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  Abstract 

 

In order to study the effect of salicylic (SA) acid on the strawberry (Fragaria × ananassa Duch cv. Camarosa) 

plants, a two-factorial field experiment was carried out according to completely randomized design with three 

replications in 2011 and 2012. The factors included different concentrations of SA (0, 0.5 and 1 mM) and number 

of SA application (1, 2 and 3 times). Chlorophylls content and fresh and dry weights of leaf and root were 

performed at the harvest time. The results showed that chlorophyll a, chlorophyll b and total chlorophyll content 

significantly increased with increasing the SA concentration and the number of SA application as the highest 

amount was found in 1% SA and thrice sprays. The numbers of SA application significantly enhanced leaf fresh 

and dry weights, whereas different SA concentration had no significantly effect. Moreover, root fresh and dry 

weights had not significantly affected by SA sprays. Overall, the results suggested that thrice spays of SA in 1 mM 

concentration, which showed the better growth characters, could be more appropriate to use in strawberry 

spraying programs. 
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Introduction 

Strawberry (Fragaria × ananassa Duch.) is a non-

climacteric fruit characterized by unique and highly 

desirable taste and flavor and is an important fruit 

produced in commercial scale in Iran (Babalar et al., 

2007). Strawberries are a relevant source of bioactive 

compounds due to high levels of vitamin C, vitamin E, 

β-carotene and phenolic com-pounds such as 

anthocyanins, substances related to health benefits 

(Van De Velde et al., 2013). Strawberries possess a 

high level of antioxidant activity and therefore have a 

consequent beneficial effect on the maintenance of 

consumer health (Van De Velde et al., 2013). 

 

Quality of strawberry fruits depends mainly on their 

appearance (colour and biometrical characteristics), 

fruit size, firmness, and chemical composition 

(Gunness et al., 2009). Values of these attributes 

determine crop value and fruit acceptance by 

consumer. Colour is probably the most important 

appearance attribute in strawberry fruit (Silva et al., 

2007). 

 

All quality attributes of strawberries are highly 

influenced by ripening. As non-climacteric fruit, 

strawberries must be harvested at full ripening stage 

since they do not develop quality attributes suitable 

for fresh consumption following detachment (Nunes 

et al., 2006). However, ripening dynamics depends 

on cultivar type and cultivation mode, among other 

factors (Voca et al., 2009). 

 

Attempts have been made to improve its quality by 

adopting cultural practices such as foliar application 

of natural compounds. Salicylic acid (SA), which 

belongs to a group of phenolic compounds, is widely 

distributed in plants (Ghasemzadeh et al., 2012). SA 

acts as a potential non-enzymatic antioxidant, as well 

as a plant growth regulator, and plays an important 

role in regulating a number of plant physiological 

processes, including heat production or 

thermogenesis, ion uptake and transport, disease 

resistance, seed germination, sex polarization, crop 

yield and glycolysis (Klessig and Malamy, 1994; 

Zhang et al., 2003). 

The known effects of SA on stomatal function, 

chlorophyll content, transpiration rate and 

respiratory pathways indicate that SA and related 

phenolic compounds may be involved in regulation of 

some photosynthetic reactions (Ghasemzadeh and 

Jaafar, 2013). Moreover, SA has been shown to 

interfere with the biosynthesis and action of ethylene, 

abscisic acid and cytokinins in plants (Manoj et al., 

2000). 

 

As evidenced by recent research reports, SA can 

enhance physical properties of fruits such as size 

(Marzouk and Kassem, 2011), weight (Elwan and El-

Hamahmy, 2009) and firmness (Shafiee et al., 2010). 

In addition, SA was found to affect maturity of both 

climacteric and non-climacteric fruits like strawberry 

(Karlidag et al., 2009) and tomato (Mady, 2009). 

Additionally, SA positively effect on reducing fruit 

respiration, ethylene biosynthesis (Srivastava and 

Dwivedi, 2000) weight loss, decay and softening rate 

(Babalar et al., 2007; Shafiee et al., 2010) and reduce 

lipid peroxidation of navel orange (Huang et al., 

2008). 

 

Many studies reported the possible ameliorative 

effects of exogenously applied of SA on plant growth 

and development processes. Furthermore, there is 

little or no reliable information on the physiological 

and morphological effects of SA in strawberry plant at 

the harvest time. Therefore, the objective of this study 

was to evaluate the effects of SA on the changes of 

chlorophylls composition and some morphological 

attributes of strawberry (Fragaria × ananassa Duch 

cv. Camarosa) plant.  

 

Materials and methods 

Plant material and treatments 

A field experiment was conducted during 2011 and 

2012 on strawberry (Fragaria × ananassa Duch. cv. 

Camarosa) plants in Behshahr, Mazandaran province, 

Iran. Seedlings were planted in growing media 

containing peat and perlite (50:50 v/v). Strawberry 

plants were grown under natural light conditions and 

were managed according to standard cultural 

practices. The plants were regularly irrigated during 
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the season, water was supplied based on field capacity 

(FC).  

 

Different SA concentrations (0, 0.5 and 1.0 mmol L-1) 

were prepared by dissolving powdered SA in water 

and then spray on plants in different combinations of 

SA concentration and number of application (one, 

two and three times).  

 

Fresh and dry weights of leaf and root  

Plants were harvested at commercial ripeness (>75% 

of fruit surface showed red colour) and transferred to 

laboratory. Immediately after harvest, leaves and 

roots were separated and their fresh weights (FWs) 

were measured by digital scale. The shoots and roots 

were put in the oven at 70 ºC. After 48 h their dry 

weights (DWs) were measured.  

 

Chlorophylls content 

The amount of chlorophyll a, chlorophyll b and total 

chlorophyll were determined by UV-visible 

spectrophotometry as described by Zhang (1990). 

Briefly, 10 ml of acetone 80% was added to 0.02 g of 

homogenized freeze-dried herbage samples. The 

supernatant was separated and the absorbances were 

read at 470.0 nm, 646.8 nm and 663.2 nm using UV-

visible spectrophotometer. The amount of 

chlorophylls was calculated according to the following 

formulas: 

 

Chlorophyll a 12.25 A663 - 2.79 A647 

Chlorophyll b  21.50 A646.8 - 5.10 A663.2 

Total chlorophyll Chlorophyll a + Chlorophyll b 

Where:  A663 = Absorbance at 663.2 nm 

A646.8 = Absorbance at 647 nm. 

 

Statistical analysis  

Two-factorial (SA concentrations and number of 

application) field experiment established according to 

completely randomized design with three 

replications. Data were analyzed as a combined 

experiment model by SAS software (Ver. 9.1 2002–

2003, SAS Institute, Cary, NC, USA). Before analysis 

of variance, data were tested for normality and 

homoscedasticity using the Kolmogorov–Smirnov 

and Cochran tests, respectively. least significant 

difference (LSD) test was calculated to compare 

differences between means when F values were 

significant. 

 

Results 

Chlorophylls content 

The results showed that SA concentration and the 

number of SA application had significantly effect on 

the chlorophyll a content but their interaction had no 

significantly effect (Table 1). Chlorophyll a content 

significantly increased with increasing the SA 

concentration and the number of application as the 

highest amount was found in 1% SA (7.59 mg g-1 FW) 

and thrice sprays (7.90 mg g-1 FW). 

 

Table 1. Influence of salicylic acid treatment and number of application on chlorophyll a and b concentration of 

strawberry (Fragaria × ananassa Duch) cv. Camarosa. 

  Chlorophyll a (mg g-1 FW) Chlorophyll b (mg g-1 FW) 

Salicylic acid (SA)  **† ** 

Number of treatment (NT)  ** ** 

SA ×  NT  ns ns 

Salicylic acid (mM) 0.0 6.41 ± 0.33 b‡ 3.15  ± 0.20 b 

 0.5 7.27 ± 0.28 a 3.61 ± 0.15 a 

 1.0 7.59 ± 0.25 a 3.77 ± 0.13 a 

Number of treatment 1 6.41 ± 0.29 b 3.12 ± 0.18 b 

 2 6.96 ± 0.24 b 3.45 ± 0.11 b 

 3 7.90 ± 0.25 a 3.96 ± 0.12 a 

† ns and ** indicates non-significant and significant at P ≤ 0.01, respectively. 

‡ For each column and each factor means within each column followed by the same letter are not different at P≤  

0.01 based on LSD test. 
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As the Table 1 illustrates, simple effects of SA 

concentration and the number of SA application 

significantly affect chlorophyll b content but their 

interaction had no significantly effect. Along with 

increasing the SA concentration and the number of 

application, chlorophyll b content significantly 

increased (Table 1).  

SA sprays and the number of SA application 

significantly enhanced total chlorophyll content of 

strawberry (Fragaria × ananassa Duch. cv. 

Camarosa) plants (Figure 1). The highest total 

chlorophyll content was obtained in 1% SA and thrice 

sprays (11.36 and 11.86 mg g-1 FW respectively).

 

Table 2. Change of leaf and root fresh and dry weights of strawberry (Fragaria × ananassa Duch) cv. Camarosa 

in response to salicylic acid treatment and number of application. 

  Leaf fresh weight (g) Leafdry weight (g) Root fresh weight (g) Root dry weight (g) 

Salicylic acid (SA)  ns† ns ns ns 

Number of treatment (NT)  * * ns ns 

SA ×  NT  ns ns ns ns 

Salicylic acid (mM) 0.0 14.3 ± 0.5 a‡ 0.143 ± 0.005 a 9.48 ± 0.423 a 0.953 ± 0.044 a 

 0.5 14.5 ± 0.4 a 0.145 ± 0.004 a 9.69 ± 0.440 a 0.971 ± 0.045 a 

 1.0 15.3 ± 0.5 a 0.154 ± 0.005 a 10.22 ± 0.430 a 1.030 ± 0.041 a 

Number of treatment 1 14.1 ± 0.4 b 0.141 ± 0.004 b 9.48 ± 0.432 a  0.948 ± 0.042 a 

 2 14.2 ± 0.6 b 0.142 ± 0.006 b 9.96 ± 0.451 a 1.002 ± 0.044 a 

 3 15.9 ± 0.3 a 0.159  ± 0.004 a 9.94 ± 0.421 a 1.004 ± 0.045 a 

† ns and * indicates non-significant and significant at P ≤ 0.05, respectively. 

‡ For each column and each factor means within each column followed by the same letter are not different at P≤ 

0.05 based on LSD test. 

Fresh and dry weights of leaf and root  

Both leaf FW and DW of strawberry plants showed 

similar results by SA sprays (Table 2). The numbers of 

SA application significantly enhanced leaf FW and 

DW, whereas different SA concentration had no 

significantly effect. The highest leaf FW and DW was 

observed in thrice sprays (15.9 and 0.159 g 

respectively).  

 

No significant differences were found between 

different SA concentration and numbers of SA 

application on the root FW and DW (Table 2). With a 

few exceptions, root FW and DW slightly increased 

with increasing the SA concentration and the number 

of application but this increase was not significant as  

compared with control.  

 

Discussion 

Chlorophylls content 

Our results showed that chlorophylls content 

significantly increased by increasing the SA sprays as 

compared with control. The increase in chlorophyll 

content with SA confirmed the reports of El-Tayeb 

(2005) for barley, Gunes et al. (2007) for maize and 

Yildirim et al. (2008) for cucumber. 

 

The responses of growth are most important 

phenomenons of plant physiology. In growth, which 

is a result of accelerated anabolic reactions in the cells 

and consequent lipid, protein, chlorophyll, DNA and 

RNA synthesis were studied in detail (Cag et al., 

2009). Altman (1982) showed that ethylene 

accelerated chlorophyll loss. Li et al., (1992) 

established that SA inhibited the activity of 1-

aminocyclopropane-1-carboxylic acid (ACC) synthase 

enzyme, preventing the formation of ethylene and 

chlorophyll loss. 

 

According to our results accumulations of 

chlorophylls were found highest in 1 mM of SA spray 

(Table 1 and figure 1). These results are in agreement 

with those obtained by Khandaker et al. (2011), who 

found that in Amaranthus tricolor SA at the highest 

concentration stimulated total chlorophyll synthesis. 
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Gharib (2006) also obtained similar results, who 

found high total chlorophyll synthesis in sweet basil 

and marjoram plants increased by the highest 

concentration of SA treatment. 

Fig. 1. Effect of salicylic acid treatment (A) and 

number of application (B) on total chlorophyll 

content of strawberry (Fragaria × ananassa Duch) 

cv. Camarosa. 

 

Moreover, it was reported that exogenously applied 

SA significantly enhanced net photosynthetic rate 

which could be due to improving the functional state 

of the photosynthetic machinery in plants either by 

the mobilization of internal tissue nitrate or by 

chlorophyll biosynthesis (Shi et al., 2006). 

Furthermore, SA has been reported to have 

stimulatory effects on photosynthetic capacity in 

maize plants through the induction of rubisco activity 

(Khodary, 2004).  

 

Fresh and dry weights  

In our study, SA sprays enhanced vegetative growth 

by increasing fresh and dry biomass. These results are 

correlate with those of El-Tayeb (2005) and Gautam 

and Singh (2009) who documented that foliar applied 

SA enhanced biomass production in barley and 

wheat. Improved plants fresh and dry weights might 

be due to increased cell division. Salicylic acid 

treatments maintain the IAA and cytokinin levels in 

the plant tissues, which enhanced the cell division 

(Shakirova et al., 2003).  

 

Likewise, the effect of improvement by SA on growth 

of strawberry plants is considered to be related to 

hydrophilicity (Barkosky and Einhelling, 1993), 

regulation of stomata (Arfan et al., 2007), nutrient 

absorption (Glass, 1974), and photosynthesis (Khan et 

al., 2003). Moreover, Singh and Usha (2003) 

revealed that plants treated with SA generally 

exhibited higher moisture content, dry mass, 

carboxylase activity of rubisco, superoxide dismutase 

(SOD) activity and total chlorophyll, compared to 

untreated seedlings. 

 

As conclusion, strawberry (Fragaria × ananassa 

Duch) plants cv. Camarosa sprayed three times with 1 

mM concentration of SA had the highest chlorophylls 

content and better morphological attributes. 

Therefore, thrice sprays of with 1 mM of SA was found 

more effective to improve growth indices of 

strawberry plants.  

 

Acknowledgment 

The support of this work by the Islamic Azad 

University, Science and Research Branch, Tehran, 

Iran is gratefully acknowledged. 

 

References 

Altman A. 1982. Retardation of radish leaf 

senescence by polyamines. Plant Physiology 54, 189-

193.  

 

Arfan M, Athar HR, Ashraf M. 2007. Does 

exogenous application of salicylic acid through the 

rooting medium modulate growth and photosynthetic 

capacity in two differently adapted spring wheat 

cultivars under salt stress? Journal of Plant 

Physiology 6, 685-694. 

 

Babalar M, Asghari M, Talaei A, Khosroshahi 

A. 2007. Effect of pre- and postharvest salicylic acid 

treatment on ethylene production, fungal decay and 



 

209 Kalaki et al. 

 

Int. J. Biosci. 2014 

overall quality of selva strawberry fruit. Food 

Chemistry 105, 449-453.  

http://dx.doi.org/10.1016/j.foodchem.2007.03021 

 

Barkosky RR, Einhelling FA. 1993. Effect of 

salicylic acid on plant water relationship. Journal 

of Chemical Ecology 19, 237-247.  

http://dx.doi.org/10.1007/BF00993.692 

 

Cag S, Cevahir-Oz G, Sarsag M, Goren-Saglam 

N. 2009. Effect of salicylic acid on pigment, protein 

content and peroxidase activity in excised sunflower 

cotyledons. Pakistan Journal of Botany 41, 2297-

2303. 

 

El-Tayeb MA. 2005. Response of barley grains to 

the interactive effect of salinity and salicylic acid. 

Journal of Plant Growth Regulation 45, 215-224. 

http://dx.doi.org/10.1007/s10725-005-49.28-1 

 

Elwan MWM, El-Hamahmy MAM. 2009. 

Improved productivity and quality associated with 

salicylic acid application in greenhouse pepper. 

Scientia Horticulturae 122, 521-526.  

http://dx.doi.org/10.1016/j.scienta.2009.07001 

 

Gautam SP, Singh K. 2009. Salicylic acid-induced 

salinity tolerance in corn grown under NaCl stress. 

Acta Physiologiae Plantarum 31, 1185-1190. 

http://dx.doi.org/10.1007/s11738-009-0338-8 

 

Gharib FA. 2006. Effect of salicylic acid on the 

growth, metabolic activities and oil content of basil 

and marjoram. International Journal of Agriculture 

and Biology 4, 485-492. 

 

Ghasemzadeh A, Jaafar HZE, Karimi E, 

Ibrahim MH. 2012. Combined effect of CO2 

enrichment and foliar application of salicylic acid on 

the production and antioxidant activities of 

anthocyanin, flavonoids and isoflavonoids from 

ginger. BMC Complementary and Alternative 

Medicine 12, 229 p.  

http://dx.doi.org/10.1186/1472-6882-12-2.29 

 

Ghasemzadeh A, Jaafar HZE. 2013. Interactive 

effect of salicylic acid on some physiological features 

and antioxidant enzymes activity in ginger (Zingiber 

officinale Roscoe). Molecules 18, 5965-5979.  

http://dx.doi.org/10.3390/molecules18055965 

 

Glass ADM. 1974. Influence of phenolic acid on ion 

uptake: iii. Inhibition of potassium absorption. 

Journal of Experimental Botany 25, 1104-1113. 

http://dx.doi.org/10.1093/jxb/25.6.1104 

 

Gunes Y, Inal A, Alpaslan M, Eraslan F, Bagci 

EG, Cicek GN. 2007. Salicylic acid induced changes 

on some physiological parameters symptomatic for 

oxidative stress and mineral nutrition in maize (Zea 

mays L.) grown under salinity. Journal of Plant 

Physiology 164, 728-736.  

http://dx.doi.org/10.1016/j.jplph.2005.12.009 

 

Gunness P, Kravchuk O, Nottingham SM, 

D’Arcy BR, Gidley MJ. 2009. Sensory analysis of 

individual strawberry fruit and comparison with 

instrumental analysis. Postharvest Biology and 

Technology 52, 164-172.  

http://dx.doi.org/10.1016/j.postharvbio.2008.11.006 

 

Huang RH, Liu JH, Lu YM, Xia RX. 2008. Effect 

of salicylic acid on the antioxidant system in the pulp 

of ‘Cara cara’ navel orange (Citrus sinensis L Osbeck) 

at different storage temperatures. Postharvest Biology 

and Technology 47, 168-175.  

http://dx.doi.org/10.1016/j.postharvbio.2007.06.018 

 

Karlidag H, Yildirim E, Turan M. 2009. 

Exogenous applications of salicylic acid affect quality 

and yield of strawberry grown under antifrost heated 

greenhouse conditions. Journal of Plant Nutrition 

and Soil Science 172, 270-276.  

http://dx.doi.org/10.1002/jpln.200800058 

 

Khan W, Prithiviraj B, Smith D. 2003. 

Photosynthetic response of corn and soybean to foliar 

application of salicylates. Journal of Plant 

Physiology 160, 485-492.  

http://dx.doi.org/10.1078/0176-1617-00865 

http://dx.doi.org/10.1016/j.foodchem.2007.03021
http://dx.doi.org/10.1007/BF00993.692
http://dx.doi.org/10.1007/s10725-005-49.28-1
http://dx.doi.org/10.1016/j.scienta.2009.07001
http://dx.doi.org/10.1007/s11738-009-0338-8
http://dx.doi.org/10.1186/1472-6882-12-2.29
http://dx.doi.org/10.3390/molecules18055965
http://dx.doi.org/10.1093/jxb/25.6.1104
http://dx.doi.org/10.1016/j.jplph.2005.12.009
http://dx.doi.org/10.1016/j.postharvbio.2008.11.006
http://dx.doi.org/10.1016/j.postharvbio.2007.06.018
http://dx.doi.org/10.1002/jpln.200800058
http://dx.doi.org/10.1078/0176-1617-00865


 

210 Kalaki et al. 

 

Int. J. Biosci. 2014 

Khandaker L, Masumakond ASMG, Oba S. 

2011. Foliar application of salicylic acid improved the 

growth, yield and leaves bioactive compounds in Red 

Amaranth (Amaranthus tricolor L.). Vegetable Crops 

Research Bulletin 74, 77-86.  

http://dx.doi.org/10.2478/v10032-011-0006-6 

 

Khodary SEA. 2004 - Effect of salicylic acid on the 

growth, photosynthesis and carbohydrate metabolism 

in salt stressed maize plants. International Journal of 

Agriculture ad Biology 6, 5-8. 

 

Klessig DF, Malamy J. 1994. The salicylic acid 

signal in plants. Plant Molecular Biology 26, 1439-

1458.  

http://dx.doi.org/10.1007/BF00016484 

 

Li N, Parsons BL, Liu DR, Mattoo AK. 1992. 

Accumulation of wound-inducible ACC synthase 

transcript in tomato fruit is inhibited by salicylic acid 

and polyamines. Plant Molecular Biology 18, 477-

487.  

http://dx.doi.org/10.1007/BF00040664 

 

Mady MA. 2009. Effect of foliar application with 

salicylic acid and vitamin E on growth and 

productivity of tomato (Lycopersicon esculentum 

Mill.) plant. Journal of Agricultural Sciences 

Mansoura University 34, 6735-6746. 

 

Marzouk HA, Kassem HA. 2011. Improving yield, 

quality and shelf life of Thompson seedless grapevine 

by preharvest foliar applications. Scientia 

Horticulturae 130, 425-430.  

http://dx.doi.org/10.1016/j.scienta.2011.07.013 

 

Nunes MCN, Brecht JK, Morais AMMB, 

Sargent SA. 2006. Physicochemical changes during 

strawberry development in the field compared with 

those that occur in harvested fruit during storage. 

Journal of the Science of Food and Agriculture 86, 

180-190.  

http://dx.doi.org/10.1002/jsfa.2314 

 

Shafiee M, Taghave TS, Babalar M. 2010.  

Application of SA to nutrient solution combined with 

postharvest treatments (hot water, SA and Ca 

dipping) improved postharvest fruit quality of 

strawberry. Scientia Horticulturae 124, 40-45.  

http://dx.doi.org/10.1016/j.scienta.2009.12.004 

 

Shakirova FM, Sakhabutdinova AR, 

Bezrukova MV, Fatkhutdinova RA, 

Fatkhutdinova DR. 2003. Changes in the 

hormonal status of wheat seedlings induced by 

salicylic acid and salinity. Plant Science 164, 317-322. 

http://dx.doi.org/10.1016/S0168-9452(02)00415-6 

 

Shi Q, Bao Z, Zhu Z, Ying Q, Qian Q. 2006. 

Effects of different treatments of salicylic acid on heat 

tolerance, chlorophyll fluorescence, and antioxidant 

enzyme activity in seedlings of Cucumis sativa L. 

Journal of Plant Growth Regulation 48, 127-135. 

http://dx.doi.org/10.1007/s10725-005-5482-6 

 

Silva LF, Escribano-Bailon MT, Perez JJ, 

Rivas-Gonzalo JC, Santos-Buelga C. 2007. 

Anthocyanin pigments in strawberry. LWT-Food 

Science and Technology 40, 374-832. 

http://dx.doi.org/10.1016/j.lwt.2005.09.018 

 

Singh B, Usha K. 2003. Salicylic acid induced 

physiological and biochemical changes in wheat 

seedlings under water stress. Journal of Plant Growth 

Regulation 39, 137-141.  

http://dx.doi.org/10.1023/A:1022556103536 

 

Srivastava MK, Dwivedi UN. 2000. Delayed 

ripening of banana fruit by salicylic acid. Plant 

Science 158, 87-96.  

http://dx.doi.org/10.1016/S0168-9452(00)00304-6 

 

Van De Velde F, Tarola AM, Guemes D, 

Pirovani ME. 2013. Bioactive compounds and 

antioxidant capacity of Camarosa and Selva 

strawberries (Fragaria x ananassa Duch.). Foods 2, 

120-131.  

http://dx.doi.org/10.3390/foods2020120 

 

Voca S, Jakobek L, Druzic J, Sindrak Z,  

http://dx.doi.org/10.2478/v10032-011-0006-6
http://dx.doi.org/10.1007/BF00016484
http://dx.doi.org/10.1007/BF00040664
http://dx.doi.org/10.1016/j.scienta.2011.07.013
http://dx.doi.org/10.1002/jsfa.2314
http://dx.doi.org/10.1016/j.scienta.2009.12.004
http://dx.doi.org/10.1016/S0168-9452(02)00415-6
http://dx.doi.org/10.1007/s10725-005-5482-6
http://dx.doi.org/10.1016/j.lwt.2005.09.018
http://dx.doi.org/10.1023/A:1022556103536
http://dx.doi.org/10.1016/S0168-9452(00)00304-6
http://dx.doi.org/10.3390/foods2020120


 

211 Kalaki et al. 

 

Int. J. Biosci. 2014 

Dobricevic N, Seruga M, Kovac A. 2009. Quality 

of strawberries produced applying two different 

growing systems. CyTA-Journal of Food 7, 201-207. 

http://dx.doi.org/10.1080/19476330902940564 

 

Yildirim E, Turan M, Guvenc I. 2008. Effect of 

foliar salicylic acid applications on growth, 

chlorophyll and mineral content of cucumber 

(Cucumis sativus L.) grown under salt stress. Journal 

of Plant Nutrition 31, 593-612.  

http://dx.doi.org/10.1080/01904160801895118 

Zhang ZL. 1990. Guide to plant physiology 

experiments. Higher Education Press, Beijing, p. 51-

53. 

 

Zhang Y, Chen K, Zhang S, Ferguson I. 2003. 

The role of salicylic acid in postharvest ripening of 

kiwifruit. Postharvest Biology and Technology 28, 67-

74.  

http://dx.doi.org/10.1016/S0925-5214(02)00172-2 

 

http://dx.doi.org/10.1080/19476330902940564
http://dx.doi.org/10.1080/01904160801895118
http://dx.doi.org/10.1016/S0925-5214(02)00172-2

