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Influence of seed pretreated in sodium chloride on the salt tolerance of
cherry radish (Raphanus sativus L.).
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ABSTRACT. This study was conducted to evaluate the effect of sodium chloride (NaCl) seed soaking on seed germina-
tion and plant growth of cherry radish (Raphanus sativus L.) under saline conditions. Seeds were pretreated by soaking
in NaCl solutions at concentrations of 0, 1500, 3000 and 4500 ppm. The pretreated seeds were divided into two groups:
the first group was germinated in Petri dishes, and the second group was sown in pots. Both groups were irrigated with
different concentrations of salinity (tap water, 1000, 2000 and 3000 ppm NaCl). The results indicated that the salinity
of the irrigation water decreased the seed germination percentage and leaf chlorophyll content under a salinity level of
3000 ppm. On the other hand, pretreatment of seeds with NaCl solution led to a gradual increase in germination per-
centage and total chlorophyll content of leaves. Pretreatment with 4500 ppm NaCl gave comparable values to the effect
of control treatment under irrigation conditions with 1000 and 2000 ppm salinity. However, pretreatment of seeds with
NaCl led to a gradual decrease in germination percentage, reaching 60% under a salinity level of 3000 ppm, and no ob-
vious effect was seen on the leaf chlorophyll contents. Pretreatment of seeds by NaCl solutions increased the root and
shoot fresh and dry weights, while shoot and root weight gradually decreased with the increasing salinity of irrigation
water and regardless of the effects attributed to seed pretreatment. The increase in irrigation water salinity also led to a
decrease in leaf area, and root length and root diameter, as well as root water contents. In contrast, the salinity led to a
gradual increase in leaf specific weight, while the value of leaf number and leaf water contents were not affected. There-
fore, the increased specific leaf weight as a result of the salinity of the irrigation water gave an indication that soaking
the seeds in saline solutions increased the plant tolerance to salinity that lead to better plant growth.
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Introduction

alinity in soil or water is one of the major abiotic
stresses that are widespread in the world (Ibra-
him, 2016), as about 20% of the world’s cultivated
land and half of the irrigated land are affected by salinity
(Kasim et al., 2016). Thus, it is considered a main factor
reducing crop productivity in arid and semi-arid areas
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(Cayuela et al., 2001). Salinity may occur as a result of
over-irrigation, irregular drainage, and imbalanced ap-
plication of fertilizers (Ayyub et al., 2016). Salt stress
affects all major plant processes such as growth, photo-
synthesis, protein synthesis, and metabolism of amino
acids and organic acids (Kasim et al., 2016) through the
osmotic effect induced by water deficit. The salinity of
the soil solution reduces the ability of plants to absorb
water or is influenced by the specific effect of excessive
amounts of absorbed salts, especially Na+ and Cl-. In
addition to their toxic effects on plants, they reduce the
absorption of nutrients, as well as ionic imbalance (Mo-
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hamed and Gomaa, 2012). Salinity decreases the CO,
assimilation rate, and the excess of light absorbed that is
not used by the plant can lead to an increase in reactive
oxygen species production and, consequently, oxidative
stress (Ma et al., 2020). These stressful conditions cause
a change in the hormonal balance of plants, such as a
decrease in auxins and gibberellins and an increase in
abscisic acid in plant tissues (Ibrahim, 2016).

The radish plant is a root vegetable, and it belongs
to the cruciferous family. Its roots are consumed fresh
and sometimes in pickling, and it has several therapeu-
tic benefits. Due to the importance of this crop and the
consumer demand for it, this led to an increase in the
spread of its cultivation, but it faced the problem of sa-
linity, which led to a decrease in production.

The researchers indicated that salinity reduced the
percentage and rate of germination of radish seeds (Jam-
il et al., 2007; Kaymak et al., 2009). Several studies have
shown that salinity reduces plant height, leaf area, and
the fresh and dry weight of the shoot and root of the
radish plant (Mohamed and Gomaa, 2012; Chaparza-
deh and Hosseinzad-Behboud, 2015; Jasim et al., 2016).
It was also found by de Sousa Basilio et al. (2018) that
salinity reduced the number of leaves and the diameter
of the root of radish plants. In addition, salinity has de-
creased the root length, shoot length, and fresh weight
of the shoot and root parts (Jamil et al., 2007). Salinity
reduced the percentage of chlorophyll (Yildirim et al.,
2008; Chaparzadeh and Hosseinzad-Behboud, 2015;
Jasim et al., 2016) and relative water content of radish
plant leaves (Yildirim et al., 2008). Whereas Jamil et al.
(2007) discovered that salinity decreased the content of
chlorophyll in leaves while having no effect on the water
content of radish leaves. On the other hand, Mohamed
and Gomaa (2012) indicated that the content of chlo-
rophyll a, b, and total as well as the content of IAA and
GA3 have decreased. In contrast, the content of abscisic
acid has increased.

Based on the increased risks of salinity and the need
for better salinity-tolerant crops (Esmaielpour et al.,
2006), and to reduce the effect of salinity on the growth
and production of crops, many treatments are carried
out on plants, such as seed soaking with antioxidants,
growth regulators, and salts (Gebreegziabher and Qufa,
2017). Soaking the seeds is one of the beneficial phys-
iological methods by which plants can adapt to saline
conditions, and it is an easy, low-cost, and safe technique
that is used to overcome the salinity problem in agricul-
tural lands (Ibrahim, 2016). Seed soaking or pretreating
with NaCl is considered a successful method because it
not only reduces the effect of salt stress during germina-
tion but also increases the salinity tolerance during the
plant growth stage (Sivriepe et al., 2005). For instance,
treating maize seeds in NaCl solution increased the per-
centage and speed of germination, plant height, length
of branches, and yield under salt stress conditions (Geb-
reegziabher and Qufa, 2017). Esmaielpour et al. (2006)

also reported that pretreating cucumber seeds with
NaCl increased the percentage and rate of germination,
dry weight, and length of roots under saline stress con-
ditions. On the other hand, it decreased the percent-
age of Na* and increased the content of K*, Ca*?, and
proline in plants. Bajehbag (2010) found that treating
sunflower seeds with NaCl increased the percentage of
germination and reduced the time required for germi-
nation. It also increased root length, plant height, plant
dry weight, and the number of leaves. In another study,
Sivritepe et al. (2005) reported that treating watermelon
seeds with NaCl increased the dry matter of leaves, leaf
area, number of leaves, and plant height as well as chlo-
rophyll content. In tomato, seed treatment with NaCl
increased plant biomass, fresh and dry weight of shoots
and root dry weight, decreased Na* and Clcontent, and
increased K* in the plant (Cayuela et al. 2001). Seed
pretreatment has proved to be an effective technique
to improve the germination performance, seedling
growth, and seed yield of maize (Tian et al., 2014). Cao
et al. (2018) indicated that seeds soaked with NaCl could
remarkably enhance antioxidant metabolism, thereby
decreasing the accumulation of reactive oxygen species
and membrane lipid peroxidation during germination
under water stress.

Therefore, due to the dependence of the Benghazi
plain region in Libya on groundwater for irrigating crops,
and this source having a relatively high salt content, that
would negatively affect agricultural production in this
region. Based on the previously mentioned benefits of
pretreatment of seeds before sowing and its positive ef-
fect in facing the problems of high salinity levels, this
study aims to know the effect of soaking seeds in solu-
tions of sodium chloride salt on the growth and devel-
opment of the radish plant under salt stress conditions.

Materials and Methods

Plant Material, Growth Conditions and Treatments

The experiment was carried out by planting the cherry
radish variety (Raphanus sativus L.) at the research sta-
tion of the Faculty of Agriculture-University of Benghazi,
Libya during the winter seasons of 2018 and 2019. The
seeds were pretreated by soaking in solutions of differ-
ent concentrations of sodium chloride (NaCl) at 0, 1500,
3000, and 4500 ppm at room temperature for 24 h. One
group of pretreated seeds (20 seeds) were placed in each
Petri dish to calculate their germination percentage at
19°C (Wilcox and Pfeiffer, 1990). Another group of pre-
treated seeds (4 seeds) was sown in a silty clay soil mixed
with sand and compost (1:1:1 vol.) in a 3-L pot (20x20
cm diameter x height), two seedlings were maintained
in each pot. Soil composition was 1.27% organic matter,
20% calcium carbonate, pH 7.56, EC 0.98 dSm™?, available
P 10.4 ppm and total N 0.11%. Throughout the experi-
ment, the plants were fertilized by modified Hoagland
Solution as a complete nutrient solution with irrigation.



The full nutrient solution contains (mmol L) 5 KNO,,
5 Ca(NO,),+4H*O, 2 MgSO,+7H,O, 1 KH,PO,, mixture
of 0.02 FeSO,+7 H,0; 0.02 Na, EDTA; 2 H,0O; 0.045
H,BO,; 0.01 MnCl, 4 H O, and (in pmol/L) 0.8 ZnSO, 7
H,0, 0.4 Na,M00,+2 H,0, and 0.3 CuSO,+5 H,0. Seed-
lings were grown under a plastic canopy for protection
from rain at 10 h photoperiod, photosynthetic active ra-
diation reached a daytime peak value of 800 umol m™
s, the temperature and relative humidity were 17/9
°C and 70/89% during day/night periods, respectively.

Treatments began with the sowing of pretreated
seeds, followed by irrigation with various concentrations
of salty water. The irrigation was carried out daily with 4
levels of salt water: tap water (the concentration of salts
is about 500 ppm), 1000, 2000, and 3000 ppm, prepared
by adding 0, 500, 1500, and 2500 ppm of NaCl to tap
water, respectively. The amount of irrigation was added
according to the needs of the plant and the change in
the daily temperature. With respect to the increase in
the size of the plant in terms of the gradual increase in
the amount of irrigation water needed by the plant to
reach the field capacity at each irrigation. Treatments
continued till 45 days until achieving the economic stage
of cherry radish roots.

Germination and Vegetative Stage Measurements
The germination percentage (GP) was calculated as
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(the number of seeds germinated/the total seedsx100).
Ten seedlings for each treatment were used to mea-
sure and count the fresh weight (FW) of shoots and
roots, the leaf number and leaf area (LN and LA),
as well as the length and diameter of roots (RL and
RD) at the end of the experiments. The plants were
dried for 72 hours in an oven at 65 °C (until there was
no decrease in weight) for the determination of dry
weight (DW) and percentage of water content (WC)
of shoots and roots. According to Morgan (1984), the
WC was calculated as WC={(FW-DW)/FW}*100

The specific leaf weight (SLW) was determined by di-
viding values of leaf dry weight by leaf area (Lei Zhang
et al., 2012). The total chlorophyll content of the leaves
was calculated on a fresh weight according to Moran
(1982). A fully developed leaf was selected from the
middle section of shoots on each plant. Ten leaf discs
were punched and immersed in 10 ml of N,N-dimethyl-
formamide (Moran and Porath, 1980). The samples were
stored in darkness at 4°C for 24 h. The absorbance of the
pigment extract was determined photometrically at 603
nm, 647 nm, and 664 nm.

Experimental Design and Statistical Analysis

The data represents the mean values of two independent
experiments for each season. The experiments were
conducted using 5 replicates for each treatment (each
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Figure 1. Effect of seed soaking pretreatment in NaCl solution and salinity of irrigation on germination percentage

(GP) of radish seeds.

Bars represent standard errors. Different letters indicate a significant difference between treatments by Duncan’s multiple

range test at 5% level.
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Figure 2. Effect of seed soaking pretreatment in NaCl solution and salinity of irrigation on chlorophyll content of

radish leaves.

Bars represent standard errors. Different letters indicate a significant difference between treatments by Duncan’s multiple

range test at 5% level.

replicate consisted of 20 seeds in one Petri dish for ger-
mination stage measurement and two plants in each pot
for vegetative stage measurements). A factorial experi-
mental 4x4 in a completely randomized design was used
with the treatments of soaking seeds pretreatment and
salinity of irrigation treatment. Data were subjected to
analysis of variance using a two-way ANOVA test and
means were compared by Duncan’s means test (P<0.05)
using the SAS GLM procedure (SAS Institute, Cary, NC).

Result

The results indicated that increasing the salinity of the
irrigation water led to a gradual decrease in the germi-
nation percentage (GP) of radish seeds from 97% with
the control treatment to 81% with the 3000 ppm treat-
ment (Figure 1). The total chlorophyll decreased from
31.6 to 22.6 (mg/100g FW) with 3000 ppm treatment
(Figure 2.). Whereas the pretreatment of the seeds with
NaCl solutions led to a gradual increase in the GP and
the content of leaves from total chlorophyll, which was
accompanied by an increase in the concentration of
the used solution. Obviously, the pretreatment with
4500 ppm of NaCl results in comparable value to the
effect of the control treatment under the condition of
irrigation with 1000 and 2000 ppm of salinity (Figures
1 and 2). On the other hand, the pretreatment of the
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seeds with NaCl led to a gradual decrease in the GP,
reaching 60% under the condition of irrigation at a sa-
linity level of 3000 ppm (Figure 1), and no clear effect
was shown on the amount of chlorophyll (Figure 2).

Pretreatment of the seeds by soaking in NaCl solu-
tions increased the fresh weight (FW) and dry weight
(DW) of both shoots and roots. The shoot was from 16.9
and 1.3 to 23.4 and 1.9 g, respectively, and the root was
from 7.46 and 0.6 to 12.8 and 0.9 g, respectively (Tables
1 and 2). While the shoot and root weight were grad-
ually decreased with increasing the salinity of the irri-
gation water, regardless of the effects attributed to the
pretreatment of the seeds. The increase in the salinity of
the irrigation water also led to a decrease in the leaf area
(LA) (Table 1), the length (LR), diameter (DR) and wa-
ter content (WC) of the roots (Table 2), and in contrast
to a gradual increase in the specific weight of the leaf
(SLW), while the value of the number of leaves (LN) and
their water content (WC) were not affected (Table 1).

Discussion

Salt stress caused significant decrease in the germina-
tion and growth of radish. The decrease was attributed
to the increased salts in the irrigation water led to a rise
in the osmotic pressure of the soil solution, which led to
an increased in the viscosity of the soil solution (Kay-
mak et al., 2009; Bajehbaj, 2010). On the other hand, the
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Table 1. Effect of seed soaking pretreatment in NaCl solution and salinity of irrigation on fresh weight (FW), dry weight (DW),
leaf number (LN), leaf area (LA), specific leaf weight (SLW) and water content (WC) of radish shoots

Treatments Measurements
Conc. of seed . .
. Salinity of LN LA SLW wC
e shg T FW DW (leaf) I (%)
solution (ppm) (g/shoot) (g/shoot)
(NaCl ppm) PP

500 16.98> 1.36%¢ 6.20° 131.93® 0.144" 91.82f

1000 11.24¢h 0.80% 6.20° 69.20% 0.165¢h 92.56%¢

0 2000 9.94h 0.70° 6.25¢ 47.79¢ 0.177%¢ 92.48+4
3000 9.56" 0.86°¢ 6.20° 43.61° 0.186¢f 91.01¢8

500 23.46* 1.96° 8.00* 136.85% 0.145" 91.95>f

1000 19.22b¢ 1.38*¢ 7.60% 1V/BVI5E 0.1568" 92.77*¢

1500 2000 16.82" 1.58¢ 6.60% Q727> 0.158 90.90'
3000 13.26°" 1.24>¢ 6.75% 67.22% 0.212° 91.10°8

500 20.30% 1.34>¢ 6.27¢ 135.07% 0.1704h 93.38°

1000 17.20> 1.220¢ 6.80° 127.00*¢ 0.175%8 92.95

3000 2000 15.24¢¢ 1.47%¢ 7.40%¢ 136.20® 0.188<¢ 90.48¢
3000 113 77840 1.36*¢ 6.80<¢ 62.50% 0.230% 91.82>f

500 20.20® LT 7.00>4 157.71* 0.145" 91.34%8

1000 17.68" 1.42%¢ 6.60% 128.67*4 0.160°" 92.18>f

4500 2000 12.98fh INIDES 6.20° 83.66°¢ 0.194< 91.62¢8
3000 113 72850 1.28*¢ 6.33¢ 57.37¢ 0.2422 91.10¢¢

Means followed by the same letter in each column are not significantly different by Duncan’s multiple range test at 5% level.

toxic effects of Na* and Cl ions may cause the seeds to
die or delay their germination, which led to a decrease
in the GP. It was indicated that pretreatment by soak-
ing the seeds in a NaCl solution increased the GP of
radish seeds, as reported by Gebreegziabher and Qufa
(2017). Perhaps the reason is that pretreatment by soak-
ing the seeds in saline solutions may cause hardening
of the seeds and a physiological change in the internal
components of the seed. Subsequently, which results in
an increased ability of the seed to absorb water and an
increased tolerance to the toxic effects of salts, which
helped it to grow and developed in saline conditions.

Indeed, the high level of water irrigation salinity led
to reducing the FW and DW of the shoot part and LA
of the plant (Table 1). Similar results were reported by
Mohamed and Gomaa (2012) and Jasim et al. (2016).
The decrease in vegetative growth measurements was
due to the increased salinity of the irrigation water could
reduce the amount of water absorbed by the roots. This
event could be attributed to the increase in the osmot-
ic pressure of the soil solution and the accumulation of
salts with toxic effects on the root growth zone. Increas-
ing the plant’s absorption of some elements, such as Na
and Cl ions reduced the availability of some nutrients
necessary for plant growth, such as nitrogen, phospho-
rous and potassium. Subsequently, it negatively affected
the efficiency of the photosynthesis process and caused
a decrease in all vital processes (Ma et al., 2020), thus

reduced plant growth.

In fact, the increase in the salinity of the irrigation
water led to a decrease in the total chlorophyll content in
the leaves (Figure 2). This was previously noted, whereas
there was a decrease in the plant’s ability to absorb the
necessary nutrients, some of which enter into the forma-
tion of the chlorophyll molecule, such as nitrogen and
magnesium, or have an important role in its formation
processes, such as iron (Mohamad and Gomma, 2012).
This decrease was due to the unavailability of these nu-
trients as a result of high soil pH or the replacement of
harmful salts such as Na* in the exchange sites in the soil.
In contrast, the increase in the total chlorophyll content
in the leaves can be explained as a result of the plant’s
adaptation to growth in saline conditions. Additionally,
the absorption of water and nutrients has been achieved
with a higher efficiency state, which is in agreement with
results mentioned by Sivritepe et al. (2005). Whereas,
the pretreatment of seeds with NaCl solution increased
the vegetative growth of the plant such as the FW and
DW of the shoots, LN, LA and SLW (Table 1), which is
consistent with results mentioned by many researchers
(Cayuelaetal., 2001; Sivritepe et al., 2005; Bajehbaj 2010).

The increase in plant growth may be due to the phys-
iological changes that occurred in the plant as a result of
seed pretreatment, which led to a high osmotic pressure
of the plant cells and thus an increase in water absorp-
tion through the roots. This can be due to increase in
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Table 2. Effect of seed soaking pretreatment in NaCl solution and salinity of irrigation on fresh weight (FW), dry weight (DW),
length (LR), diameter (DR) and water content (WC) of radish roots.

Treatments Measurements
Conc. of seed Salinity of
socking solution Irri agon EW A 55 23 e
8 g (g/root) (g/root) (cm) (cm) (%)
(NaCl ppm) (ppm)

500 7.46" 0.63%¢ 2.48>1 2.06°8 93.16%
1000 4.24<* 0.43" 1.78¢ 1.64¢¢ 92.81*¢
0 2000 2.88¢ 0.25" 1.90¢ 1.45f8 91.13b¢
3000 2.70f 0.26" 1.71f 1.42¢ 89.55¢
500 12.86* 0.8424 3.42° 2.66%¢ 93.96*
1000 13.122 0.8224 2.40° 1 3.13* 93.91°
1500 2000 6.20¢¢ 0.70<* 2.445 1 2.00¢¢ 91.12b
3000 6.80¢ 0.624¢ 2.3201 1.80%¢ 89.774%
500 10.83 0.67%¢ 2.58%¢ 2.26>f 93.56%
1000 13.552 0.79>¢ 2.36"1 2.43+4 94.20°
3000 2000 7.07<4 0.96% 2.96% 2.16°8 91.31%¢
3000 4.88f 0.56°¢ 2.445 1 1.8148 89.44¢
500 10.88® 0.93*¢ 2.38"F 2.53+4 92.20*¢
1000 12.80? 1.05* 3.00% 3.03* 93.33
4500 2000 7.00<¢ 0.85%4 2.48" 2.33+d 90.28%
3000 3.95¢f 0.47%0 2.18¢f 1.66°¢ 90.53¢

Means followed by the same letter in each column are not significantly different by Duncan’s multiple range test at 5% level.

the proportion of important nutrients, such as potassi-
um and calcium, and thus an increase in the efficiency
of vital processes such as photosynthesis, building plant
tissues, and the transpiration process. These process-
es greatly affected the absorption of water by opening
and closing stomata. Indeed, the prior treatment may
increase the proportion of some amino acids, such as
proline, which accumulate when a plant was stressed to
try to recover from the damage caused by it. Therefore,
since the prior treatment with NaCl salt increased the
WC of the plant tissue (Table 1. and 2.) and the content
of chlorophyll in the leaves (Figure 2), all these factors
increased the efficiency of the photosynthesis process
and increased plant growth.

Indeed, the decrease in the growth measurements
of the roots (Table 2) is due to the negative effects of
salinity on the vegetative growth stage of the plant, the
chlorophyll content of the leaves, the efficiency of the
photosynthesis process, and all the vital processes relat-
ed to the high osmosis, including EC and pH in the soil
solution. Eventually, this led to a decrease in the FW and
DW of the root, as well as the LR and DR of the root
(Jamil et al., 2007; Jasim et al., 2016; de Sousa Basilio et
al,, 2018). Indeed, there are many studies that agree with
our findings, as the pretreatment of seeds by soaking
them in NaCl solution reduces the negative effect of the
salinity of irrigation water (Cayuela et al., 2001; Esmaiel-
pour et al., 2006; Tian et al., 2014). On the contrary, it in-
creased the FW and DW of the root and the LR and DR
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of the root (Table 2). This effect was due to the increase
in the adaptability and tolerance of the plant to the con-
ditions of salt stress as a result of soaking the seeds in
NaCl solution. Moreover, which led to an increase in
the vegetative growth of the plant and an increase in the
concentration of pigments involved in the photosynthe-
sis process. Subsequently, this reflected positively on the
growth of the root system and the increased in the WC
of the root due to the prior treatment of seeds. Finally, it
indicated that the plant has adapted to the surrounding
conditions and increased its ability to absorb water more
efficiently, which increases plant growth.

A decrease in the WC of the root system with an
increase in the salinity of the irrigation water may be
attributed to the inability of the plant to absorb a suf-
ficient amount of water. Plant deficiency may be due to
the high osmotic pressure of the soil solution due to the
increase in the amount of salt dissolved in it (Yildirim
et al,, 2008). In contrast, the pretreatment of the seeds
slightly increased the WC of the shoot and root system,
which may be due to the increase in the osmotic pres-
sure of the plant, thus enabling it to absorb more water
through its roots.

Conclusion

The salinity of the irrigation water caused significant de-
crease in plant growth, seed germination and chlorophyll
content of leaves. Soaking of seeds in NaCl solution im-



proved the germination, chlorophyll content, and fresh
and dryweightof shootand root under salinity conditions.
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