El-Kheir MSA, Mekki BB. (2007). Response of single cross-10 to water deficit during
silking and grain filling stages. World] AgricSci3(269-272).

Bayuelo-Jim'nez, ].S., R. Craig and J.P. Lynch, 2002.Salinity tolerance of phaseolus species
during germination and early seedling growth. Crop Sci., 42:(1584-1594).

Bray, R.H., and Kurtz, LT. (1945). Dertermination of Total, Organic, and Available Forms of
Phosphorus in Soils’. Soil science 59(1), 39-46.

BSBLS (2004). Soil Salinity Assessment Methods. Bulletin of soil science and Land Sustainability,
5(1),1-10.

Chiroma, A.M., A. Abubakar and A.M. Saddiq. (2007). Concentration of NaCl as it affects
emergence, early growth and nutrient composition of Amaranthus. International |. Veg.
Sci., 13(3) (65-74).

Essa, T.A. (2002). Effect of salinity stress on growth and nutrient composition of three
soybean (Glycinee max (L.) Merrill) cultivars. J. Agro & Crop Sci., 188 (86-93).

Folorunso, O.A., AM. Chiroma and D. Abdullahi,2005. Influence NaCl salinity on soil
properties and early growth of groundnut (Arachis hypogaea L.) Environtropica,2(91-
99).

Gee, G.W and Bauder,].W. (1986). Particle Size Analysis, in Methods of soil Analysis, Partl
Physical and Minerological Methods, 383-411.

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

M. A. Aliyu et al, DUJOPAS 11 (3b): 305-313, 2025 311



Response of Soybean (Glycine max) Varieties to Salinity Stress During Early Growth in the Sahelian Savannah,
Nigeria.

Gibbs, P.H., E. McClinton and H.W. Paerl. 2004. Salinity effects on growth, photosynthetic
parameters, and nitrogenase activity in estuarine planktonic cyanobacteria.
Microbiology  and Ecology43(432-442).

Gulzar, S.,, M.A. Khan and L. A. Ungar, (2001). Effect of salinity and temperature on the
germination of Urochondrasetulsa (Trin.) C.E. Hubbard. Seed Sci. Technol., 29(21-29).

J. M. (2003). Seed physiology and metabolism: Elevated temperature and carbon dioxide
effects on soybean  seed composition and transcript abundance. Crop Sci., 43(1548-
1557).

Jamil, M., D.B. Lee, K.Y. Jung, M. Ashraf, S.C. Lee and E.S. Rha, (2006). Effect of salt
(NaCl)stress on germination and early seedling growth of four vegetables species. J.
Cent. Eur. Agric., 7(273-282).

Jamil, M., Rehman, S., Lee, K. J., Kim, J. M., Kim, H. S. and Rha, E. S. (2007). Salinity
reduced growth PS II photochemistry and chlorophyll content in radish. Sci. Agric.,
64(1-10).

Jeannette, S.B., R. Craig and J.P. Lynch, 2002.Salinitytolerance of Phaseolus species during
germination and early seedling growth. Crop Sci., 42(1584 1594).

Khan, M.A; I.A Ungar; A.M Showalter. Soil.Sci. Plant Anal. 2000,31(2763-2774).

Lauchli, A. 1984. Salt exclusion: an adaptation of legumes for crops and pastures under saline
conditions. In:Salinity tolerance in plants. Strategies for crop improvement. (Eds.): R.C.
Staples and G.H. Toeniessen. John Wiley and Sons, New York, (171-187).

Lauchli A, E Epstein. 2007. Plant responses to saline and sodic conditions. (113-137). In: K.K.
Tanji. Agricultural Salinity Assessment and Management. ASCE.Publication.

Liu KS. 1997. Soybean chemistry technology and utilization. Chapman and Hall, New York.

Moussa H.R (2004). Amelioration of Salinity-Induced Metabolic Changes in Soybean by Weed
Exudates. Int ] AgrBiol6 (499-503).

Maas, E.V. and R.H. Nieman, 1978. Physiology of plant tolerance to salinity. American Societyof
Agronomy Special Publ., 32(277-299).

Meiri.A., Kamburoff | and Poljakoff-Mayber A. (1971). Response of Bean plants tosodium
chloride and sodium salinization. Annals of botany.35(837-845).

Nerves, L. S., Waldeen, R.P. and Teare, I. D. (2005). Rapid determination of free proline for
water stress studies. Plant and Soil, 39(205-207).

Sagi, M., A. Davrat, T. Kipnis, and H. Lips (1997). Ionic Balance, Biomass Production and O
Organic Nitrogen as Affected by Salinity and Nitrogen Source in Annual Rye-grass.
J. Plant Nutr. 20(1291-1316).

Rayar, A.J (1984). Soil salinity and Plant Growth. Journal of soil Science, 35(2), 145-155.

Saktivelu G, Akitha Devi MK, Giridhar P, Rajasekaran T, Ravishankar GA, Nikolova M.T,
Angelov G.B, Todorova RM, Kustorkova G. 2008. Isoflavone composition, phenol
content and antioxidant activity of soybean seeds from India and Bulgaria. | Agro
FoodChem 56(2090-2095).

Shukla, U.C. and A.K. Mukhi, 1985. Amelioration roleof zinc on maize growth under salt
affected soilconditions. Plant Soil, 87(423-432).

Singh, A. K. and Dubey, R.S. (1995). Changes in chlorophyll a and b contents and activities of
photosystems 1 and 2 in rice seedling induced by NaCl. Photosynthetica, 31(489-499).

Thomas, J. M. G., Boote, K. J., Allen, L. H., Gallo-Meagher, M. and Davis,

Walkley, A., and Black, .A. (1934). An Examination of the Degtjareff Method for Determining
Soil Organic Matter and a Proposed Modification of the Chromic Acid Titration
Method. Soil Science, 37(1),29-38.

Yakubu.H; A.L.Ngala, and LY. Dugje (2010). Screening of millet (Pennisetumglaucum L)
varieties for salt tolerance in semi-arid soil of Northern Nigeria. World Journal of
Agriculturalsciences 6(4) (374-380).

M. A. Aliyu et al, DUJOPAS 11 (3b): 305-313, 2025 312



Response of Soybean (Glycine max) Varieties to Salinity Stress During Early Growth in the Sahelian Savannah,
Nigeria.

Yeo, A. R. molecular biology of salt tolerance in the context of whole plant physiology,1998. J.
Exp.Bot, Cambridge, 49(323) (915-929).

M. A. Aliyu et al, DUJOPAS 11 (3b): 305-313, 2025 313



