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HIGHLIGHTS 

• Callus culture is an important method used for in vitro secondary metabolite production. 

• Pistachio is a plant of high commercial importance that should be evaluated separately in terms of both 
micropropagation and secondary metabolites. 

• It is critical to determine appropriate plant growth regulators in Callus Culture and micropropagation studies.  

Abstract 

Pistachio (Pistacia vera L) is one of the oldest cultivated plants in the world. Its fruits are rich in protein, minerals, 
carbohydrates, fiber, and vitamins. In addition, the demand for these plants is increasing due to the fact that they are very 
tasty and nutritious. On the other hand, pistachio cultivation is quite difficult. In addition, many problems are encountered 
in germination with seeds or reproduction with cuttings. These situations necessitate the development of different in vitro 
tissue culture protocols. In this study, callus culture optimization protocol was developed by using seeds of three different 
pistachio cultivars. Murashige and Skoog (MS) medium was supplemented with different concentrations of NAA, IAA, 
2,4 D and BAP. When callus size (1,776 cm), callus weight (0.908 g) and embryogenic callus regenerations (27.94%) were 
considered, it was found that the best variety was Tekin. Again, in the evaluation made according to these factors, it was 
determined that the best improvement was in the MS medium containing 3 mg/L BAP and 1 mg/L 2,4D. The contamination 
rate detected throughout the studies ranged from 7.65% to 12.91%. 

Keywords: Pistachioi; Callus culture; Pistacia vera; Plant Growth Regulators (PGRs); Secondary metabolites 

1. Introduction 

Known as Pistacia vera L., pistachio is an important member of the Anacardiacea family and is included in 
the genus Pistacia. There are 11 species belonging to the genus Pistacia and the only edible species is pistachio 
(Ferguson et al. 2005). It has also been reported that the genus Pistacia includes 20 species, including evergreen 
or deciduous species, resin-bearing shrubs, and xerophytic trees growing to a height of 5 to 15 m (Rauf et al. 
2017; Bozorgi et al. 2013). 
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The outer shell, which has a hard and whitish color, constitutes 50% of its weight. The seed has a thin rind 
and light green flesh color with a distinctive flavor. It has been reported that together with almonds, pistachios 
have a very important place in human consumption and even like fig and pomegranate fruits, which are 
known as objects of faith, pistachios are also mentioned in the Bible (Holland et al. 1992; Ergun and Bozkurt 
2020; Mandalari et al. 2021; Bozkurt and Ergun 2021; Dreher 2012). 

P. vera L. is resistant to harsh environmental conditions and is resistant to both heat and cold. Due to this 
feature, it grows both in semi-arid deserts and on dry slopes of low mountains and hills (Mir-Makhamad et 
al. 2022). It has been reported to be native to Northeast Iran, Southern Turkmenistan, and Afghanistan, and it 
is mentioned that there are still wild pistachio forests there. In addition, it has been reported that the 
commercial production of pistachios has spread far from its Eurasian origin to southwestern USA and 
southwestern Australia (Khezri et al. 2020). According to the data of FAO (2022), when the production 
amounts in 2020 are taken into account, the USA constitutes approximately 42% of the production in the whole 
world. This is followed by Turkey and Iran, respectively (Figure 1). 

 
Figure 1. Distribution of pistachios production amount (%) in 2020 

 

When the production of pistachios is evaluated, it is reported that it ranks fifth after cashew, walnut, 
almond and chestnut (Sheikhi et al. 2019). Although Pistacia vera L. is the most demanded species and 
commercially grown species in the Pistacia genus, other species are used as rootstocks for P. vera L. In addition, 
it has been reported that these species are used in the production of snacks or coffee-like beverages, and they 
are used as food coloring due to their anthocyanin content. It has been reported that the secondary metabolites 
of different parts of the pistachio plant are used for liver, heart, kidney, and respiratory system disorders 
(Longo et al. 2007) (Bozorgi 2013). 

The production of pistachios is classically carried out by using the seeds by germinating or by using the 
cuttings by rooting. Propagation by seeds is not preferred since it will reveal genetic expansions as in other 
plants. On the other hand, rooting of cuttings is a very difficult and time-consuming process (Almehdi 2002; 
Benmahioul 2017). However, these methods are insufficient to produce the required number of seedlings for 
pistachio cultivation in the world. With in vitro tissue culture methods, it is possible to micropropagate disease-
free pistachio rootstocks, thus enabling the production of economically important varieties in desired 
quantities. 

The most important step in the production of plant species such as pistachios, which are very difficult to 
produce, by tissue culture will be the use of healthy protocols. In the selection of these protocols, many more 
parameters from the explant source used, the sterilization conditions applied, and the prepared nutrient media 
should be well evaluated. This study has been designed with the awareness that all kinds of experimental 
studies of tissue culture studies of pistachio are very important for sustainable production studies of this plant. 
The aim of this study is to determine the developmental responses of pistachio seed cells to different plant 
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growth regulators used in vitro. In this study, it was observed how the pistachio seed explant gave results to 
which plant growth regulator in terms of cellular growth rate and callus structure. It is aimed to be a scientific 
resource in terms of plant growth regulators and sterilization method for in vitro scientific studies to be carried 
out with pistachio from now on. In particular, it was predicted that this study would be beneficial for callus 
culture studies to be established for secondary metabolite production from pistachio. 

2. Materials and Methods 

Plant Material 

Seeds of Tekin, Siirt and Pistachio varieties obtained from Pistachio Research Institute/Gaziantep were used 
as plant material. 

Surface Sterilization 

First of all, pistachio seeds were washed under a running fountain for 5 minutes. The washed seeds were 
taken into the laminar cabinet and the surface sterilization stage was started. At this stage, the seeds were first 
kept in 70% alcohol for 1 minute and then washed 4 times in sterile water. Then, it was kept in 20% (v/v) 
sodium hypochlorite and then cleaned from sodium hypochlorite with sterile distilled water 4 times. 

Cultural Medium and Conditions 

The content of the culture media is planned to form the most efficient callus for the pistachio varieties and 
their seeds to be used in this study, and the basic composition is MS (Murashige and Skoog 1962) medium. 
This medium was used as the basic nutrient medium and was supplemented with PGRs at different 
concentrations, and each was given a code (such as M1, M2, M3). The media combinations of the different 
PGRs clearly stated in Table 1 were determined by our own preliminary studies and research. 

Table 1. Different PGRs and their concentrations in the media used in the study. 

 NAA (mg/L) IAA (mg/L) 2,4D (mg/L) BAP (mg/L) 
M1 1 1 1 1 
M2   3 1 
M3   1 1 

The pH of the prepared media was adjusted to 5.8 using 1N NaOH and 1N HCl, and agar (8 g/L) was used 
as the solidifier. The prepared media were autoclaved at 15 psi at 121°C for 20 minutes and distributed in 
sterile plastic petri dishes. Endosperms were taken as explants (approximately 0.5-0.7 cm) from seeds whose 
surface sterilization was completed and placed in the solidified media in Petri dishes. Then, the petri dishes 
were cultured in a culture room with a temperature of 24°C, under 16 hours light - 8 hours dark conditions. 
Measurements were made every 2 weeks and the results of the observation of the developing calli were noted 
(Figure 2). 

 
Figure 2. Calluses of pistachio varieties grown in different mediums. A: Antep variety growing in M1 medium, B: Tekin 

variety growing in M1 medium, C: Siirt variety growing in M2 medium. 

Statistical Analysis 
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Experimental studies were set up in a randomized plot design with three recurrences. Calluses developed 
in different environments were evaluated in terms of weight, size, embryogenic status and contaminations 
developed in the environments. All data calculated as percentages were subjected to arcsine-transformed. The 
obtained data were analyzed using the SAS-JMP statistical program and the differences between them were 
compared with the LSD (least significant difference) multiple comparison test. 

3. Results and Discussion 

Considering the callus weights, Tekin (0.908 g) had the highest value, followed by Siirt (0.770 g) and Antep 
(0.755 g) varieties. There was no statistically significant difference between the varieties of Siirt and Antep. 
Considering the Plant Nutrient Media, M2 (0.952 g) and M1 (0.868 g) were found to be the highest and M3 
(0.613 g) to be the lowest. When the medium and varieties are evaluated together; M2*Tekin (1.136 g) and 
M1*Tekin (1.104 g) were found to be the highest M1*Siirt (0.502 g) and M3*Tekin (0.484 g) the lowest (Table 
2). 

Considering the callus size, no statistical difference could be detected between the cultivars, and it was 
determined that Tekin (1,776 cm), Siirt (1,583 cm) and Antep (1,530 cm) cultivars were ranked from largest to 
smallest, respectively. When the difference between Plant Nutrient Environments is examined; M2 (1,783 cm) 
and M1 (1,739 cm) were the highest, while M3 (1,368 cm) was the lowest. When the medium and cultivars are 
evaluated together, Tekin*M1 (2,050 cm) has the highest value, Siirt*M1 (1,337 cm), Tekin*M3 (1,310 cm) and 
Antep*M3 (1,225 cm) has the lowest value (Table 2). 

Table 2. Experimental results of pistachio cultivars (Tekin, Antep, Siirt) 

Varieties Medium Weight (gr) Size (cm) Embryogenic callus Regeneration rate (%) Contamination (%) 

Tekin 
M1 1,104 a 2,050 a 20 b (26,335) 2 b (8,087) 
M2 1,136 a 1,970 ab 40 a (39,147) 2 b (7,947) 
M3 0,484 d 1,310 d 10 c (18,344) 2 b (7,655) 

Antep 
M1 0,999 ab 1,830 abc 5 cde (12,837) 4 a (11,477) 
M2 0,755 c 1,537 cd 10 c (18,303) 4 a (11,522) 
M3 0,512 d 1,225 d 3 de (9,915) 4 a (11,399) 

Siirt 
M1 0,502 d 1,337 d 3 de (9,752) 5 a (12,910) 
M2 0,966 abc 1,843 abc 7 cd (15,180) 5 a (12,879) 
M3 0,843 bc 1,570 bcd 2 e (7,655) 5 a (12,824) 

P<0.05*, P<0.01**, P<0.001***, LSD value was calculated according to the angle conversion value. Different letters (a–e) 
indicate significant differences according to the LSD test (p ≤ 0.05). LSDWeight: 0.218, LSDSize: 0.425, LSDEmbryogenic callus regeneration 

rate: 5.904, LSDContamination: 3.180 

After evaluating the embryogenic callus regenerations as %, angle transformation was performed and 
shown in Table 2 in parentheses. Accordingly, when the varieties are evaluated; In terms of percentage, the 
best regeneration was detected in Tekin variety (27.94%), followed by Antep (13.68%) and Siirt (10.86%). When 
the Plant Nutrient Environments are evaluated; While M2 had the highest value (24.21%), it was followed by 
M1 (16.30%) and M3 (11.97%), respectively. When the varieties and mediums are evaluated together, 
Tekin*M2 (39.14%), Tekin*M1 (26.33%) and Tekin*M3 (18.34%) were the highest, Antep*M3 (9.91%), Siirt*M1 
(9.75%) and Siirt*M3 (7.65%) were found to have the lowest rates (Table 2). 

In addition to all these studies, observations have been made about contamination, one of the most 
important issues for in vitro tissue culture studies. The angle of the data obtained as a result of these 
observations was made as angle trasformations and sorted from the highest to the lower according to the 
varieties (12.87%), Antep (11.46%) and Tekin (7, 89%). When the environments were evaluated, it was found 
that M1 (10.82%), M2 (10.78%) and M3 (10.62%) respectively. The highest Siirt*M1 (12.91%) and Siirt*M2 
(12.87%) were found when evaluated together and the environments were found together, while the lowest 
Tekin*M2 (7.94%) and Tekin*M1 (7.65%) were found (Table 2). 

Although many studies have been carried out in this area, it is striking that each of them gives different 
results. When some of them are examined; 
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For standardization of in vitro propagation techniques for an endangered palm species Areca concinna 
(Arecaceae), Veluru et al. (2022), conducted studies. Of the three explants, only somatic embryos were obtained 
from mature embryos, with the best response from M72 medium containing 25 mg/L 2,4D. In our study, on 
the other hand, when 2,4D was used with BAP, it gave more successful results. It is clear that it would be 
wrong to evaluate only on the medium, and the effect of plant varieties on callus formation is also important. 
Another factor to consider is the diversity of essential nutrient environments. In a study in this context, 
Nadalizadeh Ghannad et al. (2022) MS and Driver and Kuniyuki Walnut (DKW) investigated the effects of 
different concentrations of PGRs added to their media on callus induction and regeneration. The highest callus 
formation (96%) was observed in DKW medium containing 0.5 mg/L NAA and 1 mg/L Kin. On the other hand, 
the shoot regeneration rate gave the best results (41%-20%) in the same medium containing 1 mg/L BAP + 2 
mg/L NAA, although it differed according to the varieties. In addition, significant differences were observed 
between explants in terms of callus induction and shoot induction.  

Khande et al. (2017) investigated different media combinations for callus formation from leaf and shoot 
explants of Santalum album L. Maximum callus formation was observed in MS + 0.5 mg/L 2,4-D + 0.5 mg/L 
NAA + 0.5 mg/L BAP medium for both leaf (67%) and shoot (46.67%) explants. Callus weights were 
determined as 467.67 mg and 159.67 mg in the same environment, respectively. Although the plants and 
explants are different, callus formation was promoted by the optimization of the environment in our study 
like this study. Embryogenic callus regeneration, callus weight and size were considered rather than percent 
callus formation. In such studies, it would be useful to measure the callus size. In support of this idea, 
researchers who cultured callus on different explants of potato (Haque et al., 2009) included callus weight and 
callus length in their measurements. 

Callus culture studies mostly focus on secondary metabolites and the studies should be supported by 
instrumental analysis. For example, Aghaei et al. (2013) investigated the effects of different concentrations of 
PGRs on callus formations of wild pistachio seedling stem explants. In addition, they compared essential oil 
analyzes in calli. While high callus formation was detected in the medium containing 1 mg/L 6-BAP (85%), the 
lowest callus formation was detected in the medium containing 2 mg/L BA+1 mg/L NAA. Although the main 
components of callus were Bornyl acetate (9.18%), Spathulenol (5.89%) and Ledol (5.37%), a total of 8 
components were reported. In this study, both explant and PGRs were designed differently. In addition, no 
analysis of secondary metabolites was performed. Data that will enable the development of healthy calli for 
secondary metabolite studies were presented at the variety level. 

Differently, Ceniza et al. (1992) who studied the in vitro callus culture of coconut endosperm examined the 
development of callus and fatty acids. Callus was developed by supplementing with modified Y-3 medium 
(Sugimura and Salvana 1989; Branton and Blake 1983), 20 ppm 2.4 D, 1 ppm BA, 1 ppm 2 ip, 0.25% activated 
carbon, and 0.2% gelrite. It has been determined that while approximately 82% of the total fatty acids are short 
chain fatty acids, long chain fatty acids are reduced to 16%. 

It has been known and investigated for many years that one of the biggest problems encountered in plant 
tissue culture studies is contamination (Cassells et al. 2000; Leifert et al. 1994). Cobrado and Fernandez (2016) 
found that they encountered two fungal species as a source of contamination in their study and that they 
caused the death of the culture material. There have been researchers who mentioned that there are 3-15% 
losses in tissue culture laboratories because of contamination, and they mentioned the importance of the 
sterilization protocol (Tiwari et al. 2012; Leifert et al. 1989). In this study, contaminations were observed and 
calculated as % and it was found to vary between 7.65%-12.91% 2-5%. Predominantly bacterial contaminations 
were encountered, and no typing was done at the strain level. Observations were shared to provide 
preliminary information for future studies. 

4. Conclusion 

Pistachio, also known as green gold, is a plant grown in the world and mostly consumed as dried nuts. 
Pistachio has a very important place in human nutrition thanks to its carbohydrates, proteins, minerals, and 
vitamins. The reproduction of the pistachio plant, which is widely produced in the world, is mostly done with 
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seeds and cuttings. Production with these methods is very difficult and it is not possible to create production 
areas of the required size in a short time. Therefore, in vitro tissue culture techniques are preferred as 
alternative production methods. It is necessary to determine the environment and method according to the 
rootstock plant to be produced. In addition, it is possible to produce valuable secondary metabolites in plants 
with rich nutrient content such as pistachios with callus culture, which is one of the in vitro tissue culture 
methods. For this purpose, callus culture study was started for 3 different pistachio cultivars in this study and 
the effectiveness of MS medium supplemented with different PGRs was examined. It was determined that 
Tekin cultivar gave better results than Siirt and Antep cultivars in terms of embryogenic callus regeneration, 
callus weight and callus size. MS medium containing 3 mg/L BAP and 1 mg/L 2,4D was found to be more 
successful than other medium combinations. Observations were also made for contaminations that cause 
significant problems and product losses in tissue culture, and the contamination rate was determined as 7.65%-
12.91%. 
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