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Evaluation of Genetic Diversity of Some Persian Walnut (Juglans regia L..)
Genotypes of South Khorasan Using Morphological Characteristics
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Table 1. Codes of the evaluated walnut genotypes

KLy KLy Ny Ny
Code Code Code Code
Al C2 D7 F1
A2 C3 D8 F2
A3 C4 D9 F3
B1 C5 D10 F4
B2 C6 El F5
B3 C7 E2 F6
B4 Cc8 E3 F7
B5 C9 E4 F8
B6 C10 E5 F9
B7 D1 E6 Gl
B8 D2 E7 G2
B9 D3 ES8 G3
B10 D4 E9 G4
B11 D5 E10 G5
C1 D6 E1ll G6

G7
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Table 2. Quantitative and qualitative traits of the evaluated walnut genotypes

Trait e Unit A
Tree growth vigor oy iy, Code: 3-Weak, 5-Medium, 7-Strong, 9-Very Strong S5 8 5V Lo 5O Cans V1S
Tree growth habit oy as, e Code: 1-Upright, 2-Semi-upright, 3-Spreading 03 78 —Y it A=Y s 1S
Tree branching cs s ez Code: 1-Very Open, 3-Open, 5-Intermediate, 7-Dense, 9-Very Dense oSTie st =4 WSV b0 S¥ 5L L) i
Leaf bud breaking time & ae 0as 5k ok;  Day: Day after February 20th Wil S5 s 95 2505

Time of first fruit formation
Fruit ripening time
Leaf falling date
Leaf length

Leaf width

Leaf shape

Fresh kernel weight
Dry kernel weight
Kernel size

Kernel color

Kernel fleshiness
Removable kernel
Kernel shriveling
Fruit shape

Tree height

Fruit split

Fruit woody shell color

Green husk thickness

Type of fruit bearing on the branch

ogn o8l S5 Olej
o3 Sy 0o
oy B O
KLl
Kok

&, I

e 5003

PG SR

e o 3lutl

e iK,

Foog s

e 0335153 S g
S SAS s

o S5

s el

o g 52

PNCT S <3
0508 s Lo gy Ll
g0 (2L

Day: Day after February 20th

Day: Day after August 23rd

Day: Day after October 23rd

mm

mm

Code: 1-Narrow elliptic, 2-Elliptic, 3-Broad elliptic

g

g

Code: 1-Very Small, 3-Small, 5-Medium, 7-Large, 9-Very Large
Code: 1-Very Light, 3-Light, 5-Medium, 7-Dark

Code: 1-Poor, 5-Medium, 7-Full

Code: 1-Very Easy, 3-Easy, 5-Medium, 7-Hard

Code: 1-Tip shriveled, 2-Less than 50%, 3-More than 50%, 4-Papery
Code: 1-Round, 2-Triangular, 3-Broad ovate, 4-Ovate, 5-Short trapezoid, 6-Long
trapezoid, 7-Broad elliptical, 8-Elliptical, 9-Cordate

m (Laser)

Code: 0-Absent, 1-Present

Code: 1-Very Light, 2-Light, 5-Medium, 7-Dark, 9-Very Dark
Code: 1-Very Thin, 3-Thin, 5-Medium, 7-Thick

Code: 1-Terminal, 3-Lateral
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oY Lo g0 SV ST As) S

o P R g

Number of fruits on the branch i Gy ol — -
Fresh fruit weight with green husk R S PR | N
Dry fruit weight o St 05y 0 e
Fruit length opedd MM o e
Fruit width oo MM o
Fruit wooden shell surface g a9 Sy =aw  Code: 1-Few grooves, 2-Medium grooves, 3-Many grooves, 4-Extensive grooves 03 78 i F 35 iV L o LAY S i 1S
Fruit formation form onthe branch i gy00e S5, 5 Code: 1-Single, 3-Clustered Gasgs ¥ SV

YA
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Table 3. Quantitative and qualitative characteristics of the evaluated walnut genotypes

oS e Sl San 31l (1) o 53 5 55 sl
Trait cie Unit w1, Min. Max. Mean Standard deviation  Phenotypic diversity index (%)
Tree growth vigor Csysdiy o,k Code s 3.00 9.00 5.30 1.78 33.66
Tree growth habit Cs s diy osle Code s 1.00 3.00 2.36 0.54 23.24
Tree branching oy e axla Code s 1.00 9.00 4.67 2.13 45.69
Leaf bud breaking time &E Ll 0 5L 0Ly Day 59, 12.00 22.00 17.64 3.95 22.43
Time of first fruit formation oo sl WS ok Day 59, 28.00 39.00 32.84 4.63 14.12
Fruit ripening time ogn Sy 0l; Day 55, 5.00 20.00 17.18 4.54 26.45
Leaf falling date &, g0k Day 55, 15.00 25.00 21.56 371 17.22
Leaf length Kudbk mm 4. 159.00 215.00 185.08 12.37 6.68
Leaf width &£upe Mmoo d. 37.00  115.00 76.41 11.59 15.17
Leaf shape &, K5 Code s 1.00 8.00 2.02 1.83 90.76
Fresh kernel weight e 5035 O ¢S 750 12.40 8.91 1.15 12.96
Dry kernel weight e oS 05y 0 ¢S 4.60 8.90 6.29 1.03 16.41
Kernel size sl Code .« 1.00 9.00 4.38 2.05 46.85
Kernel color %, Code < 1.00 7.00 3.39 1.49 4413
Kernel fleshiness sy 2a 8 Code < 1.00 7.00 5.23 1.27 24.28
Removable kernel he 03,3755 e Code s 1.00 5.00 3.33 1.37 41.31
Kernel shriveling e Suss »> Code < 1.00 3.00 2.18 0.67 30.77
Fruit shape ose J<a Code s 1.00 8.00 2.74 2.88 105.20
Tree height e, m = 3.00 9.00 5.22 1.26 24.23
Fruit split ose 32 Code .« 0.00 1.00 0.25 0.43 176.50
Fruit wooden shell color o g S Ty 65, Code < 1.00 9.00 4.00 2.27 56.80
Fruit green husk thickness o5 o Ty Culs  CodE s 1.00 7.00 3.75 1.68 44.74
Type of fruit bearing on the branch &= g5, 05 25,L 55 Code s 1.00 3.00 2.08 1.00 48.26
Number of fruits on the branch 4ls (69 0 pme Sl - 1.00 15.00 5.41 3.09 57.11
Fresh fruit weight with green husk G Sy bogm 055 0 ¢S 546 77.1 60.89 5.10 8.37
Dry fruit weight g i 035 @ eS 11.90 17.30 13.40 1.34 10.03
Fruit length s dsb MM ). 34.00 51.00 42.57 4.1.00 9.64
Fruit width g o,e MM . 32.00 79.00 40.46 6.27 15.51
Fruit wooden shell surface o5 g3 ey ke CoOde s 1.00 4.00 2.03 0.93 45.76
Fruit formation form on the branch w65, 050 K525 Code s 1.00 3.00 2.74 0.68 24.86

*For more information about different traits units, refer to the Table 2. 3 gh anarl o ¥ Jgder 4 cCalidee Silios doly 3550 53 2i Sledbl (gl
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Table 4. Component coeficiens, variance, cumulative variance and eigenvalues of traits in genetic diversity of the evaluated walnut genotypes

Component adl 50

Trait Cdo 1 2 3 4 5 6 7 8
Tree growth vigor s, o, 069 -0.15 0.47 0.13 -0.02 0.16 0.16 0.19
Tree growth habit s, osle 0.04 -0.05 0.07 0.07 0.07 -0.14 0.08 0.86
Tree branching oy sserlz 0300 -0.25 0.48 0.05 0.22 -0.26  0.17 0.08
Leaf bud breaking time & Ll oxs Loy -0.05 096 -0.02 -0.03 -0.11 -0.02  0.05 -0.04
Time of first fruit formation s sl WS 0l -0.12 091 -0.01 -0.07  -0.09 0.07 -0.05 0.07
Fruit ripening time o Sy ok;  -0.21 076  -0.25 -0.04 0.11 -0.21  0.20 -0.14
Leaf fall date &, S0y -0.19 0.75  -0.39 -0.10 0.03 -0.30 0.12 0.07
Leaf length KLl 022 -0.18 0.77 0.02 -0.07 -0.05 0.04 0.13
Leaf width &£,,6,. 006 -0.29 0.43 -0.27 0.27 029 -0.45 0.35
Leaf shape &, K8 <001 -0.07 0.01 -0.04 0.83 -0.03 -0.06 0.12
Fresh kernel weight e 5059 085  -0.08 0.27 0.22 0.04 0.07 0.04 -0.01
Dry kernel weight eeSis 03y 094 -0.10 0.12 0.10 0.04 0.05 -0.05 -0.02
Kernel size el 094 -0.08 0.16 0.10 0.06 0.07 -0.06 -0.01
Kernel color e, -0.37  -0.001 -0.47 -0.29 -0.08 -0.33  0.07 0.13
Kernel fleshiness e 258 066 -0.08 0.29 0.26 0.003 -0.16 -0.14  -0.07
Removable kernel re 03,51, e -0.44 0.18 -0.53 -0.11 0.16 -0.17  0.16 -0.04
Kernel shriveling e SaS,~ -058 0.18 -0.39 -0.01 -0.10 -0.21  0.19 -0.10
Fruit shape ose & 011 -0.13  -0.10 -0.05 0.007 -0.17 -0.81 -0.12
Tree height ox=ysel,  0.62 -0.14 0.42 0.17 0.04 0.17 0.18 0.20
Fruit split o 2 -0.22 0.06 -0.06 -0.65 0.08 -0.17  0.09 -0.002
Fruit wooden shell color ogen oy gy 55, -0.33 0.06 -0.44 -0.36  -0.40 0.16 -0.12 0.15
Green husk thickness 0 5ep o S gy Cules -0.45 0.03 -053 -0.27 -0.25 0.05 -0.13 0.20
Type of fruit bearing on the branch = ¢g,050 25,55 014 -0.18  -0.006 0.03 -0.03 0.74 0.17 -0.13
Number of fruits on the branch s g esmsls 0.65  -0.05 0.50 0.13 0.24 0.27 0.00 -0.02
Fresh fruit weight with green husk G bogwe oy 092 -0.15  -0.003 0.04 0.007 0.02 -0.04 0.03
Dry Fruit Weight oSt 05y 095 -0.11 0.13 0.08 0.06 0.07 -0.02 0.01
Fruit length esedsb 036 -031 0.13 0.42 0.36 032 -0.29 0.001
Fruit width ose oo 016  -0.05 0.13 0.79 0.01 -0.12 0.24 0.10
Fruit wooden shell surface o o cwg b <058 -0.09  -0.34 0.31 0.11 022 0.17 0.30
Fruit formation form onthe branch &l 5,040 [ Sise 3 0.4 0.3 -0.06 -0.35 0.44 0.20 0.26 -0.22
Eigenvalue oy olaae  11.38 3.31 1.93 1.56 1.38 129 111 1.04
Variance (%) byl aw,s  37.95  11.04 6.45 5.22 4.63 430 3.70 3.49
Cumulative variance (%) e ibslse,s 3795 4889 5545 60.67  65.30 69.60 7331 76.80
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Fig 2. Scatter plot of of walnut genotypes based on the first and second components of

morphological traits
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Table 5. Quantitative and qualitative characteristics of superior walnut genotypes

Trait ol Unit su-l, C5 E6 G7 B5 B7 D2 D3 D6 E4
Tree growth vigor Ca s ddy o, Code s 9 9 9 9 9 9 7 9 9
Tree growth habit Ca s diy osle Code NUS 3 2 2 3 2 3 2 3
Tree branching oy s asls Code s 1 7 7 9 7 7 7 9 9
Leaf bud breaking time &K, ale 0us 5L ol Day ey 12 20 18 22 12 14 12 12 14
Time of first fruit formation g sl WS 0l Day s, 28 35 28 39 28 28 28 28 28
Fruit ripening time g Sy 0le;  Day BTSR) 18 20 20 5 10 5 5 12
Leaf falling date £, sny06; Day 59, 15 20 20 20 15 15 15 15 15
Leaf length &,Jdb mm L. 205 211 195 185 189 177 195 199 215
Leaf width Euee MM il 95 83 69 80 98 75 8 85 89
Leaf shape £, Ks  Code s 3 3 1 3 3 3 1 3 1
Fresh kernel weight #5058 0 oS 112 122 124 120 100 114 9.7 104 1038
Dry kernel weight e sSist 055 0 S 89 83 85 84 79 85 77 79 84
Kernel size 4ol Code s 9 9 9 9 7 9 7 7 9
Kernel color 2%,  Code s 1 1 3 1 1 1 3 1 1
Kernel fleshiness e 03s 258 Code s 7 7 7 7 7 7 7 7 7
Removable kernel he 03,97, I Code NU 1 1 3 1 1 1 3 1
Kernel shriveling e Sus,~ Code s 1 1 1 2 1 1 1 2 1
Fruit shape ose & Code s 8 1 1 1 1 1 8 1 1
Tree height sy g, M s 1.8 82 79 71 80 74 75 78 6.0
Fruit split o s Code s 0 0 0 0 0 0 0 0 0
Fruit wooden shell color Cdew gy &5, Code s 1 1 1 1 1 2 2 1 1
Green husk thickness e ey s Code s 3 1 1 1 1 3 1 1 1
Type of fruit bearing on the branch  axls ¢y, 650 2s,b 55 Code s 3 3 1 3 1 3 3 3 3
Number of fruits on the branch s (Ggy 0 g sldas - - 8 15 11 10 12 9 9 11 13
Fresh fruit weight with green husk o gy bog 055 0 ¢S 771 614 721 756 69.0 680 684 686 69.7
Dry fruit weight g it 035 0 ¢S 173 161 163 17.1 158 169 155 145 16.0
Fruit length osmdsb MM e e 48 51 46 41 48 47 50 50 49
Fruit width s o,e MM s le 44 49 44 40 46 46 44 45 47
Fruit wooden shell surface oo o3 Cwy ~kw  Code s 1 1 1 1 1 1 1 1 1
Fruit formation form on the branch  axls ¢5,050 |5, 3 Code s 3 3 3 3 3 3 3 3 3

*For more information about different traits units, refer to the Table 2.
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ABSTRACT
Mostafavi, A. H., Erfani-Moghadam, J. and Zarei, A. 2025. Evaluation of genetic diversity of some
Persian walnut (Juglans regia L.) genotypes of South Khorasan using morphological characteristics. Seed
and Plant, 41, pp.23-47 (in Persian).

Persian walnut is one of the most important dried fruit products in Iran. In this research,
the genetic diversity of 61 walnut genotypes was evaluated based on 30 quantitative and
qualitative traits related to leaf, fruit, and tree traits. The results revealed high genetic diversity
among the studied genotypes, with the highest coefficients of variation related to the traits of
fruit split, leaf shape, fruit shape, number of fruits per branch, wooden shell color, kernel size,
and kernel color. The lowest and highest dry in-shell fruit weight, ranged from 11.9 to 17.3
grams, and were recorded for genotypes C2 and C5, respectively. The mean value of this trait
for all genotypes was 13.40 grams. Furthermore, the highest and lowest dry kernel weights
were 8.9 and 4.6 grams, and were recorded for genotypes C5 and B6, respectively. The
overall mean of all genotypes, was 6.29 grams. The highest dry kernel weight (8.9 grams)
and the lowest (4.6 grams) belonged to genotypes C5 and B6, respectively. The overall mean
of all genotypes was 6.29 grams. Cluster analysis of genotypes based on all morphological
traits indicated two main groups at a distance of 165, each of which was subdivided into
subgroups with closer kinship. The results of principal component analysis showed that the
first two components explained nearly 76.80% of the total variance. The first component,
which was mostly related to quantitative fruit traits, explained approximately 37.95% of the
total variance. The results of this reseach showed that genotypes C5, E6, G7, and B5
possessed desirable kernel and fruit traits and could be used for establishment commercial
walnut orchards as well as the development of new cultivars in walnut breeding programs.

Keywords: Walnut, coefficient of variation, principal component analysis, kernel weight,
kernel color.
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Introduction

The evaluation of genetic diversity of native pant populations is an important aspect
for the management and utilization of plant germplasm, and plays a significant role in the
survival and adaptation of species (Vahdati et al., 2019). Despite the high production of
walnuts in Iran, the international trade of this valuable horticultural product has not been
very successful. The main reason can be attributed to the variation of the fruit
characteritics produced due to sexual propagation (Vahdati et al., 2019). Significant
variation exists in the native walnut populations of Iran due to its high level of
heterozygosity, dichogamy, cross-pollination, and consequently, sexual propagation
(Ebrahimi et al., 2015). This genetic diversity provides an excellent opportunity for the
identification of genotypes with desirable and valuable traits. A large number of walnut
trees with diverse genetic backgrounds exist in the orchards of Abiz city in Qaenat region
in northeast of South Khorasan provinc, in Iran, and the identification of suitable
genotypes and the evaluation of kinship among them can be effective in walnut breeding
programs. The aim of this research was to evaluate the selected walnut genotypes from
Abiz city and identify the superior genotypes for further studies.

Materials and Methods

This research was conducted in 2022 and 2023 in the walnut orchards of Abiz city, located
in the northeast of South Khorasan province. To identify superior and promising walnut
genotypes, 61 genotypes were evaluated for 30 different quantitative and qualitative traits
related to the tree, leaf, fruit, and kernel. In this study, fruits were randomly collected from
various parts of the walnut trees at the ripe stage. Fifteen fruits from each genotype were
evaluated. The fruit weight (weight of the fruit with green husk and dry fruit weight) and their
kernel weight were measured using a digital balance (Model: BPSIID, Sartorius Company,
Germany) with an accuracy of 0.01 grams. Subsequently, traits related to each genotypes,
such as fruit width and length, were measured using a digital caliper (Model: EGL-111-111,
Guanglu Company, Japan). Other qualitative traits of the fruit and tree, including kernel color,
fruit split, tree growth vigor, tree growth habit, tree branching, etc., were assessed for each
accession using the available descriptor for this plant.

Results and Discussion

The results indicated that the highest coefficients of variation were related to the traits
of shell split, leaf shape, fruit shape, number of fruits per branch, shell color, kernel size,
and kernel color, while the lowest coefficients of variation were obtained for fruit length,
leaf length, dry fruit weight with wooden shell, fresh fruit weight with green husk, and
leaf falling date. Furthermore, traits such as kernel removal ease, hard shell thickness, and
type of fruit bearing exhibited high variation. The highest dry kernel weight (8.9 grams)
and the lowest (4.6 grams) belonged to accession C5 and B6, respectively. The average
for all genotypes was 6.29 grams. Shamlu et al., (2018) evaluated 102 seedling walnut
genotypes, the average dry fruit weight ranged from 6.1 to 19.79 grams and kernel weight
varied from 2.9 to 9.4 grams.

The results of the present study revealed considerable genetic diversity among the 61
studied walnut genotypes in the Abiz city, particularly for traits related to fruit and kernel

\itd



TPV AP P OKen 5 (g siloan ss S o 2o S glacsss 5l & p 55 8 S5

such as fruit weight, kernel weight, fruit shape, kernel color, and shell split. Such diversity
could be attributed to sexual reproduction system, high heterozygosity, and ecological
conditions (Vahdati et al., 2019). Significant positive correlation coefficients were
observed among many studied traits. Cluster analysis based on morphological traits
divided the walnut genotypes into two main groups, indicating heterogeneous population
structure and high breeding potential of this germplasm.

Principal component analysis showed that the first eight components accounted for nearly
76.80% of total variance, with quantitative fruit traits including fruit weight, kernel weight, and
kernel size loading highly on the first component, and demonstrated their importance as key
discriminators among evaluated genotypes. In the present study, a substantial proportion of the
total variance was explained by limited number of componnets, indicating that genetic diversity
Is concentrated in specific traits such as fruit weight, kernel weight, and phenological
characteristics. Farrokhi Toolir and Soleimani (2024) evaluated 35 walnut genotypes based on
21 morphological and pomological traits, three first principal components accounted for
approximately 58.9% of the total variance. The findings of the present research suggest that
quantitative traits of fruit and the timing of growth stages accounted for the greatest contribution
genetic variation among the evaluated walnut genotypes, and can be effectively utilized as
selection criteria in walnut breeding programs.

References

Ebrahimi, A., Khadivi-Khub, A., Nosrati, Z. and Karimi, R. 2015. Identification of
superior walnut (Juglans regia) genotypes with late leafing and high kernel quality in
Iran. Scientia Horticulturae, 193, pp.195-201. DOI: 10.1016/j.scienta.2015.06.049

Farrokhi Toolir, J. and Soleimani, A. 2024. Evaluation of local walnut genotypes from
Farrokhi Toolir, J. and Soleimani, A. 2024. Evaluation of local walnut genotypes
from Kerman province using morphological and pomological traits. Seed and Plant,
40, pp.97-125 (in Persian). DOI: 10.22092/spj.2025.368013.1394

Shamlu, F., Rezaei, M., Lawson, S., Ebrahimi, A., Biabani, A. and Khan-Ahmadi,
A. 2018. Genetic diversity of superior Persian walnut genotypes in Azadshahr, Iran.
Physiology and Molecular Biology of Plants, 24, pp.939-949. DOI: 10.1007/s12298-
018-0573-9

Vahdati, K., Arab, M.M.,, Sarikhani, S., Sadat-Hosseini, M., Leslie, C.A. and Brown, P.J.
2019. Advances in Persian walnut (Juglans regia L.) breeding strategies. Pp. 401-472. In:
Al-Khayri, J., Jain, S. and Johnson, D. (eds.), Advances in Plant Breeding Strategies: Nut
and Beverage Crops, 4. Springer, Cham. DOI: 10.1007/978-3-030-23112-5_11

“Corresponding author: j.erfani@ilam.ac.ir Tel.: +988432227015

Received: Received: 05 March 2025
Accepted: 02 May 2025

® 20250 Seed and Plant. This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
BY

any medium or format, as long as you give appropriate credit to the original author(s) and the source.

v


mailto:j.erfani@ilam.ac.ir

