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Abstract 

Rocket (Eruca vesicaria), a plant from the cruciferous (Brassicaceae) family, whose leaves are eaten as a salad, is also considered a 

medicinal plant due to its different therapeutic properties. In this study, the effects of silicon dioxide priming (0.5, 1, 1.5 mM SiO2) 

on the germination and vegetative growth properties of two different rocket cultivars (Geniş Yaprak, Eda) were investigated under 

increased salt stress conditions (150, 200 mM NaCl). For this purpose, germination percentage (GP), germination index (GI), 

germination rate coefficient (CVG), mean germination time (MGT) germination rate index (GRI) were calculated as germination 

parameters. Shoot and root length (mm), leaf width and length (mm), plant fresh weight (g) were measured in seedlings developed 

from germinated seeds, and seedling vigour index (SVI) was calculated. The effects of SiO2 priming on germination and vegetative 

growth differed according to the cultivar. In Geniş Yaprak cv., 1 mM SiO2 application had a positive effect on germination 

parameters both in seeds not applied salt stress and under 150 mM salt stress, and increased the germination rate from 30% to 

73%, especially in salty conditions. Under 200 mM salt stress, 1.5 mM SiO2 had a positive effect on germination parameters in 

same cultivar. Although SiO2 applications in Eda cv. were not effective on germination parameters under stress-free conditions, 

they had a positive effect on vegetative parameters. Especially, 1.5 mM application dose increased SVI, root and shoot length and 

plant fresh weight. In both salt concentrations, 1 mM application dose made a slight improvement in germination parameters of 

Eda cv. The positive effects of SiO2 applications on vegetative growth parameters such as leaves, roots and shoots were determined 

at different doses for both salt concentrations. 
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INTRODUCTION 

Eruca vesicaria is a leafy vegetable, also called rocket salad or aragula, belongs to the 

Brassicaceae (Cruciferae) family, which includes very important vegetables. It is widely used as 

culinary vegetable in salads and pizza due to its spicy sharp taste and being a health-beneficial herb 

(Essoh et al., 2020; Verkerk et al., 2010; Morales & Janick, 2002). Because of a great source of 

antioxidants due to the glucosinolates and various sulfur components it contains,  its consumption 

increases as a protective vegetable against cancer day by day. In addition to having the highest ascorbic 

acid content among the leafy plants belonging to the Brassicaceae family, it also contains high 

carotenoids and minerals. Its rich nutritional content also provides protection against ulcer and liver 

diseases besides cancer (Kusvuran &   Ellialtioglu, 2021; Hassan et al., 2017; Amiripour et al., 2016). 

This plant, which is easily grown in closed and controlled conditions, is a very suitable plant for vertical 

farming systems that will become more widespread in the future (Pensini et al., 2020).  

Soil salinization in agricultural areas is a major problem on a global scale. Today, more than 20% 

of the irrigated areas and 40% of the agricultural products produced worldwide are affected by salinity. 

It is predicted that this situation will lead to a serious restriction in food production in the future, as more 

and more agricultural lands face the problem of salinity over the years (Smoleń et al., 2020; Kusvuran 

& Ellialtioglu, 2021). Considering the yield and quality losses caused by salinity stress in plants, it is 

necessary to develop some alternative applications in order to minimize the damage caused by this stress 

factor on plants. One of these methods, seed priming, is an effective method in both normal and stress 

conditions (Rhaman et al., 2020). 

Silicon is the second most abundant element in the world after oxygen, which has been widely 

used in agricultural production in recent years to increase product yield and quality among harmless 

alternative materials for human health and the environment (Guntzer et al., 2012; Bassiony et al., 2016). 

Since it is a beneficial element especially for plants grown under stress conditions (Liang et al., 2006), 

its effect on plants under different stress conditions is being investigated. Silicon alleviated the negative 

effects of stress by significantly increasing antioxidant enzyme activities and reducing membrane lipid 

peroxidation under salt stress in barley  (Liang et al., 2003) and cucumber (Zhu et al., 2004).  Similarly, 

it has been reported that the use of silicon is effective in alleviating the effects of salt stress in two salt 

tolerant and salt sensitive rice cultivars by strengthening antioxidant defense mechanisms (Das et al., 

2018). In okra, tolerance to salt stress was obtained by increasing the water content, nitrogen metabolism 

and enhancing antioxidant activity as in other studies (Abbas et al., 2017). It has been reported that 

silicon application is effective in eliminating the damages caused by calcium deficiency in arugula and 

increases the yield and quality (da Silva et al., 2021). Silicon dioxide application to arugula under 

drought-stress conditions made significant changes on vegetative growth (Hussain & Al-Taey, 2020). It 

has been determined that silicon priming has a reducing effect on the effects of stress under abiotic stress 
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conditions in many cultivated plants. In rocket, there are few studies in which silicon is applied 

externally to seeds under abiotic stress conditions, including salt. Therefore the effects of silicon priming 

on the germination of the seeds and vegetative growth parameters of early seedling periods of arugula 

plant, which has very important effects on human health, were investigated under salt stress conditions. 

MATERIALS and METHODS 

Plant Material 

The study was carried out in Akdeniz University Vocational School of Technical Sciences, 

Department of Plant and Animal Production. Two cultivars of rocket (Geniş Yaprak, Eda) used in the 

research were purchased from a commercial company. 

Methods  

Surface sterilization of the seeds and priming with silicon dioxide 

Surface sterilization was applied to the seeds before priming. After the seeds were washed with 

detergent and rinsed in running tap water, they were kept for 10 minutes in 10% sodium hypochlorite 

solution with continuous stirring. Sterilization of the seeds was completed by keeping them in 70% 

alcohol solution for 2 minutes and rinsing with sterile distilled water 3 times for 5 minutes. Priming was 

done by keeping sterile seeds in solutions containing 0.5, 1 and 1.5 mM SiO2 in sterile jars for 24 hours 

at room temperature (24±2ºC) in the dark. No pre-treatment was applied to control seeds after surface 

sterilization. 

Germination and vegetative growth studies 

Germination studies were carried out under controlled conditions in a climate room with a 

photoperiod of 16/8 hours at 24±1ºC. 

The effect of SiO2 on germination under saline conditions was investigated at two different salt 

concentrations (150, 200 mM NaCl). Control and SiO2 primed seeds were placed in 90 x 15 mm petri 

plates with two layers of sterile blotting paper. 

Germination experiments were carried out for 14 days in accordance with ISTA rules (ISTA 

1985). During this period, the germinated seeds were checked daily and the control seeds were irrigated 

with distilled water.  In the other two groups, drying was prevented by dropping equal amounts of 150 

or 200 mM NaCl (2ml). The number of germinated seeds was determined from the first day the seeds 

were placed on petri plates and the emergence of the radicle from the testa was accepted as germination. 

Germinated seeds were counted every day and at the end of the 14th day, germination percentage (GP), 

mean germination time (MGT), germination rate coefficient (CVG), germination rate index (GRI), 

germination index (GI) were calculated as the germination parameters. Calculations were made for 

germination parameters using the following formulas. 
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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 

given to the number of germinted seeds on the first, second and subsequent days respectively (modified 

from Benech et al., 1991). 

At the end of the 14th day as the vegetative growth parameters;  shoot length (mm), root length 

(mm), leaf width (mm), leaf length (mm) were measured with a digital caliper, plant fresh weight (g) 

was weighed, and seed vigor index was calculated according to the formula below. 

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

Statistical Analysis 

In the experiments established with 4 replications, 25 seeds were used for each replication. 

Statistical analysis of the data was determined by analysis of variance using the MINITAB 17 package 

program and differences were determined and analyzed with the Tukey test. 

RESULTS and DISCUSSION 

The Effects of Exogenous Silicon Application on Germination Parameters of Rocket cv. 

Early developmental stages such as seed germination and seedling formation in plants are very 

sensitive to salinity as well as to all other abiotic stress factors. Seed priming is a physiological method 

that increases germination rates by activating metabolic activities in the seed before germination, and 

by providing better water uptake of seeds, both under non-stress and stress conditions. Priming, which 

increases the durability of the seedlings after germination, can be applied before planting due to its low 

cost and effectiveness (Rhaman et al., 2020; Vishal & Kumar, 2018). Various priming applications have 

been made on different plants by many researchers, so in this study, SiO2 priming was performed on 

arugula under salt conditions as an easy and effective method. The silicone priming has an encouraging 

effect on germination parameters, especially germination rate, under both normal and salt stress 

conditions, depending on the cultivar.  
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Priming with SiO2 had a positive effect on germination parameters of Geniş Yaprak cv.  both 

under non-stress and salt stress conditions.  1 mM SiO2 application improved GP, GI, CVG and GRI 

values in both conditions, and the germination percentage, which was 30% especially at 150 mM salt 

concentration, increased it approximately 2.5 fold to 73% Although this application also shortened the 

mean germination time, the fastest germination was obtained with 0.5 mM SiO2 priming in 150 mm salt 

stress conditions. At higher salt concentration (200mM), 1.5 mM SiO2 pre-treatment increased the 

germination rate by 2 fold (Figure1). 

 

 

 

Figure 1. The Effects of Exogenous SiO2 Priming on Germination Parameters of Geniş Yaprak cv. 

SiO2 priming was not as effective as Geniş Yaprak in both normal and salt stress conditions in 

Eda cv. Although the application of 1 mM SiO2 at both salt concentrations increased the germination 

percentage, this increase was not as high as in Geniş Yaprak (Figure 2) . 
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Figure 2. The Effects of Exogenous SiO2 Application on Germination Parameters of Eda cv. 

 

The Effects of Exogenous SiO2 Application on Vegetative Growth Parameters of Rocket cv. 

The negative effects of salt stress on plant growth and development are known. However, it can 

be a positive stimulus for an increase in the polyphenol content of some plants. Polyphenols are 

important in that they are associated with the antioxidant capacity of plants, which makes them more 

protective against many disease (Wong et al., 2006). Salt stress provides an increase in the content of 

polyphenols related to the antioxidant capacity of the plant in some members of cruciferous vegetables 

(Ksouri et al., 2007). There was an increase in the amount of total phenolics in lettuce grown in salty 

conditions (Kim et al., 2008). Higher antioxidant content was determined in rocket grown in a region 

with characteristic agricultural factors such as water salinity and high solar radiation in arid conditions, 

compared to commercial varieties. (Hamilton,  2010). For this reason, increasing the tolerance of plants 

to saline conditions is important both for the sustainability of agricultural production under increasing 

abiotic stress conditions and for enriching the nutritional content such as total phenolic ascorbic acid 
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and antioxidant content of many leafy plants such as arugula (Hamilton & Fonseca, 2010). SiO2 priming 

had a stimulating effect on germination and vegetative growth parameters in both normal and saline 

conditions in two rocket cultivars used in this study. This effect differed depending on the salt and the 

silicon dioxide concentration. Similarly, SiO2 applications in carrots under salt stress conditions 

provided tolerance by reducing the effects of salt stress depending on the cultivar and application dose 

(Nasircilar et al., 2021).  

The results of variance analysis showing the effects of cultivars, applications and their 

combinations on vegetative growth parameters were given in Table 1. It was determined that cultivars 

had no effect on root length and leaf width. On the other hand, it was determined that cultivar had a 

statistically significant effect on other parameters, and the interaction of application and cultivar X 

application had a statistically significant effect on all parameters (Table 1). 

Table 1. Descriptives and variance analysis result with respect to the vegetative growth of rocket cv. 

Variation source df SL (mm) RL (mm) LW (mm) LL (mm) PFW (g) SVI 

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

A 11 *** *** *** *** *** *** 

C*A 11 *** *** *** *** *** *** 

Mean  21.0 29.7 4.21 3.80 0.0202 37.5 

Minimum 0.00 0.00 0.00 0.00 0.00 0.00 

Maximum 0.00 99.1 7.19 6.08 0.0438 105 

Standart 

deviation  

7.56 19.9 1.67 1.21 0.00882 25.0 

** p<0.005, ***p<0.001, ns: not significant SL: Shoot Length, RL: Root Length, LW: Leaf Width, LL:  Leaf length, PFW:  Plant Fresh 

Weight, SVI: Seedling Vigour Index 

According to the correlation table (Table 2) between vegeatative parameters, there was a strong 

positive correlation between LL- LW ( r=0.724) , PFW- RL ( r=0.761), PFW-LL( r=0.710), SVI-RL 

(r=0.883), SVI-PFW( r=0.757)  

Table 2.  Correlation matrix of the vegetative growth parameters of the rocket cultivars 

Correlation Matrix 

   SL (mm) RL (mm) LW (mm) LL (mm) PFW (g) SVI 

SL (mm)    —                 

     —                 

RL (mm)    0.540  —              

     < .001  —              

LW (mm)    0.369  0.577  —           

     0.001  < .001  —           

LL (mm) 
 

  0.532  0.585  0.724  —        

     < .001  < .001  < .001  —        
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Correlation Matrix 

   SL (mm) RL (mm) LW (mm) LL (mm) PFW (g) SVI 

PFW (g)    0.670  0.761  0.698  0.710  —     

     < .001  < .001  < .001  < .001  —     

SVI    0.623  0.883  0.608  0.616  0.757  —  

     < .001  < .001  < .001  < .001  < .001  —  

SL: Shoot Length, RL: Root Length, LW: Leaf Width, LL:  Leaf length, PFW:  Plant Fresh Weight, SVI: Seedling Vigour Index 

Exogenous SiO2 application under salinity conditions in corn and soybean reduced the destructive 

effect of salt on germination and seedling growth. The curative effect of SiO2 in saline conditions was 

through breaking seed dormancy and internal phytohormonal regulation (Sun et al., 2021; Lee et al., 

2010). SiO2 application in melon under saline conditions also alleviated the harmful effects of salinity 

by making an encouraging effect on vegetative growth parameters (Gomes et al., 2018). Silicon 

supplementation in calcium deficiency increased ascorbic acid, total phenol, carotenoid and 

photosystem II yield, and fresh and dry matter production in arugula plant. A similar effect was also 

detected in the presence of sufficient amount of calcium. This effect is thought to be by improving 

antioxidant enzyme systems, especially in calcium deficiency (da Silva et al., 2021). In addition, under 

drought stress conditions, silicon increases the resistance to stress conditions by increasing 

photosynthesis efficiency by causing an increase in leaf number, leaf area and chlorophyll content of 

rocket (Hussain &  Al-Taey, 2020). Similar to drought stress, in this study, silicon application under salt 

stress conditions increased the leaf area by increasing the width and length of the leaf that is an organ in 

which photosynthesis takes place.  

Under normal conditions, 0.5 mM SiO2 is the most effective dose on the vegetative growth 

parameters in Geniş Yaprak cv. Priming with 0.5 SiO2 had an inducing effect on all parameters and 

significantly increased root length and SVI value compared to control plants. The root length, which 

was 27.59 mm in the control plants, increased to 95.94 mm with this application, while the seed vigor 

index value from 42.99 increased to 100.79. 1.5 mM SiO2 application increased shoot, root length and 

SVI value, while 1 mM SiO2 application had an encouraging effect on leaf length, leaf width and plant 

fresh weight at 150 mM NaCl concentration. The effect of silicon dioxide was less effective at 200 mM 

salt concentration, and only shoot length and width increased with 1 mM priming application. However, 

seeds primed by 1.5 mM SiO2 did not survive at 200 mM salt concentration (Table 3). Concentrates, in 

which the elements that increase the tolerance of plants to stress conditions, including silicon, are 

effective in plants, have an effect in a very narrow range. Taking more than the desired level of these 

elements, which have very important contributions to the plant at low levels, can have a lethal effect for 

the plant (Kaur et al., 2016). In this study, 1.5 mM Si02 priming performed at 200 mM salt concentration 

in Geniş Yaprak cv. had a similar lethal effect, and seedling growth did not occur from seeds germinating 
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at this dose. For this reason, it is very important to determine the appropriate dose for different plants in 

priming studies carried out under stress conditions. 

Table 3. The effect of SiO2 applications on vegetative growth parameters of Geniş Yaprak cv. under 

normal and salt stress conditions. 

Application SL (mm) RL (mm) LW 

(mm) 

LL 

(mm) 

PFW (g) SVI 

Control 28.23 ab 27.59 c 5.36 ab 4.65 ab 0.0222 bcd 42.99 c 

0.5 mM SiO2 34.95 a 95.94 a 6.35 a 5.64 a 0.0420 a 100.79 a 

1 mM SiO2 12.83 f 18.87 c 4.35 abc 3.90 bc 0.0120 e 27.27 d 

1.5 mM SiO2 25.86 bcd 60.36 b 4.83 abc 4.67 ab 0.0269 b 68.98 b 

150 mM NaCl 17.65 def 23.99 c 3.40 bc 2.81 c 0.0152 de 12.49 ef 

150 mM NaCl+0.5 mM SiO2 24.35 bcde 17.02 c 3.39 bc 2.52 c 0.0180 bcde 29.37 d 

150 mM NaCl+1 mM SiO2 15.03 f 18.68 c 5.51 ab 4.66 ab 0.0247 bc 24.61 de 

150 mM NaCl+1,5 mM SiO2 26.71 abc 23.23 c 2.97 c 3.24 bc 0.0200 bcde 26.47 d 

200 mM NaCl 16.47 ef 22.13 c 3.70 bc 3.94 bc 0.0167 cde 7.33 fg 

200 mM NaCl+0.5 mM SiO2 12.33 f 16.33 cd 3.40 bc 3.18 bc 0.0120 e 6.30 fg 

200 mM NaCl+1 mM SiO2 18.97 cdef 19.08 c 5.22 abc 3.92 bc 0.0211 bcde 3.81 fg 

200 mM NaCl+1.5 mM SiO2 0.00 0.00 0.00 0.00 0.0000 0.00 

SL: Shoot Length, RL: Root Length, LW: Leaf Width, LL:  Leaf length, PFW:  Plant Fresh Weight, SVI: Seedling Vigour Index 

In Eda cv., 1.5 mM SiO2 had an encouraging effect on all vegetative parameters except leaf length 

and width under normal conditions. At 150 mM salt concentration, 1.5 and 1 mM pre-application caused 

an increase shoot length and leaf width,  leaf length and plant fresh weight values respectively. In this 

cultivar, 0.5 mM SiO2 was very effective at 200 mM salt concentration and increased all parameters 

except leaf width. It is noteworthy that it has doubled the root length (Table 4).  

Table 4. The effect of SiO2 applications on vegetative growth parameters of Eda cv. under normal and 

salt stress conditions 

Application SL (mm) RL (mm) LW 

(mm) 

LL (mm) PFW (g) SVI 

Control 21.30 bcde 39.75 abc 6.60 a 4.40 abc 0.0245 bc 59.83 bc 

0.5 mM SiO2 14.84 e 49.05 ab 5.98 ab 3.86 abc 0.0212 bc 63.26 ab 

1 mM SiO2 18.99 cde 35.89 abcd 6.65 a 5.22 a 0.0269 ab 54.33 bcd 

1.5 mM SiO2 30.36 a 53.74 a 6.34 ab 5.04 ab 0.0378 a 83.26 a 

150 mM NaCl 17.84 de 29.61 bcd 3.41 c 3.75 abc 0.0120 c 39.86 cde 

150 mM NaCl+0.5 mM SiO2 21.10 bcde 28.86 bcd 3.00 c 3.58 abc 0.0181 bc 34.97 de 

150 mM NaCl+1 mM SiO2 23.77 abcd 18.21 cd 3.50 c 4.78 abc 0.0217 bc 36.95 de 

150 mM NaCl+1,5 mM SiO2 28.66 ab 17.86 cd 4.29 bc 3.31 c 0.0190 bc 38.61 de 

200 mM NaCl 23.45 abcd 16.53 d 3.22 c 3.22 c 0.0177 bc 27.19 e 

200 mM NaCl+0.5 mM SiO2 26.65 abc 33.47 abcd 2.86 c 3.34 bc 0.0212 bc 31.26 e 

200 mM NaCl+1 mM SiO2 20.41 bcde 25.24 cd 3.33 c 4.02 abc 0.0168 bc 40.63 cde 

200 mM NaCl+1.5 mM SiO2 23.48 abcd 21.88 cd 3.38 c 3.49 bc 0.0166 bc 38.56 de 

SL: Shoot Length, RL: Root Length, LW: Leaf Width, LL:  Leaf length, PFW:  Plant Fresh Weight, SVI: Seedling Vigour Index 
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Conclusion 

In recent years, when the effects of abiotic stress conditions have been felt strongly, besides 

breeding studies and biotechnological methods, some exogenous applications are being investigated 

more and more in order for plants to tolerate abiotic stress conditions. 

Priming the seeds with different organic and inorganic components before sowing is applied in 

different plants as an easy, effective and inexpensive method. Silicon priming promotes germination 

and vegetative growth parameters in arugula, which is a very beneficial product for human health due 

to its components, both under normal and salt stress conditions. It can also be used as an alternative 

component for sustainable agriculture as an environmentally friendly. 

 

REFERENCES 

Abbas, T., Sattar, A., Ijaz, M., Aatif, M., Khalid, S., & Sher, A. (2017). Exogenous silicon application 

alleviates salt stress in okra. Horticulture, Environment, and Biotechnology, 58(4): 342-349. 

Amiripour, H., Hashemloian, B. D., & Azimi, A. A. (2016). Morpho–physiological responses of Rocket 

(Eruca sativa L.) varieties to sodium sulfate (Na2SO4) stress: an experimental approach. Acta 

Physiologiae Plantarum, 38(10): 1-8. 

Baki, A.A. &  Anderson, J. D. (1973). Vigour determination in soybean by multiple criteria. Crop Science, 

13: 630-633 

Bassiony, S. S., & Ibrahim, M. G. (2016). Effect of silicon foliar sprays combined with moringa leaves extract 

on yield and fruit quality of. "Flame Seedless" Grape (Vitis vinifera L.). Journal of Plant 

Production, 7(10): 1127-1135. 

Benech, A, R. L., Fenner, M. & Edwards, P. J. (1991). Changes in germinability, ABA content and ABA 

embryonic sensitivity in developing seeds of Sorghum bicolor (L.) Moench. induced by water stress 

during grain filling. New Phytologist, 118(2): 339-347. 

Das, P., Manna, I., Biswas, A. K., & Bandyopadhyay, M. (2018). Exogenous silicon alters ascorbate-

glutathione cycle in two salt-stressed indica rice cultivars (MTU 1010 and Nonabokra). Environmental 

Science and Pollution Research, 25(26): 26625-26642. 

da Silva, D. L., de Mello Prado, R., Tenesaca, L. F. L., da Silva, J. L. F., & Mattiuz, B. H. (2021). Silicon 

attenuates calcium deficiency in rocket plants by increasing the production of non-enzymatic 

antioxidants compounds. Scientia Horticulturae, 285, 110169. 

Ellis, R. H. & Roberts, E. H. (1981). The Quantification of Ageing and Survival in Orthodox Seeds. Seed 

Science and Technology, 9: 373-409.  

Esechie, H. A. (1994). Interaction of salinity and temperature on the germination of sorghum. Journal of 

Agronomy and Crop Science, 172(3): 194-199. 

Essoh, A. P., Monteiro, F., Pena, A. R., Pais, M. S., Moura, M., & Romeiras, M. M. (2020). Exploring 

glucosinolates diversity in Brassicaceae: a genomic and chemical assessment for deciphering abiotic 

stress tolerance. Plant Physiology and Biochemistry, 150: 151-161. 



Nasırcılar & Ulukapı  / Uluslararası Tarım Araştırmalarında Yenilikçi Yaklaşımlar Dergisi /  

International Journal of Innovative Approaches in Agricultural Research, 2023, Vol. 7 (2), 157-168 

 

167 

Gomes, F. A. L., Araújo, R. H. C. R., Nóbrega, J. S., Fátima, R. T., Silva, M. S., Santos, A. S., ... & Oliveira, 

C. J. A. (2018). Application of silicon to alleviate irrigation water salinity in melon growth. Journal 

of Experimental Agriculture International, 25(6): 1-9. 

Gosh, P., Dash, P. K., Rituraj, S. & Mannan, M. A. (2014). Effect of salinity on germination, growth and 

yield of radish (Raphanus sativus L.) varieties. International Journal of Biosciences, 5(1): 37-48. 

Guntzer, F., Keller, C., & Meunier, J. D. (2012). Benefits of plant silicon for crops: a review. Agronomy for 

Sustainable Development, 32(1): 201-213. 

Hamilton, J.M. (2010). Arugula crop production in arid and semi-arid regions: Nutritional value, postharvest 

quality, and sustainability in controlled environments. PhD diss., University of Arizona, Tucson, AZ 

Hamilton, J. M., & Fonseca, J. M. (2010). Effect of saline irrigation water on antioxidants in three 

hydroponically grown leafy vegetables: Diplotaxis tenuifolia, Eruca sativa, and Lepidium 

sativum. HortScience, 45(4): 546-552. 

Hassan, S.M., Ashour, M. & Soliman, A.F. (2017). Anticancer Activity, Antioxidant Activity, Mineral 

Contents, Vegetative and Yield of Eruca sativa Using Foliar Application of Autoclaved Cellular 

Extract of Spirulina platensis Extract, Comparing to NPK Fertilizers. Journal of plant Production, 

8(4): 529-536. 

Hussain, A. J., & AL-Taey, D. K. (2020). Study of the effect of selenium and Si02 addition on some growth 

parameters of rocket (Eruca sativa mill.) under water stress. Plant Archives, 20(1): 3594-3598. 

ISTA (1985). International Rules for Seed Testing. Seed Science Technology, 13. 

Kaur, S., Kaur, N., Siddique, K. H., & Nayyar, H. (2016). Beneficial elements for agricultural crops and their 

functional relevance in defence against stresses. Archives of Agronomy and Soil Science, 62(7): 905-

920. 

Kim, H. J., Fonseca, J. M., Choi, J. H., Kubota, C., & Kwon, D. Y. (2008). Salt in irrigation water affects the 

nutritional and visual properties of romaine lettuce (Lactuca sativa L.). Journal of Agricultural and 

Food Chemistry, 56(10): 3772-3776. 

Kotowski, F. (1926). Temperature relations to germination of vegetable seed. Proceedings of the American 

Society for Horticultural Science, 23: 176-184. 

Ksouri, R., Megdiche, W., Debez, A., Falleh, H., Grignon, C., & Abdelly, C. (2007). Salinity effects on 

polyphenol content and antioxidant activities in leaves of the halophyte Cakile maritima. Plant 

Physiology and Biochemistry, 45(3-4): 244-249. 

Kusvuran, S., & Ellialtioglu, S. S. (2021). Assessment of different organic matters on antioxidative enzyme 

activities and nutritional components under salt stress in salad rocket (Eruca sativa). Japs: Journal of 

Animal & Plant Sciences, 31(5): 1319-1328 

Lee, S. K., Sohn, E. Y., Hamayun, M., Yoon, J. Y. & Lee, I. J. (2010). Effect of silicon on growth and salinity 

stress of soybean plant grown under hydroponic system. Agroforestry systems, 80(3): 333-340. 

Liang, Y., Chen, Q.I.N., Liu, Q., Zhang, W., & Ding, R. (2003). Exogenous silicon (Si) increases antioxidant 

enzyme activity and reduces lipid peroxidation in roots of salt-stressed barley (Hordeum vulgare 

L.). Journal of plant physiology, 160(10): 1157-1164. 



Nasırcılar & Ulukapı  / Uluslararası Tarım Araştırmalarında Yenilikçi Yaklaşımlar Dergisi /  

International Journal of Innovative Approaches in Agricultural Research, 2023, Vol. 7 (2), 157-168 

 

168 

Liang, Y., Zhang, W., Chen, Q., Liu, Y., & Ding, R. (2006). Effect of exogenous silicon (Si) on H+-ATPase 

activity, phospholipids and fluidity of plasma membrane in leaves of salt-stressed barley (Hordeum 

vulgare L.). Environmental and Experimental Botany, 57(3): 212-219. 

Morales, M., & Janick, J. (2002). Arugula: A promising specialty leaf vegetable. In: Janick, J., Whipkey, A. 

(Eds.), Trends in new crops and new uses. ASHS Press, Alexandria, VA, USA: 418-423. 

Nasırcılar, A. G., Ulukapı, K., & Üstüner, H (2021). Exogenous silicon dioxide treatment in carrot (Daucus 

carota L.) under salt stress conditions. Türk Tarım ve Doğa Bilimleri Dergisi, 8(4): 1094-1102. 

Pennisi, G., Orsini, F., Landolfo, M., Pistillo, A., Crepaldi, A., Nicola, S., Fernandez, ́  J.A., Marcelis, L.F.M. 

& Gianquinto, G. (2020). Optimal photoperiod for indoor cultivation of leafy vegetables and herbs. 

European Journal of  Horticultural Science, 85: 329–338.  

Rhaman, M. S., Rauf, F., Tania, S. S., & Khatun, M. (2020). Seed priming methods: Application in field 

crops and future perspectives. Asian Journal of Research in  Crop Science, 5(2): 8-19. 

Sivritepe, H.Ö. (2012). Tohum Gücünün Değerlendirilmesi. Alatarım Dergisi, 11(2): 33-44 

Smoleń, S., Lukasiewicz, A., Klimek-Chodacka, M., & Baranski, R. (2020). Effect of soil salinity and foliar 

application of jasmonic acid on mineral balance of carrot plants tolerant and sensitive to salt 

stress. Agronomy, 10(5): 659-680. 

Sun, Y., Xu, J., Miao, X., Lin, X., Liu, W. & Ren, H. (2021). Effects of exogenous silicon on maize seed 

germination and seedling growth. Scientific Reports, 11(1): 1-13. 

Verkerk, R., Schreiner, M., Krumbein, A., Ciska, E., Holst, B., Rowland, I., De Schrijver, R., Hansen, 

M.,Gerhauser,C., Mithen, R. & Dekker, M. (2008). Glucosinolates in Brassica vegetables: the 

influence of the food supply chain on intake, bioavailability and human health. Molecular Nutrition 

& Food Research, 53: 219. 

Vishal, B., & Kumar, P.P. (2018). Regulation of seed germination and abiotic stresses by gibberellins and 

abscisic acid. Frontiers in Plant Science, 9: 838. 

Wong, C. C., Li, H. B., Cheng, K. W., & Chen, F. (2006). A systematic survey of antioxidant activity of 30 

Chinese medicinal plants using the ferric reducing antioxidant power assay. Food Chemistry, 97(4): 

705-711. 

Zhu, Z., Wei, G., Li, J., Qian, Q., & Yu, J. (2004). Silicon alleviates salt stress and increases antioxidant 

enzymes activity in leaves of salt-stressed cucumber (Cucumis sativus L.). Plant Science, 167(3): 527-

533. 

  

 

 


