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Salinity is one of the most important abiotic stresses that affect vegetative growth, reproductive yield, biomass distribution, and
physiological parameters of many crop plants. A study was conducted to evaluate these parameters in soybean plants (cv. Peking
and LS678), following seed priming with benzyladenine (2.16 µM). Soybean plants were subjected to salinity stress imposed by
irrigation with a high amount of NaCl (250mM) solution under greenhouse conditions. Results showed that exogenously applied
benzyladenine dramatically improved growth, biomass, and yield parameters as a priming solution compared to hydroprimed
plants exposed to similar salt stress conditions. High reduction in mean photosynthetic pigments (0.87–1.88), carbohydrates
(24.942–27.091%), phenolic content (2.28–2.33), flavonoids (2.37–2.11), and antioxidant capacity (34.5–37.2%) was observed in
plants developed from hydroprimed seeds under salt conditions. &ese findings suggest that priming of seeds with 2.16 µM
benzyladenine improved the vegetative, reproductive, and physiological responses of soybeans under induced salinity stress.

1. Introduction

&e poor agricultural practices such as ineffective irrigation
systems and drought stress continue to cause oversalinity in
soil used for planting of agroeconomically important legume
crops. Salinity stress also known as hyperionization involves
osmotic and ionic stress that cause changes to physiological
and metabolic processes in plants [1]. &is is an ever-in-
creasing problem for agriculture in arid and semiarid re-
gions, as frequently seen in developing countries [2]. Salinity
poses a great threat to the natural status of the environment
and crop production, particularly in soybean growth and
development. Soybean is one of the most important pulse
crops and generally considered highly sensitive to salinity
stress. &is crop contains high amounts of proteins (45%),
oils (28%), carbohydrates (12%), saturated fatty acids (12%),
and unsaturated fatty acids (24%) and serves as a major
potential source for biodiesel production [3, 4]. Amirjani [5]
reported a reduction in various growth and yield parameters

of soybean resulting from the accumulation of Na+ and Cl−
ions in plant tissues.&is study elaborated onNaCl effects on
growth, mineral composition, proline content, and anti-
oxidant enzyme activity which were dramatically reduced by
different levels of salt stress (10, 100, and 200mMNaCl).&e
primary effects of salinity in soybean, such as other legumes,
are reduced cell growths, assimilated production, and
membrane dysfunctions, as well as decreased cytosolic
metabolism leading to production of reactive oxygen species
(ROS). Furthermore, Hamayun et al. [6] reported that sa-
linity stress dramatically decreased growth and yield com-
ponents of soybean cultivar Hwangkeumkong by affecting
endogenous levels of secondary metabolite, gibberellic acid
(GA), jasmonic acid (JA), salicylic acid (SA), and abscisic
acid (ABA). However, Flower and Colmer [7] reported that
plant response against salinity differs widely according to
species, including at the cultivar level. &e application and
uptake of plant growth regulators such as cytokinins by
plants may lead to increased tolerance of crops to salinity.
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Such exogenously applied plant hormones, for example,
naphthalene acetic acid (NAA) and 6-benzyladenine (BA),
have been used to improve vegetative growth and yields by
foliar applications [8, 9]. Cytokinins are well known for
stimulating or inhibiting growth of plants at many physi-
ological stages such as, germination, and flowering.

Since literature has thoroughly elaborated these impacts
on growth and development of soybeans under moderate
and severe conditions. No report could be found on the use
of BA and the seed priming method to improve the growth
of soybean under high salt stress conditions.&e objective of
this study was, therefore, to evaluate the effects of an op-
timum amount of BA on the growth, yields, biomass, and
physiological parameters of soybean plants subjected to a
high level of salinity stress.

2. Materials and Methods

2.1. Plant Material, Disinfection, and Osmopriming
Treatment. &e research was conducted using a hydroponic
culture system at Turfloop, University of Limpopo, South
Africa, from September 2018 to December 2019. Freshly
harvested soybean (Glycine max (L) Merrill) seeds, cultivar
Peking, and LS678 were used in this study. &e seeds were
surface-sterilized for 16 hours using chlorine gas [10] and,
then, primed by overnight imbibition in a solution con-
taining deionized water and 2.16 µM BA. Soybean seeds
soaked in sterile deionized water (hydroprimed) were used
as a negative control; meanwhile, a positive control consisted
of BA-primed seeds. Priming of seeds was performed in the
dark (24± 2°C), with gentle agitation on a Labcon platform
shaker (speed of 175 rpm) at room temperature. &e BA
concentration chosen for this experiment was based on the
findings from previous studies.

2.2. Seed Germination, Seedling Growth, and Induced Salinity
Stress. A total of 90 randomly distributed 25 cm plastic pots
were prepared for each cultivar, containing pasteurised
mixture of vermiculite and sand at ratio 2 :1.&e vermiculite
and sand were specifically used as the support medium
because they constitute a nutrient-free medium. Primed
soybean seeds were sown and germinated on the mixture;
whereby established seedlings were watered daily with half-
strength Hoagland mineral nutrient solution until they
reached the V2 stage. To test for the effect of high salt stress,
plants were divided into two subsamples for growth and
biomass analyses. Salt stress was imposed only on plants
used as negative control and treatment plants developed
from BA-primed seeds. &e positive control plants received
only distilled water, while negative control plants and plants
developed from BA-primed seeds were watered once a week
with 250mM solution of the salt. &e solution was prepared
using analytical reagent-grade sodium chloride (NaCl) with
a molar weight of 58.44 g/mol. Various reports including
Khan et al. [11] and Rahneshan et al. [12] guided this level of
induced salinity, with the highest chosen amount of sodium
chloride.

2.3. Biochemical, Morphological, and Physiological Analyses.
Leaf samples were randomly harvested at the late V5 stage
for the isolation and spectrophotometric determination of
photosynthetic pigments according to Sumanta et al. [13].
Quantitative determination of phenolics, as well as flavo-
noids, using Folin–Ciocalteu assay and antioxidant activity
was conducted using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay by quenching free radicals of the sampled leaves
according to Chandra et al. [14], and total carbohydrates
were assayed using the Nelson–Somogyi procedure [15].
Evaluation of growth and biomass parameters was per-
formed immediately when blooming or anthesis started at
the late V5 stage, while yield analysis was conducted
throughout until the late R8 stage. Leaf area (where L is the
length andW is the width of the central leaflet of a trifoliate)
and biomass fraction (where BF refers to biomass fraction,
Fw refer to fresh weight, and Dw to dry weight of each plant
organ) were determined using the equations by Richter et al.
[16] and Poorter et al. [17], respectively.

LA � 2.0185(L × W ),

BF �
Fw − Dw

Fw
x 100.

(1)

2.4. Growth Conditions and Statistical Analysis. &e exper-
imental design consisted of 45 replicate pot samples used for
vegetative growth and biomass analyses and 45 pots for
measuring yield parameters. Data collected were analysed
using two-way analysis of variance (ANOVA), and signifi-
cant differences were determined at 5% confidence level
using Duncan’s test.

3. Results and Discussion

3.1. Effect of NaCl and BA on Plant Growth and Yield.
Results presented in this study demonstrated the depressive
effects of NaCl and the importance of BA on growth, bio-
mass, and yield in soybean. Plant growth inhibition was
more pronounced in soybeans subjected to salinity stress
without hormonal priming. &e related salinity stress effects
in soybean were reported by Amirjani [5] and also by
Hamayun et al. [6] for cultivar Hwangkeumkong. All plants
derived from BA-treated seeds were used as a positive
control, and treatment exhibited improved plant growths.
Morphological variations were observed amongst the plants,
particularly in their roots and stomatal density compared to
marginal increases observed in shoot lengths, mean branch
numbers, and leaf area (Table 1). &e plant height of soy-
beans not subjected to salt stress was significantly higher
with 50.3 and 51.6 cm mean length for Peking and LS678
(Table 1), respectively. &ese plants produced a mean shoot
length slightly higher than BA-primed soybean plants
subjected to salt stress (Peking- 37.2 cm and LS678- 39.6),
followed by those treated as negative control with 36.8 and
35.5 cm for Peking and LS678, respectively.

&e observations made above were identical to root
lengths and the mean number of branches in both cultivars
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following exposure of soybeans to 250mM NaCl (Table 1).
&e lowest mean branch number (5.0) was recorded in
soybean cultivar LS678 developed from hydroprimed seeds
along with salt stress. Furthermore, hydroprimed plants
showed a significant decrease in the leaf area
(4.22–4.29 cm2) due to wilting and senescence, stomatal
density (102–6), and percent of relative water content. &is
was possibly due to dehydration as a result of salt stress
than the highest of 5.21 cm2 average leaf area recorded for
LS678, 154 stomata density in Peking, and 72.1% water
content recorded in LS678 plants, all established from BA-
primed seeds (Table 1). Ozturk et al. [18], Sari and Ceylan
[19], and Khan et al. [20] also reported similar findings
attributed to high salinity stress. However, observations
made in this study clearly indicated that BA improved both
the plant morphology and growth of soybeans even under
salinity stress. According to ShaoWen et al. [21] the ap-
plication of BA raised the growth and development of
soybean sprouts, including the low yield of BA residues
detected following the soaking method. &is report, to-
gether with that of Basuchaudhuri [9], emphasised the role
of cytokinins, particularly BA on the improvement of plant
growth and development.

&is study indicated that soybean yield is more decisively
determined by flowering and the number of pods produced.
&e high number of pods observed in the control (+ve)
plants and experimental plants resulted into high seed yield
recorded for LS678 and Peking (Table 2), respectively.
Yashima et al. [22] and Basuchaudhuri [9] elaborating that
pod number/flowering among other yield components are
key factors for giving high yields also reported this. Lower
percentage flowering and pod number recorded for LS678
(40.1%, 13.4) and Peking (35.5%, 11.8), respectively, resulted
into low seed yield in plants exposed to salt stress without

hormonal priming (Table 2). In contrast, both cultivars gave
improved results of 60.7% and 66.3% for flowering, as well as
27.2 and 19.4 mean pods, consecutively, on BA-treated
plants exposed to salinity stress. &is clearly indicated that
high NaCl stress and BA influenced variation in abscission of
reproductive structures of soybeans. Many researchers also
indicated the use of BA to reduce these effects, especially
flower and young pod abortion [23–25].

3.2. Effect of NaCl Stress on Biomass and Biochemical and
Physiological Response in Soybean. &ehigh salinity level used
significantly reduced shoot and root biomass in plants subjected
to stress without priming. Maximum reduction of biomass in
leaves (1.3 g/g) and roots (2.1 g/g) was observed in soybean
cultivar Peking (Figure 1(b)).&is was followed by leaf and root
biomass of LS678 at almost the same rate as Peking with 1.6 g/g
and 2.4 g/g, respectively (Figure 1(a)). Total biomass allocations
in stems were high in both cultivars than total root and leaf
biomass fractions (Figures 1(a) and 1(b)). Generally, leaf bio-
mass was more decreased than the total root biomass fractions
recorded under the same salinity stress conditions. Salt stress
tolerance was observed in plants developed from BA-primed
seeds compared to hydroprimed seeds (Figures 1(a) and 1(b)),
also with regard to these parameters.

According to Lima et al. [26], stress tolerance is always
marked by high biomass production, as growth perfor-
mance was increased by cytokinin application in this study.
&e high NaCl level, furthermore, significantly reduced
photosynthetic pigments and carbohydrate levels of highly
sensitive hydroprimed soybean plants. However, the re-
duction in total chlorophyll, carotenoids, and carbohy-
drates was high in Peking than LS678 (Table 3). &ese
decreases were followed by more reductions in total

Table 1: Mean vegetative response in terms of the shoot length (SL), root length (RL), number of branches (MnB), leaf area (LA), stomatal
density (SD), and relative water content of Peking and LS678 soybeans subjected to high salinity stress.

Cultivar Treatment SL (cm) RL (cm) MnB LA (cm2) SD RWC (%)

Peking
NaClA 50.3b 40.6a 7.2a 5.51a 163a 86.7a

NaClB 36.8d 36.2b 5.9cb 4.22dc 102d 42.9f

NaClB + BA 37.2d 34.1c 6.3b 4.69b 154b 62.8d

LS678
NaClA 51.6a 40.2a 7.0a 5.32a 159a 80.2b

NaClB 35.5e 33.4d 5.0d 4.29cb 106d 52.3e

NaClB + BA 39.6cb 30.5e 6.7ab 5.21a 149c 72.1c

Mean values with similar superscript letters within columns are not significantly different at 5% confidence level according to Duncan’s test. NaClA is the
0mM, and NaClB refers to 250mM of sodium chloride used.

Table 2: Mean yield responses in terms of flowering (Flw), number of pods/plant (MPP), pod length (PL), pod weight (PW), number of
seeds/pod (NSP), and seed yield (SY) of Peking and LS678 soybeans grown under high amount of NaCl.

Cultivar Treatment Flw (%) MPP PL (cm) PW (g) NSP SY (g/plant)

Peking
NaClA 98.2a 38.2a 3.95a 1.33b 3.0a 20.30c

NaClB 35.5f 11.8f 3.55e 1.06e 3.0a 9.22f

NAClB + BA 60.7d 19.4d 3.87b 1.44a 3.0a 14.16d

LS678
NaClA 94.5b 40.9b 3.72c 1.22c 3.0a 21.40a

NaClB 40.1e 13.4e 3.62d 1.11d 3.0a 10.75e

NaClB + BA 66.3c 27.2c 3.99a 1.32b 3.0a 16.38b

Mean values with similar superscript letters within columns are not significantly different at 0.05% confidence level according to Duncan’s test. NaClA refers
to 0mM, and NaClB to 250mM of sodium chloride used.
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phenolics and flavonoids, in the same order. Results
showed that growth and development of soybean plants
should be considered as a physiological/biochemical re-
sponse involving complex and variable metabolic pathways
forming different metabolites. Such metabolites, including
those quantified are said to decrease under high salt stress
[12, 27]. Although salt stress is a critical factor that severely
affects plant growth and metabolism [12], no soybean
plants derived from BA-primed seeds exhibited tissue se-
nescence or death of plants. &is may be attributed to the
cytokinin used, as indicated by Rahneshan [12] empha-
sizing that application of cytokinins could raise the phy-
tochemicals such as phenolics and flavonoids productivity
levels to be higher than those of plants grown under normal
growth conditions. &e potential high antioxidant capacity
in plants developed from BA-primed seeds was attributed
to the high amounts of phenolics recorded, particularly in
soybean cultivar LS678 (Table 3). &is response was ob-
served because phenolics are highly potent antioxidants
and free-radical scavengers due to their capacity as strong
reducing agents [14]. In general, soybean is reported to be a
relatively salt-sensitive crop, and findings by Amirjani [5],

Khan et al. [11], and Rahneshan et al. [12] support the
results obtained in this study.

4. Conclusions

&e present study indicated the critical role of BA on
conferring tolerance to induced high salinity stress. Plant
growth, yield, biomass, and physiological parameters were
significantly improved by seed priming with 2.16 µM BA.
&erefore, this study validated that plant growth regulators
such as cytokinins may be used for various applications to
induce abiotic stress tolerance in soybean.

Data Availability

Data are available from the corresponding author and the
institution where the study was conducted at https://ul.ac.za
upon request.
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Figure 1: Total biomass fractions of NaCl stressed soybeans cultivar LS678 (a) and Peking (b). Each value represents the mean of three
replicates± SE.

Table 3: Mean biochemical and physiological response of Peking and LS678 soybean plants subjected to salinity stress.

Cultivar Treatment Phenolics (mg/
g)± SD

Flavonoids (mg/
g)± SD

Carbohydrates (mg/
g)± SD

Total chl
(a + b) Car Antioxidant activity

(%)± SD

Peking
NaClA 3.084± 0.481b 2.630± 0.661bc 70.380± 0.319a 2.89b 1.47a 44.20± 0.176 d

NaClB 2.339± 0.240c 2.371± 0.345b 27.091± 0.426e 1.88b 0.23d 34.54± 0.160f
NaClB + BA 3.980± 0.324a 2.961± 0.694a 38.221± 0.303d 2.31a 0.49c 66.17± 0.468 b

LS678
NaClA 3.115± 0.454b 2.113± 0.870c 60.014± 0.120b 2.99a 1.02b 56.01± 0.894c
NaClB 2.281± 0.394c 1.008± 0.274d 24.942± 0.745f 0.87b 0.24d 37.27± 0.737e

NaClB + BA 4.026± 0.222a 2.586± 0.466cb 58.766± 0.097c 2.13a 0.52c 73.93± 0.121a

Chl- chlorophyll, Car- carotenoids, SD- standard deviation. Mean values within column followed by the same letter are significantly different at 5% p value
according to Duncan’s test.
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