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SUMMARY

Soybean is considered one of the important sources of oil and proteins worldwide.
Nevertheless, the cultivation of soybeans is challenged by the threats of saline intrusion.
Chitosan, a product derived from the shells of crustaceans such as shrimp, has been reported
as a non-toxic biodegradable biopolymer that can minimize adverse impacts of salinity stress
on plant growth. This study was to investigate the supportive activities of chitosan on
germination under salinity stress of the local soybean cultivar MTD885-3. The assessment
was conducted by pre-soaking soybean seeds in either distilled water, a commercial solution
for seed germination, gibberellic acid 30 ppm, or oligochitosan solutions (500 ppm, 1000
ppm, and 2000 ppm), before allowing them to germinate in NaCl solution at different
concentrations (0, 100, and 200 mM). As expected, soybean sprout emergence and growth
were more adversely affected following the application of higher NaCl concentration. The
pre-treatment of soybean seeds in oligochitosan solutions of 500 and/or 1000 ppm could
enhance hypocotyl and radicle growth under both non-stressed and salinity conditions.
Furthermore, seed pre-soaking with 1000 ppm oligochitosan could confer certain benefits
for the soybean sprouts exposed to 200 mM NaCl treatment, which were also evidenced by
shorter Mean Germination Time, higher Germination Index, and Coefficient of Velocity of
Germination values. These findings indicate the practical application of chitosan in
supporting the early growth of germinated seeds under osmotic stress conditions such as
salinity.
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INTRODUCTION

Soybean, Glycine max L. Merrill, is one
of the legume species that reliably offers
high economic and nutritional values and is
a major source of vegetable oil and proteins
in the human food industry (Zhang et al.,
2010). Soybean protein is seen as an
excellent alternative to animal protein
because it includes all the essential amino
acids such as lysine, which is particularly
lacking in other staple crops (Agyenim-
Boateng et al., 2022). Many essential
unsaturated fatty acids such as omega-3,
omega-6, and omega-9 are highly
concentrated in soybean seeds (Nikoli¢ et al.,
2009). Soybeans contain  nutritional
properties that lower blood serum cholesterol
levels in humans and minimize the risk of
cardiovascular diseases (Omoni, Aluko,
2005). Additionally, soybeans are utilized in
agriculture for land reclamation and animal
feed (Jegadeesan et al., 2020), as well as for
the production of biodegradable materials
(Tian et al., 2018). However, there are
difficulties and barriers in the way of
growing soybeans, such as declines in crop
quality and yield due to biotic and abiotic
pressures. Soybean is almost grown on semi-
arid or dry soil that is frequently stressed by
salinity and drought (FAO, 2023). Therefore,
enhancement of the plant tolerance to
stresses to maintain soybean profit is
essential.

Salinity is one of the most common
abiotic stresses worldwide that plants have to
face with, and it is being made worse by
climate change. As a result of this, more
severe drought incidences and saline
intrusion have occurred in Vietnam's
Mekong River Delta, causing various
degrees of damage to agriculture, fisheries,
and people's livelihoods (CGIAR, 2016).
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Serious salinity stress can cause plant death,
whereas mild salt stress negatively affects
plant growth, agronomic attributes, and thus
agricultural output as well as farmers’
income. Practically, salinity can interfere
with every stage of plant growth, including
germination, seedling growth, vegetative
development, and reproductive duration in
soybeans (Mansouri et al., 2019). According
to Ghassemi-Golezani and colleagues
(2009), the large reductions not only in
average grain yield under saline conditions
but also in the oil and protein contents of the
harvested soybean seeds.

To lessen the negative effects of salinity
on plants, various strategies have been
deployed and other novel ideas have been
under investigation. Among the proposals,
one option for mitigating the negative
consequences of abiotic stress is to use
chitosan, which is a natural non-toxic, and
bio-degradable product (Morais ef al., 2008).
Chitosan is a linear polysaccharide
consisting of D-glucosamine and N-acetyl-
D-glucosamine that is produced by treating
the chitin shells of shrimp and other
crustaceans with different methods for
deproteinization, demineralization,
decolorization, and deacetylation (Harugade
et al., 2023). Oligochitosan has a lower
molecular weight, a greater degree of
deacetylation (DD > 80%), and a higher
degree of polymerization (DP).
Oligochitosan is less viscous (< 5.0 cPs) and
entirely water-soluble, making it more
appropriate for various industrial uses.
Numerous studies have revealed that water-
soluble chitosan could activate a variety of
plant defense-related cellular responses
(Akash et al., 2019, Yang et al., 2019; Ling
etal., 2022).

Owing to limitless free amino and
hydroxyl bunches on its spine, chitosan is
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regarded as the ideal adsorbent. The unique
features of chitosan and its derivatives,
including hydrophilicity, biocompatibility,
biodegradability, and antibacterial
capabilities, make them promising for use
in  biotechnology, biomedicine, and
cosmetics (Yuvaraja et al., 2020). The
report by Mahdavi and Rahimi (2013)
indicates that chitosan increases the
activity of antioxidant molecules (e.g.,
phenolic acid and ascorbic acid) and
antioxidant enzymes (e.g. peroxidase and
superoxide dismutase) to assist plants in
combating cellular free radicals during
stressful conditions such as heat stress, salt,
and drought stress. In addition, chitosan
promotes the synthesis of chlorophyll,
amino acids (such as  proline),
phytohormones (abscisic acid), and soluble
carbohydrate metabolisms to help control
osmotic adjustment (Hidangmayum et al.,
2019). In addition to the eco-friendly
properties of chitosan/oligochitosan, the
abundant resources of chitin released from
the seafood industry as wastes/by-products
for chitosan production also display the
practicability from the economic point of
view. Therefore, in this study, the effects
of oligochitosan on improving soybean
germination and early growth under salt
stress conditions were investigated.

MATERIALS AND METHODS

Chemicals and plant materials

The seeds of local soybean cultivar
MTD885-3 in the present study were kindly
provided by Can Tho University, Can Tho
Province, Vietnam. These seeds had been
recently harvested. Oligochitosan was
extracted from shrimp by-products at a
concentration of 40,000 ppm, which was

produced by the Vietnam Food Joint Stock
Company (VNF), Vietnam. Atonik (a
commercial soaking solution for seed
germination) manufactured by ADC Limited
Company, Can Tho, Vietnam, and
gibberellic acid (GA3) (Biobasic, Ontario,
Canada) were used as the positive controls in
the germination experiment, according to
previous studies (Przybysz et al., 2014; Du
etal., 2022).

Determine the effects of oligochitosan on
the germination of soybean sprouts

Soybean seeds were surface-sterilized
with 0.5% sodium hypochlorite solution
for 5 min, then rinsed at least 3 times with
water to remove chemical residues (Sauer,
1986). Next, the washed soybean seeds
were soaked with various solutions,
including oligochitosan solutions (500,
1000, or 2000 ppm), Atonik (according to
the manufacturer’s instruction), and GA3
(30 ppm) (Przybysz et al., 2014; Kurubar
et al., 2017). The seeds were soaked with a
ratio of 1:4 (weight of seeds/volume of
solution) at 37 °C for 30 min (Yang et al.,
2019). Following this, the seeds were
placed in Petri dishes (10 seeds/plate)
between 2 layers of filter papers, and
different saline (NaCl) solutions (0, 100,
200 mM) were added to the Petri dishes
(Islam et al., 2019). These plates were then
incubated at 25-30 °C under dark
conditions.

Data were collected each day from the
second to the fifth day of the assay to analyze
the final germination percentage (FGP),
average germination time (MGT), speed of
germination, seedling vigor index (VI),
radicle, hypocotyl length, and fresh weight,
using below formula:
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Final germination percentage (FGP):

Number of toal germinated seeds

Pham Nguyen Ngoc Lam ef al.

EGP=

X 100

Total number of seed tested

Mean Germination Time (MGT):

MGT =

(Hai et al., 2019)

Zg(:l(NiTi)
Z%<=1

N “
! (Ellis, Roberts, 1981)

Ni =the number of germinated seeds on the examined day.

Ti =the number of days from the start of the assay.

Coefficient of Velocity of Germination (CVG):

CVG=——x 100
MGT

Germination Index (GI):

GI

__ Number of germinated seeds on first count

Days of first count

Seedling vigor index (VI):

(Jones, Sanders, 1987)

Number of germinated seeds on final count

Days of final count

(Arnold et al., 1991)

_ Final Germination % XSeedling length

100

(Abdul-Baki, Anderson, 1973)

Seeds were considered germinated if their radicles were at least 2 mm in length (ISTA, 1985).
Three replications were performed for each treatment, and each Petri dish was used as a

replicate.

Data analysis

The data were analyzed using one-way
ANOVA by IBM SPSS Statistics (version
20, US). Differences between means of all
germination parameters were compared by
using Duncan ‘s Multiple Test Range.
Graphs were prepared using GraphPad
(Version 9.1, Inc., La Jolla, CA, US). The p-
value < 0.05 implies the difference between
treatments according to statistical analysis.
Data on graphs and tables were presented as
means + standard errors.
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RESULTS

As salinity stress can inhibit seed
germination and growth of the young
seedlings, the effect of using oligochitosan as
the seed pre-soaking solution prior to sowing
was explored. Table 1 summarized the
analyses of five parameters relating to seed
vigor assessment when they were germinated
on normal or NaCl conditions. According to
the findings, the rate of seed germination was
high under 0 mM NaCl treatment condition,
which was more than 90% regardless of what
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solution was used for pre-soaking. The
average FGP values were decreased under
salinity conditions, ranging from 86.7% -
96.7% and 73.3% - 93.3% upon exposure to
100 mM and 200 mM NaCl treatments,
respectively. In detail, when pre-soaking the
seeds with distilled water (dH»O), all seeds

germinated under non-stressed conditions,
yet the germination rate was reduced to
73.3% under 200 mM NaCl condition.
Meanwhile, the application of 500 ppm
oligochitosan could maintain a significantly
higher level of germination under such high
salinity (93.3%).

Table 1. Germination parameters of soybean under normal and salinity stress conditions (n=3

replicates, each replicate included 10 seeds).

Salinity (mM) Treatment FGP (%) Vi MGT (day) Gl CVG
0 Distilled water 1002+0 328.332+20.85 2532+0.28 4222+0.36 0.4042 +0.041
Atonik 1002+0 318.672 £ 56.3 2432+0.19 4422+0.25 0.4152+0.03
GA3 96.672+3.33 373.232+2357 2322017 4.392+0.36 0.4362+0.033
Chitosan 500 ppm 93.33P+3.33 405312+7291 24123+£021 421204 0.4222+0.039
Chitosan 1000 ppm 1002 0 444832 +5045 2232+0.12 4672+0.17 0.452+0.025
Chitosan 2000 ppm 1002 +0 431.072+4279 2372+0.09 4422+0.14 0.4242+0.016
100 Distilled water 93.32+333 237.382+ 569 2912+0.35 3.582+0.3 0.3552+0.048
Atonik 86.72+3.33 218.252+8.83 2343+0.23 3.962+0.27 0.4352+0.041
GA3 93.32+333 250.733+2493 2632+0.27 3.92+047 0.392+0.044
Chitosan 500 ppm 96.72+333 290.973+5775 2742%0.39 3.892+0.63 0.3822+0.061
Chitosan 1000 ppm 93.33+333 244553+4275 262+0.25 3.922+0.22 0.3932 +0.041
Chitosan 2000 ppm 902+0 208.682+16.8 2262+0.07 4.172+0.08 0.4442+0.015
200 Distilled water 7332+667 121.333+x3365 3.712x0.51 2223+0.52 0.282+0.04
Atonik 86.72+333 126.032+14.18 3.293 +(.22 2933 +0.05 0.3073 +0.022
GA3 802+578 140.42 + 23.66 284 +0.11 3.06% + 0.56 0.353+0.014
Chitosan 500 ppm 93.3P+333 195532+ 36.87 3.073+0.2 331 +0.15 0.3292°+0.023
Chitosan 1000 ppm 86.72+333 158.052+1167 261°+0.12 3.57°+0.02 0.385°+0.018
Chitosan 2000 ppm 802+0 131.592+2208 275°+0.19 318 +0.15 0.3673 +0.024

Final Germination Percentage (FGP) and Seedling Vigor Index (VI) were recorded on the fifth day of
the assay. Mean Germination Time (MGT) and Germination Index (Gl) were calculated following the
measurement from the second to fifth days of the assay. Coefficient Velocity of Germination (CVG)
was calculated based on the MGT value. Different letters denote significant differences among
solutions applied for pre-soaking under the same condition of salt treatment, as analyzed by One-

way ANOVA.

It has been noted that using 1000 ppm
oligochitosan could also reveal positive
effects on the seed germination under
adverse salt stress conditions of 200 mM
NaCl, with shorter MGT, and higher GI and
CVG values. According to the results, under

this stress condition, the seeds treated with
1000 ppm oligochitosan solution on average
could germinate one day earlier than the ones
soaked in water (i.e. MGT 2.61 days versus
3.71 days) (Table 1). Treated with
oligochitosan at this concentration displayed

495



the highest germination index (3.57) and
coefficient velocity of germination (0.385)
under 200 mM salt stress application among
all the tested pre-soaking solutions.
However, there was no difference in VI
values across all the methods for seed
soaking when compared under the same salt
stress conditions.

Next, we examined the growth of
seedlings by measuring the lengths of radicle
and hypocotyl of germinated seeds. On the
course of germination of a seed, the radicle
will emerge first followed by its hypocotyl.
Therefore, radicle length could be measured
since the second day of the assay (Figure 1)
while the measurement of hypocotyl length
started on day 4" (Figure 2).

As shown in Figure 1, wusing
commercial seed-soaking solution
(Atonik), GA3 (30 ppm) or oligochitosan
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solutions could induce radicle growth
significantly in comparison to the soaking
treatment by dH»>O under non-stressed
condition by 1.6-fold (using Atonik) to
2.2-fold (using 500 ppm oligochitosan),
recorded on the fifth day of the assay.
Similar results were also observed under
100 mM NaCl condition, whereby the
average radicle length using dH.O for
seed soaking was 1.1 cm and the
corresponding lengths when using other
solutions ranged from 1.6 to 1.9 cm on the
last day of recording (Figure 1). Under
200 mM NacCl conditions, a reduction in
root growth was observed more clearly
compared to the normal germination
condition. In addition, the application of
oligochitosan 500 ppm and 1000 ppm
could maintain a better radicle growth,
which was comparable with the use of
Atonik solution for seed soaking.
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'''''''''' Atonik

= GA3

C— Chitosan 500 pmm
== Chitosan 1000 pmm
e Chitosan 2000 pmm

Radicle length (cm)

0.5

R
100 mM
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N
L

- 1
100 mM
NaCl concentration

T
0mM
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Figure 1. Measurement of average radicle lengths of soybean sprouts on the second, third, fourth
and fifth days of the germination experiment. Atonik and GA3 were used as the positive controls while
distilled water was used as the negative control. Different letters indicated significant differences

among treatments.
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Figure 2. Measurement of average hypocotyl lengths of soybean sprouts on the fourth and fifth days
of the germination experiment. Atonik and GA3 (30 ppm) were used as the positive controls while
distilled water was used as the negative control. Different letters indicated significant differences
among treatments.
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Figure 3. The average fresh weights of soybean sprouts measured on the fifth day of the germination
experiment. Atonik and GA3 were used as the positive controls while distilled water was used as the
negative control. Different letters indicated significant differences among treatments.

Regarding the hypocotyl length of
germinated seeds, oligochitosan treatment
could also yield positive outcomes, with
better hypocotyl elongation. Among the
examined concentrations, 1000 ppm resulted
in significantly longer hypocotyl under
normal conditions measured on both days 4"
and 5" of the assay, which was around 2
times longer than the corresponding values
using dH>O for seed soaking and even better
than the use of Atonik or GA3. Furthermore,
although soybean seeds exposed to
intermediate salinity stress (100 mM NaCl)
showed no significant differences between
oligochitosan treatments versus negative and
positive controls, the use of 500 ppm
oligochitosan could prevent the inhibition
effects of salt stress on hypocotyl growth
under high salt conditions (i.e. 200 mM
NaCl). Under this condition, the average
hypocotyl lengths of the seeds treated with
the 500 ppm oligochitosan and dH>O were
0396 cm and 0.112 cm, respectively,
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meaning that the former group displayed
three times longer for the hypocotyl
compared to the latter.

The fresh weight of germinated soybean
sprouts treated with oligochitosan solution at
various concentrations is displayed in Figure
3. In general, oligochitosan treatments
demonstrated a positive effect on increasing
the fresh weights under non-stressed
conditions, compared to the control (dH-O).
According  to statistical analyses,
intermediate oligochitosan concentration
(1000 ppm) could significantly boost the
fresh weights of soybean sprouts under
normal (0 mM NaCl) conditions by 1.4-fold.
Under high salt (200 mM NacCl) conditions,
accumulated fresh weight of soybean sprouts
treated with 1000 ppm oligochitosan was
also noticed, of which the average weight
was 0.034 g compared to 0.023 g of dH»0
pre-soaking group recorded on the fifth day
of the assay.
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DISCUSSION

Environmental stresses such as salt,
drought, or severe temperatures, have posed
threats on global agriculture activities and
food security. For example, soybeans might
lose up to 40% of their production under
adverse conditions (Khan et al., 2015; Kang
et al., 2023). It has been emphasized that at
the stage of seed germination and post-
germination, the young seedlings are more
vulnerable to the detrimental effects caused
by such abiotic factors (Khaleduzzaman et
al., 2021). Saline stress leads to osmotic,
ionic, and oxidative stress, resulting in the
generation of cellular free radicals (Parida et
al., 2004; Jacoby et al., 2011; Fu, Yang,
2023).  Furthermore, the overdosed
accumulation of sodium and chloride ions
gives rise to serial disruptions in cellular
function, signalling and metabolism
(Jahromi et al., 2008; Daszkowska-Golec,
2011; Ugarl,, 2020). As a result, early
growing events of soybean seeds such as
imbibition, metabolism, seeds growth and
establishment were decreased and delayed,
followed by the significant changes in the
germination rate and duration required by the
seeds to germinate or other seed vigor
characters.

According to our results, high seed
germination rates under the non-stressed
conditions even when using dH>O for seed
soaking indicated that the seeds with high
quality were used for the assay (Table 1).
Atonik is a commercial plant regulator that
poses positive effects on the germination and
vegetative growth of plants, whereas GA3 is
a natural phytohormone promoting seed
emergence, stem elongation and seedling
development. Under adverse conditions,
plants treated with these two biostimulants
could enhance their ability to defend against

various abiotic stresses such as extreme
temperature, drought, heavy metals and
salinity (Przybysz et al., 2014; Du et al.,
2022).

When the seeds were challenged with
high NaCl concentration such as 200 mM,
differential FGPs were observed whereby
oligochitosan treatments could minimize the
reduction in germination compared to the
negative control (Table 1). Significantly,
utilization of 500 ppm oligochitosan could
maintain an average FGP above 90%
compared to the corresponding value of
73.3% for the dH>O treatment. This
indicated that the seeds treated with
oligochitosan could encounter salt-induced
adverse effects on the seeds in the process of
germination. Furthermore, treatment with
oligochitosan of 500-1000 ppm could
support the seeds to germinate more rapidly.
On average, it took around 2.61-2.84 days
for the seeds treated by these oligochitosan
solutions to germinate whereas the duration
for the negative control group was 3.71 days.
Values for CVG also consistently supported
these findings, whereby the oligochitosan-
treated groups had higher values (Table 1).
With such treatments, higher values for
overall germination index (GI) were also
recorded for the treatments of 500 ppm or
1000 ppm  oligochitosan, indicating
supportive functions of these solutions for
seed germination.

Following germination, salinity effects
on early growth were further examined. The
analyses also demonstrated the supportive
effects of oligochitosan treated in the
previous step on the radicle and hypocotyl
growth of soybean sprouts. Under normal
seed germination conditions, seeds that had
been soaked with oligochitosan solutions
with any tested concentrations could
significantly boost the radicle elongation,
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which were as good as the utilization of
Atonik or GA3 (Figure 1). Regarding the
effects on hypocotyl length, under normal
conditions, all the tested oligochitosan
concentrations displayed beneficial effects,
although only the use of oligochitosan 1000
ppm could increase the growth according to
statiscal analyses (Figure 2).

Similarly, all tested oligochitosan
solutions could also maintain the radicle
with an average length longer than the
corresponding value in the dH>O treatment
for seed soaking under intermediate salt
conditions (i.e. 100 mM NaCl). With higher
salt concentration, distinct effects in
maintaining better root growth were
observed with the use of oligochitosan 500
or 1000 ppm (Figure 1). Meanwhile, 500
ppm oligochitosan was the only tested
concentration that could support both root
and shoot growth under the salt stress
conditions of 200 mM NacCl (Figures 1, 2).
In addition, the obtained data revealed that
the young seedlings exhibited longer radicle
and/or hypocotyl also had higher fresh
weight. In particular, the use of 1000 ppm
oligochitosan concentration could display
the best effects in increasing the weight, not
only under normal but also high salt stress
conditions. Taken these findings together,
the use of oligochitosan within the range
500-1000 ppm could enhance the growth of
radicle and hypocotyl under normal and salt
stress conditions, by either promoting the
tissue elongation, tissue thickness or
density.

The supportive effects of chitosan and
its derivatives on seed germination and
growth of wvarious species have been
reported including cucumber (Zohara et al.,
2019), green pepper (Fard ef al., 2010), and
ajowan (Mahdavi, Rahimi, 2013). Chitosan
has been suggested to act as a promoter,
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stimulating enzymes involved in various
metabolic pathways such as nitrogen and
carbon metabolism (Mukhtar et al., 2020).
It has been shown that oligochitosan
improved the content of bioactive
compounds in germinated seeds, whereas
phytic acid was largely eliminated, resulting
in improved morphology of soybean sprouts
(Yang et al., 2019). Furthermore, it has been
evidenced for the stimulation effects by
chitosan on hormone contents such as
gibberellic acid and auxin that play vital
role in seed germination, plant growth and
development (Kuraishi, Muir, 1964;
Safikhan et al., 2018).

Under salt stress conditions, it has been
shown that chitosan treatment could increase
the proline and sugar levels in plants,
reducing the oxidative damage induced by
the stress (Simaei et al., 2012; Safikhan et
al., 2018). A previous study also pointed out
that although chitosan could not limit the
cellular accumulation of Na*, it facilitated
the absorption of K* ions, thus aiding the
maintenance  of  the  efflux  and
compartmentation of these K" and Na®,
leading to promoting salt tolerance in plants
(Simaei et al., 2012). The increase in water
and nutrient absorption, and enzyme
activities along with the prevention of free
radical accumulation in cells were also
observed following chitosan application
(Guan et al., 2009). In addition, the level of
phenolic compounds such as flavonoids,
phytoalexins and ascorbic acid content were
boosted in the chitosan-treated plants, which
might confer the plants better tolerance to
salinity stress (Hamel, Beaudoin, 2010;
Pichyangkura, Chadchawan 2015).
Meanwhile, the stress indicators such as
levels of malondialdehyde (MDA) and
hydrogen peroxide (H20:) contents were
reduced following chitosan application (Iriti,
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Varoni, 2015; Salah et al., 2021). Therefore,
taken all of these data together, the results
from this study demonstrated beneficial
effects of using oligochitosan as the seed pre-
soaking solution in supporting seed
germination and early growth under salinity
stress conditions.

CONCLUSION

In this study, we evaluated the chitosan
effects on soybean seeds at the germination
stage under salinity stress. The result
indicates that pre-soaking the seeds with
oligochitosan at concentrations of 500-1000
ppm might be relevant for improving the
germination process and post-germinative
growth of young seedlings, not only under
normal but also salinity stress conditions.
Therefore, the underlying mechanisms of
oligochitosan effects on these seed
germination and growth should be further
investigated.
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