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Evaluation of Local Walnut Genotypes from Kerman Province Using
Morphological and Pomological Traits
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Table 1. Walnut genotypes and geographical coordinates of sampling locations

SF 5 () bys o 51 ol | Sl oo Sl b
Genotype Location == Altitude above sea level (m) Latitude Longitude
1 Godal-e-seiffoddin/Googher 2 &/l e J1s S 2605 29° 28" 220" 50° 37" 0.80"
2 Avask /Googher S 1Sl T 2853 29° 31" 28.00" 50° 25 4.40"
3 Bondar-e-Hanza /Rabor YRRty 2711 29° 19' 1593" 51° 12" 12.36"
4 Bondar-e-Hanza /Rabor JOYATrgwtY 2705 29° 41" 19.00" 51° 12" 12.47"
5 Avask/Googher oS 1Sl sT 2649 29° 31' 28.45" 50° 25 423"
6 Cheshmesabz/Googher o S/ pewtaiior 2611 29° 27" 57.92" 50° 25 35.40"
7 Chahartagh/Googher 5] b, le 2768 29" 31' 48.78" 50° 25" 17.08"
8 Dehdivan /Rabor Ay /003 e 2718 29° 20" 29.61" 50° 50" 49.79"
9 Tezerj/Esker Sl 5 2628 29° 18 56.07" 50° 51' 1.35"
10 Amirabad/Googher 25 15T Ll 2588 29° 27" 5457" 50° 24" 35.60"
11 Amirabad/Googher 5 UT 2592 29° 27" 5371" 50° 24" 408"
12 Senguieyeh/Rabor /48 Ko 2992 29° 23" 3.88" 50° 42" 7.28"
13 Genuieyeh/Rabor Sy /assS 2741 29" 22" 39.25" 50° 40" 15.30"
14 Borkanan-e- sofla/Baft b/ Jawols ) 2620 29° 19 8.90" 50" 42" 12.48"
15 Borkanan-e- sofla/Baft sl / JaworlS 2625 29° 19" 24.35" 50° 42" 5.06"
16 Bagh-e-Fatk/Bezenjan Ol /S35 £, 2413 29° 16" 1.10" 50° 41' 6.90"
17 Tezerj/Esker Sl / 5k 2584 29° 18" 49.89" 50° 50" 51.71"
18 Kahansiyah/Sirjan Ol el ol g 2217 29° 29° 200" 56° 7' 1.00"
19 Bamdahan/Sirjan Ol e /03 2504 29° 33" 5850" 56° 9' 22.00"
20 Ghanatzereshk/Sirjan Ol o 16K, LS 2237 29° 39" 34.00" 56° 19' 20.40"
21 Ghanatzereshk/Sirjan Olor o 165K, o3 2271 29° 39" 3400" 56° 19' 20.20"
22 Babkohan/Bidkhoon/Bardsir s ;70 s / 4SS 2604 29° 37" 0.07" 56" 30' 43.80"
23 Dehbala/Bidkhoon/Bardsir ISR 2689 29° 37" 0.20" 50° 25 35.40"
24 Dehbala/Bidkhoon/Bardsir 3y 10 55y Lo 2677 29° 37" 170" 56" 30 44.90"
25 Dehbala/Bidkhoon/Bardsir PRI 2637 29° 37" 46.00" 56° 30' 34.10"
26 Babzaytoon/Badrsir PR 2631 29° 37" 47.00" 56° 30" 34.90"
27 Babzaytoon/Badrsir a3 /055 50l 2634 29° 37" 47.30" 56° 30' 34.80"
28 Hajiabad/Baft Sl /LT ol 2187 29° 12" 36.50" 56° 36" 14.30"
29 Hajiabad/Baft ol /5LT 2185 29° 12" 128" 56" 36' 18.90"
30 Hajiabad/Baft il /5LT 2163 29° 28' 39.25" 56° 36 18.30"
31 Taghiabad/Baft sl /LT & 2620 29° 11' 58.60" 56° 36' 28.80"
32 Taghiabad/Baft N 2207 29° 11' 58.10" 56° 36' 28.80"
33 Ghanatmalek/Rabor Sy reSlts 2312 29° 16" 49.24" 57° 02' 40.21"
34 Ghanatmalek/Rabor Sy 1Sk ol 2337 29° 17" 2.02" 57 2" 53.40"
35 Seyyed Morteza/Rabor ) [ g5 s 2176 29° 13" 5359" 57 3 271.70"
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Table 2. Scale and scoring of traits based on national guidelines of tests for distinctness, uniformity and stability for walnut

Traits

Cao

Slel 5 obike

Scale and Score

Adherence of two halves of shell

Shape in longitudinal section perpendicular to suture

Shape in longitudinal section through suture

Shape in cross section

Shape of base perpendicular to suture

Position of pad on suture

Prominence of apical tip

e 93 Sl Q)L s V) 5L
Very high (9) High (7)
o 333 38 b plaie 53 JS e
Ovate (4)
W) o
Elliptical (8)
o5 503 p Gkt J b plaie s> S (F) (F s
Ovate (4)
W) i
Elliptical (8)
5o plaie > IS
(F) Jlsal
Eaged (7)
O 55 ad B 5 F Je
o 5 (S Ole

©) Lowge
Medium (5)

) e F e
Broad ovate (3)
V) oy o
Broad elliptical (7)
) o e
Broad ovate (3)
V) oy s
Broad elliptical (7)
V) 6y
Elliptical (7)
) e
Flat (5)

() Jsb plai 5»
Throughout (3)
V) 545
High (7)

() oS
Low (3)
(Y) e
Triangle (2)

(#) o s34
Broad trapezoidal (6)
(1)
Triangle (2)

(#) o a3 5
Broad trapezoidal (6)
® es5
Spherical (5)
OFYY
Round (3)

(1) SV p s
In the upper% 2
®) Lo 2o
Medium (5)

(V) oS s
Very low (1)
OFks
Round (1)

() slaisd s>
Trapezoidal (5)
OFYs
Round (1)

() slaisd s>
Trapezoidal (5)
) foy 655
Beveled spherical (3)
(1) &b ke
Narrow triangle (1)
(V) SYL anys
In the upper half (1)

) oS
Low (3)

VoY
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Table 2. Continued =Y J g aalsl
Shzel 5 el
Traits S Scale and Score
Width of pad on suture Sab S g, 4 ad o e ™) e ®) Lo 20 ) &Sk
Broad (7) (5) Medium Narrow (3)
Prominence of pad on suture 302 G p by ad Koo Ol e V) 5L (®) Lo 52 ) S
High (7) Medium (5) Low (3)
Ease of removal from shell Sre O I & s V) Cdem () Lo g2 ™) olT M) olT L
Difficult (8) Medium (5) Easy (3) Very easy (1)
Shape of nut apex g S 5 s (F) Jlsed ) oo 5 M) 555 5
Edged (4) Flat (3) Round (2) Acuminate (1)
Intensity of kernel ground color She e 5, D V) o,s () Lo g2 () s, (V) gy o
Dark (7) Medium (5) Light (3) Very light (1)
Thickness of shell S Ay sl (MM) e e
Percentage of kernel weight relative to total weight of nUt 5 IS 055 4 S 530 055 Ao s .
Kernel weight PR @5
Nut weight o5 O3 @ f
Nut width on oS5 28 Mm) L
Nut length 0 5m0 Jsb mm) s e
Type of bearing b oosle V) 5l ©) s\l Sl ™) Sl ol M) sl
Lateral (7) Lateral-terminal (5) Terminal-lateral (3)  Terminal (1)
Yield per tree oy 65 s Shes () 5L ks V) s ®) Lo g2 ) oS
Very high (9) High (7) Medium (5) Low (3)
Leafing time 35, 0l ) ps ©®) sl s (F) Lo g0 () 555
Late (6) Almost medium (5) Medium (4) Early (2)

Vv
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Table 4. Descriptive statistics for studied traits in walnut genotypes

Y ady oSl sl Sl o s ey
Traits ciwe Minimum  Maximum Mean  Median CV (%)
Adheision between two halves o Aes 93 S L 1.00 9.00 4.54 5.00 26.59
Shape in longitudinal section perpendicular to suture 050 333 g 3gee b ey K2 1.00 8.00 4.89 5.00 19.07
Shape in longitudinal section through suture o5 5y g ate b abaie 3 SS2 1.00 8.00 4.48 4.00 18.46
Shape in cross section oo phie s S 1.00 3.00 1.88 2.00 12.20
Shape of base perpendicular to suture Db 53 3 ses s & S 1.00 3.00 2.20 2.00 16.22
Position of pad on suture O gay 4 g ad 35 L5 e 1.00 3.00 2.17 2.00 24.40
Prominence of apical tip S5 Ko 1.00 3.00 1.82 2.00 24.94
Width of pad on suture Db Bs gy, 4 ) e 3.00 7.00 4.42 5.00 20.14
Prominence of pad on suture 505 oy g B d Ko 3.00 7.00 4.62 3.00 20.58
Ease of removal from shell SRe Odd e & g 1.00 4.00 2.54 1.00 23.02
Shape of nut apex g S 5 S8 1.00 4.00 1.57 2.00 26.26
Intensity of kernel ground color e a5, Sk 1.00 7.00 4.14 5.00 25.67
Thickness of shell (mm) (raldhs) (oo gy Clies 1.00 4.60 2.19 2.00 25.06
Kernel weight: total weight of nut (%) ogme JS 0551 e 05 Ao yd 5.57 68.90 52.85 55.32 21.38
Nut weight (g) (0.,5) 050 055 1.38 14.90 9.75 5.04 25.32
Kernel weight (g) (0,5 s 053 2.51 8.10 5.55 10.10 25.84
Nut width (mm) (o (o) o (oS5 o 0 1.10 3.66 2.90 3.08 20.58
Nut length (mm) (o (heo) 0300 J b 2.30 4.20 351 3.60 13.57
Type of bearing Al sle 1.00 7.00 3.14 3.00 20.95
Fruit yield tree 1 Sy 3 04 3 Shes 3.00 9.00 6.08 7.00 21.54
Leafing time 238 0k 2.00 6.00 4.28 4.00 17.25

Veb
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Table 4. Mean of measured traits of walnut fruit from 2019 to 2022 based on the national
guidelines of tests for distinctness, uniformity and stability in walnut (2007)

BN : : S B B 5, 3 N
33 % S U ii ! :}
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K 9 25 3 ~ 5\
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> 1E& 2 3
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5 ° = S £ = = 8 e E
£ z ¢ 2 = g B 2 £ 2 3
g & g & T : = & 3 Zz £
S I3 2 5 5 5 5 5 S S 5
O] £ = XY XY b b z = [ —
1 1 2.2 56.04 4.52 8.10 30.5 39.4 7 7 4
2 5 2.4 57.00 6.82 12.10 36.6 41.6 3 5 4
3 5 23 5681 496 873 323 411 5 5 4
4 1 4.0 61.01 4.82 7.90 28.8 31.2 3 5 4
5 3 18 5394 362 671 265 322 3 9 4
6 3 35 5532 38 697 308 312 3 5 4
7 5 46 5578 530 950 331 351 5 5 6
8 3 2.7 55.70 5.78 10.45 31.8 34.6 1 7 4
9 1 1.2 56.25 4.50 8.11 33.2 32.6 3 7 5
10 3 1.7 53.21 4.98 8.27 31.1 35.7 3 7 6
11 3 2.2 57.68 5.93 10.28 3.5 42.1 5 7 5
12 3 22 5060 686 1051 306  39.2 1 5 4
13 5 40 6428 808 1057 338 368 1 5 4
14 3 20 6688 810 1096 311 365 3 5 6
15 7 41 5320 665 1250 352  39.2 3 5 4
16 5 4.2 59.52 7.56 12.40 31.6 37.8 3 7 4
17 5 21 5005 672 138 289 398 3 7 4
18 5 10 6180 730 1180 351  37.1 7 9 5
19 5 15 6260 670 1070 332 382 1 5 4
20 7 2.0 46.70 4.96 10.60 3.2 41.1 1 7 5
21 5 1.5 55.15 5.40 11.90 29.1 32.2 3 7 5
22 3 1.0 49.33 6.10 12.50 25.2 28.1 3 7 2
23 3 15 4630 380 820 255 322 3 3 4
24 5 2.0 50.29 4.20 8.35 26.2 31.3 3 7 4
25 5 20 4100 560 1360 313  34.1 3 5 4
26 5 15 5060 390 770 231 262 3 5 5
27 5 2.0 41.90 3.90 9.35 29.2 31.1 1 5 4
28 5 2.0 46.12 4.10 8.90 30.2 33.2 1 5 4
29 5 15 6683 680 88 293 319 3 7 4
30 5 30 6490 700 1015 338 411 3 7 4
31 5 2.2 43.50 5.10 11.70 31.1 38.1 3 7 4
32 3 15 53.16 7.90 14.90 31.6 36.2 7 7 4
33 5 15 53.18 5.59 10.51 19.8 27.2 3 5 4
34 3 10 3879 251 647 209 235 3 7 4
35 5 10 4572 460 1006 192 3.6 3 5 4
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Table 5. Correlation coefficients between different traits in studied walnut genotypes (df = 28)

)
No. Trit i 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 9 20 2
1 Amountof atheision between two halves umeis S 1000

2 Shapeinlongitudinel ection PPENGICLIANMOSULIE o055 43 S s S 0073 1000

3 Sheinlongitdinel secion throughsuture opin i s 5 0167 0266 1000

4 Shpeincosscion SopdislS: 0088 0223 0151 1000

5 Shpeofbeseperpendicular osuture Ui sedse S 0183 0202 0057 0287 1000

6  Postionofpedonsutre SKiane S5~ 0195 0165 0309 0331 0010 1000

7 Prominenceofapical ip o Se, 0017 0014 0163 0283 036 0193 1000

8  Widhofpadonsutre UbSissesd s 0161 0265 0159 0063 0221 0101 023 1,000

9 Prominenceof pedonsiture Ssap e Se, 0162 0768 0423% 0248 0042 0312 0525 0507 1000

10 Eaeofremoval fomshel eoulecle 0672 0933 0099 0019 0304 019 0109 0039 0004 1000

11 Shepeofnutapex eSS 0406 0218 0004 0053 0125 0248 -0387* 0214 0034 0238 1000

12 Inersityofkemel ground color seseSow 0172 0110 0041 0014 005 0403 0069 0102 0153 0214 0206 1000

13 Thidkessofshell umegcds 0607: 0107 0066 0160 032 0051 0091 0061 -0026  0491% 0056 0127 1,000

14 Kemelweight toialnutweightofnut (%) S poisop 0138 0101 0130 0019 0074 0177 008 0163 0098 0061 0152 -0008  0411* 1000

15 Kemelweigh o 0353* 0208 0085 0041 0094 0063 0024  0618** 0267 0232 0205 0218 0241 0421* 1000

16 Nutweight wop 0164 0203 0304 0120 0207 0312 0071  0415% 0371* 001 0233 0245 0048 0082 0503 1000

7 Nutwidh S 0235 0138 0046 0121 0071 0015 0272 0364 0198 017 0004 006 0453 0326 0526 0225 1000

18 Nutlngh wdb 0120 0360 0078 0160 0126 0263 0112 05455 030 0075 033 0254 0275 0349* 0582 019 0627** 1000

19 Typeofbering ko 0415% 0102 0152 0085 012 0115 0149 0251 0123 0368 0172 0255 0085 0262 0106 0112 0117 0145 1000

20 Yiedpertee cipeSisfle 0127 0070 0169 015 018 0135 004 0096 0033 0216 05 0112 0255 0016 0075 0041 0075 002 033 1000

2 Lefingtime o0 0008 0037 0087 0189 0098 -0405¢ 0252 0050 0008 014 0013 0015 008 0204 0027 -0076 0258 015 0168 0034 1000

*and **: Significant at the 5% and 1% probability gevels, respectively.
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Fig. 1. Dendrogram for 35 walnut genotypes by Ward’s cluster analysis method, using 21
traits. For genotypes’ name based on numbers, please refer to Table 1
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Table 6. Eigenvalues, proportion of eigenvector (PCs) and cumulative variance of traits in 35 walnut genotypes

Eigenvalues ehslayls, 2762 1814 1313 0898 0.830 0.799 0.706 0.395
Proportion of total variability* Sl Sewws 0276 0181 0131 0.09 0.083 0.080 0.071 0.04
Cumulative variance e byl 0276 0458 0589 0.679 0.762 0.842 0912 0.952
Trait cir PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Type of bearing asboste 0152 0574 -0.085 0.000 0301 0.207 -0.273 0.633
Leafing time 8,0k 0171 0107 0.54 0.566  0.283 0.375 0.057 -0.331
Kernel weight: total weight of nut (%) o5 055 JS: jRe 0js 4eys 0337 0158 0373 -0.479 -0.108 0.067 -0.489 -0.238
Kernel weight 405 0508 -0.105 -0.166 -0.16 0.121 -0.228 -0.159 -0.265
Nut weight ase s 0269 -0152 -0569 0.079 0547 0.148 -0.011 -0.216
Nut width o oS 5,e 0474 0.013 0133 0.049 -0.005 -0.176 0.511 0.302
Nut length osedsb 0484 0.048 -0.048 -0.015 -0.425 0.127 0.312 0.052
Ease of removal from shell e Odsl> e 0101 -0487 0355 0121 0.298 -0471 -0.226 0.361
Fruit yield tree! oy s Ske 0.066 0426 -0.178 0521 -0.241 -0.571 -0.247 -0.186
Intensity of kernel ground color e K, ous 0172 -0424  -0.182 0361 -0.42 0.378 -0.432 0.241
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by principal component analysis method, using 10 traits. For genotype names based on

numbers, please refer to Table 1.
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ABSTRACT
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).

Kerman province has the second largest walnut growing areas in Iran, with significant
genetic diversity that provides the opportunity for identification and selection of desirable
genotypes. This study evaluated 35 local genotypes from various walnut-growing regions
in Kerman province during 2020 to 2023, using 21 morphological and pomological traits.
Kernel percentages ranged from 41% to 66.88%, with most genotypes showed easy to
medium kernel separation from the shell. The highest coefficients of variation (CV) were
related to adhesion of the two woody halves (26.59%) and the shape of the fruit tip
(26.26%). The highet correlation coefficient was between ease of separation and adhesion
of the woody halves (r=0.672). Cluster analysis (CA) grouped the walnut genotypes into
four distinct groups, which did not correspond with their geographical locations. Principal
component analysis (PCA) revealed that the first three components accounted for 58.9% of
the total variation. Genotypes 1, 2, 3, 10, and 18 outperformed others in bearing type,
leafing time, kernel percentage, fruit size, fruit yield treel, and kernel color intensity, make

them suitable for further evaluation and used in walnut breeding programs.

Keywords: Walnut, bearing type, kernel percentage, fruit weight, kernel colour, yield tree”
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Introduction

The Persian walnut (Juglans regia L.) is an important food and medicinal species, and
Iran is the main center of its diversity and one of the leading walnut producer (Rezaei et
al., 2018). Kerman province has a long history of walnut cultivation, ranking second in
area and third in production at the national level (Anonymous, 2022). Due to using seed
for propagation, there is significant genetic diversity among walnut populations in
different regions, which are valuable sources for walnut breeding programs. Mozaffari,
(2011) evaluated 33 walnut genotypes from Kerman province and reported that there were
walnut genotypes with fruit weights of 12.5g, kernel weights of 5.6g, and kernel
percentages of 43.25%. Multivariate analysis methods as CA and PCA have proven
effective in understanding the relationship between morphological traits in walnut
germplasm, enhancing breeding efficiency and horticultural management
(Liu et al., 2020). This study aimed to classify walnut genotypes from different regions
in Kerman province based on morphological and pomological traits and to identify
promising walnuts genotypes with higher fruit yield and quality.

Materials and Methods

This study was carried out during 2020 to 2023 on trees of 35 local walnut genotypes
of almost the same age, from different regions in Kerman province. Information from
horticultural experts of Baft and Rabor city agricultural administrations and local people,
promoters and extension agents was obtained and used. The geographical coordinates of
locations of the walnut orchards including longitude, latitude and altitude above the sea
level was recorded using a GPS device. These areas mainly had an altitude of more than
2100 meters above sea level and included: Googher, Rabor, Esker, Baft, Bezenjan, Sirjan,
and Bardsir.We assessed 21 nut-related traits using scoring methods based on national
walnut DUS descriptor. Correlation coefficients were calculated and descriptive statistics
were derived. The cluster cutting method using Jn_/z with n represented the number of
genotypes, and was implemented at points of significant distance between clusters.
Statistical analyses were performed using Minitab 18 and SPSS Statistics version 26.

Results and Discussion

Walnut genotypes; 6 from Cheshmehsabz Googher, 13 from Genuieyeh Rabor, and 16
from Bagh-e-Fatk Bezenjan showed strong wood adhesion and difficulty
in separating the kernel from the shell. Genotypes 15 from Borkanan-e-Sofla Baft
and 20 from Ghanatzereshk Sirjan had dark kernel colour, while genotypes 1 from Godal-
e-Seiffoddin Googher, 4 from Bondar-e-Hanza Rabor, and 9 from Tezerj Esker had very
light kernel colour. The highest kernel weight percentage (66.88%) was in genotype 14
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from Borkanan-e-Sofla Baft, and 29 from Hajiabad Baft (66.83%), respectively, while
genotype 25 from Dehbala-e-Bidkhoon Bardsir had the lowest (41%). The average kernel
percentage was 52.85%, which is lower than reported averages for walnuts from Albania
and Turkey, and Neyriz-e- Fars, and Malayer regions (Zeneli et al., 2004; Rezaei et al.,
2018). Cluster analysis, using Ward's method, grouped the 35 walnut genotypes into four
distinct clusters: 13 genotypes in the first group, 12 in the second group, and five in each
of the third and fourth groups. Genotypes; 1 from Godal-e-Seiffoddin Googher, 2 from
Avask Googher, 3 from Bondar-e- Hanza Rabor, and 18 from Kahansiyah Sirjan from
group 1, along with genotype 10 from Amirabad Googher from group 4, excelled in type
of beaing, leafing time, hernel percentage, nut width and length, yield tree’?, and intensity
of kernel ground color traits, and can be considerd for further evaluation and used in
walnut breeding programs.
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