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ABSTRACT

The current research was conducted to evaluate the phenological, morphological and pomological diversity of some selected
walnut genotypes in the north of Hamadan province during 2016-2017 growing seasons. For this purpose, 84 mature walnut
genotypes were selected and evaluated based on the IPGRI and UPOV descriptors. After two years of evaluation, 12
genotypes were selected as the superior genotype. The results showed that HaRaToMa23 genotype is a late-leafing genotype
with 23 days delay in compare with the reference standard genotype. In addition, three genotypes including HaRaSuSh1,
HaRaToMa24 and HaRaVaAhl17 were homogeneous. In term of pomological studies, nut and kernel weights and kernel
percentages of superior genotypes varied from 12.95-22.60 g, 6.82-11.56 g and 47.15-59.47 %, respectively. The lowest
shell thickness (0.77 mm) was among the superior genotypes above for HaRaVVaAh9 genotype. Also, HaRaSuSh1 genotype
had the highest nut and kernel weight and HaRaSuSh2 genotype showed the highest kernel percentage. The selected
superior genotypes had a lateral bearing habit and their kernel color varied from bright to very bright that was easily
distinguished from the hard skin. Based on the results, a positive and significant correlation (r = 0.96 **) was observed
between leafing date and harvesting date, tree yield and nut weight (r = 0.63 **) and lateral bearing rate (r =0.73 **) ata
probability level of 1%. Selected superior genotypes in terms of many important breeding traits showed superiority in
compare with commercial cultivars, so these selected genotypes can be used in breeding programs to introduce new
cultivars.
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Figure 1. Geographical map of the studied sites for identification of walnut superior genotypes in north of Hamedan
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Table 1. Geographical location of the studied sites for identification of walnut superior genotypes in north of
Hamedan province

No. Site Site Code Number of Genotype Longitude Latitude Altitude (m)
1 Shavand HaRaSh 13 49°11'455"E 35°22'14.8"N 1926
2 Sourtejin HaRaSu 47 49°0051.7"E 35°32'06.5"N 2061
3 Vafs HaRaVa 9 48°59'40.2" E 35°28'26.3"N 1928
4 Darjazin HaRaDa 6 49°04'39.8"E 35°21'30.2"N 1829
5 Gavsavar HaRaGa 2 48°48'48.7"E 35°29'15.5" N 1919
6 Telkitappeh HaRaTo 7 48°56' 03.5" E 35°29'49.5"N 1957
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Table 2. The studied quantitative and qualitative traits of walnut genotypes in north of Hamedan province, Iran

Trait Unit Measuring method
Nut weight g Digital scale
Kernel weight Digital scale
Kernel percentage % Formula
Lateral bearing % Formula
Nut width (mm) Digital caliper
Nut thickness mm Digital caliper
Nut length mm Digital caliper
Shell thickness (mm Digital caliper
Form index Code (Spherical (Less than 110),0val shape (111-125) and Drawn oval (Larger than 125))
Lose of removal Code (1. Very Easy — 9. Very Difficult)
Kernel color Code (1. Extra Light — 9. Amber)

Code (1. Very Smooth — 9. Very Rough)
Code (1. Very Thin and Open — 9. Very Thick and close)
Code (1. Thin — 9. Strong)

Packing tissue thickness

Shell texture -
Shell seal -

Growth habit Code (1. Upright 2. Semi upright 3. Spreading)
Tree yield - Code (1. Low Yield —9. High Yield)
Time of leafing (Day) Days after reference standard *
Harvest time (Day) Days after reference standard s
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*, ** Days after reference standard (for leafing and flowering date, reference standard was considered 10-April and for harvest date, reference standard
was considered 13-Sep).
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Table 3. Characteristics of reference standard cultivar of walnut ‘Chandler’

Characterization

Leafing date (day) 4-Apr
Tree vigor Moderate
Yield Strong
Bearing habit Lateral
Nut weight (g) 13.2
Kernel weight (g) 6.50
Kernel percentage (%) 49
Shell thickness Thin
Kernel color Extra light
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Male & Female Flowers Habit (DARS) *

#]29]30]31]32[33]34] # [36]37]38] # [40]41[ 42 43 [ 44 [ 45 [ 46

No. | Genotype Flower | Dichogam!
o i mmEmmmm

2 | HaRasushy M€ 1y pr
Female

2 | HaRasuHe16 12 Pr
Female

3 |HaRaToMaze 21 1y pr
Female

4 | Harasushe [ Pr
Female

5 | HaRavaan17 21y pr
Female

6 | HaRaDaTa3 |—Mae Pr
Female

7 |HaraToMa10| 12 Pr
Female

8 |HaRaToMazs |2 Pr
Female

o | HaRasurer M2 Pr
Female

10 | HaRavaany M2 Pr
Female

11 | HaRavaahg M2 Pr
Female

12 | HaRaDaTas M2 Pr
Female

* Days After Reference Standard

VAV £l Jlo o asdllas 5,50 55 slacaieds 10 oBsS0Is g9 g oole g 5 IS o 5Loye0 Jobo ¥ JSi
Figure 2. The duration of pollen shedding, pollen receptivity and type of dichogamy in the studied walnut superior
genotypes in 2016-2017 growing seasons.
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Table 4. The variation ranges of some important morphological characteristics of the studied walnut genotypes
originated from north of Hamedan Province in 2016

Traits Mean Min Max SD. CV (%)
Nut length (mm) 38.71 29.54 51.84 4.36 11.27
Nut width (mm) 34.07 27.10 41.23 2.67 7.84
Nut thickness (mm) 34.62 29.21 44.39 2.76 7.97
Nut weight (g) 13.47 8.55 22.60 2.69 19.74
Kernel weight (g) 7.18 4.43 11.56 1.35 18.92
Kernel percentage (%) 54.09 40.80 71.02 5.31 9.82
Shell thickness (mm) 0.86 0.34 1.30 0.16 18.80
Bud break date (DARS)* 11.84 1.00 23.00 341 28.79
Harvest date (DARS) 13.48 1.00 32.00 5.00 37.09
Lateral bearing (%) 53.99 21.00 75.00 14.69 27.21

(A 8,8 155 50 160505 YV 5 (020,98 VY o Sy Clilo g (o205 5 2, Slaw (gl p) caz o 0 lailinl 5l amy 59, sl )
1. Days after reference standard (for leafing and flowering date, reference standard was considered 10-April & for harvest date, reference standard was

considered 13-Sep).

Oles Gl Jlod 5o oad plulid (5995 5 lacassi )3 Siglsd o0 e Sloogas (S p Slpess aals B Jguo
FA0-1YAS 2l sla b b

Table 5. The variation ranges of some important morphological characteristics of the superior walnut genotypes
selected from north of Hamedan Province in 2016

Traits Mean Min Max SD. CV (%)
Nut length (mm) 40.74 31.85 51.84 571 14.03
Nut width (mm) 35.40 27.76 41.33 3.39 9.60
Nut thickness (mm) 35.85 29.20 42.59 3.49 9.76
Nut weight (g) 15.90 12.95 22.60 2.59 16.29
Kernel weight (g) 8.50 6.82 11.56 1.43 16.86
Kernel percentage (%) 53.47 47.15 59.47 3.44 6.43
Shell thickness (mm) 1.00 0.77 1.28 0.13 13.66
Bud break date (DARS)* 14.66 8.00 23 4.86 33.19
Harvest date (DARS)* 17.17 15.00 25 5.21 30.40
Lateral bearing (%) 66.09 55.00 74.50 1.16 16.17

(25485 a5 50 50 05 VY 5 009,98 V) i o Cllo gy 5 (2055 )6 Slao sl wilioe oz o3, (haghy ol 55 45 wazpo 3 bl o 5, olass )
1. Days after reference standard (for leafing and flowering date, reference standard was considered 10-April & for harvest date, reference standard was

considered 13-Sep).
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Table 6. Pomological traits of twelve selected walnut superior genotypes (+SD) in north of Hamadan province in 2016
growing season.

Genotype Nut weight Kernel weight Kernel percentage Shell thickness Lateral bearing
© © (%) (mm) (%)

HaRaSuSh1 22.60+0.82a 11.56+1.14a 48.07+0.54h 1.03+0.05bcd 55.00+4.12d
HaRaSuHel16 16.47+0.47¢c 9.45+0.50bc 55.71+0.82bc 0.93+0.04e 74.50%2.12a
HaRaToMa24 15.08+0.41d 8.28+0.30de 54.96+ 0.68c 1.07+0.06bc 55.80+4.19d
HaRaSuSh2 14.94+0.42d 9.11+ 0.68¢c 59.47+0.60a 1.01+0.08bcde 70.00+1.41b
HaRaDaTab 14.49+ 0.43 7.89+0.16¢f 54.67+0.69cd 1.08+0.08b 63.60+2.88¢c
HaRaVaAh17 14.44+0.33d 7.55+0.74efg 53.32+0.98ef 1.02+0.08bcde 72.00+4.47ab
HaRaVaAh6 14.37+0.45d 7.16+0.20fg 50.50+0.93g 0.99+0.04bcde 62.00+2.73c
HaRaDaTa3 16.47+0.69c 8.78+0.37cd 54.06+0.93de 1.28+0.08a 68.6.00+2.19b
HaRaToMal0 13.20+ 0.60 6.94+0.53g 52.94+0.81f 0.97+0.08de 60.6.00+2.60c
HaRaVaAh9 12.95+0.56e 6.82+0.56efg 52.54+0.48b 0.77+0.08f 55.80+2.28b
HaRaToMa23 18.61+1.07b 10.12+0.80b 54.14+0.87de 0.84+0.07f 71.00+2.23ab
HaRaSuHel 16.70+0.94c 7.750.54efg 47.15 +0.90h 1.04+0.04bcd 67.40+2.73ab

955 TaSe b gl e gl il (oo S piie B Sy 0 a5 GloTg Gy » )0 -
- There is no significant differences between genotypes with the same letters in each column.
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Continued table 6. Pomological traits of twelve selected walnut superior genotypes (£SD) in north of Hamadan
province in 2016 growing season.

G Nut length Nut width Nut thickness Form .
enotype . Roundness index
(mm) (mm) (mm) index

HaRaSusSh1 51.84+0.96a 41.23+1.59a 42.59+1.56a 123.78+3.70ab 0.80+0.02de
HaRaSuHel6 44.47%1.42¢ 37.16+0.76¢ 37.44+1.29cd 119.28+2.78hc 0.83+0.03cd
HaRaToMa24 35.76+0.62f 34.10+1.07f 35.36+0.83ef 102.98+1.61e 0.97+0.02a
HaRaSuSh2 41.11+0.86d 35.59+0.52de 34.05+0.86fg 118.12+2.91c 0.85+0.02¢c
HaRaDaTab 35.03+0.76f 34.48 +1.31ef 34.25+1.49fg 101.97+2.22e 0.98+0.02b
HaRaVaAh17 31.85+1.40g 27.76+0.95h 29.20+0.94h 111.8243.37d 0.90+0.03b
HaRaVaAh6 44.20+0.59¢c 34.57+0.94ef 34.83+0.40f 127.41+3.17a 0.79£0.02e
HaRaDaTa3 40.59+0.75d 37.64+0.78ch 36.88+0.73ed 108.91+1.79d 0.92+0.02b
HaRaToMal0 38.13+0.76e 32.24+1.199 33.02+2.629 117.11+4.28c 0.85+0.05¢
HaRaVaAh9 38.77+0.86f 34.40+0.83ef 34.24+0.77fg 112.93+1.50e 0.89+£0.01a
HaRaToMa23 45.04+1.47cb 36.49+0.53cd 38.81+0.53bc 119.64+4.58hc 0.84+0.03cd
HaRaSuHel 46.09+1.24b 38.82+0.85b 39.2340.84b 118.08+2.99¢c 0.84+0.02c

Gl KaSs b s o cime glas il (oo S i By S50 AT slacaiei) ot o 50 -
- There is no significant differences between genotypes with the same letters in each column.

Table 7. Qualitative traits of twelve selected superior walnut genotypes in north of Hamadan, Iran in 2016 growing season.

Genotype Shell Shell Shell Kernel Kernel removal Packing tissue Kernel Growth
texture color seal fill of nut thickness color habit
HaRaSuSh1 3 3 7 7 2 3 3 2
HaRaSuHel16 2 2 7 8 1 2 2 3
HaRaToMa24 2 1 7 7 1 3 1 3
HaRaSuSh2 2 2 7 7 3 3 2 3
HaRaToMa23 2 2 8 8 3 3 2 3
HaRaSuHel 2 1 8 6 1 2 2 3
HaRaVaAh17 2 1 9 7 3 4 1 3
HaRaDaTa3 2 2 7 7 2 3 1 3
HaRaDaTa5 1 1 8 8 1 2 1 2
HaRaVaAh6 2 2 8 8 3 3 1 3
HaRaVaAh9 2 1 8 8 2 2 1 3
HaRaToMal0 2 2 8 8 2 4 1 3
olE e 5o Mol sladsliy jo Blaal o iage Olho (r (Soawod
G bl aSshy gy lede 908 i Sleogar o (S Ly, 5l (2]
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Table 8. Pearson correlation coefficients between some high-heritability traits in the studied walnut genotypes

Traits 1 2 3 4 6 7 8 9 10 11
1. Bud break date 1
2. Harvest date 0.96™ 1
3. Tree yield 0.04 -0.06 1
4. Lateral bearing -0.03 -014 073" 1
5. Nut weight 0.25 024 063" 011 1
6. Kernel weight 0.30 0.27 0.52 0.17 0.86™ 1
7. Kernel percentage 0.04 0.00 -0.17 -0.13 -0.19 -0.20 1
8. Shell thickness -0.30 -0.12  -042 -0.5 0.23 -0.11  -0.27 1
9. Nut length 0.39 0.31 0.56 0.28 0.75" 0.55 -0.42  -0.06 1
10. Nut width 0.10 0.09 0.50 0.20 0.78™ 064" -020 -0.09 0.807 1
11. Nut thickness 0.26 0.24 0.49 0.09 086~ 0627 032 009 081" 085" 1

12. Fruit index 0.28 0.25 0.59" 0.27 0.86™ 066" 031 002 093" 092" 094"
*, **: Significantly differences at 5 and 1% of probability levels, respectively Ao iy 5 S ol e 5ol pe Dglds oS Ay e

935 Frsleaiss Vb el )l b olis 1Sy e Gl Jsl adlie ez e <l o A sz
Table 9. The coefficients of explaining the first four components for each of the traits with high heritability in walnut
superior genotypes

. Components
Traits 1 5 3 7
Bud break date 0.42 -0.09 0.03 0.12
First male bloom date 0.42 -0.17 -0.09 0.00
Last male bloom date 0.29 0.28 0.06 0.33
First female bloom date 0.35 -0.32 0.05 -0.23
Last female bloom date 0.38 -0.13 -0.25 -0.21
Harvest date 0.40 -0.05 0.01 0.18
Lateral bearing -0.03 0.16 0.65 -0.32
Nut weight 0.22 0.56 0.01 -0.15
Kernel weight 0.24 0.50 0.20 0.14
Kernel percentage -0.04 -0.28 0.39 0.70

Shell thickness -0.01 0.27 -053 0.30
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Figure 3. Principal component analysis (PCA) of superior walnut genotypes based on high heritability traits
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Figure 4. Cluster analysis of 12 walnut superior genotypes based on high-heritability traits
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