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Abstract 

The salt tolerance level of the radish (Raphanus sativus L.), which has a rich nutritional content, varies depending on the cultivar 

(cv). In this study, which was carried out using two radish cv. (big red, little red), it was aimed to determine the effect of exogenous 

silicon dioxide (0.5, 1, 1.5, 2 mM SiO2) applications on germination and vegetative growth parameters under salt stress conditions 

(150 mM NaCl). After determining the germination percentage (GP), germination index (GI), germination rate coefficient (CVG), 

mean germination time (MGT) and germination rate index (GRI) for germinating seeds, shoot and root length (mm), leaf width and 

length (mm), root and shoot fresh weights (g) were measured and seedling vigour index (SVI) was calculated. SiO2 applications had 

a positive effects on germination parameters in both cultivars under both non-stress and salt stress conditions. While 1.5 mM SiO2 

application caused an increase in germination rate in little red cultivar, it was determined that 1 mM application was more effective 

under salt stress conditions and increased the germination rate by 2 fold (from 24% to 48%). In the big red cv., 2 mM SiO2 

application had a positive effect on germination parameters both in salinty and unsalinity conditions. Exogenous SiO2 pre-

treatment had also the positive effects on vegetative growth in both cultivars under stressed and unstressed conditions. According 

to the results of variance analysis, interaction was determined (***p<0.001) between cultivars and applications and all other 

parameters except root fresh weight. 1.5 mM application dose significantly increased all vegetative growth parameters in little red 

cultivar under non-stress and salt stress conditions. In the big red cv., a similar effects were obtained as a result of 1 mM SiO2  

application. 
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INTRODUCTION 

Salinization, especially seen in arid and semi-arid areas of the world, is a problem that limits 

agricultural production. Soil salinity prevents water uptake by the roots of the plant, as in drought stress. 

It is necessary to increase the salt tolerance level of crops in order to overcome this problem, which 

causes growth and yield losses via morphological, physiological and biochemical changes in plants 

(Kuşvuran & Ellialtıoglu, 2021; Baghaei et al., 2014; Noreen & Ashraf, 2008). Silicon is one of the 

beneficial elements that increase growth and yield in plants. Some plants take silicon from the soil and 

accumulate it inside and outside the cell. Silicon, which strengthens the cell walls of plants, also 

increases the yield by providing resistance to the plant. Although it is not critically important for all 

plants, it increases the plant's resistance to biotic and abiotic stresses when present at low levels (Baghaei 

et al., 2014; Kaur et al., 2016). Under salt stress conditions in tomato, silicate crystals accumulated in 

epidermal cells act as a barrier, reducing water loss from the cuticle and diluting excess salt (Romero-

Arnada et al., 2006). Another mechanism of action of silicon is provided by increasing antioxidant 

enzyme activities. In this way, it has been shown to reduce the harmful effects of salt stress in barley 

(Liang et al., 2003) and cucumber (Zhu et al., 2004). On the other hand, in wheat, it alleviated the effects 

of salt stress by increasing the chlorophyll and photosynthetic activity as well as the relative water 

content (Bybordi, 2014).  

Raphanus sativus is a plant belonging to the Brassicaceae family, which includes important crop 

species (Verkerk et al., 2008). Radish, which is a vegetable rich in Vitamin C, potassium, calcium and 

zinc, is an important vegetable for health due to its digestive system stimulating and expectorant 

propertie.  In addition to being low in calories and fiber, its rich vitamin and antioxidant content is 

protective against many diseases.  Radish, which is one of the oldest cultivated root vegetables, is 

advantageous for the producer as it can be harvested in a short time and easy cultivation. On the other 

hand, the fact that it is significantly affected by some abiotic stresses causes problems in the production 

of good quality radish root (Manzoor  et al., 2021; Gamba  et al., 2021; Olivera Viciedo et al., 2017; 

Beevi et al., 2012; Gutiérrez et al., 2004). 

As in many other plants, salt stress significantly affects seed germination and seedling emergence 

in radish. Salinity, which inhibits germination completely at high levels, causes dormancy at low levels. 

It causes a decrease in germination rate and seedling emergence in radish, as well as a decrease in the 

strength of seedlings (Yildirim et al., 2008; Jamil et al., 2007). Priming has positive effects on both 

germination and seed formation and development under stressed and normal conditions (Rhaman et al., 

2020). Silicon priming in corn (Parveen et al., 2019), and wheat (Hameed et al., 2013; Ahmed et al., 

2016) increased the stress tolerance of plants under drought stress conditions.  Silicon also increased the 

yield by providing stress tolerance in the radish plant under drought stress, especially by improving the 

roots (Acevedo et al., 2022). There are very limited studies investigating the effects of silicon in radish 
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in salty conditions. Therefore, in this study, the effects of silicone priming, which is an easy and effective 

method, on the germination and vegetative growth parameters of radish plants in saline conditions were 

investigated and the possibilities of using this environmentally friendly preparation as an alternative 

material for sustainable agriculture in the future were investigated. 

MATERIALS and METHODS 

Plant material 

In the study, big red and little red radish cultivars purchased from a commercial company were 

used. 

Germination ve vegetative growth experiments of radish seeds 

The study was carried out in the Laboratory of the Department of Plant and Animal Production, 

Vocational School of Technical Sciences at Akdeniz University. 

Before germination studies, radish seeds were washed with detergent and then surface sterilized 

by keeping them in 10% sodium hypochlorite solution for 10 minutes and in 70% alcohol for 2 minutes. 

Silicon priming was applied to the seeds by keeping them in 4 different SiO2 concentrations (0.5, 1, 1.5, 

2 mM) at room temperature for 24 hours. Control seeds were kept in distilled water under the same 

conditions. After the silicon priming, the seeds were taken into petri plates (90 x 15 mm) with double-

layer blotting paper, and the control seeds were irrigated with distilled water and the others with a 

solution containing 150 mM NaCl, by checking every day until the end of the experiment. The cultures 

were kept in a climate room with a photoperiod of 16/8 hours at 24±1ºC. 

At the end of the 14th day, the germination trials were completed, after the germination parameters 

were calculated, the shoot length (SL, mm), root length (RL, mm), leaf width (LW, mm) and length (LL, 

mm), shoot and root fresh weight (SFW, RFW, gr) were measured and SVI value determined. 

Germination parameters were calculated using the following formulas. 

GP (%) = Number of germinated seeds / Total number of seeds X 100 (Gosh et al., 2014)  

MGT: Σ Dn / Σn D = days counted from the beginning of the test, n = number of seeds germinated 

on day D (Ellis & Roberts, 1981; Sivritepe, 2012).  

CVG: N1+N2+….+Nx/100xN1T1+……+NxTx (Kotowski, 1926) T: number of days 

corresponding to N, N: number of seed germinated each day  

GRI (%/day): G1/1+G2/2+……+Gx/x (Esechie, 1994)  

G1: Germination percentage x100 at the first day after sowing, G2: Germination percentage x100 

at the second day after sowing, GI: (14xn1) + (13xn2) +…..+ (1xn14) n1, n2,…, n14: number of 

germinated seeds on the first, second and subsequent days until the 14th; 14, 13…., and 1 are weights 
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given to the number of germinted seeds on the first, second and subsequent days respectively (modified 

from Benech et al. 1991). 

SVI = [Seedling length (cm) x GP (%)] (Baki & Anderson 1973) 

Statistical Analysis 

Trials were repeated in 3 replicates and 20 seeds were used per trial. The evaluation of 

germination and vegetative growth parameters data were made with the analysis of variance in the 

MINITAB 17 package program and the differences were determined by the Tukey test. 

RESULTS and DISCUSSION 

The effects of silicon applications on germination parameters of two radish cultivars 

Salt stress, which causes germination inhibition by causing the seeds to go into dormancy or 

deteriorate the hormonal and enzymatic activities, also reduces the germination rate in radish and 

decreases the durability of germinated seedlings, causing yield loss (Yildirim et al., 2008; Jamil et al., 

2007). The germination percentage, seedling growth,  fresh and dry weight of radish seeds decreased 

significantly under increasing salt conditions. In a study conducted with 6 different radish cultivars, 

intraspesific variation was observed in terms of salt tolerance of the cultivars (Noreen & Ashraf, 2008). 

In the other study investigating the effects of salicylic acid on the germination and vegetative growth 

properties of radish under salinity stress, the threshold value for salinity stress was determined as 150 

mM NaCl (Ulukapı et al., 2020). In the current research, the effects of salinity were determined with the 

same salt concentration, and similarly, the effect of salt stress on germination differed according to the 

cultivar. Although 150 mM salt application did not decrease the germination rate in big red cultivar, it 

had a rather inhibitory effect on the germination of the little red cultivar. The germination rate, which 

was 73% in control seeds, decreased to 24% in saline conditions and decreased approximately three fold 

(Figure 1). Priming with silicon is an effective and simple method that enables plants to develop 

tolerance against abiotic stress (Parveen et al., 2019). Silicon priming in this cultivar stimulated 

germination parameters in both normal and saline conditions in this study.  1.5 mM pre-treatment under 

unstressed conditions had a positive effect on all germination parameters. In particular, the highest 

germination rate (%99) and germination index (70 %) were obtained as a result of this application. The 

highest SVI value, which is an indicator of the strength of the seedlings developing from germinating 

seeds, was obtained by pre-application of 2 mM SiO2 priming under stress free condition. This value, 

which was 54.57 for control seeds, increased to 126.852 in 2 mM SiO2 applied seeds. In salt stress 

conditions, 1 mM SiO2 application doubled the germination rate and increased it from 24% to 48%. As 

a result of the same application, the GI value increased from 0.17 to 0.34. However, the highest SVI 

value was obtained with 1.5 mM silicon application (Figure 1). Similarly, silicon pretreatment of the 
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carrot seeds increased the germination parameters in saline conditions and promoted germination even 

at high salt concentrations (Nasircilar et al., 2021).  

 

 

 

Figure 1. The effects of silicon on germination parameters of little red cultivar. 

Germination parameters of big red cultivars were not affected by salt stress and approximately 

equal germination was obtained in both conditions. On the other hand, silicone applications had a 

positive effect on germination parameters in both non-stress and salt stress conditions. 1.5 and 2 mM 

applications under unstressed conditions increased the germination rate at almost the same rate (0.84, 

0.85, respectively). Under salt stress, 2 mM pre-treatment was more effective and had an encouraging 

effect on germination rate and index. 1.5 mm application had a more positive effect on the SVI value, 

and this value, which was 65.11 in saline conditions, increased to 95.76 with 1.5 mm pre-application 

(Figure 2).  
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Figure 2. The effects of silicon on germination parameters of big red cultivar. 

 

The effects of silicon priming on vegetative growth parameters in radish 

The results of the variance analysis results of silicon pre-application, the cultivars and the 

combination of them on the vegetative growth of cultivars in saline conditions are given in Table 1. All 

of them had a statistically significant effect on all parameters except root fresh weight. According to the 

results of the variance analysis, a significant relationship at the p<0.001 level was determined between 

all the parameters examined, except for those between cultivar and SVI. There is a statistically 

significant relationship at p<0.01 level between cultivar and SVI. 
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Table 1. Descriptives and variance analysis result with respect to the vegetative growth of radish 

cultivars. 

Variation source df SL 

(mm) 

RL (mm) LW (mm) LL 

(mm) 

SFW (g) RFW 

(g) 

SVI 

C 1 *** *** *** *** *** ns ** 

A 9 *** *** *** *** *** ns *** 

C*A 9 *** *** *** *** *** ns *** 

Mean  42.3 65.0 7.26 8.25 0.133 0.055 64.8 

Minimum 13.4 18.6 3.47 3.26 0.059 0.005 23.0 

Maximum 66.4 133.0 20.1 14.0 0.292 0.989 128.0 

Standart deviation 14.6 29.0 3.28 2.56 0.056 0.126 27.7 

***p<0.001, **p<0.01 SL: Shoot length, RL: Root length, LW: Leaf width, LL: Leaf length, SFW: Shoot Fresh Weight, RFW: Root  Fresh 

Weight, SVI: Seedling Vigour Index. 

According to the correlation table between the parameters, it was seen that there was statistically 

significant (p<0.001) positive correlation some vegetative growth parameters (Table 2). There was a 

strong positive correlation determined between RL and SL ( r= 0.615), LW and RL  (r= 0.885), SFW 

and SL (r= 0.846), SFW and RL (r= 0.618).  

Table 2. Correlation of vegetative growth parameters of the radish cultivars. 

        SL RL  LL LW SFW RFW SVI 

SL   —                    

    —                    

RL   0.615  —                 

    < .001  —                 

LL   0.070  0.183  —              

    0.598  0.161  —              

LW   0.583  0.885  0.093  —           

    < .001  < .001  0.482  —           

SFW   0.846  0.618  0.159  0.659  —        

    < .001  < .001  0.225  < .001  —        

RFW   0.281  0.438  0.030  0.386  0.232  —     

    0.030  < .001  0.818  0.002  0.075  —     

SVI   0.559  0.580  0.140  0.463  0.574  0.203  —  

    < .001  < .001  0.287  < .001  < .001  0.119  —  

 

It has been determined that silicon nonoparticles prevent the toxic effects of salt stress in radish 

in salty conditions, cause physiological improvement in plants and activate the antioxidant defense 

mechanism of the plant (Taqdees et al. 2022).  SiO2 priming had an encouraging effect in both normal 

and salt stress conditions in terms of vegetative growth parameters as well as germination parameters in 
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this research. 1.5 mM application provided the best results in terms of promoting vegetative parameters 

under stress-free conditions in the little red cultivar. In saline conditions, different silicon concentrations 

had an encouraging effect on different parameters. Although most of the applications were statistically 

in the same group, the longest shoot and root length was obtained with 1.5mM and 1 mM silicon priming 

respectiveley (Table 3). Exposure to salt stress causes excessive ion accumulation in plants, which leads 

to water starvation. It not only inhibits plant growth, but also causes defoliation and chlorosis (Tavallali 

et al., 2008). Silicon provides an increase in the amount of nutrients taken from the soil in radish plants 

(Baghaei et al., 2014).  It has been suggested that silicon also eliminates the harmful effects of heavy 

metal stress by precipitating heavy metals that accumulate in the soil.  In this way, it provided tolerance 

to the harmful effects of heavy metal stress in radish (Ashraf et al., 2020). Considering that salinity 

affects germination by facilitating the uptake of toxic ions from the soil by germinating seeds (Yildirim 

et al., 2008), the curative effect of silicon in salty conditions may also be through this mechanism. Under 

salt stress conditions, shoot and root fresh weight and leaf area (Jamil et al., 2007) and shoot and root 

dry weight and leaf number (Yildirim et al., 2008) were significantly reduced in radish. Similarly, in 

this study, salt stress inhibited all vegetative growth parameters in both cultivars. 

Table 3. Vegetative growth parameters of the little red cultivar. 

Application SL (mm) RL (mm) LL (mm) LW 

(mm) 

SFW (g) RFW (g) 

Control 29.33 e 45.40 d 3.84 c 6.32 d 0.0664 c 0.0233 

0.5 mM SiO2 34.94 cde 78.79 b 4.11 c 10.09 b 0.0936 b 0.0390 

1 mM SiO2 49.01 b 120.13 a 7.49 b 13.20 a 0.1870 a 0.1055 

1.5 mM SiO2 59.59 a 125.73 a 7.42 b 12.76 a 0.1882 a 0.1011 

2 mM SiO2 57.07 a 114.52 a 7.62 b 12.23 a 0.1843 a 0.3977 

150 mM NaCl 13.94 f 35.47 d 3.60 c 5.25 d 0.0606 c 0.0058 

150 mM NaCl+0.5 mM 

SiO2 

18.33 f 43.79 d 18.49 a 5.64 d 0.0662 c 0.0088 

150 mM NaCl+1 mM SiO2 30.40 de 69.49 bc 9.78 b 8.68 c 0.0993 b 0.0404 

150 mM NaCl+1.5 mM 

SiO2 

38.28 c 67.47 bc 7.31 b 8.53 c 0.0970 b 0.0429 

150 mM NaCl+2 mM SiO2 37.48 cd 59.17 c 7.52 b 8.91 bc 0.0973 b 0.0464 

 

Although the inhibition effect of salt stress on the germination parameters of the big red cultivar 

was not significant, it decreased the vegetative growth parameters.  On the other hand, silicon dioxide 

applications encouraged all vegetative growth parameters, both under stress and normal conditions. In 

both conditions, 1 mM silicon priming was determined the best application  in terms of all germination 

parameters (Table 4). 
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Table 4. Vegetative growth parameters of the big red cultivar. 

Application SL (mm) RL 

(mm) 

LL (mm) LW (mm) SFW (g) RFW (g) 

Control 35.91 de 55.55 cd 5.60 de 7.18 c 0.1277 de 0.0240 c 

0.5 mM SiO2 42.63 c 53.85 d 6.39 cd 7.56 c 0.1484 cd 0.0294 b 

1 mM SiO2 63.79 a 83.81 a 10.04 a 9.84 a 0.2742 a 0.0511 a 

1.5 mM SiO2 62.76 a 78.05 a 9.94 a 9.64 a 0.1962 b 0.0477 a 

2 mM SiO2 60.43 a 65.59 b 7.89 b 5.75 e 0.1125 e 0.0294 b 

150 mM NaCl 31.07 e 19.76 f 4.51 f 6.27 de 0.1017 ef 0.0142 d  

150 mM NaCl+0.5 mM SiO2 39.72 cd 24.10 f 4.53 f 6.43 d 0.1100 ef 0.0145 d 

150 mM NaCl+1 mM SiO2 54.49 b 63.90 bc 7.08 c 8.84 b 0.1894 b 0.0296 b 

150 mM NaCl+1.5 mM SiO2 53.92 b 57.86 cd 6.91 c 8.45 b 0.1689 bc 0.0267 bc 

150 mM NaCl+2 mM SiO2 33.01 e 39.54 e 5.27 ef 3.45 f 0.0838 f 0.0149 d 

 

Conclusion 

Silicon priming in two different radish cultivars used in this study was found to have a stimulating 

effect on germination and vegetative growth parameters in both saline and normal conditions. 2 mM 

SiO2 application in big red radish and 1 mM SiO2 in little red radish increased germination rate two fold 

under salt stress conditions. Especially the increase of SVI by SiO2 is very important for the seedling 

period, which is the first stage of cultivation. Therefore it can be recommended as an alternative 

preparation for sustainable agriculture in order to avoid the bottleneck created by increased abiotic stress 

conditions in crop production. 

Additional Statement 

This study was presented to the AGRİBALKAN 2022 congress as an oral presentation. 
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