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ABSTRACT

Keywords:

Pistachio is one of the important horticultural crops, comprising 6.4% of the agricultural exports of

Additive variance;

Iran. In this study, the genetics of some early growth traits of 40 pistachio genotypes was evaluated

Dominance variance;

under a greenhouse setting. The 40 genotypes were created by crossing eight male trees with five

Genetic gain;

female individuals using the North Carolina I mating design. The experimental design was a

Genotypes;
North Carolina;
Vegetative growth

completely randomized design (CRD) with three replications established in the greenhouse.
Seedlings were assessed for stem height, number of leaves, roots, and shoot dry weight. The results
revealed significant variation for the phenotypic traits assessed among the male parents. Male M6
had the lowest height among the genotypes. Males M4 and M2 had the highest and lowest number
of leaves, respectively. The offspring of male M7 had maximum shoot and root dry weight. The

offspring of females within males were significantly different. Regarding all studied traits of
hybrids plants derived from (male M7×Fendoghi-48) had the highest height, leaf number and shoot
dry weight. So M7 was the best male for mating and selection for good early seedling growth in
pistachio because genotypes with a taller stem had better vegetative growth which can be used for
producing rootstocks. For all studied traits, the amount of additive variance was greater than
dominance variance, and shoot dry weight had the highest narrow-sense heritability (0.518) and the
most expected relative genetic gain with 10% of selection intensity, indicating that the selection
can be used to improve these early growth traits in pistachio.
Introduction
Pistachio is one of the most important horticultural

Afghanistan (Abdullatif Shakhi et al., 2019). In Iran,

products in Iran (Sharifkhah et al., 2020; Norozi et al.,

two pistachio species, P. atlantica (wild pistachio) and

2019). The global export and production share of

P. khinjuk, grow on a large scale in many parts of the

pistachios worldwide in 2019/2020 was 6.4%, and

Zagros and Alborz mountains (Pourreza et al., 2008;

31%, respectively (Statista, 2019/2020). However, the

Ahmadi Afzadi et al., 2007).

yield of pistachio in Iran (1300 kg/ha) is lower than in

There are about 11 wild species in the genus

the main pistachio-producing countries (FAO, 2017).

Pistacia, and their importance is significant as

All Iranian edible pistachios belong to the species

rootstock seed sources for cultivated P. vera and forest

Pistacia vera L. The center of diversity of P. vera is

trees. Published information on the pistachio genome

northern Iran, southern Turkmenistan, and parts of

is limited (Motalebipour et al., 2016; Kafkas et al.,
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2002). P. atlantica is used as a rootstock for edible

date ranged from 0.68 to 0.88 and of leafing date from

pistachio trees.

0.60 to 0.75 (Chao et al., 2003).

Because pistachio trees are dioecious, and due to

The genetic study of phenological traits requires a

their cross-pollination, high genetic segregation occurs

long time (Fallahi et al., 2014). Chao et al. (1998)

in seedlings. Therefore, seedlings differ in growth

studied progenies from 78 different crosses from 1989

rate, nutrient absorption, resistance to drought stress,

to 1996 and reported that heritability estimates for nut

and salinity (Rezaei et al., 2019). Thus, non-

characters, tree size, and Alternaria late blight

uniformity in pistachio orchards has made orchard

resistance ranged from 0.88 to 0.99. For planning a

management difficult (Litz, 2005).

new orcharmarkerd, replacing unsuitable stocks (low

An investigation into the genetic variability and

growth rate) by developed rootstocks with rapid

heritability of early growth traits in P. atlantica found

vegetative growth, as well as identifying suitable

that this species has a sufficient genetic variation to be

pollinator varieties are important objectives of

used in breeding programs (Seyedi et al., 2012).

breeding programs in pistachio cultivars.

Today, different methods are used to study genetic

The results of the study on genetic variation in P.

diversity in Pistacia vera using fruit and leaf

atlantica showed that early growth traits (e.g., plant

morphology, biochemical traits, and the use of

height and number of leaves) had the highest

molecular markers of DNA (Hormaza et al., 1994;

variation. The narrow-sense heritability of crown

Ghareyazie et al., 1995; Pourkhaloee et al., 2017;

diameter, number of leaves, and branch length were

Baghazadeh Daryaii et al., 2020). The use of

moderate (0.53, 0.46, and 0.43, respectively) and of

morphological traits of plants, however, is one of the

seedling height was high (0.71) (Seyedi et al., 2012).

oldest classification tools (Caruso et al., 1998).

In a research project on Pistacia vera, genetic

One of the most important factors affecting plant

analysis

showed

that

the

high

magnitude

of

breeding is genetic diversity (Imani et al., 2022;

phenotypic and genotypic coefficients of variance

Soltani et al., 2022). Therefore, the identification and

along with broad-sense heritability and genetic gain

estimation of genetic variation and its nature are very

were estimated in relative water protection, excised

important for a successful breeding program (Vahdati

leaf water loss, relative water content, and relative

et al., 2020). Not only is information about genetic

water loss under drought stress conditions, indicating

diversity important, but knowledge of the traits and

that the inheritance of these traits can be mainly

population sizes of plant germplasm also has

controlled by additive gene effects followed by

importance

and

reflecting the possibility of effective selection in order

sustainable use in plant breeding programs, as well as

to genetically improve these traits (Hasheminasab and

other agriculture, uses (Khadivi, 2018; Shahghobadi et

Mohammadtaghi Asad, 2017; Safavi et al., 2011).

for

conservation,

detection,

al., 2018).

Kashanizadeh et al (2020) evaluated the effect of

Heritability and genetic gain are commonly used

artificial pollination on pistachio trees in orchards.

by plant breeders to estimate the accuracy of a

Their results indicated that artificial pollination had a

selection index and for measuring the response to

significant effect on quantitative traits such as the

selection (Hajnajari et al. 2012; Hasheminasab and

number of flowers and fruits per cluster, reduced the

Mohammadtaghi Asad, 2017). The heritability of

percentage of blank fruits, and determined the best

some phenological traits of pistachio, such as

male tree for pollination. Therefore, the source of

flowering and leafing date, was estimated based on

pollen grains is very important in the quantitative

half-sib

traits of pistachios.

family

and

parent-offspring

regression

analysis. The narrow-sense heritability of flowering

Information about gene actions, additive or
dominance variances, and heritability are basic
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requirements in an early vegetative traits breeding

dominance effects, the selection from the progeny of

program in pistachio. Genetic information about the

controlled artificial crosses should be more successful

quantity and type of a gene's action in controlling

in choosing the suitable and vigorous rootstock. If it is

vegetative traits in pistachios through controlled

possible

crosses in the sources is rare. Most of its wide genetic

identifying the best seedlings from artificially

variability has not been exploited to solve production

controlled crosses is more successful. Therefore, the

drawbacks.

was

main purpose of this study was to determine the

established in 1989/90 at IRTA- Mas Bové which

relative share of additive and dominance effects of

produced about 2000 seedlings derived from 31

genes in early growth characteristics to introduce the

crosses, and this project provides information about

best pollinator and crosses to select the best seedlings

the interest of some cross-combinations for two

for use as rootstock. Therefore, in this study, additive

pistachio traits, including vigor and leafing date

(σ2A)

(Vargas et al., 1995). Regarding vigor, measured as

heritability, and genetic gain for some seedling growth

trunk diameter of the seedlings, significant differences

traits in P. vera were estimated.

A

limited

crossing

program

to

and

reproduce

dominance

through

(σ2D)

tissue

genetic

culture,

variance,

were found between families.
Materials and Methods

The results of 12 crosses showed that offspring of
'Mateur' × 'C' and 'Mateur' × 'M-502' were vigorous,

To obtain the required seeds, 8 male trees (source

while progenies derived from 'Larnaka' × 'Nazar',

of pollen) and 40 female trees were randomly selected

'Larnaka' × 'M-502', 'Aegina' × 'Enk', and 'Larnaka' ×

from the collection of the Pistachio Research Institute

'M-38' were less vigorous. The cultivar 'Mateur',

of Rafsanjan (Table 1). On February 5, 2016, at the

which is vigorous, gave usually vigorous seedlings,

beginning of the growing season before flowering,

while 'Larnaka', which is less vigorous, produced

coinciding with the time of bud swelling, several

seedlings of more reduced vigor.

branches from the male and female trees were covered

The selection strategy in breeding programs is

with cloth bags to prevent the entry of unwanted

determined by the genetic diversity and function of the

pollens. During pollination, pollen from the male trees

genes contributed in trait control (Brown and Aligari,

was collected, and every male was crossed with 5

2008).

females (except for one case which was crossed with 4

Most of the research that has been done into

females) in the form of North Carolina design I

pistachio breeding has been the study of genetic

(Kearsey and Pooni, 1996). A total of 39 crosses were

diversity or evaluation of seedlings of different

obtained. Labels were attached to the clusters, and

pistachio cultivars against salinity and plant nutrition

they were covered again with cloth bags. At the

in greenhouses, and has used seeds whose female

beginning of September, the seeds were collected and

parent only is known; no information about their male

stored at 4ºC. Then, during the first half of March

parents is available. Therefore, the results which are

2016, all crosses were grown in pots (20 cm diameter

published in the literature are related to the reaction of

containing 4 kg sandy-loom soil with EC=2 ds m-1) at

genotypes whose maternal parent is known, while the

a greenhouse at Vali-e-Asr University of Rafsanjan in

genotype of the seeds of these cultivars changes every

a completely randomized design with 3 replications.

year. On the other hand, the selection of pistachio

The seeds of crosses were soaked in distilled water for

seedlings is made with no knowledge of gene action.

24 h and pretreated with 1% Captan (fungicide)

If the action of genes in the growing power of

solution, then placed in a germinator at 30ºC. Six

pistachio seedlings (e.g., height, the weight of

germinated seeds were planted in each pot, and all

vegetative parts, number of leaves, and root weight) is

pots were uniformly irrigated with tap water at

not additive, or the additive share is less than the
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intervals of 3-4 days (Banakar and Ranjbar, 2010).

the soil surface. After counting the number of leaves

After three weeks, the number of plants was reduced

and measuring stem height (cm), shoots were oven-

by 2 plants per pot, and the average traits measured in

dried at 70ºC for 48 h and weighed (gr) Then, the

the pots were considered for analysis. Three months

underground parts were carefully removed from the

after planting, all the shoots from each pot were cut at

soil, washed and dried, and then weighed (gr).

Table 1. List of 40 female and 8 male’s cultivars are used in this study from Pistachio research institute of Rafsanjan (station No.2),
Iran.
Ravar-3

Ravar-1

Ravar-2

Momtaz

Lahijani

Poostkhormaei

Javadaghaei

Vahedi

Mosabadi

Hasani

Syrisi

Beheshtabadi

Shamsi

Sefid noogh

Amiri

Ghafori

Qazvini

Eitaliaei

Khanjari

Momtaztajabadi

Lak-syrisi

Badamizarand

Khanjaridamghan

Herati

Fendoghi-48

Jandaghi

Fendoghiriz

Shahpasand

Ebrahimi

Gholamrezaei

Sabzpestahnoogh

Badaminishkalaghi

Ebrahimabadi

Akbari

Fendoghizoodras

Hasanzadah

Mohseni

Owhadi

Kallehghoochi

Safaldini

M8

M7

M6

M5

M4

M3

M2

M1

Females

Males

Statistical analysis to estimate genetic parameters
8 males and 40 female trees were randomly

phenotypic value of the k-th progeny of j-th female

selected and each male tree was crossed with 5 female

nested in i-th male, µ grand mean, Si is the effect of i-

trees. 5 different females nested within each male

th male, Di (j) is the effect of j-th female nested in i-th

(North Carolina I) and the statistical design was

male, and e (ij) k the random error term The analysis

analyzed hierarchical nested design. The statistical

of variance of the design and the corresponding F-tests

model is. Yijk = µ + Si + D (i) j + e (ij) k, yijk is the

are shown in Table 2.

Table 2. Model of analysis of variance and MS components using for estimating genetic parameters.
S.O.V
male
male (female)

df

MS

E (MS)
σ2e

2

Covariance

F-ratio

2

m-1

M1

σ e + r (covFs-covHS) + rcovHS

M1/M2

m (f-1)

M2

σ2e + r σ2f/m

σ2e + r (covFs - covHS)

M2/M3

M3

2

2

error

mf (r-1)

total

mfr-1

+rσ

σ2m

f/m+

σ

rf

σ

e

e

MS: Mean squares, E (MS). Expected mean square, σ2m: male variance, r: number of replication: number of female
within males, σ2f/m: female variance within males σ2e: error variance (environmental variance)

Genetic

parameters

were

calculated

COV (HS) = 1/4 σ2A, COV (FS) = 1/2 σ2A + 1/4

using

mathematical expectations of mean squares (shngh

σ2D, So σ2f / m = 1/2 σ2A + 1/4 σ2D - 1/4 σ2A = 1/4 σ2A +

and Chaudhary, 2010: Kearsey and Pooni, 1996).

1/4 σ2D → σ2D = 4 (σ2f / m - σ2m).

Calculation of additive variance and dominance

Calculation of broad sense heritability (H) and
narrow sense heritability (h2):

variance:

H = (σ2g / σ2p) 100 and genetic variance (σ2 g) =

According to the random model of the analysis of
variance table (Table 2), the equivalents of the

σ2A + σ2D, h2 = (σ2A / σ2p) 100 and phenotypic variance

covariance are: σ2f / m = CovFS-CovHS, σ2f / m = (M2-

(σ2p) = σ2g + σ2e / r, σ2e = M3.

M3) / r and σ2m = COV HS, σ2m = (M1-M2) / rf.

Calculation of genetic variation coefficient (GCV)

Genetic translation and interpretation of relative

and genetic gain (G):

covariance, when the inbreeding coefficient is zero (F

GCV = (√σ2 g / Ῡooo) 100, Ῡooo = grandl means, G

= 0) and absence of epistasis (Singh and Chaudhary,

= 100 (i * h2 * σp) / Ῡ and i = 1.76 for k = 10%, i

2010; Kearsey and Pooni, 1996):
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(selection intensity), k (selection percent) and σp,

parameters are shown in tables 3 and 4. Analysis of

phenotypic standard deviation (Falconer, 1989).

variance showed a significant difference between

Factor analysis was performed by the exploratory

males and females within males in all growth traits

method through correlation matrix between traits and

including stem height root and shoot dry weight and

Varimax rotation for loading coefficients extraction.

number of leaves (Table 3). Differences among males

(Manly, 2000).

for stem height were significant (P ≤ 0.05). M6 male

Mean comparisons of crosses were performed by

had the lowest stem height, and males M7, M4 and M1

LSD method. For the above statistical calculations,

had the greatest stem height and there was no

Minitab, Excel, and MSTAT-C soft wares were used.

significant difference among the other male’s cultivars
(Fig. 1). These results are in close agreement with

Results

those of Vargas et al., (1995) regarding vigor and
leafing date.

The results of ANOVA and estimation of genetic

Table 3. Analysis of variance for the studied traits at seedling stage in Pistacia vera
MS
S.O.V

df

male

Root dry weight (gr)

7

male (female)
error

3.41

, ,

Shoot dry weight (gr)

Number of leaves

*

Stem Height (cm)

*

23.03

128.9

199.09*

(31)1

1.39**

7.007*

44.94***

85.42**

78

0.63

2.28

16.71

49.67

3.7

27.8

29.7

25.6

CV%
* ** ***

**

significant at 0.05, 0.01 and 0.001, respectively

1

: One of the males is crossed with four females
Table 4. Genetic parameters, additive variance, dominance variance, narrow sense heritability, Broad sense heritability,
Genetic variability (GCV) and genetic gain for the studied characters

Traits

mean

Genetic
gain (%)

GCV
(%)

Broad sense
heritability
(H)

Narrow sense
heritability (h2)

Dominance
variance (σ2D)

Additive
variance (σ2A)

Stem height

27.45

24.6

25.1

0.742

0.48

16.52

31.14

Number of leaves

13.72

44.6

44.7

0.87

0.532

14.62

23

Shoot dry weight

5.42

52.5

0.46

0.89

0.60

1.91

4.38

Root dry weight

2.77

31.6

36.3

0.82

0.45

0.45

0.55

Fig. 1. Mean comparison among pistachio male cultivars for Seedlings stem length (cm).
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A number of leaves were significantly different

significant difference with M1, M3, and M8 cultivars.

among male cultivars (P ≤ 0.05). Males M7 and M4

Also, males M2, M6 and M5 had the least number of

had the highest number of leaves but had no

leaves (Fig. 2).

Fig. 2. Mean comparison among pistachio male cultivars for Number of leaves.

male cultivars for root dry weight (P ≤ 0.01), M7 and

Males M7 and M4 had the highest shoot dry weight
while the lowest one was observed in M8 and M1 (Fig.

M6 had the highest and lowest root dry weight,

3).

respectively. The other males were not significantly
Also, significant differences were observed among

different from M7 (Fig. 4).

Fig. 3. Mean comparison among pistachio male cultivars for Shoot dry weight (gr).
[[

4
3

Root dry…

abc

a

ab

M7

M8

abc abc
bc

2

bc

c

1

0
M1

M2

M3

M4

M5

M6

Fig. 4. Mean comparison among pistachio male cultivars for root dry weight (gr).

Estimated genetic parameters showed that the

diverse in terms of the traits under study (Tables 3,

studied traits had high heritability and in general the

4 and 5). A significant positive correlation between

incremental variance was greater than the dominance

heights, number of leaves, shoot dry weight and root

variance (Table 4). The population produced was very

dry weight were observed (Table 6).
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Table 5. Mean comparison among crosses for the studied characters at 0.05 level of probability, by LSD method.
Traits
Male

Number of leaves

Height (cm)

Shoot dry weight (g)

Root dry weight (g)

mean

mean

mean

mean

19.66a-f

36.33abc

5.4bc

2.3c-f

Syrsi (F2)

13d-k

21.66b-g

5.63bc

2.17c-f

Kalle-ghochi (F3)

12e-k

22.33c-g

3.16bc

2.16c-f

Female

Owhadi (F1)

M1

M2

M3

M4

M5

M6

M7

*

Gholamrezaei (F4)

17.33b-h

35a-d

5.86bc

2.7b-f

Badami zarand( F5)

9.33h-k

31.66b-g

2.9bc

1.3f

Badami nishkalaghi (F6)

11g-k

27b-g

4.26bc

2.8b-f

Ravar-3 (F7)

5k

27.33b-g

2.06c

1.53f

Harati (F8)

13d-k

22.66c-g

3.36bc

1.56f

Mosabadi (F9)

8f-k

21.66c-g

2.03c

1.2f

Safaldini (F10)

9.66g-k

17.66f-g

2.63bc

2.16c-f

Sabzpestah noogh (F11)

16b-g

34a-e

6.1bc

2.53b-f

Ravar-2 (F12)

14d-g

25.66c-g

3.43bc

1.16def

Khanjari damghan(F13)

11g-k

22.33c-g

2.36c

1.5f

Hassani (F14)

11.33f-k

19.33e-g

2.53bc

1.4f

Early Fendoghi (F15)

20a-e

42ab

13.5a

9.7a

Ghafori(F16)

16b-g

31.33b-g

5.66bc

2.56b-f

Behesht abadi (F17)

14d-g

26.66b-g

4.3bc

2.13b-f

Sefid noogh(F18)

21a-d

30.33b-g

5.16bc

2.13def

Amiry (F19)

22.66abc

33.33a-e

6bc

1.83def

Shamsi(F20)

18a-g

32.66a-g

5.66bc

2.73b-f

Vahedi(F21)

14.33c-g

30.66b-g

4.13bc

2.53b-f

Javadaghaei(F22)

9.33h-k

33a-f

4.23bc

2.26c-f

Momtaz(F23)

8j-k

27.66b-g

3.3bc

2.06def

Poostkhormaei(F24)

24ab

29b-g

6.85b

3.9bc

Lahijani(F25)

8.66ijk

19.33efg

2.06c

1.16f

Momtaz tajabadi (F26)

17b-i

20.66b-g

2.96bc

1.73def

Lak-syrisi(F27)

12e-k

28.66b-g

4.03bc

2.1def

Ravar-1(F28)

11.66e-k

24.66c-g

2.6bc

1.26f

Khanjari ravar (F29)

8.66ijk

2.16c

1.23f

Etaliaei (F30)

9.66g-k

21.66c-g

2.43bc

1.73def

17.33g

Mohseni (F31)

12.33e-k

22.66c-g

2.8bc

1.66ef

Fendoghi-48 (F32)

25.5a

46.5a

10.9a

2.7b-f

Hassanzadeh (F33)

17.33b-h

29.33b-g

5.56bc

3.46bcd

Ebrahimabadi (F34)

15.66b-j

26c-g

5.93bc

3.43b-e

Akbari (F35)

13.66d-j

31b-j

5.83bc

22.23c-f

Ebrahimi (F36)

13d-k

28.33b-g

4.53bc

2.63b-f

Shah pasand (F37)

12e-k

19efg

2.4c

1.56f

Fendighi-riz (F38)

10g-k

28.66b-g

4.1bc

2.16b-f

Jandaghi (F39)

17b-i

30b-g

3.83b

4.16b

M8
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Table 6. Correlation among the studied characters of pistachio seedlings
Traits

Stem height

Number of Leaves

Shoot dry weight

***

Number of leaves

0.62

Shoot dry weight

0.87***

0.75***

Root dry weight

0.52***

0.48***

0.72***

***

: Significant at 0.001 level of probability

Discussion
According to the results, in general, males M7, M4,

variance, but also the dominance variance was

and M1 had a greater performance for all growth traits.

considerable, due to the high broad-sense heritability

It can be said that these males have higher general

of

combining ability (GCA) than the other males,

respectively) (Table 4), suggesting that dominance

especially given that the additive variance is greater

variance is also effective in differentiating between

than the dominance variance (Table 4). Greater

hybrids.

additive variance than dominance variance reflects the

performance of trait that it could be said caused by

effectiveness of selection for improving these traits at

specific combining ability (SCA). Like cross M7 ×

the seedling stage in pistachio. For example, stem

fendoghi-48 had the highest stem height (46.5 cm) and

height additive variance (31.14) is greater than

the highest number of leaves (25.5) and cross M3 ×

dominance variance, as broad and narrow sense

Fendoghi-zoodras has the greatest root dry weight (9.7

heritability were in average level (0.74 and 0.48), it

gr), shoot dry weight (13.5gr) and number of leaves

can be improved by selection (Table 4).

(Table 5). Therefore, we can select the best seedlings

This is consistent with Seyedi et al., (2012) study

these

traits

Some

(74%, 87%,

hybrids

89%, and 82%,

showed

the

highest

from the progeny of these crosses.

on wild pistachio (P. atlantica) which reported that

The correlation among different traits can be

genetic variation for plant height was higher than the

caused by genetic and environmental factors. For a

other traits. They also reported that the expected

breeder, both genetic and environmental correlations

relative genetic gain of height (by 10% selection

are important because they will determine the

intensity), which was also significantly high, shows

efficiency of the selection program. Thus, we may

there is a possibility of improvement through selection

estimate the relative contribution of these factors to

for height in wild pistachio trees.

the observed correlation (Falconer, 1989).

In our study the narrow-sense heritability of height

Positive and significant correlation represents that

was 0.48, indicating that the additive gene effects are

increase in dry weight of roots caused an increase in

important in determining the trait. Narrow and broad-

the stem height, number of leaves, and shoot dry

sense heritability, respectively; 0.53 and 0.87 for

weight one reason for the existence of correlation

several leaves and 0.62 and 0.89 for shoot dry weight,

among the traits can be linkage between genes

and also had the most expected relative genetic gain

controlling them as well as pleiotropic effects (effect

by 10% selection intensity (44.8 and 69) representing

of one gene on multiple traits) (Kearsey and Pooni,

an excellent response to selection (Table 4). So,

1996).

selection will be effective to improve rootstock for

In order to reduce the vegetative traits to limited

these characteristics at the seedling stage in pistachio

variables, factor analysis was done on the base of

(Falconer, 1989).

means of different traits; three independent factors

On the other hand, although the additive variance

were extracted that explained 95% of data variance

of stem height, number of leaves, root dry weight and

(Table 7).

shoot dry weight was greater than dominance
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Table 7. Factors and corresponding loading coefficients resulting from factor analysis
based on means of studied traits for 39 crosses.
 Traits

 Factor 1

 Factor 2

 Factor 3

 Stem height

0.91

-0.31

-0.24

 Number of leaves

0.31

0.91

-0.23

 Shoot dry weight

0.59

-0.56

-0.45

 Root dry weight

0.24

-0.22

0.94

 Explained variance

0.35

0.32

0.30

For the first factor, stem height and the shoot dry

M6 × F27, M8 × F38, M5 × F23 and M5 × F21 in

weight had the highest loading factor. For the second

respect to the traits that more effective in the first and

factor, number of leaf and in third one root dry weight

second factors (height, shoot dry weight and number

showed the highest loading factor. By using Biplot

of leaves) have more similarity to each other and

scattering based on the first and second factors that

generally have higher shoot dry weight and stem

explained 67% of the variance, crosses were grouped

height and have more specific combining ability for

closely in four groups. This grouping of hybrid

the two factors. The cross M7 × F32 had the highest

offspring based on two factors can be considered as

value for the first factor that shows the progeny of this

grouping based on the hybrid performance power in

cross had higher vegetative growth (stem height and

the studied traits and perhaps this performance of

shoot dry weight) from the other crosses, indicating

hybrids can be compared to specific combining ability

M7 and Fendoghi-48 (F32) have high SCA for these

(SCA.) (Fig. 5). Crosses of M1 ×F5, M5 × F22, M2 × F7,

traits (Fig. 5).

Fig. 5. Biplot and grouping of the crosses based on two first factors in factor analysis (Table 7). (The sign (fi, s) are the females sign based on Table
5).

Factor analysis based on the average vegetative

highest loading on the root and shoots dry weight, and

traits for males showed that 96 percent of the variance

the second factor (44% of the total variation) has the

was explained by two factors (Table 8). The first

highest factor loadings on the number of leaf and stem

factor that explained 51% of the total variation has the

height.
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Table 8. Factors and corresponding loading coefficients resulting from factor analysis based
on means of studied traits for males.
Factor 1

 Factor 2

Commonality

Stem Height

0.74

0.58

0.90

Number of leaves

0.94

0.29

0.97

Shoot dry weight

0.71

0.69

0.98

Root dry weight

0.32

0.94

0.99

Explained variance

0.51

0.44

0.96

Traits

As a result, from the scattering of the males based

Stem height has shown substantial variation, so

on these two factors can be stated that M4 produces

genotypes with a taller stem had better vegetative

more stem and root dry weight in the offspring, M8

growth which can be used for producing rootstocks,

produces more leaves and stem length in the offspring,

however, the offspring of these crosses show

and M7 increases all traits in the offspring (Fig.6).

segregation because of male and female trees are

Perhaps, in other words, it can be said based on these

heterozygous and using them as rootstocks may not be

two factors (Fig. 6) general combining ability (GCA)

the same in their growth power, but this segregation is

of males is shown in this biplot. M4 and M7 had the

usually expected to be less than the segregation of the

highest effect or GCA in increasing vegetative growth

UCB-1 that used as rootstock for vera nowadays,

of pistachio seedlings and M7 was the best male in

because UCB-1 is the result of a cross between two

crosses to improve the growth characteristics. M2, M3,

outbreeding, highly heterozygous species (cross

and M6 had the lowest GCA of the two factors, and M8

between

had a high GCA on factor-2 or root and shoot dry

integerrima (male) (Morgan et al., 1992) so they

weight (Fig. 6). In general, considerable variation was

segregate for vegetative vigor. Commercial cultivars

observed among studied traits in crosses of different

grafted onto UCB-1 seedlings grow varying greatly

trees.

from tree to tree. However Clonal UCB-1 rootstocks

Pistacia

atlantica

(female)

and

P.

Males used in hybridization, showed significant

are available, but some of these suffered from

differences with each other, indicating a high genetic

deleterious somaclonal variation that making them

diversity among male trees. Also, large genetic

less desirable than seedling rootstocks. (Jacygrad et

differences were observed between females within

al., 2020; Beede, 2017).

males in terms of the growth characteristics of

For plant height, the number of leaves, shoot and

pistachio seedlings. By using genetic diversity among

root dry weight; the gene action is often the additive

the studied vegetative traits of males, the best male

type. Therefore, these traits can be improved by

can

environmental

selection. A significant positive correlation between

conditions. For example, in the circumstances of this

shoot growth and root dry weight show that seedlings

experiment, M7 was the best pollinator for mating and

with a better root growth will produce more leaves and

selection for good early seedling growth in pistachio,

taller stem as well. In Factor analysis, 3 factors were

as others have stated, the pollen grain source is very

extracted explaining 95% of the variance in crosses,

important in the quantitative traits of pistachios

expressing there is a high correlation among traits.

be

selected

under

various

(Kashanizadeh et al., 2020).



288

H. Dashti et al

Journal of Nuts 12(4) (2021) 279-291

Fig. 6. Biplot analysis result and scattering the males based on the two first factors in factor analysis (Table 8).

Conclusions
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