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Abstract. Cadmium (Cd) is highly toxic and causes detrimental effects on plants but the adverse effects 
of Cd can be alleviated by exogenous applications. Hence, in the current study, the possible alleviative 
roles of salicylic acid (SA) on accumulation of Cd were investigated in leaves of pistachio species. 
Mineral accumulation variations in leaves were tested by analysis of variance (ANOVA) followed by 
multiple comparison test of Duncan using SPSS and chemometric analysis. For the present study, 
two-year old pistachio species (Pistacia vera, Pistacia khinjuk, Pistacia terebinthus) were exposed to the 
combination Cd (50 and 100 μM) from root and SA (0.5 µM) with foliar applications. Accordingly, both 
SA treatment and Cd had significant effects on accumulation of minerals but SA acid was found to have a 
little alleviative effect on accumulation Cd. Of the investigated elements, P (2.151 fold-change; p<0.001) 
and Cu (4.702 fold-change; p<0.001) were significant and highly variable over-accumulated elements. 
According to the principal component analysis (PCA), the multivariate data processing for elements 
allowing for a large group of diverse data samples was explained in 23.95% and 22.61% as the first and 
second principal components (PC1 and PC2). Two components extracted were describing approximately 
46.55% of the common variance. 
Keywords: macro and micro element, cadmium stress, foliar salicylic acid application, environmental 
health, Pistacia vera, Pistacia khinjuk, Pistacia terebinthus 

Introduction 
Expansion of agricultural areas, increment of soil pollutants, chemical fertilizers, uses 

of wastewater in agriculture and industrialization have led to pollution of agricultural 
lands. Although heavy metals are not essential elements for plants, they are transported 
from soil to the plant and subsequently pose a threat to the health of other livings through 
food chain. Of those heavy metals, Cd as a non-essential element to plants is a highly 
toxic and persistent environmental poison for plants and animals (di Toppi and Gabbrielli, 
1999). 

Cd accumulation causes structural, physiological and biochemical changes in plants 
(Khan et al., 2007; Feng et al., 2010). Disruption of the water balance of the plant by 
affecting stomatal movements, degradation of carbohydrate and interruption of 
photosynthesis mechanisms are of the consequences after Cd uptake. Accordingly, 
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decrease in yield has been deemed to be associated with Cd accumulation (Mobin et al., 
2007; Hossain et al., 2010; Shie et al., 2010). Cd hinders many cellular functions and 
inhibits essential activities through complex formation with proteins. Albeit those 
cytoplasmic toxicity mechanisms are similar in all organisms, different plant species and 
their varieties, populations and genotypes exhibit a wide range of plasticity in response to 
the Cd accumulation (McGrath et al., 2001). We should note that even sensitive or 
tolerant species also vary considerably for their responses against Cd. 

As a response to unfavorable conditions, signal molecules are synthesized and 
subsequently activate a range of signal transduction pathways in complex plant system. 
Furthermore, the plausible protective roles of some signal molecules are known in helping 
plant to cope with the stress (Ganesan and Thomas, 2001). Calcium, jasmonic, ethylene 
and ethylene and salicylic acid are of the identified signaling molecules (El Tayeb and 
Ahmed, 2010). Of the identified molecules, the protective roles of salicylic acid (SA) as a 
defense signal transducer or messenger under stress conditions has been well-reported 
(Raskin, 1992; Klessig and Malamy, 1994; Ganesan and Thomas, 2001). SA is a 
hormone-like and phenolic structured molecule modulating and regulating biochemical, 
physiological and molecular processes of the plants and then favors plant growth and 
development. It is worthy to note that SA should not be narrowly discussed as an 
endogenous molecule but also defined, described and discussed as a potent molecule vital 
to plant systems once used an exogenous regulator under optimal conditions including 
optimal concentration, mode of applications, appropriate application time etc. for plants 
(Kulak, 2018). In many studies with different agricultural crops, the role of exogenous SA 
application has been well-documented in regulation of physiological processes in plants, 
such as stomatal closure, ion uptake and transport, membrane permeability, and 
photosynthesis and growth under stress conditions (Shakirova and Bezrukova, 1997; 
Mishra and Choudhuri, 1999; Pa´l et al., 2002; Sakhabutdinova et al., 2003; Shakirova et 
al., 2003; Bhupinder and Usha, 2003). However, there are a few studies on the salicylic 
acid and cadmium interaction for fruit trees. 

For the horticultural plant and crops, rootstocks are of the essential and fundamental 
issues. In this context, they have been screened and used for propagating temperate fruit 
trees more than 2000 years due to their influence on scion vigor, cropping, fruit quality, 
climatic adaptability, and susceptibility to pests and diseases (Webster, 1995; Acar et al., 
2017a). In the studies reported by (Acar et al., 2017a, 2017b), the distribution and 
rootstocks of pistachio have been well-documented, informing that Pistacia genus 
(Anacardiaceae family) consists of at least eleven species. Of those species, P. mexicana 
and P. texana are of USA and Mexico originated. The other species are mainly distributed 
within the Mediterranean region, Western and Central Asia and the Middle East (Esmail-
Pour, 2001). Turkey is of the important pistachio producer and suppliers in the world and 
possesses many wild species of pistachio nut. Of those species, P. vera, P. terebinthus, P. 
khinjuk, P. atlantica, P. mutica, P. palaestina and P. lentiscus exhibit distribution in 
different regions of Turkey. The main pistachio rootstock used in Turkey is P. vera, and 
followed by P. khinjuk, P. terebinthus and P. atlantica (Acar et al., 2017b). 

Of the environmental factors, heavy metals are well-documented to possess potentially 
deleterious effects on fruit quality of the plants and subsequently on human health. The 
response of the grafted plants against stress conditions owing to the nutrient status and the 
presence of heavy metals in the root environment may differ than that of self-rooted 
plants and may be dependent on the rootstock genotype (Savvas et al., 2010, 2011). As 
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highlighted by Savvas et al. (2011), appropriate rootstocks selection may be significant 
step for restriction of heavy metal accumulation in the aerial parts of the plants. 

In this context, we monitored the nutritional status of three rootstocks namely, P. vera, 
P. terebinthus and P. khinjuk in response to cadmium treatments by addition of foliar 
salicylic treatments. Along with the study, the results were analyzed using chemometrics 
and multiple regression analysis in order to discriminate and identify the differences 
between pistachio rootstocks. 

Material and Methods 
Plant material, growth conditions, salicylic acid and Cd application 

In the study, 2-year old seedlings of Pistacia vera, Pistacia terebinthus and 
Pistacia khinjuk pistachio species were used. The experiment was carried out in 
greenhouses of Kilis 7 Aralık University Agricultural Application and Research Center 
(Turkey). Experiments were conducted in a greenhouse with a 14 h photoperiod. Mean 
temperature and relative humidity were 26-30ºC during day and 16-20ºC at night, 60% 
respectively. The experiments were performed with the replicates including ten pistachio 
seedlings for each replicate. The physical and chemical properties of experimental soil 
were as follows: pH (8.15; alkali); water saturation (clay loam); calcium carbonate 
(CaCO3) content (47.49%; very calcareous); total salt (0.016%; low salt), phosphorus 
(P2O5) (4.12 kg/ha; low); organic matter (2.11%; medium). For the experimental group, 
pistachio seedlings were regularly root-irrigated with two different concentration of 
cadmium alone (Cd1:50 µM; Cd2:100 µM) for three weeks. Furthermore, the seedlings 
were foliar sprayed with addition of 0.5 µM salicylic acid once. After 3-week 
experimental period, leaves of seedlings were harvested and lyophilized for analysis. 

Experimental design 
The experimental groups with their abbreviations were represented as follows: 

T-C: Pistacia terebinthus (T)-Control 
T+SA: Pistacia terebinthus (T)+Salicylic acid (SA) 
T+Cd1: Pistacia terebinthus (T)+Cadmium:50 µM (Cd1) 
T+Cd2: Pistacia terebinthus (T)+Cadmium:100 µM (Cd2) 
T+Cd1+SA: Pistacia terebinthus (T)+Cadmium:50 µM (Cd1) +Salicylic acid (SA) 
T+Cd2+SA: Pistacia terebinthus (T)+Cadmium:100 µM (Cd2) +Salicylic acid (SA) 
K+C: Pistacia khinjuk (K)-Control 
K+SA: Pistacia khinjuk (K)+Salicylic acid (SA) 
K+Cd1: Pistacia khinjuk (K)+Cadmium:50 µM (Cd1) 
K+Cd2: Pistacia khinjuk (K)+Cadmium:100 µM (Cd2) 
K+Cd1+SA: Pistacia khinjuk (K)+Cadmium:50 µM (Cd1)+Salicylic acid (SA) 
K+Cd2+SA: Pistacia khinjuk (K)+Cadmium:100 µM (Cd2) +Salicylic acid (SA) 
V+C: Pistacia vera (V)-Control 
V+SA: Pistacia vera (V)+Salicylic acid (SA) 
V+SA: Pistacia vera (V)+Salicylic acid (SA) 
V+Cd1: Pistacia vera (V)+Cadmium:50 µM (Cd1) 
V+Cd2: Pistacia vera (V)+Cadmium:100 µM (Cd2) 
V+Cd1+SA: Pistacia vera (V)+Cadmium:50 µM (Cd1) +Salicylic acid (SA) 
V+Cd2+SA: Pistacia vera (V)+Cadmium:100 µM (Cd2) +Salicylic acid (SA) 
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Preparation of plant samples for mineral content 
First of all, the plant samples were cleaned and washed by deionized water, later air 

dried. Pre-dried samples were de-moisturized at 70ºC for 48 h in an oven and ground for 
chemical analysis. 0.2 g of ground samples was placed into burning cup, 5 ml HNO3 65% 
(Merck, Darmstadt, Germany) and 2 ml H2O2 30% (Merck, Darmstadt, Germany) were 
added immediately. After incinerating in a HP-500CEM MARS 5 microwave (crop. 
Mathews NC, USA) at 200ºC, the solution was cooled at room temperature for 
45 minutes. The extracts were passed through a filter paper and the filtrates were collected 
by high-deionized water in a 20 ml of polyethylene bottles and kept at 4ºC in laboratory 
for ICP-AES analysis. Each sample was analyzed in triplicate. Phosphorus (P) and 
nitrogen (N) content were determined by vanadomolybdate method (Chapman and Pratt, 
1961) and modified Kjeldahl method (Kacar and Inal, 2008) while K, Ca, Mg, S, P, Fe, 
Zn, Mo, Mn and Cu were ascertained by Inductively coupled plasma-optical emission 
spectrometry (ICP-OES). For all analytical works, distilled-deionized water was used. All 
the glassware and polyethylene bottles were attentively leached with 2-4% HCl and rinsed 
through deionized water for three times. Merck standards (R1 and R2 groups) were used 
as analytical reagent grade chemicals. 

Statistical analysis 
Three replications were used for each treatment. Data were expressed as mean. The 

means were compared using the one-way ANOVA followed by Duncan’s multiple range 
tests. The differences between individual means were considered to be significant at 
p<0.05. Moreover, a principal component analysis (PCA) was performed in order to 
discriminate between pistachio species exposed to the different treatments on the basis of 
the macro and micro elements identified along with the study. Also, correlation 
coefficients were calculated on the basis of the elements at different plant species in order 
to determine whether correlation coefficients among elements are the same or not. All 
analyses were performed using XLSTAT and SPSS. 

Results 
To assess the plausible roles of salicylic acid in reducing cadmium toxicity in 

P. terebinthus (T), P. khinjuk (K) and P. vera (V) plants, the macro and micro elements 
and protein contents were investigated in pistachio seedlings foliar treated with 0.5 µM 
SA under 50 (Cd1) and 100 (Cd2) µM conditions, respectively. 

The results of the study were analyzed using one-way variance analysis (Tables 1-2), 
multiple linear regression analysis (Tables 3-13), correlation analysis (Tables 14-16) 
and principal component analysis (Figs. 1-4) in order to define, discriminate and clarify 
the differences between the rootstocks of pistachio. 

Nitrogen (N) content 
Cadmium (Cd) and salicylic acid separately caused a decrease of N in leaves of 

P. terebinthus but N content increased by the combination of cadmium concentrations 
with salicylic acid. However, the effects of Cd2+ and Cd2+SA were only significant 
(p=0.000 and p=0.004, respectively) according to the multiple linear regression 
analysis. As a result of multiple linear regression analysis, which is thought to have an 
effect on the accumulation of N, the variables including SA, Cd1+, Cd1+SA, Cd2+ and 
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Cd2+SA exhibited significant effects (R2=0.897. p<0.005). Moreover, Cd1+ (p=0.000), 
Cd2+ (p=0.000) treatments, SA (p=0.000), Cd1+SA (p=0.000) and Cd2+SA (p=0.000) 
decreased N content in P. khinjuk. The significant effects of applications were also 
exhibited with the regression analysis (R2=0.955, p<0.005). For P. vera, SA alone 
(p=0.146) and its interaction with Cd1+ (p=0.006) and Cd2+ (p=0.315) caused a decline 
in leaf N content. Regression analysis exhibited non-significant effect of applications 
together (R2=0.614, p<0.005) (Table 3). Singh and Usha (2003) reported a decline in the 
nitrogen content in leaves of wheat seedlings treated with salicylic acid. 

Phosphorus (P) content 
A quantitatively increment in leaf P content of P. terebinthus was observed with all 

treatments. However, the effects of SA (p=0.000) and Cd2+SA (p=0.001) were deemed 
as significant according to the multiple linear regression analysis. However, a 
quantitatively decline in leaf P content of P. khinjuk was recorded under SA+ 
(p=0.146), Cd1+SA (p=0.006) Cd2+SA (p=0.315), suggesting the adverse influence of 
SA on P content for P. khinjuk. The similar results regarding P content were observed 
for P. vera in response to treatments (Table 4). In the study by Wang et al. (2011), SA 
alone increased the P concentration whereas Pb decreased the concentration. 50 µM Pb-
induced decrease was improved by the addition of 10 µM SA. 

Potassium (K) content 
Augmented and significant changes were recorded except SA alone treatment, of 

which effects were not significant (p=0.421) for K content of P. terebinthus. For 
P. khinjuk, all treatments adversely affected the K content in leaves. Of the treatments, 
SA+ (p=0.884) and Cd1+ (p=0.356) caused decreases in K content for P. vera but the 
changes were not significant. The interaction of SA and Cd1+ increased the content 
(p=0.011). Interestingly, whereas Cd2+ significantly increased the content, Cd2+ SA 
interaction did not cause a significant change (p=0.259), proposing the influence of SA 
on the activities of cadmium treatments (Table 5). 

The treatments of excessive Mn, salicylic acid and both did not significantly affect K 
content in leaves (Shi and Zhu, 2008). 

Calcium (Ca) content 
Attenuated changes were observed with the treatments except SA+, of which effect 

was not significant (p=0.136). Interaction of Cd1+SA decreased Ca content (p=0.000) 
whereas Cd2+SA caused an increase in Ca content (p=0.011) for P. terebinthus. We 
noted the decreases in Ca content in leaves of P. khinjuk under all treatments except 
Cd2+SA, which was not significant (p=0.346). The quantitatively attenuated changes 
were significant for other treatments, whereas SA coupled with Cd1+ decreased the 
content; SA suppressed the attenuated change in Ca content by Cd2+. 

The similar responses against treatments were observed by P. vera. SA improved 
quantitatively the adverse effects of Cd1+ and Cd2+ treatments (p=0.201 and p=0.570, 
respectively) (Table 6). In the study by Shi and Zhu (2008), salicylic acid increased Ca 
content and excessive Mn decreased the content but the addition of SA significantly 
increased Ca concentration under excess Mn condition. Furthermore, Pb treatments and 
SA alone treatment induced an increase in Ca concentration whereas addition of SA 
significantly decreased under Pb condition (Wang et al., 2011). 
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Table 1. Macro element contents in leaves of pistachio species under different treatments 
Groups N Change (%) P Change (%) K Change (%) Ca Change (%) Mg Change (%) Protein Change (%) 

T-C 1.77fgh 0.00 2.07de 0.00 0.58gh 0.00 1.51a 0.00 0.22de 0.00 10.96ef 0.00 
T+SA 1.74hg -1.69 4.5a 117.39 0.52h -10.3 1.61a 6.62 0.32abc 45.45 10.78ef -1.64 
T+Cd1 1.70ih -3.95 2.09de 0.97 0.82be 41.38 1.06def -29.80 0.16ef -27.27 10.60f -3.28 
T+Cd2 1.51j -14.69 2.24de 8.21 0.78cf 34.48 1.08cf -28.48 0.17ef -22.73 9.38h -14.42 

T+Cd1+SA 1.78fgh 0.56 2.23de 7.73 0.9bc 55.17 1def -33.77 0.26bcd 18.18 11.12de 1.46 
T+Cd2+SA 1.92de 8.47 3.45b 66.67 0.94b 62.07 1.3b -13.91 0.2def -9.09 12.00c 9.49 

K+C 2.07b 0.00 2.38de 0.00 1.07a 0.00 1.16bcd 0.00 0.22de 0.00 12.84b 0.00 
K+SA 1.46j -29.47 2.03de -14.71 0.94b -12.1 0.92fgh -20.69 0.17ef -22.73 9.03h -29.67 
K+Cd1 1.62i -21.74 3.2bc 34.45 1.17a 9.35 0.95eh -18.10 0.13f -40.91 10.08g -21.50 
K+Cd2 1.84def -11.11 2.55cd 7.14 0.93b -13.1 0.8gh -31.03 0.18def -18.18 11.48d -10.59 

K+Cd1+SA 1.75fgh -15.46 1.64e -31.09 0.66fg -38.3 0.82gh -29.31 0.13f -40.91 10.95ef -14.72 
K+Cd2+SA 1.83efg -11.59 2.14de -10.08 0.87bcd -18.69 1.23bc 6.03 0.23de 4.55 11.47d -10.67 

V+C 1.96c 0.00 1.82de 0.00 0.74def 0.00 1.11cde 0.00 0.25cde 0.00 12.18c 0.00 
V+SA 1.63i -16.84 2.11de 15.93 0.73ef -1.35 1.48a 33.33 0.37a 48.00 10.08g -17.24 
V+Cd1 1.93d -1.53 2.15de 18.13 0.69efg -6.76 0.79h -28.83 0.22de -12.00 12.00c -1.48 
V+Cd2 2.82a 43.88 1.89de 3.85 0.93b 25.68 0.96efg -13.51 0.22de -12.00 17.60a 44.50 

V+Cd1+SA 1.92de -2.04 2.23de 22.53 0.9bc 21.62 1.0def -9.91 0.26bcd 4.00 12.00c -1.48 
V+Cd2+SA 1.94c -1.02 3.34b 83.52 0.81be 9.46 1.06def -4.50 0.34ab 36.00 12.17c -0.08 

 
 

Table 2. Micro element contents in leaves of pistachio species under different treatments 
Groups Zn Change (%) Mn Change (%) Cu Change (%) Fe Change (%) Cd Change (%) 

T-C 11.66ad 0.00 1.61fg 0.00 0.21e 0.00 46.6cde 0.00 0.31d 0.00 
T+SA 5.22dh -55.23 1.47g -8.70 1.12ae 433.33 42.2ed -9.44 0.30d -3.23 
T+Cd1 0.67h -94.25 4.48cde 178.26 0.91cde 333.33 55.36be 18.80 0.41ab 32.26 
T+Cd2 0.61gh -94.77 4.9cde 204.35 1.09be 419.05 59.7bcd 28.11 0.41ab 32.26 

T+Cd1+SA 3.19fgh -72.64 3.85dg 139.13 1.33ad 533.33 46.4cde -0.43 0.46a 48.39 
T+Cd2+SA 8.68bf -25.56 2.45efg 52.17 0.35de 66.67 72.7ab 56.01 0.39bc 25.81 

K+C 16.59a 0.00 4.76cde 0.00 1.12ae 0.00 66.2b 0.00 0.3d 0.00 
K+SA 13.9ab -16.21 4.1c-f -13.87 1.37ad 22.32 69.37b 4.79 0.4ab 33.33 
K+Cd1 10.82ae -34.78 6.48bc 36.13 1.82abc 62.50 61.6bc -6.95 0.34cd 13.33 
K+Cd2 7.6bg -54.19 2.73efg -42.65 0.91cde -18.75 64.27b -2.92 0.41ab 36.67 

K+Cd1+SA 11.66ad -29.72 5.7cd 19.75 1.19ae 6.25 85.4a 29.00 0.3d 0.00 
K+Cd2+SA 12.18abc -26.58 4.17cde -12.39 2.03ab 81.25 61.2bc -7.55 0.40ab 33.33 

V+C 4.45eh 0.00 1.47g 0.00 1.47abc 0.00 59.6bcd 0.00 0.42ab 0.00 
V+SA 5.99ch 34.61 14.56a 890.48 1.89abc 28.57 45.73cde -23.27 0.40ab -4.76 
V+Cd1 4.38eh -1.57 3.33dg 126.53 1.82abc 23.81 39.8e -33.22 0.41ab -2.38 
V+Cd2 9.87be 121.80 3.15efg 114.29 2.14a 45.58 43.6ed -26.85 0.40ab -4.76 

V+Cd1+SA 3.19fgh -28.31 3.85dg 161.90 1.33ad -9.52 46.4cde -22.15 0.38bc -9.52 
V+Cd2+SA 7.63bg 71.46 8.02b 445.58 0.95cde -35.37 56.2be -5.70 0.42ab 0.00 
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Table 3. N contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera N B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 

(Constant) 1.768  .000 2.070  .000 1.964  .000 
SA+ -.028 .03000 .511 -.610 .61000 .000 -.336 .33000 .000 
Cd1+ -.066 .07000 .137 -.452 .45000 .000 -.038 .03000 .376 
Cd2+ -.262 .26000 .000 -.228 .23000 .000 .858 -.86000 .000 

Cd1+SA .008 -.01000 .850 -.322 .32000 .000 -.048 .04000 .268 
Cd2+SA .148 -.15000 .004 -.238 .24000 .000 -.020 .02000 .637 

R2 .897 .955 .988 
 
 

Table 4. P contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera P B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 

(Constant) 2.070  .000 2.380  .000 1.821  .000 
SA+ 2.428 -2.430 .000 -.347 .34667 .146 .289 -.2900 .482 
Cd1+ .018 -.0166 .956 .820 -.8200 .003 .324 -.3266 .432 
Cd2+ .166 -.1666 .609 .174 -.1700 .452 .074 -.0733 .856 

Cd1+SA .158 -.1600 .627 -.743 .7400 .006 .407 -.4100 .328 
Cd2+SA 1.383 -1.380 .001 -.234 .2333 .315 1.514 -1.516 .003 

R2 .893 .825 .614 
 
 

Table 5. K contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera K B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 

(Constant) .581  .000 1.070  .000 .745  .000 
SA+ -.057 .05667 .421 -.133 .1333 .024 -.008 .00667 .884 
Cd1+ .243 -.2433 .004 .103 -.1000 .069 -.050 .05000 .356 
Cd2+ .196 -.2000 .015 -.145 .1400 .016 .183 -.18333 .005 

Cd1+SA .322 -.3233 .001 -.407 .4100 .000 .158 -.16000 .011 
Cd2+SA .357 -.3600 .000 -.200 .2000 .002 .062 -.06667 .259 

R2 .836 .906 .731 
 
 

Table 6. Ca contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Ca 

B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 
(Constant) 1.509  .000 1.160  .000 1.110  .000 

SA+ .109 -.1066 .136 -.238 .23667 .005 .370 -.36667 .001 
Cd1+ -.449 .45000 .137 -.211 .21000 .010 -.321 .32000 .002 
Cd2+ -.430 .43000 .000 -.356 .35667 .000 -.151 .15000 .085 

Cd1+SA -.508 .50667 .000 -.340 .33667 .000 -.109 .10667 .201 
Cd2+SA -.205 .20667 .011 .068 -.0700 .346 -.047 .04667 .570 

R2 .923 .842 .873 
 
 
Magnesium (Mg) content 

Mg content decreased with Cd1+ (p=0.101) and Cd2+ (p=0.101) treatments but the 
content was quantitatively but not significantly improved with SA+ (p=0.016) alone or 
interaction with Cd1+ (p=0.285) and Cd2+ (p=0.579) in P. terebinthus. All treatments 
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except Cd2+SA (p=0.767) caused significantly decreases in Mg content in P. khinjuk. 
Treatments including SA+ (p=0.029), Cd1+SA (p=0.762) and Cd2+SA (p=0.089) 
improved the Mg content whereas Cd1+ (p=0.603) and Cd2+ (p=0.582) decreased the 
content of Mg in P. vera (Table 7). For the case in cucumber (Shi and Zhu, 2008), the 
treatment SA did not significantly influence the Mg concentration but excess Mn 
significantly decreased the Mg concentration in leaf tissues. After, addition of SA 
significantly improved the concentration. 
 

Table 7. Mg contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Mg B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 

(Constant) .224  .000 .224  .000 .247  .000 
SA+ .096 -.09667 .016 -.054 .05333 .000 .124 -.12333 .029 
Cd1+ -.061 .06000 .101 -.092 .09000 .000 -.027 .02667 .603 
Cd2+ -.050 .05000 .168 -.044 .04333 .001 -.028 .02667 .582 

Cd1+SA .038 -.04000 .285 -.094 .09333 .000 .016 -.01667 .762 
Cd2+SA -.020 .02000 .579 .003 -.00333 .767 .093 -.09333 .089 

R2 .711 .938 .577 
 
 
Iron (Fe) content 

SA+ alone (p=0.524) and its interaction with Cd1 (Cd1+SA; p=0.976) treatments 
decreased Fe content whereas Cd1+ (p=0.221) and Cd2+ (p=0.078) increased the 
content. The interaction of SA with higher concentration of cadmium (Cd2+) 
approximately doubled the content in P. terebinthus (p=0.002). Interestingly, P. khinjuk 
exhibited converse responses against treatments in comparison with P. terebinthus. 
Herewith, SA+ (p=0.713) and Cd1+SA (p=0.040) increased Fe content whereas Cd1+ 
and Cd2+ caused quantitively but non-significant changes (p=0.590 and p=0.818, 
respectively). On the other hand, treatments including SA+ (p=0.072, Cd1+ (p=0.015) 
and Cd2+ (p=0.042) adversely affected Fe content but the adverse effects of Cd1+ and 
Cd2+ treatments were quantitively but non-significant improved with SA+ (p=0.085 
and p=0.636, respectively) P. vera. According to the multiple linear regression analysis, 
treatments were not significant for P. khinjuk and P. vera (R2=0.494, p>0.05; R2=0.499, 
p>0.05, respectively) (Table 8). Of the heavy metals, excess treatment of Mn and SA 
diminished Fe concentration in leaves of cucumber. However, addition of SA 
aggravated the decline in leaves (Shi and Zhu, 2008). Pb alone significantly increased 
the Fe concentration in comparison with control whereas SA caused a decline in the 
concentration. With the addition of SA, a statistically significant decrease was observed 
in the plants grown under Pb (Wang et al., 2011). 
 

Table 8. Fe contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Fe B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 

(Constant) 46.62  .000 66.22  .000 59.57  .000 
SA+ -4.445 4.4000 .524 3.150 -3.1666 .713 -13.8 13.8666 .072 
Cd1+ 8.750 -8.7666 .221 -4.62 4.6000 .590 -19.7 19.8000 .015 
Cd2+ 13.06 -13.100 .078 -1.96 1.9333 .818 -15.9 16.0000 .042 

Cd1+SA -.210 .20000 .976 19.18 -19.200 .040 -13.1 13.2000 .085 
Cd2+SA 26.11 -26.100 .002 -5.04 5.0000 .557 -3.39 3.40000 .636 

R2 .698 .494 (p>.05) .499 (p>.05) 
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Copper (Cu) content 
A quantitively but non-significant change was recorded for Cu content under all 

treatments in P. terebinthus (R2=0.488, p>0.05) but we should note that Cd1+SA 
increased the content once compared to SA+ and Cd1+ whereas Cd2+SA decreased the 
content in comparison with SA+ and Cd2+. Cu contents were positively influenced with 
the SA+ but Cd1+ and Cd2+. However, the adverse effects of Cd1+ and Cd2+ were 
improved with the foliar application of SA+ for P. khinjuk. 

Interestingly, SA+, Cd1+ and Cd2+ increased the content but foliar application of SA 
to the plants exposed to the Cd1+ and Cd2+ diminished the content in P. vera (Table 9). 
Shi and Zhu (2008) reported that SA treatment did not significantly change the Cu 
concentration and excess Mn treatment significantly decreased the concentration. 
However, addition of SA did not cause any changes in the concentration. The 
concentration of Cu decreased significantly in leaves of Vallisneria natans by SA 
treatment. Pb treatment did not cause significant changes on the concentration but 
addition of 100 µM SA significantly decreased the concentration (Wang et al., 2011). 
 

Table 9. Cu contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Cu B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 

(Constant) .210  .496 1.120  .015 1.470  .000 
SA+ .910 -.91000 .052 .245 -.24666 .670 .420 -.42000 .090 
Cd1+ .700 -.70000 .124 .700 -.70000 .235 .350 -.35000 .151 
Cd2+ .875 -.87666 .061 -.210 .21000 .714 .665 -.66667 .013 

Cd1+SA 1.120 -1.1200 .021 .070 -.07000 .903 -.140 .140000 .551 
Cd2+SA .140 -.14000 .746 .910 -.91000 .130 -.525 .523333 .040 

R2 .488; p>.05 .332 (p>.05) .750 
 
 
Zinc (Zn) content 

Zn content was significantly decreased with all treatments except Cd2+SA (p=0.147) 
but the adverse effects of Cd1+ and Cd2+ was improved by foliar application of SA 
(p=0.001 and p=0.147). The most hazardous effects on Zn content was more 
pronounced under Cd1+ and Cd2+ for P. terebinthus. The similar responses in 
accumulation of Zn against treatments were also recorded for P. khinjuk. On the other 
hand, SA+ and Cd2+ caused increases in Zn and Cd1+ decreased the content. The 
contents in plants exposed to Cd1+ and Cd2+ were still decreased with foliar application 
of SA. We should state that the quantitative changes were not significant (R2=0.381, 
p>0.05) for P. vera (Table 10). The Zn concentration leaves was significantly 
diminished with the excess Mn treatment but the decrease was alleviated by SA addition 
under excess Mn treatment in cucumber. Furthermore, SA alone treatment itself did not 
significantly change the Zn concentration (Shi and Zhu, 2008). Pb treatment did not 
significantly affect the Zn concentration. SA alone induced a decrease in the 
concentration (Wang et al., 2011). 

Manganese (Mn) content 
Mn content was adversely affected with foliar application of SA. Cadmium 

treatments (Cd1+; p=0.001 and Cd2+; p=0.000) increased Mn content but the effects of 
treatments were suppressed with SA (Cd1+SA; p=0.006 and Cd2+SA; p=0.230) for 
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P. terebinthus. SA+ and Cd2 + decreased the content whereas the lower cadmium 
treatment (Cd1+) increased the content. However, SA+ treatment caused a decrease in 
Mn content in plants exposed to Cd1+ treatment and vice-verse for the plants under 
Cd2+ treatment for P. khinjuk. All treatments positively influenced Mn content in 
P. vera (Table 11). Of the heavy metals, treatments with 50 µM Pb induced significant 
decrease of Mn and SA alone did not exhibit significant effects on Mn concentration. 
However, the decrease was alleviated by SA addition in Vallisneria natans under Pb 
treatment (Wang et al., 2011). 
 

Table 10. Zn contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Zn B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 

(Constant) 11.65  .000 16.59  .000 4.445  .050 
SA+ -6.440 6.4400 .006 -2.69 2.6933 .463 1.540 -1.5400 .602 
Cd1+ -10.99 10.990 .000 -5.77 5.7733 .130 -.070 .07000 .981 
Cd2+ -10.04 10.046 .000 -8.99 8.9933 .026 5.425 -5.4233 .084 

Cd1+SA -8.470 8.4700 .001 -4.93 4.9333 .191 -1.26 1.26000 .669 
Cd2+SA -2.975 2.9766 .147 -4.41 4.4100 .239 3.185 -3.1833 .290 

R2 .805 .375 (p>.05) .381 (p>.05) 
 
 

Table 11. Mn contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Mn 

B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 
(Constant) 1.610  .005 4.760  .000 1.470  .223 

SA+ -.140 .14000 .837 -.665 .66500 .323 13.09 -13.090 .000 
Cd1+ 2.870 -2.8700 .001 1.715 -1.7150 .021 1.855 -1.8550 .273 
Cd2+ 3.290 -3.2900 .000 -2.03 2.0300 .008 1.680 -1.6800 .319 

Cd1+SA 2.240 -2.2400 .006 .945 -.94500 .169 2.380 -2.3800 .167 
Cd2+SA .840 -.8400 .230 -.595 .59500 .374 6.545 -6.5450 .002 

R2 .806 .777 .882 
 
 
Cadmium (Cd) content 

Cd content in leaves significantly decreased with SA alone (p=0.001), Cd1+ 
(p=0.002) whereas the content was not significantly influenced with Cd2+ (p=1.000), 
Cd1+SA (p=0.072) and Cd2+SA (p=0.446) for P. terebinthus. For P. khinjuk, SA+ 
(p=0.002), Cd1+ (p=0.141), Cd2+ (p=0.001) and Cd2+SA (p=0.002) induced an increase 
in Cd content in leaves. However, Cd1+SA did not significantly affect the content 
(p=1.000). Interestingly, all treatments quantitatively but non-significantly influenced 
the Cd content in leaves of P. vera (Table 12). The root samples of maize (Zea mays) 
treated with SA contained less Cd than in the plants treated with Cd alone. However, the 
highest Cd content in the leaves was found in SA+Cd plants (Gondor et al., 2016) but 
SA+Cd1 or SA+Cd2 did not exhibit any significant effects regarding Cd content in 
leaves of three Pistacia species herein. 

Protein content 
Protein content decreased with SA+(p=0.451) Cd1+ (p=0.140) and Cd2+ (p=0.000) 

but the content in plants under Cd1+ and Cd2+ treatments coupled with foliar 
applications of SA increased for P. terebinthus. All treatments reduced the protein 
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content in P. khinjuk. SA+ increased content when applied with Cd1+ in comparison to 
the single treatment of Cd1+ (Cd1+SA; p=0.000) but SA+ did not cause quantitatively 
changes when applied with Cd2+ in comparison to the single treatment of Cd2+ 
(Cd2+SA; p=0.000) in P. khinjuk. On the other hand, all treatments except Cd2+ 
decreased the protein content in P. vera. SA+ did not cause quantitatively changes when 
applied with Cd1+ in comparison to the single treatment of Cd1+ but brought about 
significant changes when applied with Cd2+ in comparison to the single treatment of 
Cd2+.  Cd2+ significantly increased the content but the interaction of Cd2+SA decreased 
the content (p=0.965) (Table 13). 

Salarizadeh et al. (2016) reporting that the excessive copper decreased the protein 
content in the pistachio plant but the adverse effects were improved with the addition of 
SA. The decrease in protein content has been attributed to the toxic effects of heavy 
metals and their reaction with the SH-groups which subsequently causes protein 
denaturation (Fuhrer, 1982). Furthermore, the protein content along with the decline in 
nitrogen content was observed in leaves of wheat seedlings treated with salicylic acid 
(Singh and Usha, 2003). 
 

Table 12. Cd contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Cd 

B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 
(Constant) .410  .000 .300  .000 .420  .000 

SA+ -.110 .1100 .001 .100 -.100 .002 -.020 .0200 .446 
Cd1+ -.100 .1000 .002 .040 -.040 .141 -.010 .0100 .701 
Cd2+ .000 .0000 1.00 .110 -.110 .001 -.020 .0200 .446 

Cd1+SA .050 -.0500 .072 -1.035E-16 .000 1.00 -.040 .0400 .141 
Cd2+SA -.020 .0200 .446 .100 -.100 .002 -8.614E-2 0.000 1.00 

R2 .835 .775 .229 (p>.05) 
 
 

Table 13. Protein contents in leaves of pistachio species under different treatments 
P. terebinthus P. khinjuk P. vera Protein 

B Mean Dif. Sig. B Mean Dif. Sig. B Mean Dif. Sig. 
(Constant) 10.95  .000 12.84  .000 12.18  .000 

SA+ -.175 .18000 .451 -3.81 3.8100 .000 -2.10 2.1000 .000 
Cd1+ -.355 .35667 .140 -2.76 2.7633 .000 -.180 .17667 .438 
Cd2+ -1.580 1.5833 .000 -1.36 1.3633 .000 5.420 -5.4233 .000 

Cd1+SA .165 -.16000 .477 -1.89 1.8900 .000 -.185 .18000 .426 
Cd2+SA 1.040 -1.0400 .001 -1.37 1.3700 .000 -.010 .01000 .965 

R2 .923 .966 .991 
 
 
Correlations 

Herewith correlation analysis, it was aimed to determine whether the coefficient and 
directions of correlation vary with the pistachio species or not. Hence, correlation 
analyses for pistachio species were separately performed. Accordingly, correlation 
coefficients between elements of pistachio species leaves were given in Tables 14-16. 
According to the correlation matrix of the elements in leaves of P. terebinthus, there 
were negative correlations between N and Mn (r= -0.606), N and Cu (r= -0.489), N and 
Cd (r= -0.124), P and K (r= -0.345), P and Mn (r= -0.345), P and Fe (r= -0.042), P and 
Fe (r= -0.042), P and Cd (r= -0.519), K and Ca (r= -0.796), K and Mg (r= -0.517), K 
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and Zn (r= -0.313), Ca and Mn (r= -0.931), Ca and Cu (r= -0.459), Ca and Fe (r= -.316), 
Ca and Cd (r= -0.966), Mg and Mn (r= -0.657), Mg and Fe (r= -0.656), Mg and Cd (r= 
-0.441), Zn and Mn (r= -0.845), Zn and Cu (r= -0.816), Zn and Fe (r= -0.001), Zn and 
Cd (r= -0.612), Cu and Fe (r= -0.393). The remained correlation coefficients were 
positive for P. terebinthus (Table 14). 
 

Table 14. Correlation for P. terebinthus 
Variables N P K Ca Mg Zn Mn Cu Fe Cd Protein 

N 1  
P 0.343 

 
     1    

K 0.224 -0.345      1 
Ca 0.314 0.650 -0.796      1 
Mg 0.297 0.684 -0.517 0.583 1 
Zn 0.663 0.201 -0.313 0.705 0.265 

 
   1 

Mn -0.606 -0.345 0.605 -0.931 -0.657 -0.845 

 
 
 
 
     1 

Cu -0.489 0.065 0.092 -0.459 0.300 -0.816 0.511 

 
 
 
 
 
 
 

1 
Fe 0.195 -0.042 0.691 -0.316 -0.656 -0.001 0.294 -0.393 

 
 
 
 
 
 
 
 

     1 
Cd -0.124 -0.519 0.883 -0.966 -0.441 -0.612 0.826 0.463 0.355 

 
 
 
 
 
 
 
 
 

1 
Protein 0.999 0.326 0.270 0.270 0.272 0.633 -0.567 -0.471 0.223 -0.077 

 
 
 
 
 
 
 
 
 
 

1 

 
 

According to the correlation matrix of the elements in leaves of P. khinjuk, there 
were negative correlations between N and P (r= -0.009), N and Mn (r= -0.186), N and 
Cu (r= -0.288), N and Fe (r= -0.108), N and Cd (r= -0.380), P and Mg (r= -0.120), P and 
Zn (r= -0.266), P and Fe (r= -0.733), K and Fe (r= -0.766), Ca and Fe (r= -0.502), Ca 
and Cd (r= -0.044), Mg and Mn (r= -0.561), Mg and Fe (r= -0.505), Zn and Cd (r= 
-0.472), Mn and Cd (r= -0.717), Cu and Fe (r= -0.426), Fe and Cd (r= -0.520). The 
remained correlation coefficients were positive for P. khinjuk (Table 15). 
 

Table 15. Correlations for P. khinjuk 
Variables N P K Ca Mg Zn Mn Cu Fe Cd Protein 

N      1 
P -0.009      1 
K 0.029 0.884 1 
Ca 0.447 0.051 0.294 

 
 

1 
 

Mg 0.594 -0.120 0.112 0.786 

 
 
 

    1 
Zn 0.217 -0.266 0.171 0.613 0.391 

 
 
 
 

1 
Mn -0.186 0.202 0.168 0.047 -0.561 0.267 

 
 

   1 
Cu -0.288 0.242 0.211 0.568 0.111 0.076 0.411 

 
 
 

    1 
Fe -0.108 -0.733 -0.766 -0.502 -0.505 0.082 0.269 -0.426 

 
 
 
 
 
 
 
 

   1 
Cd -0.380 0.090 0.024 -0.044 0.287 -0.472 -0.717 0.184 -0.520 

 
 
 
 
 
 
 

 
 

1 

Protein 0.999 -0.019 0.003 0.445 0.589 0.192 -0.185 -0.272 -0.101 -0.371 

 
 
 
 
 
 
 
 
 
 

     1 

 
 

According to the correlation matrix of the elements in leaves of P. vera, there were 
negative correlations between N and P (r= -0.254), N and Ca (r= -0.466), N and Mg (r= 
-0.611), N and Mn (r= -0.513), N and Fe (r= -0.202), N and Cd (r= -0.068), P and Ca 
(r= -0.026), P and Cu (r= -0.755), K and Ca (r= -0.193), K and Mg (r= -0.229), K and 
Mn (r= -0.253), K and Fe (r= -0.076), K and Cd (r= -0.554), Ca and Cd (r= -0.040), Mg 
and Cu (r= -0.358), Zn and Fe (r= -0.038), Mn and Fe (r= -0.090), Cu and Fe (r= 



Cetinkaya – Kulak: Salicylic acid effect on cadmium-induced accumulation of mineral content in leaves of pistachio species from 
Turkey 
- 7125 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(3): 7113-7133. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1703_71137133 
 2019, ALÖKI Kft., Budapest, Hungary 

-0.677), Cu and Cd (r= -0.244). The remained correlation coefficients were positive for 
P. vera (Table 16). 

Considering all correlation coefficients, Cd negatively correlated with N, Ca and 
protein content in leaves for all three-pistachio species. We should note that those 
correlations might differ than that of the other tissues of the plants as a consequence of 
allocation, transport or sequestration of the elements in order to cope with the 
exogenous treatments. 
 

Table 16. Correlations for P. vera 
Variables N P K Ca Mg Zn Mn Cu Fe Cd Protein 

N     1 
P -0.254      1 
K 0.679 0.032 1 
Ca -0.466 -0.026 -0.193 

 
 

 
    1 

Mg -0.611 0.534 -0.229 0.819 

 
 
 
 

     1 
Zn 0.699 0.186 0.423 0.049 0.080 

 
 
 
 
 

    1 
Mn -0.513 0.321 -0.253 0.809 0.909 0.158 

 
 
 
 
 
 

    1 
Cu 0.441 -0.755 0.000 0.036 -0.358 0.305 0.020 

 
 
 
 
 
 
 

    1 
Fe -0.202 0.315 -0.076 0.267 0.304 -0.038 -0.090 -0.677 

 
 
 
 
 
 
 
 

    1 

Cd -0.068 0.295 -0.554 -0.040 0.104 0.235 -0.070 -0.244 0.566 

 
 
 
 
 
 
 
 
 

     1 

Protein 1.000 -0.236 0.687 -0.472 -0.607 0.700 -0.515 0.424 -0.195 -0.068 

 
 
 
 
 
 
 
 
 
 

      1 

 
 
Principal component analysis (PCA) 

The discrimination can be evaluated from the principal component analysis scores 
plot between pistachio species using identified macro and micro elements as shown in 
Figs. 1-4. This pair of graphs is a biplot, i.e., macro and micro elements were more 
expressed in pistachio species leaf samples in the same area of the graph. The 
experimental groups in each group represent a similar response regarding with element 
contents, discriminating the experimental group behaviors in response to the treatments. 
Along with the present study, we discriminated the groups using the macro and micro 
elements measured. We herein performed four principal component analysis to visualize 
and discriminate each experimental group (PCA-1: P. terebinthus; PCA-2: P. khinjuk; 
PCA-3: P. vera; PCA-4: P. terebinthus, P. khinjuk and P. vera). In this context, it was 
aimed to determine whether the element changes were species or treatment dependent. 
For P. terebinthus (T-C, T+SA, T+Cd1, T+Cd2, T+Cd1+SA, T+Cd2+SA), the two 
principal components accounted for 76.66% of total variance, whereas the first axis and 
second axis explained 49.396% and 26.70% of total variance (Fig. 1). Experimental 
groups were well-defined and discriminated, suggesting that addition of the SA did not 
affect the element content of P. terebinthus against Cd1 treatment but significant 
changes were recorded with the addition of SA to P. terebinthus the grown under Cd2 
conditions. 

For P. khinjuk (K-C, K+SA, K+Cd1, K+Cd2, K+Cd1+SA, K+Cd2+SA), the two 
principal components accounted for 58.18% of total variance, whereas the first axis and 
second axis explained 31.98% and 26.19% of total variance (Fig. 2). Experimental 
groups were well-defined and discriminated from control group (K-C), proposing the 
responsive structure of P. khinjuk against any external stimuli. With addition of SA, the 
adverse effects of Cd2 were alleviated. 
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For P. vera (V-C, V+SA, V+Cd1, V+Cd2, V+Cd1+SA, V+Cd2+SA), the two 
principal components accounted for 60.91% of total variance, whereas the first axis and 
second axis explained 40.91% and 20.00% of total variance (Fig. 3). Similar responses 
were recorded in the circumstances of P. khinjuk grown under Cd2 and addition of SA. 
 

 
Figure 1. Principal component analysis for P. terebinthus 

 
 

 
Figure 2. Principal component analysis for P. khinjuk 

 
 

Considered all experimental groups, results obtained from the principal component 
analysis showed the presence of the well-discriminated and defined groups for pistachio 
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species and exogenous treatments, proposing all species exhibited different mechanisms 
in accumulation, transport or sequestration of the elements. Along with the visualization 
provided by principal component analysis, K, Zn and Fe for P. khinjuk, Cu, Cd, N, Mn, 
and Mg for P. vera, Mn, Ca and P for P. terebinthus were more pronounced (Fig. 4). 
 

 
Figure 3. Principal component analysis for P. vera 

 
 

 
Figure 4. Principal component analysis for three pistachio species exposed to the different 

treatments 
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Prominent and over accumulated elements 
Of the examined elements, P and Cu concentrations increased 2.151 and 4.702 times 

by applications of the cadmium and salicylic acid to pistachio species (Table 17, 
Figs. 5-6). 
 

Table 17. Over-accumulation of P and Cu under various treatments in different pistachio 
species 

Element Mean (2) Mean (1) Log-ratio Fold change p FDR 
P 0.6478 0.315 0.3328 2.151 0.0001 0.001 

Cu -0.0225 -0.6723 0.6723 4.702 0.0003 0.0017 
 
 

Figure 5. Mean log-intensity for P under various treatments in different pistachio species 
1: T-C; 2: T+SA; 3: T+Cd1; 4: T+Cd2; 5: T+Cd1+SA; 6: T+Cd2+SA; 7: K+C; 8: K+SA; 9: K+Cd1; 10: 
K+Cd2; 11: K+Cd1+SA; 12: K+Cd2+SA; 13: V+C; 14: V+SA; 15: V+Cd1; 16: V+Cd2; 17: V+Cd1+SA; 

18: V+Cd2+SA 
 
 

Figure 6. Mean log-intensity for Cu under various treatments in different pistachio species 
1: T-C; 2: T+SA; 3: T+Cd1; 4: T+Cd2; 5: T+Cd1+SA; 6: T+Cd2+SA; 7: K+C; 8: K+SA; 9: K+Cd1; 10: 
K+Cd2; 11: K+Cd1+SA; 12: K+Cd2+SA; 13: V+C; 14: V+SA; 15: V+Cd1; 16: V+Cd2; 17: V+Cd1+SA; 

18: V+Cd2+SA 



Cetinkaya – Kulak: Salicylic acid effect on cadmium-induced accumulation of mineral content in leaves of pistachio species from 
Turkey 
- 7129 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(3): 7113-7133. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1703_71137133 
 2019, ALÖKI Kft., Budapest, Hungary 

Phosphorus (P), as phosphate (PO4
-3), is a complementary component of important 

compounds that form plant cells, including sugar-phosphates and phospholipids that 
form the plant membrane as intermediates in respiration and photosynthesis. Since it is 
an important part of DNA and RNA molecules, it has been reported that phosphor-
specific genes are necessary in the expression mechanism and may be involved in the 
regulation of enzyme reactions as part of proteins (Dordas, 2009). In addition, 
phosphorus, as an element of ATP, helps transform energy in many biochemical events 
(Sieprawska et al., 2014). In the case of arid regions or any disruption in the roots of the 
plant, the phosphate content decreases in the tissues of the plant. Due to this decrease, 
the rate of photosynthesis per unit in leaves is also significantly affected. It was reported 
that the decrease in leaf growth and photosynthetic ratio due to phosphorus may be 
related to permeability of stomata and ribulose 1,5 biphosphate carboxylase 
regeneration capacity (Brooks, 1986). 

Of the microelements, copper (Cu) plays significant roles in regulation of 
photosynthesis, respiration, antioxidant activity, cell wall metabolism and hormone 
perception. Furthermore, Cu is a cofactor of various enzymes such as copper/zinc 
superoxide dismutase (Cu/ZnSOD), cytochrome-c oxidase (Pilon et al., 2006). 

Discussion 
Exogenous SA applications have been determined to increase the development and 

photosynthetic efficiency in plants such as Oryza sativa (Chen et al., 2007), Zea mays 
(Krantev et al., 2008), Phasealus vulgaris (Zengin, 2014) which have been exposed to 
various heavy metals. It has also been shown to be effective on antioxidant mechanism 
by lowering membrane lipid peroxidation (Chen et al., 2007; Zengin, 2014). Moreover, 
SA application regulates various metabolic processes in plants, encourages the 
production of osmolyte and secondary metabolites, adjusts the nutrient status and 
protects the plant under abiotic stress conditions (Khan et al., 2015). SA triggered high 
production coupled with high concentration of photosynthetic pigments, photosynthetic 
activities and higher antioxidant enzymes in plants exposed to Cd stress (Zhang et al., 
2015). As a regulatory role of SA, Studies have shown that SA applications are an 
important elicitor that regulates photosynthesis, photosystem II, photosynthetic 
pigments and enzyme activities in plants under metal stress and controls the formation 
of H2O2 and gives endurance by controlling the formation of H2O2 (Al-Whaibi et al., 
2012; Noriega et al., 2012; Belkadhi et al., 2014; Zhang et al., 2015). 

Furthermore, SA has a role in alleviating heavy metal toxicity (Shi and Zhu, 2008; 
Zhou et al., 2009; Wang et al., 2013). In addition, it has been determined that SA acts as 
a regulator in the increase of antioxidant enzymes and in the absorption and distribution 
of nutrients by reducing the Mn transport from the roots to the shoot (Sheng et al., 
2015). 

Of the studies carried out on the accumulation of nutrients, the content of elements 
exhibited different responses. Application of SA in salt stressed plants caused a 
decrease in K, Ca and P content (El-Tayeb, 2005). However, exogenous SA treatments 
in wheat caused increases in P, K, Ca and Mg contents (Aldesuquy et al., 2012; 
Hassanein et al., 2012; Loutfy et al., 2012). 

Along with the current study, the effect of salicylic acid treatments on the element 
content of pistachio species was different. According to the results, SA application 
increased P, Ca, Mg and Cu content and decreased N content in Pistacia terebinthus. 
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While Fe content increased in Pistacia khinjuk, the other elements decreased. In 
Pistacia vera, P, Ca, Mg, Zn, Mn, Cu content increased. 

50 µM cadmium (Cd1) reduced the content of most elements. As a result of Cd1 
treatment, Pistacia terebinthus has increased K, Mn, Cu, Fe and Cd uptake while other 
elements and protein have decreased or remained at the same level. While P, Mn, Cu 
and Cd accumulation increased, N, Ca, Mg, Zn, Fe and protein decreased in 
Pistacia khinjuk. P, Mn, and Cu content increased while N, K, Ca, Mg and Fe content 
decreased in Pistacia vera. 

Three pistachio species exhibited different responses against 100 µM cadmium (Cd2) 
treatment. As a result of treatment, K, Mn, Cu, Fe and Cd content increased while N, 
Ca, Mg, Zn, and protein decreased in Pistacia terebinthus. P content exhibited an 
increase whereas other element and protein content decreased in Pistacia khinjuk. In 
Pistacia vera, N, K, Zn, Mn, Cu and protein content increased while Ca, Mg and Fe 
content decreased. 

Pistachio species exhibited different responses concerned with the concentration of 
element under 50 µM with addition of SA (Cd1+SA). As a result of the treatment, the 
concentration of K, Mg, Mn, Cu, protein and Cd increased in P. terebinthus. In 
P. khinjuk, Mn and Fe concentration increased whereas other elements concentration 
and protein content decreased. Furthermore, K, Mg, Mn and protein content increased 
while N, Ca, Zn, Cu, Fe and Cd concentration decreased in P. vera. 

Herewith the correlation analysis, pistachio species exhibited different behaviors 
regarding with correlations for their element contents, which might be deemed as 
consequences of uptake and accumulation in response to the exogenous treatments. 

Conclusion 
To sum up, pistachio species exhibited different responses with respect to the content 

of elements and proteins in their leaf tissues under cadmium and salicylic acid 
treatments. Also, species responded differently against cadmium concentrations and 
salicylic acid. Generally, the changes in content of elements were more pronounced by 
100 µM Cd treatment. Although the response of the species was different, addition of 
SA positively affected the element and protein content. While cadmium and salicylic 
acid affected the content of elements in the leaf, the effect of salicylic acid on cadmium 
was not significant. 

Differences concerned with element content and responses against foliar SA among 
cultivars were revealed and discriminated via chemometric techniques. Also, possible 
active roles of P and Cu against Cd and SA applications were also determined for 
pistachio species. By applications of the cadmium and salicylic acid to pistachio 
species, leaves’ P content 2.151 times and leaves’ Cu content 4.702 times were 
increased, suggesting the forthcoming studies to be concentrated on the exogenous 
applications of P or Cu in order to improve the responses of pistachio species against Cd 
stress. 

Furthermore, these results might be considered to be significant in terms of the 
selection and use of rootstocks of pistachio species by considering the different 
reactions regarding with the element and protein content. Subsequently, the element-
mediated or induced growth parameters might also be considered under unfavorable 
environmental conditions. 
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