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ABSTRACT: A complete micropropagation protocol was developed for Pistacia vera cv. Ghazvini, an important 

rootstock in Pistachio orchards in Iran. In present study, the efficiency of a new medium called GNH (Garoosi, Nezami 

and Haddad) was investigated against some standard media. Different vitamins, calcium (Ca) sources and plant growth 

regulators (PGRs) were tested on in vitro shoot multiplication and root induction.  Results indicated that mean number 

of shoots (4.25 ± 0.25), and productivity (69.87 ± 9.19 mm) increased significantly when GNH medium formed the basal 

medium, compared to the standard media including Murashige and Skoog medium (MS), Juglans Medium (DKW), and 

McCown Woody Plant Medium (WPM). The most suitable concentration Ca and vitamin sources for shoot multiplication 

were 3.0 mM Ca gluconate and DKW-vitamins. The most suitable PGRs were a combination of 0.5 or 1.0 mg l-1 BAP 

and 0.1 mg l-1 IBA. The highest rooting parameters were obtained when 3.0 mM Ca gluconate or Fe-EDDHA (with 0.2 

mM Fe) were incorporated into the GNH medium containing 2.0 mg l-1 α-naphthalenacetic acid (NAA). Finally, nearly 

70% of the plantlets survived acclimatization in the greenhouse. The results suggested the GNH medium (supplemented 

with Ca gluconate and DKW-vitamins), as a considerable and specific medium for the rapid micropropagation of Pistacia 

vera cv. Ghazvini. 
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INTRODUCTION 

Pistachia vera cv. Ghazvini is one of the most popular 

rootstocks in pistachio orchards in Iran. It shows sever 

tolerance to salinity (21) together with resistance to 

drought as well as calcareous regions (5). Recent reports 

have shown that the micropropagation of some cultivars 

of Pistacia vera using conventional media including MS 

(26), DKW (12) and/or WPM (22) is costly because of  

the low shooting rates as well as losing a large number of 

tissue culture-generated plants, as a result of shoot-tip-

necrosis (STN), leaf chlorosis and the production of black 

base callus at the cut edge of the grown shoots (3, 15, 29).  

Previous efforts to improve the shoot multiplication rate 

in Pistacia vera were mainly focused on the medium 

ingredients including carbon source, plant growth 

regulators, and/or culture conditions (3, 7). However, to 

the best of our knowledge, the role of minerals on 

improving shoot multiplication parameters of Pistacia 

vera have not been well understood yet. Vitamins may 
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also play a decisive role in plant growth and development 

processes (2). Despite this, to date there is no report 

concerning the effect of vitamins on the shoot 

multiplication of Pistacia vera. Aside from the 

aforementioned components, studying the interaction 

effect of different concentrations of BAP with IBA on 

shoot multiplication would be beneficial to develop a 

repeatable protocol for shoot multiplication of this 

rootstock.  Chemical composition of the culture medium 

is one of the most important factors during in vitro rooting 

of woody plants (4). The nutrient medium of Murashige 

and Skoog, conventionally used for the in vitro rooting of 

Pistacia vera, contains iron (Fe) in the chelated form of 

Fe-EDTA (3). However, the results presented by 

Antonopoulou and co- workers  (2007) indicate that the 

concentration of Na2EDTA (37.3 mg l-1) is in excess of 

chelating Fe2+ (27.8 mg l-1 FeSO4.7H2O). Furthermore, 

many problems are attributed to the use of Fe-EDTA, 

such as precipitation, decrease of Fe availability and the 

production of toxic formaldehyde (4, 16, 35).  

On the other hand, the replacement of Fe-EDTA by Fe-

EDDHA has had positive effects on the rooting of various 

species including  Malus sp. (9) Prunus sp. (4, 24), and 

Rosa sp. (30). However, there is no report concerning the 

effect of different Fe sources on in vitro rooting of 

Pistacia vera.The main objectives of the present study are 

to develop an integrated protocol for the 

micropropagation of Pistacia vera cv. Ghazvini with 

emphasis on a) introducing GNH medium (a new 

medium) compared to the other standard media including 

MS, WPM, and DKW; b) studying the effect of different 

Ca and vitamin sources, BAP as well as IBA on shoot 

multiplication and c) studying the effect of different Ca 

and Fe sources on in vitro rooting of this rootstock.  

 

MATERIALS AND METHODS 
 

Axillary nodal segments of pistachio (Pistacia vera, cv. 

Ghazvini) rootstock were obtained generously from the 

Agriculture Research Center of Qazvin Province, Iran. 

The nodal sections (2 – 3 cm in height, containing 

dormant vegetative axillary buds) were excised from 30-

year-old trees and used as explants to establish the 

micropropagation system. The nodal sections were 

washed under running tap water and were then sterilized 

in 96% ethanol for 3-4 s, followed by 0.1% HgCl2 

solution containing 0.1% (v/v) Tween-20, for 5 min. The 

explants were then rinsed 3 times with sterile distilled 

water. Finally, dormant buds with a small amount of 

surrounding tissue were separated from the nodal sections 

and placed vertically in a natural orientation on the MS 

medium (26) supplemented with 3% sucrose, 1.0 mg l-1 

BAP (6-benzylaminopurine), 0.1 mg l-1 IBA (Indole-3-

butyric acid), and 0.57% Plant Agar (Duchefa).  

The pH was adjusted to 5.7 prior to autoclaving (121ºC, 

1 kg. cm-2. s-1 for 20 min). The cultures were kept under 

16 h photoperiod (white fluorescent lamps; irradiance of 

65 µmol. m-2. s-1) and day/night temperature of 25/22 ± 

2°C) and subcultured into a fresh medium every 3 to 4 

weeks. Shoot multiplication experiments. In the first 

experiment, GNH medium (27) was tested in 

combination with  GNH1, GNH2, standard MS (26),  

Woody plant medium (WPM) (22)  and DKW (12) media 

(Table 1).  

In the second experiment, the GNH medium (free of Ca 

and vitamins) was used as the basal medium and the 

effect of Ca source (1200 mg l-1 (3.0 mM) Ca gluconate 

or 800 mg l-1 (3.38 mM) Ca Nitrate)  in combination with 

MS-vitamins (26), DKW-vitamins (12), or Gamborg B5-

vitamins (14)  (Table 1) was investigated. In the third 

experiment, the effects of different concentrations of 

BAP (0.0, 0.5, 1.0, or 2.0 mg l-1) in combination with IBA 

(0.0, 0.1, or 0.2 mg l-1) based on GNH medium 

supplemented with Ca gluconate (3.0 mM) or Ca Nitrate 

(3.38 mM) were tested. All the media were supplemented 

with 3% sucrose, 1.0 mg l-1 BAP, 0.1 mg l-1 IBA, and 

0.57% Plant Agar and pH adjusted to 5.7 before 

autoclaving. Each experiment, with a completely 

randomized design with subsampling, consisted of four 

replications with 4 shoots per treatment. These explants 

had been obtained from shoot-tip multiplication cultures. 

The experiments were repeated three times.  Mean 

number of shoots, shoot length, fresh weight and 

productivity (sum of mean number of shoots × Length) 

per explant as well as growth quality observations were 

recorded. Rooting experiments. For root induction and 

elongation, well developed shoots (1 to 3 cm in length) 

were used. 

In the first experiment, the effect of IBA and NAA each 

at 0.0, 1.0, 2.0, 3.0, or 4.0 mg l-1 based on GNH medium 

supplemented with 3% sucrose and 0.57% Plant Agar 

were investigated, separately. Shoots were grown on 

auxin-containing medium for one week and then on the 

auxin-free medium for the next two weeks.  

In the second experiment, the effects of Ca source (3.38 

mM Ca Nitrate or 3.0 mM Ca gluconate), Fe source 

[FeCl3 (with 0.1 mM Fe), Fe-EDTA (with 0.1 mM Fe), 
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Table 1. Mineral compositions (mg l-1) of the different culture media according to commercial formulations (Duchefa 2003-2005) used 

for Pistacia vera cv. Ghazvini micropropagation. 

 

or Fe-EDDHA (with 0.1 or 0.2 mM Fe)] on rooting of 

shoots were determined based on the GNH medium 

supplemented with 3% sucrose, 2.0 mg l-1 NAA, and 

0.57% Plant Agar. The choice of auxin was based on the 

results of the first experiment. Each experiment, with a 

completely randomized design, consisted of four 

replicates with 4 shoots per treatment. These explants had 

been obtained from shoot-tip multiplication cultures. The 

experiments were repeated three times. The percentage of 

rooted shoots per treatment, the number of roots per 

rooted shoot, and root length were determined. 

Acclimatization of the rooted plantlets. After 4 to 5 weeks 

on the rooting medium, rooted plantlets were washed and 

transplanted into 10 × 9 cm plastic pots containing 

sterilized the mixture (3 Perlite: 1 peat moss). Plantlets 

were acclimatized for 3 weeks in plastic boxes placed in 

a growth chamber at 24 °C under a 16 h photoperiod (100 

µ mol. m-2.s-1). Covers were gradually opened during the 

last week to lower the humidity, followed by transferring 

the acclimatized plants to a greenhouse in 16 × 15 cm 

plastic pots containing 3 peat moss: 1 perlit. 

Data analysis 

Since the data did not follow a normal distribution, the 

number of shoots and roots were square root transformed 

and rooting percentage was arcsin transformed. The 

transformed data were then analyzed with the analysis of 

variance using the GLM procedure of SAS Software 

(Version 9.1) followed by Duncan's multiple range test 

(DMRT) to test for significant differences between means 

at P ≤ 0.05. 

 

RESULTS  
 

Most explants (60%) were free from contamination after 

sterilization. Axillary buds break appeared 3 to 4 weeks 

after placing the explants on the MS medium containing 

1.0 mg l-1 BAP and 0.1 mg l-1 IBA. After 5 to 6 weeks, 

shoots were 1.0 to 1.5 cm in length and excised into shoot 

tips and nodal sections for shoot multiplication. Medium 

browning because of secretion of phenolic compounds 

occurred within a few days after culture, but was 

diminished by frequent transferring to the fresh medium 

 
Media  

MS DKW WPM Gambo5 GNH GNH1 GNH2 

Macroelements (mg l-1)       

NH4NO3 1650 1416 400 - 1650 1650 1650 

KNO3 1900 - - - 25 25 25 

MgSO4.7H2O 370 740 370 - 540 540 540 

CaCl2.2H2O 440 147 96 - - 147 147 

Ca(NO3)2.4H2O  1960 556       - 800 1960 1960 

KH2PO4 170 259 170 - 300 300 300 

NaH2PO4 - - - - 50 50 50 

K2SO4 - 1560 990 - - - 1560 

Microelements (mg l-1)       

MnSO4.H2O 16.9 33.5 22.3 - 16.9 16.9 16.9 

ZnSO4.7H2O 8.60 17 8.60 - 8.60 8.60 8.60 

H3BO3 6.20 4.8 6.20 - 6.20 6.20 6.20 

FeSO4.7H2O 27.8 33.4 27.8 - 27.8 27.8 27.8 

Na2EDTA 37.3 44.7 37.3 - 37.3 37.3 37.3 

KI 0.830 - - - 0.830 0.830 0.830 

CuSO4.5H2O 0.025 0.25 0.25 - 0.025 0.025 0.025 

CoCl2.6H2O 0.025 - - - 0.025 0.025 0.025 

Na2MoO4.2H2O 0.250 0.39 0.25 - 0.250 0.250 0.250 

Vitamins (mg l-1)        

Thiamine-HCl 0.1 2.0 1.0 10 0.1 0.1 0.1 

Nicotinic acid 0.5 1.0 0.5 1.0 0.5 0.5 0.5 

Pyridoxine-HCl 0.5 2.0 0.5 1.0 0.5 0.5 0.5 

Glycine 2.0 2.0 2.0 - 2.0 2.0 2.0 

myo-Inositol 100 100 100 100 100 100 100 
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Table 2. Effect of different basal media containing 30 g l-1 sucrose, 1.0 mg l-1 BAP, and 0.1 mg l-1 IBA on the mean number of shoots, 

fresh weight, shoot length, and productivity of Pistacia vera cv. Ghazvini shoot tips. Means ± SE of 4 replicates each with four cultures; 

different letters within a column indicate significant differences at P ≤ 0.05 according to DMRT. 

 
 

during the first weeks after initiation. First experiment: 

Number of shoots (P = 0.0005), fresh weight (P = 

0.0354), average length (P = 0.008), and productivity (P 

= 0.0067) were significantly affected by the medium, so 

that the greatest shoot number (4.25) with the highest 

productivity (69.87 mm) were observed on the GNH 

medium (Table 2). Whilst almost two shoots were 

produced on the MS, WPM, and DKW media, the longest 

shoots (up to 2.0 cm) were obtained on the latter one. The 

shoots grown on the GNH1 and GNH2 media, on the other 

hand, were yellowish with significantly fewer shoot 

number than GNH medium. In addition, the shoots grown 

on both MS and WPM were yellowish and shorter with 

the lowest productivity (Table 2). Whereas, on the GNH 

medium, the shoots were healthy with the production of 

fewer calli (at the cut edge) compared to DKW, GNH1, 

and GNH2 (Data not shown). Second experiment: From 

the above mentioned results, GNH medium was, 

substituted as the basal medium to study the effect of Ca 

source, including 1200 mg l-1 (3.0 mM) Ca gluconate or 

800 mg l-1 (3.38 mM) Ca Nitrate in combination with 

different vitamin sources including MS-vitamins, DKW-

vitamins, or Gamborg B5-vitamins. Results indicate that 

the main factors (Ca and vitamin sources) significantly 

affected shoot number (P = 0.0043 and P = 0.0001, 

respectively) fresh weight (P = 0.0001), shoot length (P = 

0.0001), and productivity (P = 0.0001), giving the 

maximum mean number of shoots on the GNH medium 

supplemented with either 3.0 mM Ca gluconate (4.67) or 

DKW-vitamins (5.25) (Fig. 1A and B). 

Also, the greatest fresh weight (0.93 g) was produced on 

the medium supplemented with DKW-vitamins (Fig. 

1C). The role of Ca Nitrate, on the other hand, was 

noticeable on both shoot length and productivity 

parameters, attaining the longest shoots (19.05 mm) with 

the highest productivity (71.74 mm) (Fig. 1D and E). MS- 
 

 

vitamins, therefore, was replaced by DKW-vitamins to 

form the vitamin source of GNH medium.   

Finally, in the last shoot-multiplication experiment (third 

experiment), the effect of different Ca sources (Ca 

gluconate or Ca Nitrate) in combination with IBA (0.0, 

0.1, or 0.2 mg l-1) and BAP (0.0, 0.5, 1.0, or 2.0 mg l-1) 

based on GNH medium were tested. 

The results of ANOVA indicate that the number of shoots 

and fresh weight were significantly influenced by Ca 

source, IBA, and BAP. On the contrary, shoot length and 

productivity were significantly affected by the interaction 

effect of Ca source × BAP (each P = 0.0001) (data not 

shown). 

The greatest mean number of shoots (3.86; P = 0.003) was 

obtained in the presence of Ca gluconate, whereas the 

highest fresh weight (0.8; P = 0.0001) was observed when 

Ca Nitrate was incorporated into the medium (Fig. 2A 

and B). 

On the contrary, all shoots grown on the media 

supplemented  with 0.5 mg l-1 BAP  (3.38) were healthy 

Medium 
Shoot Number ±  

SE 
Fresh weight (g) ± SE Shoot length (mm) ± SE Productivity (mm) ± SE 

GNH 4.25±0.25a 0.27±0.03abc 16.25±1.63ab 69.87±9.19a 

GNH1 2.06±0.24b 0.33±0.02ab 14.53±1.40abc 33.27±7.31bc 

GNH2 2.18±0.26b 0.38±0.04a 15.87±2.03ab 40.62±8.5bc 

MS 1.93±0.18b 0.23±0.03bc 10.80±0.75bc 21.2±2.79c 

WPM 2.08±0.28b 0.217±0.03bc 9.8±0.38c 20.83±3.23c 

DKW 2.56±0.30b 0.27±0.02abc 19.68±1.75a 52.62±9.02ab 
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Figure 1. The effect of Ca and vitamin sources on the mean number of shoots (A, B), fresh weight (C), shoot length (D), and 

productivity (E) in Pistacia vera cv. Ghazvini. Means ± SE of 4 replicates each with four cultures; different letters indicate significant 

differences at P ≤ 0.05 according to DMRT; Vertical bars show standard errors.

but almost 25% of the obtained shoots in the medium 

containing 2.0 mg l-1 BAP were discarded as a result of 

hyperhydricity and STN (Data not shown). The effect of 

IBA, on the other hand, for the mean number of shoots 

was significantly different (P = 0.0157), giving the 

greatest shoot numbers (3.87) when medium was 

supplemented with 0.1 mg l-1 IBA (Fig. 2E). The effect of 

IBA, on the other hand, for the mean number of shoots 

was significantly different (P = 0.0157), giving the 

greatest shoot numbers (3.87) when medium was 

supplemented with 0.1 mg l-1 IBA (Fig. 2E). 

Finally, shoot length and productivity were affected 

significantly by the interaction effect of BAP × Ca source 

(each P = 0.0001). In the media supplemented with Ca 

nitrate, using either 1.0 or 2.0 mg dm -3, the highest shoot 

length and productivity (22.54 and 97.37 mm, 

respectively) (Fig. 2F-1 and F-2) were observed, whilst 

2.0 mg l-1 BAP in the presence of Ca gluconate produced 

the highest shoots (11.96 mm) with the greatest 

productivity (56.85 mm) (Fig. 2 G-1 and G-2). Rooting 

experiments. Well-developed shoots (with 1.0 to 2.0 cm 

in length) were used as the plant material to establish 

rooting experiments. While callus was visible at the shoot 

base after 1 week of culture on the auxin-containing GNH 

medium, a subsequent transferring on auxin-free GNH 

medium for 2 weeks was sufficient to initiate root 

elongation. Results of the first experiment indicate that 

NAA induced roots more effectively than IBA, producing  
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Figure 2. The effect of  Ca souce, different concentrations of 

IBA, and BAP on the mean number of shoots (A, B, and C), 

fresh weight (D and E), shoot length in media supplemented 

with Ca nitrate (F-1) and Ca gluconate (F-2), and  finally, 

productivity in media supplemented with Ca nitrate (G-1) and 

Ca gluconate (G-2) in Pisiacia vera cv. Ghazvini. Means ± SE 

of 4 replicates each with four cultures; different letters indicate 

significant differences at P ≤ 0.05 according to DMRT; Vertical 

bars show standard errors. 
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a maximum of 18% shoots forming roots with 2.0 mg l-1 

NAA (Data not shown). In the second rooting 

experiment, the effect of different Ca and Fe sources 

using 2.0 mg l-1 NAA based on GNH medium was 

studied. Results indicate that both factors (Ca and Fe 

sources) significantly affected the rooting parameters 

including rooting percentage (P = 0.0013 and P = 0.0001, 

respectively), mean number of roots per shoot (P = 0.017 

and P = 0.0001, respectively), and root length (P = 0.0121 

and P = 0.0001, respectively), whilst their interaction was 

not significantly influenced (data not shown).  

Ca gluconate compared to Ca nitrate improved rooting 

 

 percentage (46.87 %), mean number of roots (1.28), and 

root length (17.25 mm) (Fig. 3A, B, and C). Fe source had 

also a highly a significant effect on the parameters 

studied. The highest rooting percentage (71.87 %), the 

mean number of roots per shoot (3.0), and root length 

(44.99 mm) were obtained when Fe-EDDHA (with Fe = 

0.2 mM) formed the Fe source of medium (Fig. 3D, E, 

and F). Whilst, the incorporation of Fe-EDDHA (with Fe 

= 0.1mM) compared to Fe-EDTA improved 2.0 folds 

(40.62 %) the rooting percentage, the lowest rooting 

percentage (9.37 %) was observed when FeCl3 (an 

inorganic Fe source) was incorporated into the medium 

(Fig. 4c). 

 

 

 

     

Figure 3. The effect of different Ca and Fe sources on the rooting percentage (A and D), the mean number of roots per shoot (B and 

E), and root length (C and F) for shoots from shoot tips of Pistacia vera cv. Ghazvini. Means ± SE of 4 replicates each with four 

cultures; different letters indicate significant differences at P ≤ 0.05 according to DMRT; Vertical bars show standard errors.
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Figure 4. Different stages of pistachio micropropagation. Shoot proliferation: a) GNH medium supplemented with 1 mg l-1 BAP, 0.1       

mg l-1 IBA, DKW-vitamins; b) GNH medium supplemented with 2 mg l-1 BAP, 0.1 mg l-1 IBA, DKW-vitamin. Rooting stages: c) 

GNH medium containing 1200 mg l-1 Ca gluconate and 2.0 mg l-1 NAA. Acclimatization stage: d) Plastic pots containing sterilized 

mixture (3 peat moss: 1 perlit) (bar = 9 mm for all pictures).  

 

Acclimatization of the rooted plantlets. In vitro plantlets 

were actively growing during the acclimatization process 

and no stress symptoms were observed after transfer to 

the greenhouse and transplanting to larger pots. In total, 

nearly 70% of the potted pistachio plantlets survived 

acclimatization (Fig. 4d).    

 

DISCUSSION 
 

Establishing reliable protocols for the mass 

multiplication of some economical cultivars of Pistacia 

vera is still one of the important subjects for in vitro plant 

culture researchers. There are numerous reports 

indicating that the in vitro establishment of Pistacia vera 

species on the standard media including MS, WPM, and 

DKW has been limited because of hyperhydricity, shoot 

tip necrosis, and the production of base callus at the cut 

edge (1, 3, 11). 

In agreement with previous literatures, a primary 

comparison in the mineral composition of the standard 

media including DKW, MS, and WPM, indicated that 

each one of these media suffered from some deficits in its 

mineral composition (20, 31). The most important 

difference between GNH medium and  the standard 

media (MS, WPM, and DKW)  is a decrease in the 

concentration of Cl-, SO4
2-, K+, Ca2+ (37; Table 3).  The 

NO3
- / NH4

+ ratio together with sufficient total nitrogen 

are amongst the main pre-requirements to increase the 

multiplication rate in plants (20).  

For instance, in agreement with our results (Table 2), Bell 

and coworkers (2009) reported that the low nitrogen 

content of the WPM led to chlorosis symptoms with the 

subsequent negative effects on shoot regeneration of pear, 

as a sensitive member of Prunus sp. to medium minerals.  

The K+ / Ca2+ ratio also play a decisive role in improving 

growth parameters.  Malavolta and coworkers (1997) 

reported that the high K+ / Ca2+ ratio causes Fe deficiency 

in culture media. Interestingly, the calculation of the 

mentioned equation, indicate that GNH medium with a 

K+ / Ca2+ ratio of 0.83 is the lowest one in comparison 

with MS, DKW, and WPM (Table 3). These results are in 

coincidence with those previous reports (28). 

A B 

C D 
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Table 3. Ion concentrations of the different culture media used for Pistacia vera cv. Ghazvini micropropagation. Minerals are based 

upon conversion from mg l-1 amounts. 

 
Media 

MS DKW WPM GNH GNH1 GNH2 

Ion composition [mM]      

NH4+ 20.61 17.70 5.00 20.61 20.61 20.61 

NO3- 39.41 34.3 9.71 29.34 37.45 37.45 

PO42- 1.25 1.95 1.25 2.85 2.85 2.85 

SO42- 1.81 9.22 7.56 2.42 2.42 11.68 

K+ 20.04 19.85 12.61 2.73 2.73 20.63 

Mg2+ 1.50 3.00 1.50 2.19 2.19 2.19 

Ca2+ 2.99 9.31 3.01 3.38 9.31 9.30 

Cl- 5.99 2.00 1.31 - 2.02 2.02 

Fe2+ 0.10 0.12 0.10 0.10 0.10 0.10 

Summary values for inorganic components 

Total N 60.0 52.0 14.8 50.0 58.1 58.1 

NO3-/NH4+ 1.90 1.90 2.00 1.42 1.81 1.81 

K+/Ca2+ 6.70 2.13 4.18 0.81 0.29 2.21 

 

This does not, however, support the hypothesis proposed 

by Bosela and Michler (2008), where potassium dilution 

from 20.1 to 8.1 mM resulted in a 2- to 3-fold increase in 

hyperhydricity, indicating needs to the addition of 

potassium at high concentrations to the medium. Correria 

and coworkers (2003) reported that Ca depletion effects 

are always visible in young leaves, although 

photosynthetic efficiency is not affected. In this study, 

two new media were designed (GNH1 and GNH2, Tables 

1 and 3) to assess the effect of Ca2+ and SO4
2- of the DKW 

on shoot multiplication. As a result, growth parameters 

were not improved compared to the GNH medium, 

leading to a hypothesis that these ions are in excess of the 

required amounts for pistachio shoot growth and 

multiplication.  

This is in agreement with our previous report (28) where 

the optimum concentration of Ca2+ for Prunus sp. shoot 

multiplication using Neurofuzzy logic technology was 

determined up to 3.0 mM. Morad and Henry (1998) in 

contrast to our findings, proposed a new mineral 

composition for in vitro culture of Solanum paludosum 

with a large amount of Calcium than that of potassium 

element.  The available reports indicate that the Cl- of 

media would also be responsible for hyperhydricity 

symptoms in woody plants (11, 32).    

The results presented here, indicated that pistachio shoot 

multiplication was also affected by the Ca source, giving 

the greatest shoot number with fewer STN symptoms on 

the medium supplemented with 3.0 mM Ca gluconate 

compared to the medium supplemented with Ca nitrate. 

Ramage and Williams (2002) proposed that cytokinin-

induced adventitious bud formation in Torenia may have 

partially originated from an increase in intracellular Ca. 

These uptakes may be a possible reason to the highest 

shoot multiplication ratio in the media supplemented with 

Ca gluconate rather than with Ca nitrate. Moreover, in 

agreement with our finding, results reported by others 

revealed that the use of Ca gluconate at the range of 9 to 

15 mM had no significant effect on the mean number of 

shoots of woody plants, especially in Pistacia vera (1, 11), 

giving the hypothesis that to obtain a desirable shoot 

multiplication rate, one needs to consider a threshold 

level for Ca. To support the proposed idea, our 

unpublished results indicated that the use of Ca gluconate 

up to 3.0 mM significantly increased the shoot number in 

pistachio compared to its higher concentrations (15 or 30 

mM).   

Regarding the effect of different vitamin sources on the 

growth quality, the shoots grown on DKW-vitamins (with 

2.0 mg l-1 Thiamine-HCl) were healthy with dark green 

leaves in comparison with the shoots grown on MS-

vitamins (with 0.1 mg l-1 Thiamine-HCl) and Gamborg 

B5-vitamins (with 10 mg l-1 Thiamine-HCl) (Data not 

shown). By looking at the components of the vitamin 

sources, it seems likely that thiamine would mainly be 

responsible for these observations, since it varies from 0.1 

mg l-1 to 10 mg l-1.  Hwan lee and Soonok (2005) reported 

that thiamine plays a crucial role in metabolic reactions 
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such as glycolysis or in pentose phosphate and 

tricarboxilic acid cycles. They also showed that, it is a 

secondary messenger in activation of proteins with low 

molecular weights as well as the activation of defective 

enzymes which increase plant resistance to pathogens. 

Cytokines and auxins have been widely used during the 

micropropagation of Pistacia vera BAP at 0.5 -2.5 mg l-1 

and IBA at 0.0-0.5 mg l-1 concentrations have been shown 

to be the most suitable combinations for the mass 

multiplication of pistachio (18, 34).  
 

Nevertheless, there is no report concerning the 

simultaneous application of different Ca sources with 

PGRs for the micropropagation of Pistacia vera cv. 

Ghazvini, in particular. Interestingly, results presented 

herein revealed the significant effects of “Ca source × 

BAP” for both shoot length and productivity, giving the 

longest shoots and greatest productivity when using BAP 

at higher concentrations (Fig. 2). However, with the 

limits of this study, the including of BAP at mentioned 

concentrations did not significantly have a suppressive 

effect on shoots height, suggesting the application of 

BAP beyond 2.0 mg l-1 as threshold for mentioned growth 

parameter. For shoot multiplication, the use of 0.1 mg l-1 

IBA in combination with either 0.5 or 1.0 mg l-1 BAP 

gave the highest shoot multiplication rate in this 

rootstock. 
 

Fe deficiency as well as its excess in the medium may 

have a negative impact on in vitro rooting. It has been 

shown that Fe-EDTA, commonly used as the Fe source in 

the media, causes many problems such as Fe deficiency 

and the production of toxic compounds (4, 35). In this 

study the highest rooting percentage was attained when 

187 mg l-1 Fe-EDDHA (Fe = 0.2 mM) (71.87 %) used as 

the Fe source of the medium. Concerning the effect of 

different Fe sources including FeCl3, Fe-EDTA, and Fe-

EDDHA (each with 0.1 mM Fe), the greatest rooting 

percentage (43.6 %) was observed when Fe-EDDHA 

used, whereas it significantly decreased by 9.37% when 

an inorganic Fe source (FeCl3) was integrated into the 

medium. These findings are also in agreement with the 

reports on other woody plants, Prunus sp. (4, 24). 

Calcium is one of the decisive components in the medium 

contributing in many plant physiological processes (17, 

33). Results presented herein indicated for the first time 

that Ca source is also important to enhance rooting 

percentage of pistachio, giving the highest rooting 

percentage in the medium supplemented with 3.0 mM Ca 

gluconate, compared to Ca nitrate with the same 

concentration. 

Finally, the rooted shoots were successfully acclimatized 

in the sterilized peat moss and perlite mixture. The 

highest survival-viability percentage was observed in 4 

weeks after transfer to in vivo conditions. From the 

results it could be concluded that a) GNH medium would 

be a possible option to be used as a basal medium for the 

multiplication of Pistacia vera compared to MS, WPM, 

and DKW; b) shoot multiplication was significantly 

increased when Ca gluconate   and DKW-vitamins were 

incorporated into the media, in comparison with the other 

sources tested; c) rooting parameters were significantly 

affected by both Ca and Fe sources, giving the highest 

rooting percentage on the media supplemented with Fe-

EDDHA and Ca  gluconate. 
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  چکیده

هاي ، یکی از پایه cv. Ghazvini Pistacia veraدر این پژوهش یک دستورالعمل کاربردي براي ریزازدیادي پایه رویشی پسته قزوینی 

)  GNH )Garoosi, Nezami and Haddaکشت جدید مطالعه، تاثیر محیطهاي پسته ایران، توسعه داده شد. در این مهم رویشی در باغ

هاي رشدي گیاهی در کنندهمنابع مختلف ویتامین، کلسیم و تنظیم هاي استاندارد مورد بررسی قرار گرفت.کشتدر مقابل برخی محیط

کشت به عنوان محیط GNHکشت استفاده از محیطشیشه آزمایش گردید. نتایج نشان داد که  زایی و القاي ریشه در شرایط درونساقه

هاي کشت) در مقایسه با محیط87/69 ± 19/9) و میزان پرآوري (25/4 ± 25/0زایی (پایه، منجر به افزایش  معنی دار میانگین ساقه

  McCown Woody Plant Medium(WPM)و  Murashige and Skoog (MS) ،Juglans (DKW)هاي کشتاستاندارد مثل محیط

 DKWکشت هاي محیطموالر کلسیم گلوکونات و ویتامینمیلی 3/0زایی ترین غلظت منابع کلسیم و ویتامین جهت ساقهگردید. مناسب

 5/0ها ترکیبی از هاي رشدي گیاهی و بهترین غلظت آنکنندهترین تنظیمبود که اختالف معنی داري با تیمارهاي شاهد داشت. مناسب

 2/0( داراي  Fe-EDDHAموالر کلسیم گلوکونات یا میلی 3/0بودند. زمانیکه  IBAگرم بر لیتر میلی 1/0و  BAPبر لیتر  گرممیلی 1/0یا 

زایی افزوده شد، بیشترین میزان ریشه (NAA)استیک اسید گرم بر لیتر نفتالنمیلی 2/0حاوي  GNHکشت ) داخل محیطFeموالرمیلی

کشت ها براي سازگاري در گلخانه مورد مطالعه قرار گرفتند. بر اساس نتایج، محیطدرصد گیاهچه 70حاصل گردید. در نهایت، حدود 

GNH کشت هاي محیط(حاوي کلسیم گلوکونات و ویتامینDKWکشت قابل توجه واختصاصی براي ریزازدیادي سریع )، به عنوان محیط

Pistacia vera cv. Ghazvini گردد.پیشنهاد می 

  ها، کلسیم گلوکونات.ها، ویتامین، ریزمغذيGNHکشت ، محیطPistacia vera، Ghazviniریزازدیادي، کلیدي:  کلمات

 

  


