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Introduction

Pistachio is one of Iran's main horticultural products, known for its high nutritional and economic value. The
evaluation and identification of genetic diversity are crucial for breeding programs and the introduction of
promising pistachio cultivars. Selecting seedlings obtained from pistachio tree crossings based on desirable traits
can significantly impact the pistachio production industry. Evaluating genetic diversity based on pomological
and morphological characteristics is a fast and effective method for identifying suitable pistachio genotypes. The
traditional orchard of Qazvin, with a history spanning over a thousand years and covering an area of 2,780
hectares, now extends across the southern, western, and eastern halves of the city. In recent years, pistachio
planting in the Qazvin orchard has commonly been done through seeds, leading to the development of diverse,
and sometimes highly valuable, mother genotypes in this ancient orchard. Identifying and evaluating suitable
maternal genotypes for cultivation expansion or the replacement of unsuitable trees is one of the goals of
sustainable orchard development in the Baghestan region. The aim of this research is to identify and evaluate the
morphological and pomological characteristics of 24 promising maternal pistachio genotypes for the first time in
a section of the Qazvin traditional orchard.

Materials and Methods

This research was conducted with the aim of identifying and coding 24 promising maternal pistachio
genotypes in an area of approximately 20 hectares of the traditional orchard in Qazvin during the years 1401 and
1402. From each tree, three branches on the southern side were selected as replicates, and three samples from
each branch were used as observations for data collection. Several phenological and morphological
characteristics, including both fruit-related and vegetative traits, were measured in the studied trees based on the
International Pistachio Descriptor (IPGRI, 1997). The research followed a nested experimental design with three
replications per nest, and the comparison of mean data was performed using Duncan's multiple range test at a 5%
significance level, with the assistance of SAS 9.2 software. Multivariate analyses, including correlation, cluster
analysis, and principal component analysis, were carried out using Statistica 18.8 software.

Results and Discussion
Based on the results of the mean comparison, the SiC genotype had the longest total leaf length, including the
petiole, while the TaD genotype had the shortest. Regarding total leaf width with petiole, the largest and smallest
values were observed in the SiC and AbC genotypes, respectively. Additionally, the SiC genotype showed the
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largest length and width of the terminal leaflet, while the smallest values for these traits were observed in the
TaD genotype. Among the studied genotypes, the BrA genotype had the highest ratio of terminal leaflet length to
width, and the SiC genotype had the lowest. Previous reports indicate that leaf dimensions have a direct
correlation with traits such as kernel weight. Leaves are the most important organs for light absorption and
photosynthesis, and an increase in leaf area enhances the production of photosynthetic products, which
ultimately supports fruit growth. The SiAl genotype had the largest nut length, while the AbC genotype had the
smallest. The largest nut width was found in the SiB genotype, and the smallest in the TaG genotype, with a
difference of about 28.81%. For nut thickness, the SiB genotype had the largest, and the AbD genotype had the
smallest, with a difference of approximately 30.17%. In terms of the kernel, the SiAl genotype had the largest
length and width, while the AbC genotype had the smallest. The SiC1 genotype had the largest kernel thickness,
while the smallest was observed in the TaC genotype. Previous research on promising Iranian pistachio
genotypes reported nut lengths ranging from 16.6 to 23.68 mm and nut widths from 10.46 to 13.7 mm. For blank
nut percentage, the TaC genotype had the highest, and the SiA6 genotype had the lowest. The highest splitting
percentage was observed in the SiC genotype, while the AbD genotype had the lowest. Based on the quantitative
traits studied, the genotypes were clustered into three groups at a distance of 150 units, with each group
containing two subgroups. Plot analysis using the two main components of quantitative traits divided the
genotypes into four categories with similar components. The first principal component accounted for 40.26% of
the total variance, while the second component explained 18.85%. One of the most important qualitative traits in
pistachio research is flowering time, as pistachios are dioecious plants, and female flowers can only receive
pollen for four days. Breeding programs must identify male genotypes with an extended flowering period to
increase production and reduce the percentage of blank nuts.

Conclusion

In our recent evaluation of 24 maternal pistachio genotypes from the traditional orchard in Qazvin, we found
some promising results that can benefit for orchard growers. The SiAl genotype stood out for having the largest
kernel length, width, and thickness, making it a great choice for maximizing nut size. It also has a high splitting
percentage of 70% or more, which means growers can expect better harvests with less labor. Another genotype
to consider is the SiC, which features large, three-lobed leaves and the biggest leaf surface area among the
studied genotypes. This can enhance photosynthesis, potentially leading to healthier trees and better yields. Plus,
SiC ranks high for splitting percentage and kernel quality. These two genotypes-SiAl and SiC-are recommended
as excellent options for breeding programs and boosting orchard's productivity

Keywords: Cluster analysis, Genetic diversity, Quantitative and qualitative traits, Principal components
analysis
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1 ‘SIAL’ (36.238705, 49.993998) 13 ‘TakE’ (36.249776, 50.032356)
2 ‘SIA2’ (36.238773, 49.993831) 14 ‘TaF’ (36.251958, 50.033624)
3 ‘SIA3’ (36.238755, 49.993694) 15 ‘TaG’ (36.252472, 50.032689)
4 ‘SiA4’ (36.238757, 49.993729) 16 ‘AbA’ (36.242203, 49.980606)
5 ‘SIA5’ (36.23869, 49.993674) 17 ‘AbB’ (36.242928, 49.980013)
6 ‘SIA6’ (36.238643, 49.993668) 18 ‘AbC’ (36.244546, 49.979738)
7 ‘SiB’ (36.239329, 49.994815) 19 ‘AbD’ (36.243393, 49.980534)
8 ‘SicC’ (36.240373, 49.995957) 20 ‘AbE’ (36.242328, 49.98035)
9 ‘TaA’ (36.24692, 50.032936) 21 ‘OaA’ (36.238062, 50.001235)
10 ‘TaB’ (36.246539, 50.032924) 22 ‘KaA’ (36.247414, 49.995037)
11 ‘TaC’ (36.246547, 50.034252) 23 ‘BaA’ (36.247636, 49.969554)
12 ‘TaD’ (36.24709, 50.033859) 24 ‘BrA’ (36.239569, 49.993922)
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Figure 1- The leaf length (a) and width (b) traits in the studied pistachio genotypes (DMRT, p<0.01)
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‘AbE’ 179.32+2.90 203.99+4.00 57.97+0.93 105.98+0.98 1.82+0.04 15.49+0.20
‘BaA’ 147.93+4.97 167.669.05 54.97+4.01 80.23+2.16 1.46+0.07 16.45+0.15
‘BrA’ 160.22+8.19 188.44+4.53 48.41+1.84 97.07+2.42 2.000.08 17.07+0.24
‘KaA’ 159.44+4.64 176.22+4.22 50.59+0.09 85.40+1.64 1.68+0.03 17.07£0.53
‘QaA’ 151.88+1.69 199.83+8.63 56.62+2.06 88.27+1.66 1.55+0.03 17.53+0.36
‘SIAL’ 163.44+3.72 186.66%5.79 55.86+0.87 98.87+4.55 1.76x0.10 21.48+0.08
‘SiA2° 137.00+2.64 165.22+5.38 51.77+0.61 82.23+1.32 1.58+0.03 16.37+0.19
‘SiA3’ 137.33+7.34 178.77+6.23 49.49+1.90 80.66+4.55 1.62+0.04 16.44+0.11
‘SiA4 152.66+5.21 185.77+3.97 49.20+1.63 86.28+3.33 1.75+0.06 17.52+0.35
‘SiA5® 155.55+18.23 181.55+10.11 62.87+7.64 93.63+12.10 1.48+0.01 18.14+0.11
‘SiA6’° 187.66+12.99 185.88+3.72 69.31+2.70 97.99+8.88 1.41+0.10 18.04+0.08
‘SiB’ 169.77+251 186.77+6.15 59.31+3.23 112.04+9.93 1.91+0.26 19.29+0.13
‘SiC’ 229.99+11.78 220.55+2.70 99.87+5.10 130.77+4.79 1.30+0.03 19.36+0.14
‘TaA’ 169.33+3.67 195.55+6.72 63.900.14 95.95+2.28 1.49+0.03 19.34+0.08
‘TaB’ 146.99+0.69 183.99+4.84 51.24+0.93 87.91+1.68 1.71+0.02 16.460.09
‘TaC’ 158.21+4.14 153.33+3.28 63.31+2.89 90.16+3.58 1.42+0.04 15.65+0.44
‘TaD’ 131.00+2.30 136.00£2.30 45.51+1.96 72.09+1.01 1.58+0.08 15.59+0.07
‘TakE’ 165.11+8.45 180.55+4.18 55.80+1.81 97.83+0.69 1.75+0.04 18.15+0.05
‘TaF’ 175.88+6.73 203.99+7.57 55.64+2.78 103.41+3.09 1.86+0.10 19.23+0.19
‘TaG’ 159.44+1.54 183.77+3.63 55.63+1.09 98.64+3.44 1.77+0.02 14.75+0.12

NL « olasl a8 Jobl el 455 1 o ye TLLIW o lail 4 Job TLL ¢ olol 055 58 TLW oS0 b Sy Jsb iLL (S pad b Sps e LW

&l Jobo ¢

LW: leaf width (mm), LL: leaf length (mm), TLW: terminal leaflet width (mm), TLL: terminal leaflet length (mm),

TLL/W: terminal leaflet length/width ratio, NL: nut length (mm)
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Continued table 3- Mean + standard error (SD) of quantitative traits measured according to the international description in
different genotypes of Qazvin traditional orchard of pistachio

Cuigij 98 Wiy po,e Al Cwls  dildVer 39 R Vee 59 SIS jRedas Ve a4 SUES Al Y e r 459 Comd
Genotype Code NWi NT NW KwW KIN
‘AbA’ 10.18+0.19 8.95+0.19 70.52+1.70 34.55+1.12 48.93+0.74
‘AbB’ 10.50+0.20 9.18+0.06 72.88+2.23 39.55+0.90 54.28+0.44
‘AbC’ 9.66+0.31 8.34+0.16 51.19+3.00 23.69+1.85 46.17£1.12
‘AbD’ 9.690.22 8.100.08 62.75£0.25  30.75+0.52 48.18+0.11
‘AbE’ 9.880.20 9.610.06 67.88+0.88  35.11+0.58 51.71#0.57
‘BaA’ 10.16+0.11  9.870.12 73.9941.02  36.99+0.33 49.99+0.25
‘BrA’ 10.83+0.17  10.54+0.04  88.51+1.68  43.44x0.78 49.070.39
‘KaA’ 10.84+0.23 9.57+0.12 76.77+2.12 42.13+0.41 54.97+1.97
‘QaA’ 10.54+0.08  10.37+0.12 78.63x£1.37 44.25+0.90 56.27+0.82
‘SiAl’ 13.04+0.08  11.51+0.38  128.16x1.44  68.88+2.12 53.72+1.17
‘SiA2’ 10.30+0.08 9.55+0.17 75.87+2.19 38.11+1.06 50.24+0.89
‘SiA3’ 10.39+0.05 8.91+0.12 67.74+1.87 34.47+0.46 50.9440.75
‘SiA4® 10.54+0.23  9.970.09 81.3843.90  40.00+2.08 49.15+1.02
‘SiA5° 11.36+0.12  10.11+0.09  68.76+7.99  44.77+0.94 66.91+8.01
‘SiA6’° 11.15#0.03  10.96+0.09  94.66+1.64  49.61+0.38 52.42+0.61
‘SiB’ 13.04+0.13  11.61+0.55  119.77+3.37  66.91+2.14 55.85+0.37
Sic’ 10.28+0.18  9.58+0.23 84.33£3.17  48.33+3.17 57.300.30
‘TaA’ 10.09+0.08 8.94+0.02 78.60+1.97 40.69+1.40 51.74+0.63
‘TaB’ 9.90+0.10 9.86+0.18 76.30+1.35  37.800.65 49.54+0.47
‘TaC’ 9.66+0.07 8.31+0.09 59.52+2.64 31.44+2.35 52.68+1.86
‘TaD’ 10.09+0.21 8.34+0.10 65.19+0.90 31.19+1.25 47.81£1.40
‘TaE’ 10.77+0.14 9.23+0.10 77.08+2.62 41.27+0.14 53.67+1.94
‘TaF’ 11.2940.15  10.42+0.08  135.06+2.40  51.10+0.72 37.87+1.11
‘TaG’ 9.28+0.05 9.26+0.15 57.86+0.27  31.22+0.40 53.950.60

Fhedde Voo 4 Sutd il dae Voo g o KN Gae Voo 50 KW cils Voo 50 INW il calses :(NT cails i, :NWi
NWi: nut width (mm), NT: nut thickness (mm), NW: 100 nut weight (g), KW: 100 kernel weight (g), K/N:
kernel/nut DW (%)
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Continued table 3- Mean + standard error (SD) of quantitative traits measured according to the international description in
different genotypes of Qazvin traditional orchard of pistachio

i & o Jsb P oy o Cwls SIS w3 SR
Genotype code KL Kwi KT SN BN
‘AbA’ 14.36+0.08 8.08+0.41 6.74+0.06 44.50+3.78 20.00+0.76
‘AbB’ 14.45+0.24 8.60+0.17 7.28+0.09 64.50£3.32 12.00£1.32
‘AbC’ 10.70+0.29 7.14+0.39 6.65+.017 47.00+2.92 12.50£1.15
‘AbD’ 14.1840.11 8.00+£0.04 6.27+0.18 26.00+2.02 15.50+2.56
‘AbE’ 13.86+0.31 8.07+£0.13 6.91+0.09 53.50+3.05 14.50+2.51
‘BaA’ 14.30£0.11 8.11+0.16 7.58+0.04 60.50+3.51 17.50+5.13
‘BrA’ 14.63+0.39 8.06+0.08 8.16+0.11 60.50£1.32 19.00+4.64
‘KaA’ 15.16+0.50 8.03+0.15 7.36+0.16 76.50£3.32 9.50+2.02
‘QaA’ 15.10£0.23 8.72+0.18 8.18+0.11 61.50+2.29 12.00+1.80
‘SiAT’ 18.97+0.15 10.25+0.22 8.56+0.14 75.50+5.00 14.50+2.56
‘SiA2’ 14.11+0.10 8.30+0.11 7.43+0.14 77.50£3.12 11.50£1.32
‘SiA3’ 14.20+0.07 8.39+0.02 7.21+0.20 73.50£1.80 14.00£2.17
‘SiA4’ 14.88+0.24 8.231£0.17 7.89+0.15 71.00+1.80 13.00+1.04
‘SiAS’ 15.33£0.06 8.26+0.16 7.54+0.17 46.00+3.40 19.00+1.80
‘SiA6’ 15.7940.13 8.48+0.23 8.47+£0.25 78.00+5.22 8.50+1.52
‘SiB’ 16.73+0.31 9.75+0.13 8.55+0.33 54.50£3.21 14.50£1.15
‘SiC’ 16.37+0.09 7.62+0.21 7.55+0.19 81.00£3.50 13.00£1.32
‘TaA’ 16.02+0.05 7.861£0.11 6.85+0.04 76.00+1.60 12.50+2.46
‘TaB’ 14.10£0.18 8.05+£0.19 7.86+£0.17 66.00+1.80 13.50+2.17
‘TaC’ 13.23+0.41 7.63+0.11 6.39+0.25 64.50£3.96 21.00£3.01
‘TaD’ 13.20+0.09 7.90+0.18 6.79+0.09 59.00£2.78 10.00£1.04
‘TaE’ 14.97+0.15 7.94+0.05 7.37£0.10 80.50+1.80 11.00+1.32
‘TaF’ 16.34+0.26 8.41+0.24 7.94+0.15 52.50+2.51 16.50+2.56
‘TaG’ 12.4040.17 7.40£0.11 7.261£0.11 59.50+6.60 14.50+1.80

S8 doyd BN ¢ Jlaid a5 )3 SN re cuolons (KT a0 (o0 KW oo Job :KL
KL: Kernel Length (mm), KWi: Kernel Width (mm), KT: Kernel Thickness (mm), SN: Split nuts (%),BN: Blank nuts (%)
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Siat 21.4833
Sic 19.3007
TaA 19.3400
SiB 19.2087
TaF 19.2300
TaE 18.1533
SAS 18.1457
SAs 18.0400
AbB 17.5933
QaA 17.5333
SAs 17.5233
BrA 17.0733
KaA 17.0733
AbA 16.9367
AbD 16.6900
Tas 1640667
Saa 16.4500
SiAS 10.4433
SAa2 10.3700
TacC 15.6500
Tal 15.5087
AbBE 154907
TaG 14.7500
AbC 12.7333

treat Estimate

ss 13.0487
St 13.0400
SIAS 11.3000
TaF 11,2907
SAS 11,1500
KaA 10.8467
BrA 10.8333
TaE 10.7733
QaA 10.5433
SAs 10.5433
AbS 10.5000
SiA3 10,3933
Sz 10.3007
sSic 10.2887
AbA 10.1800
BaA 10.1600
TaD 10.0000
Taa 10.0000
Tab 9.90033
AbDE 9.8800
ABD 9.0900
TaC 9.0007
ABC 9.6000
TaG 9.2807
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Figure 2- The nut length (a) and width (b) in the studied pistachio genotypes (DMRT, p<0.01)
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Figure 3- Clustering of pistachio genotypes studied in Qazvin traditional orchard based on quantitative traits studied
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Figure 4- Distribution of the studied genotypes of pistachio based on principal component analysis of quantitative traits
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The names of the genotypes with similar colors indicate that they were collected from an orchard with a close geographical distance.
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Figure 5- Frequency of qualitative traits of terminal leaflet shape (TLS) (a) and size (TLSi) (b) in the studied pistachio
genotypes in Qazvin Traditional Orchard
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Figure 6- Frequency of qualitative traits, including branching habit (a), growth habit (b), and flowering time (c) in the
studied pistachio genotypes in Qazvin traditional orchard
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