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Introduction: Pistachios are among the major horticultural products in 

Iran. The production of strong seedlings is required to give a high crop yield. 

Materials and Methods: A hydroponic culture medium was used in this 

study to control the environmental conditions of cultivation more 

effectively. For this purpose, pistachio seeds, from Badami Zarand cultivar, 

were planted in 18 pots, with each pot containing 3 seeds.  

Two quantities of 5 and 25 mM calcium acetate were added to a modified 

Hoagland solution in a hydroponic culture medium. Next, 60 ppm of  

6-benzylaminopurine was sprayed 3 times per 2 weeks on 9 pots, including 3 

replications of treatments. As a result, 6 treatments were produced, including 

a blank one, calcium 5, calcium 25, 6-benzylaminopurine, 6-

benzylaminopurine and calcium 5, as well as 6-benzylaminopurine and 

calcium 25. After 4 months, the seedlings were harvested, with some growth 

factors, including stem height, stem diameter, as well as root and shoot dry 

and wet weight measured. 

Results: The effects of 6-benzylaminopurine were significant on most of 

the mentioned growth factors, except seedling height. There were different 

results concerning the treatments of the 2 amounts of calcium acetate, in 

which calcium 5 as well as 6-benzylaminopurine and calcium 5 yielded 

better results. In the end, the best treatment was determined to be  

6-benzylaminopurine and calcium 5. 

Conclusion: According to the results of this study, using calcium at low 

concentrations is useful for the growth of pistachio seedlings. In addition, 

using growth regulators improves growth factors, such as root dry and wet 

weight as well as stem diameter. Applying the findings of this study could 

be useful in producing stronger plants under stressful conditions. 
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1. Introduction 

Pistachios (Pistacia vera L.) are among the 

most important products planted widely in 

Iran. In recent years, there have been various 

environmental problems in the production of 

pistachios. Some of these problems have been 

the results of mismanagement, and some 

others have been due to climate changes. The 

production of strong seedlings could be a good 

solution under these conditions. Calcium is 

one of the prominent mineral elements useful 

in improving fruit quality and shelf life. Plants 

have evolved so as to rely on calcium 

properties for structural, enzymatic, and 

signaling functions [1]. It has been reported 

that calcium plays an essential role in 

strengthening cell membranes and preventing 

damage to plants, pollen germination, pollen 

tube growth, and fruit formation [2]. Calcium 

is a counter‐cation that acts against organic 

and inorganic anions in the vacuole, and its 

cytosolic concentration is an obligate 

intracellular messenger, which coordinates 

responses to numerous developmental cues 

and environmental challenges [3]. Calcium 

pectate is a compound in plant cells’ middle 

lamella, and when its amount is sufficient, it 

can prevent pectin wall demolition [4]. It has 

been reported that calcium protects cell 

membranes against damage inflicted by 

various stresses [5]. The problems of 

absorbing  calcium from soil and calcium 

inactivity in the airstream have many 

physiological complications in fruit trees, 

which greatly reduce product quantity and 

quality [6]. Calcium inhibits sodium uptake, 

thereby reducing its harmful effects on seed 

germination [7, 8]. It can also increase plant 

growth [9, 10]. In addition, calcium is 

effective in plant signaling, water relations, 

and cell wall interactions [11]. Ekinic [12] 

reported that calcium humate applied at 

different rates positively affected the total 

marketable yield, leaf dry matter, average fruit 

weight, fruit length, and fruit diameter in 

tomato and cucumber plants. It has been 

demonstrated that the spraying of some 

nutrients and calcium can improve the growth 

and increase the yield in pistachio trees in 

Fandoghi cultivar [13]. Another factor that 

affects the yield and quality of horticultural 

products is plant growth regulators [14]. 

Benzylaminopurine is a first-generation 

synthetic cytokinin that induces plant growth 

and development responses, sets blossoms, 

and stimulates fruit richness by promoting cell 

division. Cytokinins are crucial growth 

substances with various effects when applied 

to some plants. In addition, it is proven that 

they are the most important factor expediting 

shoot regeneration [15]. Benzylaminopurine 

promotes shoot and axillary bud proliferation 

[16]. Cytokinins play a significant role in plant 

adaptation to environmental stresses [17].  

This study aims to investigate the effects of 

calcium and benzylaminopurine on some 

growth factors in pistachios.  

2. Materials and Methods 

The seeds of P. vera L. cv. at "Badami 

Zarand Pistachio Rootstock" were prepared 

from Pistachio Research Center (PRC) in 

Rafsanjan County, Kerman province, Iran. To 

grow the seedlings, firstly the dehisced seeds 

of pistachios were pre-chilled 10 days at 4°C 
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and then soaked 2 days in water. After 

covering the seeds in a wet cotton fabric [18], 

the germinated seeds were transferred into 

perlite hydroponic culture pots. Three 

germinated seeds were planted in each pot. 

Next, 2 g/L of modified Hoagland in the 

powder form, including 20.85% N, 2.62% P, 

19.32% K, 19% Ca, 4.13% Mg, 0.045% B, 

0.052%  Mn, 0.004% Zn, 0.002% Cu, 0.001% 

Mo, 0.24% Fe, 5.54% S, and 0.4% fulvic acid 

was used as the nutrition solution, with 

calcium acetate added to it in 2 quantities.  

The nutrition solution was refreshed once in a 

month. At the next stage, 60 ppm of  

6-benzylaminopurine (BA6) along with 

agricultural soap were sprayed 3 times in  

2 weeks. Calcium acetate and  

6-benzylaminopurine treatments were applied 

after two months from the growth of the seeds. 

In order to produce the BA6 solution, NaOH 

was used in a crystalline form to reach full 

solubility. The treatments included blank (B), 

two quantities (5 and 25 mM) of calcium 

acetate (Ca5 and Ca25), BA6 (H), calcium 5 

and 6-benzylaminopurin (Ca5H), as well as 

calcium 25 and 6-benzylaminopurine (Ca25H) 

in three replications. After 4 months,  

the seedlings were harvested, and some growth 

factors, including stem height, wet and dry 

weight of root and shoot, as well as stem 

diameter were measured. Data were analyzed 

in Excel and SPSS. A t-test was used to 

evaluate the differences between the results.  

3. Results 

Fig. 1 shows the results for the stem 

diameter and height of seedlings. In fact, 

treatments Ca5 and Ca5H yielded better 

results (Fig. 1a). According to the t-test, there 

have been significant differences among 

treatments B, Ca5, Ca5H, and H. However, 

Ca5 and Ca5H showed no significant 

differences in the mentioned factors (Fig. 1a). 

According to the results, there was not 

significant differenc between stem height in 

treatments Ca5 and Ca5H (Fig. 1b). Treatment 

Ca5 showed significant differences in this 

factor with other treatments except Ca5H  

(Fig. 1b). In the case of root dry weight, 

treatments Ca5 and Ca5H resulted in higher 

wieghts and showed significant differences 

with all other treatments (Fig. 2a). However, 

there was no significant difference between 

treatments Ca5 and Ca5H in this factor  

(Fig. 2a). In addition, there were significant 

differences between treatments Ca5 and Ca5H 

and other treatments (Fig. 2b). Ca5H was the 

best treatment and showed significant 

differences with treatment Ca5 in this factor 

(Fig. 2b). Ca5H was the best treatment in root 

wet weight (Fig. 3a), and there were 

significant differences between Ca5H and all 

other threatments. In addition, Ca5 showed 

significant differences with other treatments 

except treatment B in this factor (Fig. 3a). 
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Fig. 1. The effects of the two quantities of calcium acetate and a hormone on the stem diameter (a) and stem height  

(b) of pistachio seedlings 

 

 

 

 

    

 

Fig. 2. The effects of the two quantities of calcium acetate and BA6 on root dry weight (a) and shoot dry weight  

(b) in pistachio seedlings 
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Fig. 3. The effects of the two quantities of calcium acetate and BA6 on root wet weight (a) and shoot wet weight 

(b) in pistachio seedlings 

    
 

In the last factor studied, i.e. shoot wet 

weight, treatments Ca5 and Ca5H resulted in 

higher weights than others, and there were 

significant differences between these 

treatments with the others (Fig. 3b). 

Treatment Ca5H was the best treatment in 

this factor, and there was significant 

differences between it and treatment Ca5 

(Fig. 3b). All and all, better results were 

achieved from treatments Ca5 and Ca5H 

than other treatments, with treatment Ca5H 

proved to be the best one. 

4. Discussion 

Calcium, as an important element, plays 

various roles in the growth of plants. In this 

study, the use of calcium in in 2 quantities 

showed interesting results. The use of 5 mM 

calcium acetate led to significant results in 

most of growth factors. However, the use of 

25 mM calcium acetate did not yield similar 

results; this could be due to the effects  

of calcium on the increase in the concentration 

of the nutrient solution in the culture medium, 

which led to an increase in the osmotic 

pressure, a decrease in osmotic potentials, and 

some disturbances in the absorption of 

nutrients. According to Loneragan [19],  

an increase in the calcium concentration of the 

solution from 0.3 to 2.5 µM increased the crop 

yield to a large extent. In contrast, an increase 

in the calcium concentration from 10 to  

1000 µM had small effects on the crop yield. 

Under excessive calcium conditions in the 

rhizosphere solution, plants could undergo 

calcium toxicity, thereby reducing plant 

growth [3]. Some factors, such as humidity, 

root pressure, and phytohormone activity 

could affect calcium distribution in plants [20]. 

In addition, the high concentration of calcium 

leads to the unbalanced absorption of some 

nutrients by plants, including phosphorus and 
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microelements [21]. The use of BA6 increased 

stem diameter as well as the dry weight  

of shoot and root but did not affect the height 

of seedlings. The increase in stem diameter as 

well as the dry weight of shoot and root could 

have happened because of BA6 effects on cell 

division. It has been proven that BA6, as a 

synthetic cytokinin, can induce plant growth 

and development by stimulating cell division 

[22]. It has been demonstrated that ascorbate 

and glutathione concentrations as well as their 

redox ratios are important factors in the 

survival of plants under stressful conditions 

[23]. According to some researchers,  

6-benzylaminopurine can enhance the 

concentrations and redox states of  

ascorbate–glutathione as well as the related 

enzyme activities so as to improve plant 

tolerance under the conditions of oxidative 

damage [17, 24]. 

5. Conclusions 

According to the results of the present 

study, the use of calcium at low concentrations 

is effective in the growth of pistachio 

seedlings. In addition, the use of growth 

regulators increases growth factors, such as 

root dry and wet weight as well as stem 

diameter. The results of the present study 

could be useful in cultivating stronger plants 

under stressful conditions.   

Conflict of interest 

The authors declare no conflicts of interest. 

Acknowledgements 

Here by appreciate the sincere cooperation 

of Pistachio Research Institute and Barafza 

Keshavarz Pars Company in carrying out this 

research. 

 
 

References 

1. Hirschi KD. The calcium conundrum. Both 

versatile nutrient and specific signal.  

Plant physiology. 2004;136(1):2438-42. 

2. Sajadian H, Hokmabadi H. Investigation on 

effects of calcium nitrate, calcium sulfate  

(soil application) and calcium chelate as foliar 

spray on Endocarp Lesion disorder and some 

qualitative characteristics of pistachio nut cv. 

Akbari. International Journal of Nuts and Related 

Sciences (IJNRS). 2011;2(3):23-8. 

3. White PJ, Broadley MR. Calcium in plants. 

Annals of botany. 2003;92(4):487-511. 

4. Marschner H. Marschner's mineral nutrition of 

higher plants: Academic press; 2011. 

5. Netondo GW, Onyango JC, Beck E. Sorghum and 

salinity. Crop Science. 2004;44(3):797-805. 

6. Mohammadi H, Khezri GHD-M. Effect of Spray 

Application of Calcium Compounds Combined 

with Free Polyamines at Different Growth Stages 

on Physiological Problems and Yield of ‘Ahmad- 

 

 

Aghaii’Pistachio (Pistacia vera L.). Journal of 

Horticultural Science. 2016;30(3):141. 

7. Bonilla I, El-Hamdaoui A, Bolaños L. Boron and 

calcium increasePisum sativum seed germination 

and seedling development under salt stress.  

Plant and soil. 2004;267(1-2):97-107. 

8. Sabir P, Ashraf M. Screening of local accessions 

of Panicum miliaceum L., for salt tolerance at the 

seedling stage using biomass production and ion 

accumulation as selection criteria. Pak J Bot. 

2007;39(5):1655-61. 

9. Munns R. Comparative physiology of salt and 

water stress. Plant, cell & environment. 

2002;25(2):239-50. 

10. Tobe K, Zhang L, Qiu GY, Shimizu H, Omasa K. 

Characteristics of seed germination in five non-

halophytic Chinese desert shrub species. Journal 

of Arid Environments. 2001;47(2):191-201. 



Marieh Nadi et al./ The Effects of Calcium and 6-Benzylaminopurine 

Pistachio and Health Journal/ Vol. 2, No. 1, Winter 2019, 22-28 

 

28 

11. Hocking B, Tyerman SD, Burton RA, Gilliham 

M. Fruit calcium: transport and physiology. 

Frontiers in plant science. 2016;7:569. 

12. Ekinci M, ESRİNGÜ A, Dursun A, Yildirim E, 

Turan M, KARAMAN MR, Arjumend T. Growth, 

yield, and calcium and boron uptake of tomato 

(Lycopersicon esculentum L.) and cucumber 

(Cucumis sativus L.) asaffected by calcium and 

boron humate application in greenhouse 

conditions. Turkish Journal of Agriculture and 

Forestry. 2015;39(5):613-32. 

13. Desouky I, Haggag L, El-Migeed MA, Kishk Y, 

El-Hady E. Effect of boron and calcium nutrients 

sprays on fruit set, oil content and oil quality  

of some olive oil cultivars. World Journal  

of Agricultural Sciences. 2009;5(2):180-5. 

14. Davarinezhad G, G. H , Azizi M, Akheratee M. 

Effect of foliar nutrition on quality, quantity and 

of alternate bearing of Pistachio (Pistacia vera L.). 

Journal of Horticultural Science. 2009;23(2):1-10. 

15. Magyar-Tábori K, Dobránszki J, da Silva JAT, 

Bulley SM, Hudák I. The role of cytokinins  

in shoot organogenesis in apple. Plant Cell, Tissue 

and Organ Culture (PCTOC). 2010;101(3):251-67. 

16. George EF, Hall MA, De Klerk G-J. Plant growth 

regulators II: cytokinins, their analogues and 

antagonists. Plant propagation by tissue culture: 

Springer; 2008. p. 205-26. 

17. Wu X, He J, Ding H, Zhu Z, Chen J, Xu S,  

Zha D. Modulation of zinc-induced oxidative 

damage in Solanum melongena by  

6-benzylaminopurine involves ascorbate–

glutathione cycle metabolism. Environmental and 

experimental botany. 2015;116:1-11. 

18. Pakdaman N, Ghaderian SM, Ghasemi R, 

Asemaneh T. Effects of calcium/magnesium 

quotients and nickel in the growth medium on 

growth and nickel accumulation in Pistacia 

atlantica. Journal of plant nutrition. 

2013;36(11):1708-18. 

19. Loneragan J, Snowball K. Calcium requirements 

of plants. Australian Journal of Agricultural 

Research. 1969;20(3):465-78. 

20. Kirkby E, Pilbeam D. Calcium as a plant nutrient. 

Plant, Cell & Environment. 1984;7(6):397-405. 

21. Andrew C, Johnson A. Effect of calcium, pH and 

nitrogen on the growth and chemical composition 

of some tropical and temperate pasture legumes. 

II.* Chemical composition (calcium, nitrogen, 

potassium, magnesium, sodium and phosphorus). 

Australian journal of agricultural research. 

1976;27(5):625-36. 

22. Zhang D, Xu X, Zhang Z, Jiang G, Feng L, Duan 

X, Jiang Y. 6-Benzylaminopurine improves  

the quality of harvested litchi fruit. Postharvest 

Biology and Technology. 2018;143:137-42. 

23. Gill SS, Tuteja N. Reactive oxygen species and 

antioxidant machinery in abiotic stress tolerance  

in crop plants. Plant physiology and biochemistry. 

2010;48(12):909-30. 

24. Wu X, He J, Chen J, Yang S, Zha D. Alleviation 

of exogenous 6-benzyladenine on two genotypes 

of eggplant (Solanum melongena Mill.) growth 

under salt stress. Protoplasma. 2014;251(1): 

169-76. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


