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ABSTRACT. In this paper, effect of halopriming on germination, initial growth and
development of radish under salt stress conditions was investigated. The seeds were treated
with different concentrations salts of calcium, potassium, and sodium chloride (CaCl,, KCI,
NaCl, respectively) in the form of a standard germination method and priming method,
which involves modification of the metabolic activity of seeds in the pregerminative phase.
The obtained results showed that all applied salts had inhibitory effects on germination
characteristics (GP, RG and U, except MTG) and development of radish seedlings (shoot
and root elongation, weight and vigour). Halopriming contributed to the improvement of
tolerance to stress conditions, because the obtained values of all germination and growth
characteristics were significantly increased. The best effect being achieved by priming with
CaCl; for germination characteristics and vigour and with KCI for initial development.
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INTRODUCTION

Radish (Raphanus sativus L.) is one of the more important varieties and it is a worldwide
cultivated and consumed as a vegetable (WANG et al., 2013). It is known for a fleshy root, which
is an important edible part. It contains a large amount of nutrients such as crude fibre, protein,
carbohydrates, vitamin C (Lu et al., 2008). It also has useful secondary metabolites, such as
glucosinolates, polyphenols and isothiocyanates. The pharmaceutical potential of this species
can be attributed to them (MANIVANNAN et al., 2019). Glucosinolates have a significant impact
on the nutritional value and taste of radish and determine its final yield and quality (Lu et al.,
2008; WANG et al., 2013). Radish is categorized as a species that is sensitive to salt, and salinity
is known to inhibit its growth. It has been previously confirmed that salt stress affected
metabolic processes in seedlings, while in adults it caused chlorosis, various morphological and
anatomical changes, as well as symptoms of nutrient deficiency (NOREEN and ASHRAF, 2009).
Results of numerous studies showed that salt stress was negatively affect on plant height,
chlorophyll content, and fresh weight of shoot and root of radish. There was wide variation in
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germination and growth parameters among the varieties of radish due to different level of salt
applications (GHosH et al., 2014; ViISHNU PRIYA et al., 2020).

Salt stress affects the physiological and biochemical processes of plants, leading to a
decrease in biomass production (AHMAD and SHARMA, 2012; AHMAD et al., 2012). The
negative effect of salt stress is expressed on the whole plant and affects all developmental
phases. Tolerance to salt stress varies from species to species and depends on the developmental
plant stage, too (NAWAZ et al., 2010; AHMAD and SHARMA, 2012; AHMAD et al., 2012).
Seedlings and young plants are significantly more sensitive to salt stress than mature plants.
Mature plants are more resistant to salt because they regulate salt content and its circulation
through tissues and organs in different ways (STEVANOVIC and JANKOVIC, 2001).

Soil salinity is the main limiting factor for crop yield and quality in agriculture. Soluble
salts such as CaClz, KCI and NaCl severely impair plant growth. The entry of these ions into
the cells can lead to significant physiological disorders. High concentrations of Na* ions inhibit
the absorption of potassium, which is an essential element for growth and development,
resulting in lower productivity and may even lead to death (GUPTA and HUANG, 2014).
Increased salinity causes oxidative ionic and osmotic stress. To balance cellular
hyperosmolarity and ionic imbalance, plants have ability to accumulate osmolytes and
osmoprotectants (CHANDNA et al., 2013). However, plant growth and development require a
certain amount of Ca?*, K* and Na* ions in low concentrations (HARPER et al., 2004; TENORIO-
BERRIO et al., 2018; QUEIROZ et al., 2020).

For maintenance of high productivity of consumed plants, various methods are used to
reduce inhibitory effects of salinity and priming method stood out as one of the most effective.
Seed priming treatments are simply applied method that can decrease the effects of salt stress
and to improve the rate and speed of germination under stressed conditions (FULLER et al.,
2012). Seed priming is a pregerminative treatment which achieves germination dynamics and
plant performance by modulating metabolic activity in seed before radicle growth (TOUNEKTI
et al., 2020). There are various priming methods that support plant growth and productivity,
such as: hydro-, halo-, hormo-, osmo-, chemo- and biotic priming (PAPARELLA et al., 2015).
Primed seeds are characterized by a faster and more uniform appearance of seedlings, which
can be useful in adverse soil conditions (KuBALA et al., 2015a,b).

In this paper, the influence of sodium, potassium and calcium salts on germination
characteristics and initial growth and development of radish was investigated, as well as of
increasing tolerance to stress, caused by the application of these salts, using of halopriming
method. The aim of this study was to determine the degree of influence this method on
germination, growth, biomass and vigour of radish seedlings.

MATERIALS AND METHODS

Experimental design

Seeds of Raphanus sativus L were obtained from commercial sources ("MORPHO
d.o.0.” Belgrade) and stored under optimal conditions (10-15 °C and 14-15% humidity). For
the purposes of experiments, the seeds were surface sterilized with 0.1% NaCIO (sodium
hypochlorite) solution and then washed with distilled water to pH 7, in order to remove the
epiphytic microflora. The experiment was done in three parts: one part (with the standard
method of seed germination) was regarded as control; second part was done in salt stress
conditions, using salts of sodium, potassium and calcium, without priming, and third part was
conducted in salt stress conditions by halopriming method. In the second part of experiment,
thirty seeds of radish were placed in 9-cm Petri dishes, lined with filter paper and treated with



89

10 ml of CaCl, KCI and NaCl, in concentration of 25 mM, 50 mM and 75 mM for each of
these salts.

In the third part of experiment, seeds were primed with 25 mM NaCl, KCI and CaCl;
for 24 h.This concentration, based on our previous research, had a stimulatory effect on the
germination and growth of cultivated plants and as such is suitable to allow the seeds to adapt
to subsequent salt stress caused by higher salt concentrations. After the priming, seeds were
washed with distilled water and dried at room temperature (22 = 2°C) for 48 h.

After that, halo-primed seeds were subjected to 25, 50 and 75 mM CaCl,, KCI and NaCl
salinity. Prepared seeds from second and third parts of experiment, as well as control seeds
were incubated in air chamber (photoperiod 16/8 h, temperature 22 + 1°C) for 15 days. The
number of germinated seeds was determined every day, and the measurement of shoots and
roots length, as well as fresh mass was performed on the fifteenth day.

Seed germination

The characteristics of germination were examined by measuring the total germination
percentage (GP), mean time of germination (MTG), rate of germination (RG), as well as
germination uniformity (U). Values were calculated according to FERNANDEZ et al. (2015) and
ESPANANY et al. (2016) based on the following equations:

Germination percentage

Total seeds germination

GP x 100

~ Total number of planted seeds

Mean time of germination
X0 Xt
MTG = =————
2
ni = number of newly germinated seeds in the time i
ti = time from the start of experiment to the observation (in days)

Rate of germination
G
RG=)—
2 t
G = seed germination at 1-day intervals (the percentage)
t = total germination period (in days).

Germination uniformity
GP

V=g
Seedling growth

Measurements of growth parameters were carry out in three series, where the length of
the root and shoot was measured using a digital caliper, while measurements of fresh and dry
mass were performed using an analytical weight. Shoot and root were separated to measure
both of weight. For measure of dry weight, shoot and root were heated in thermostat oven at
105 °C for 30 min. Plant dry weight is equal to shoot dry weight plus root dry weight.

Seedling vigor index: It was calculated as per KHARAB et al. (1994) as under:

Seedling Length Vigor Index (SLVI) = Mean shoot length + Mean root length x GP
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Seedling Weight Vigor Index (SWVI) = Mean seedling weight x GP
GP = Total germination (%).

Statistical analysis

Each of the individual experiments was done in triplicate. The results obtained by using
the SPSS software package for statistical data processing (SPSS for Windows, version 21), are
expressed as the mean of three replicates + standard error (SE). The collected data were
analyzed by the Mann-Whitney test with a significance threshold of p < 0.05.

RESULTS AND DISCUSSION

Seed germination

Seed germination and initial growth of seedlings of many crops are most sensitive to
the effects of salt stress (PATADE et al., 2011). Salinity can delay the start or reduce the
germination rate leading to inhibited plant growth which ultimately results in reduced of plant
productivity. It is known that halopriming can alleviate the effects of salt stress by strengthening
the antioxidant system and increasing protein accumulation (ASHRAF and FOOLAD,
2005REHMAN et al., 2014; WoJTYLA et al., 2016).

The results obtained by examining the germination characteristics of radish in different
concentrations of calcium, potassium, and sodium salts, without seed priming, are shown in the
Tab 1.

Table 1. Effect of different concentrations of CaCl,, KCI and NacCl
on germination characteristics of Raphanus sativus L. (without priming):
GP — germination percentage; MTG — mean time of germination; RG — rate of germination;
U — germination uniformity.

Treatment GP MTG RG )
25 mM 45.56 + 4.44 2.54 +£0.34 34.08 + 4.97 18.93 +4.08
CaClz 50mM 41.11 £ 7.78 2.82 £ 0.06 28.52 £5.07 14.49 + 2.50
75 mM 31.11 +4.01* 3.30+0.24 19.81 + 3.22* 9.69 + 1.87*
25 mM 52.22 +7.29 3.07 £ 0.04* 34.26 +4.91 17.06 + 2.46
KCI 50 mM 52.22 +7.78 2.89 £0.27 36.30 + 7.06 18.70 + 3.89
75 mM 53.33+5.77 2.84 +0.55 37.59+7.41 20.62 + 4.85
25 mM 52.22 +6.76 3.04+0.15 35.18 £3.72 1711 +1.71
NaCl 50 mM 2778 +£1.11* 2.77+£0.35 19.44 + 0.96* 10.24 + 0.90*
75 mM 40.00 + 3.85 2.08 +0.27 32.78 £4.34 20.50 + 4.85
Control 51.11 + 5.56 2.47 £0.19 40.37 £4.91 20.88 + 2.76

The results are presented as the mean of three measurements + standard error. An asterisk (*) indicates a
statistically significant difference (p < 0.05) in relation to the values in the control.

It was found that all salt solutions and all concentrations had an inhibitory effect on the
rate of germination (R), uniformity of germination (U), as well as germination percentage
(except KCI), while stimulatory effect was recorded for mean time of germination (MTG).
Acording to the obtained values, the applied treatments caused a significant decrease in values
for R and U. However, certain salts exhibited a slight stimulatory effect on germination
percentage (GP) compared to the control. Thus, all applied concentrations of KCI and 25 mM
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NaCl had a slight stimulatory effect on the percentage of germination, whereas 75 mM KCI
(53.33%) had only a moderate stimulatory effect on GP. The lowest percentage of germination
was achieved in treatment with 50 mM NaCl (27.78%), where a statistically significant
difference was recorded.

The applied halopriming method had a stimulating effect on the germination
characteristics of radish under salt-stress conditions, and statistically significant differences
were found among all monitored values (Tab. 2). The most prominent effect on the germination
percentage was achieved in treatment with 75 mM CacCl» (85.56%) and 25 mM NaCl (78.89%).
Halopriming treatments cause faster germination, and the most significant effect on MTG was
achieved in 75 mM KCI (1.36) and 25 mM NaCl (1.37). At the same time, the treatments with
the highest percentage of germination were accompanied by the highest values for germination
rate and uniformity. It is evident that halopriming contributed to the development of salt
tolerance during seed germination.

Table 2. Effect of halopriming on germination characteristics of Raphanus sativus L.:
GP — germination percentage; MTG — mean time of germination; RG — rate of germination;
U — germination uniformity.

Treatment GP MTG RG U
25mM 7111 +£556* 1.40+0.23* 65.78 + 4.62* 52.60 +7.11*
CaClz  50mM 7444 +294* 1.48+0.06* 67.34 + 2.67* 50.54 + 2.50*
75mM 8556 +4.84* 141+0.007* 78.44 +3.47* 60.85 + 1.78*
25mM 7556 +294* 1.63+0.13* 66.22 + 4.42* 47.25 £ 5.67*
KCI 50mM  72.22 +9.69 1.63+0.27* 63.33+9.71 47.28 +10.18*
5SmM 7222 +555* 1.36 +0.07* 66.89 + 4.24* 53.01 + 2.00*
25mM  78.89+4.84* 1.37 +0.09* 72.89 + 3.28* 57.76 + 1.54*
NaCl 50mM 73.33+193* 152+0.05* 65.78 + 2.35* 48.53 + 2.68*
75mM  70.00 £3.85* 1.44 +0.20* 64.00 + 5.34* 50.92 + 8.74*
Control 51.11 + 5.56 2.47 £0.19 40.37 £4.91 20.88 + 2.76

The results are presented as the mean of three measurements + standard error. An asterisk (*) indicates a
statistically significant difference (p < 0.05) in relation to the values in the control.

Unfavourable germination characteristics conditioned by different concentrations of
salts, are caused by the physical damage and the toxic effect of some salts on the seed radical.
Improved seed germination performance by halopriming could be due to osmotic adaptation of
seeds to increased water intake or accelerated cell division (BITTENCOURT et al., 2005). The
results were similar with those from previous studies, which confirmed the positive impact of
halopriming on germination performance of tomato and mustard (ZHANG et al., 2012; AHMED
et al., 2017; BiswAs et al., 2019). It is especially important that salt solutions applied in
halopriming form, have the property of growth regulators. A Ca ?* ions from CaCl; plays a key
role in maintaining and preserving the structural integrity of the cell, which is especially
important for seed germination. In addition, during germination, it modulates the activity of
phosphatase and kinase enzymes involved in the translation process (HARPER et al., 2004).
Potassium ion (K*) is an essential nutrient of plants that plays an important role in the
biochemical and physiological processes of plants (TENORIO-BERRIO et al., 2018). A K*
deficiency leads to growth inhibition due to its crucial role in maintaining cell turgor, membrane
potential and enzyme activity (JouYBAN, 2012). Optimal K* concentration (approximately 100
mM) is required for enzyme activation and protein synthesis in plants (DREYER and Uozuwml,
2011). Higher intake of mineral elements, such as K", is an important mechanism of salt
tolerance for most crops (GURMANI et al., 2006). However, K* ion at concentrations higher than
100 mM can cause salt stress and adversely affect growth, morphology, oxidative stress levels
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and antioxidant enzyme activity of plants (HAssINI et al., 2017). Similarly, a certain amount of
sodium ions (Na*) is necessary for plant growth and a low concentration of these ions is
beneficial, as opposed to a high concentration that is harmful to plants (QUEIROZ et al., 2020).

Seedling growth

Dynamic changes in the initial stages of growth and development of R. sativus, under
the influence different concentration salt of calcium, potassium, and sodium, without seed
priming, are presented in Tab. 3. Salt solutions exhibited inhibitory effects on shoot and root
elongation and statistical significance was recorded at the highest concentration of applied salts
(75 mM). It has been previously confirmed that increase of NaCl salinity and Na* ion
accumulation in photosynthetic tissues results in reduced seedling growth (Okcu et al., 2005;
DAVENPORT et al., 2005). However, in treatments with lower concentrations of NaCl and KCl,
obtained values were higher when compared with control. Almost all applied treatments had a
positive effect on fresh and dry weight. Contrary, KAYA and DAY (2008) suggested that ionic
and osmotic stress could lead to a reduction in seedling biomass.

Table 3. Effect of different concentrations of CaCl,, KCI and NaCl on shoot and root length
(cm) and weight (g) of Raphanus sativus L. (without priming).

Treatment Shoot length  Root length  Fresh weight Dry weight
25mM  3,51+0,25 4,93 +0,79 0,087 +0,01  0,0095 + 0,00*
CaCl2 50mM 2,72+031* 528+0,57 0,086 £0,02 0,0107 + 0,00*
75mM  2,73+0,15* 125+0,07* 0,088+0,00 0,0117 +0,00*
25mM 3,60 +0,26 5,47 +0,32 0,095+0,01  0,0095 + 0,00
KCI 50mM  450+0,51 5,98 + 0,64 0,106 £ 0,02  0,0108 + 0,00*
75mM  187+0,19* 220+0,23* 0,068+0,00 0,0083+ 0,00
25mM  590+0,65* 14,17 +0,67* 0,145+0,01* 0,0097 £+ 0,00
NaCl 50mM  365%+024 10,34+0,50* 0,113+0,02 0,0089 + 0,00
75mM  288+0,23* 548+0,40 0,085+0,01  0,0077 + 0,00
Control 3,86+0,18 7,09 + 0,69 0,081+£0,01 0,0074 £ 0,00

The results are presented as the mean of three measurements + standard error. An asterisk (*) indicates a
statistically significant difference (p < 0.05) in relation to the values in the control.

Table 4. Effect of halopriming on shoot and root length (cm)

and weight (g) of Raphanus sativus L. seedlings.

Treatment Shoot length  Root length  Fresh weight Dry weight
25mM  382+0,15 13,75+0,50* 0,100+ 0,00* 0,0082 + 0,00

CaCl 50mM  362+0,14 13,14+0,61* 0,103+0,01 0,0078 + 0,00
75mM  368+0,17 13,10+0,55* 0,109+0,01* 0,0089 + 0,00

25mM  376+0,15 13,80+1,01* 0,090 +0,00 0,0080 + 0,00

KCI 50mM  4,06+025 13,92+0,36* 0,109+0,01* 0,0068 + 0,00
75mM  410+0,33 930+1,18 0,113+0,00* 0,0080 + 0,00

25mM  3,22+0,30 9,67+0,41* 0,085+0,00 0,0074 + 0,00

NaCl 50mM  394+021 12,81+0,82* 0,093+0,00 0,0073 £ 0,00
75mM  324+0,18* 9,72+0,48* 0,074+0,00 0,0075 + 0,00

Control 3,86 £0,18 709+069 0,081+001 0,0074 £0,00

The results are presented as the mean of three measurements + standard error. An asterisk (*) indicates a
statistically significant difference (p < 0.05) in relation to the values in the control.
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Halopriming treatments had a beneficial effect on elongation, fresh and dry mass of
radish (Tab. 4). Applied treatments caused a significant increase, especially of root length, in
compared to untreated seedlings, with the highest value recorded in the treatment with KCI and
CaCl,. The best effect on shoot length was achieved by treatments with KCI. The values
obtained for fresh and dry mass were higher in compared to untreated seedlings in almost all
applied treatments. This confirmed that halopriming using in pre-germinative phase improving
salt tolerance in development of radish seedlings. Data obtained by monitoring plant growth
indicate that the applied treatments in the form of priming achieved a significantly effect in
compared to the standard method of germination, without priming. It has been confirmed that
priming with inorganic salts have a stimulatory effect on germination, elongation, as well as on
plant biomass (FAROOQ et al., 2011). In this study, it was shown that salts with the same osmotic
potential had a different stimulatory effect on the elongation of radish seedlings, where
treatments with KCI were the most superior. The increase of seedling length may be a
consequence of increased nuclear replication in the shoot and root, which occurs under the
influence of halopriming (SHEHZAD et al., 2012). The obtained results are consistent with
previous studies, which showed that seed halopriming has a significant effect on shoot and root
length (MAvI et al., 2006; PATADE et al., 2009; RATIKANTA et al., 2013; AHMED et al., 2017).
Furthermore, improved seedling biomass values may be due to enhancement cell division of
the apical root meristem, leading to increased plant growth (SHEHZAD et al., 2012). Just a few
priming treatments showed a slight inhibitory effect on fresh and/or dry biomass of radish
seedlings.

Seedling vigor

Seedling vigor is a important parameter which determines the potential for rapid and
uniform emergence of plants under a wide range of field conditions, and mainly reflects
seedling weight (SWVI) or height (SLVI), which usually neglects germination speed
(VANDAMME et al., 2016). In case of standard method of germination, based on SLVI index, it
was noted that treatment with 25 mM NaCl was most favourable for seed germination and early
stage of radish development. In contrast, adverse effects on SLVI values were observed in other
treatments (Tab. 5). In relation to the SLVI, the treatment with 25 mM and 50 mM KCI had a
positive effect on the SWVI index, as well as the treatment with 25 mM NaCl where the highest
value was also recorded.

Table 5. Effect of different methods of germination on seedling length (SLVI)
and seedling weight (SWV1) vigor index of Raphanus sativus L.

Standard method (without priming) Priming method
Treatment SLVI SWVI SLVI SWVI

25mM  384.50 + 37.50* 3.98 +0.39 1249.46 £ 97.63* 7.12 £ 0.56*
CaClz 50 mM  328.88 + 62.21* 3.52 £ 0.67 1247.67 £ 49.27* 7.68 +0.31*
75mM  123.82 + 15.95* 2.73+0.35* 1435.64 £81.24* 9.34+0.53*

25 mM 473.67 £ 66.10 4,94 +0.69 1326.78 £+ 51.63* 6.80 £ 0.26*
KCI 50 mM 547.30 £ 81.52 556 +0.83 129424 +173.56* 7.89 + 1.06*
75mM  217.05 + 23.50* 3.64 £0.40 967.79+74.41* 8.19+0.63*

25mM 1048.05 +135.53* 7.56+0.98*  1016.89 +62.44* 6.71 +0.41*
NaCl 50mM  388.64 + 15.53* 3.14+0.12 1228.33 £32.25* 6.81+£0.18*
/5mM  334.40 + 32.19* 3.38 +£0.32 907.20 +49.91*  5.21 +£0.29*
Control 558.69 + 61.84 416 +0.45 558.69 + 61.84 416 +£0.45

The results are presented as the mean of three measurements + standard error. An asterisk (*) indicates
a statistically significant difference (p < 0.05) in relation to the values in the control.
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By studying SLVI and SWVI index values using halopriming method, a stimulatory
effect was observed for each of the applied treatments, where the obtained values were
multiplied compared to the values measured in the control, where the greatest stimulatory effect
shown by treatment with 75 mM CaCl,. It is important to emphasize that in all applied
treatments, obtained values for the vigor index were statistically significant.

Observing the SLVI and SWVI index valuesfor both of methods and considering that
seedlings with high vigor index will develop into more resistant plants with better growth, it
can be assumed that radish seedlings treated with appropriate concentrations of salts in pre-
germinative stage, would have the ability to grows faster and copes with unfavourable
environmental conditions (MoNDO et al., 2013). The results are agreement with previous
studies, which confirmed that the harmful effects of abiotic stress of plants can be reduced by
pre-sowing halopriming (KHAN et al., 2009; MAITI et al., 2011; RAIKANTA et al., 2013).

Nowadays, seed industry uses seed vigor to evaluate seed quality. High seed vigor is
associated with the potential for increasing growth and productivity in agricultural production.

CONCLUSION

The advantages of the priming method over the standard seed germination method in
developing tolerance Raphanus sativus seedling to salt stress have been investigated. In the
connection, the effect of different concentrations of sodium, potassium, and calcium salts on
germination and initial growth was considered. The applied treatments have shown different
potential in the initial stages of growth and development. It has been recorded that salts with
the same osmotic potential had a different effect on the monitored characteristics and the
treatments applied in the form of priming showed an overall superior effect. According to the
results of this study, all halopriming treatments had significantly stimulative effect on
germination, and growth of radish seedlings. Based on the mentioned facts, the application of
the halopriming method can be recommended to improve the tolerance of cultivated plants
under conditions of increased soil salinity.
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