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Introduction

Almond is a commercial and important nut fruit known as Prunus dulcis, a species of Prunus of the Rosaceae
family. The nutritional value of almonds as well as the presence of oil, protein, fiber, minerals and biologically
active compounds have made almonds Nutrionally, industrially and medicinally important. In most traditional
orchards in Iran, almonds are propagated from seed, which has contributed to the high genetic diversity of this
species. The introduction and production of superior cultivars depends on the careful selection of plants, which
requires knowledge of the cultivars and their diversity. Cross-pollination in almond increases genetic diversity in
cultivated species. Creating an orchard by selecting grafted genotypes on suitable rootstocks for sustainable
cultivation of almonds is particularly important (Babadai et al., 2017). The aim of this research is to evaluate the
phenotypic diversity of 44 promising genotypes that were grafted on GF677 rootstock, using the vegetative,
quantitative and qualitative characteristics of nuts and kernels in order to select superior genotypes. A great
diversity was observed in the morphological and pomological characteristics of 60 almond genotypes by
Ardjmand et al. (Ardjmand et al., 2014). Many researches (Mousavi et al., 2010; Asgari & Khadivi 2021;
Heidari et al., 2022; Beigi & Khadivi, 2023) have been conducted on the selection of superior cultivars by
examining the morphological, nut and kernel characteristics.

Materials and Methods

In this research, 44 promising almond cultivars and genotypes on GF677 rootstock were investigated in terms
of various vegetative traits, nut and kernel characteristics. Experiment on 44 almond genotypes prepared from
Karaj and grafted on GF677 rootstock, in March to September 2024 in the form of randomized complete block
design in three replications at the almond research station in Saman region affiliated to the Chaharmahal and
Bakhtiari Agricultural and Natural Resources Research and Education Center was conducted on 5-year-old trees.
Vegetative traits of tree height, canopy length, canopy width, and branch length were measured by meter in the
garden, and rootstock diameter, scion diameter, and branch diameter were measured in the garden with calipers.
In order to measure nut and kernel traits, 100 fruits were harvested from each of the cultivars and genotypes, and
their green shell was separated and dried. Measurement of traits such as length, width, diameter of nut and kernel
was done by digital caliper and weight of nut and kernel was measured by digital scale with accuracy of 0.01.
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Coding of some traits was done based on almond descriptor (Glilcan, 1985) with some changes. The data
obtained from the experiment were analyzed using SAS software (version 3.1.9). To compare the means, LSD
least significant difference test was used at the 5% probability level.

Results and Discussion

The results of analysis of variance for the evaluation of vegetative traits showed that there was a significant
difference between promising cultivars and genotypes in terms of tree height, canopy length and canopy width,
one-year branch length, canopy length-to- canopy width ratio, and canopy height-to- canopy length ratio at the
1% probability level. The results of the analysis of variance showed that between all cultivars and genotypes
grafted on GF677 rootstock in terms of length, width, diameter and weight of nuts, length, width, weight and
diameter of kernel, shell thickness, double kernel, percentage of blank kernel, kernel color and shrinkage of
kernel, shell hardness, suture opening of the shell, percentage of kernel, kernel width/kernel length ratio, kernel
thickness/kernel length ratio, kernel thickness/kernel width ratio and kernel weight/nut weight ratio have
significant differences. Based on the obtained results, the genotypes 4-4, TS-11, H, 2-3-2, 2-0-4 according to the
valuable and commercial properties of almonds, including yield, kernel percentage, shell hardness, percentage of
blank kernel, kernel weight, suture opening of the shell, double kernel, shell thickness, kernel color and most
importantly late flower were genotypes with relative superiority in terms of nut and kernel traits. According to
the results, the 4-4 genotype grafted on the GF677 rootstock with yield of 750 gr, 51% kernel percentage, hard
shell, excellent seal suture opening of the shell, very light kernel color, late flowering, flowering on spurs and
one year old shoots, the low of double kernel and low percentage of blank kernel seems to be one of the
relatively good genotypes for Chaharmahal and Bakhtiari region. In the study of Mousavi et al., 2010, by
examining the quantitative and qualitative characteristics of 55 varieties and genotypes of almonds, reported that
all quantitative and qualitative traits in the genotypes have significant differences, which is in line with the
results of this research.

Conclusion

Based on the results of this study, significant variation in morphology, phenology, and pomology was
observed among 44 promising genotypes grafted onto GF677 rootstock. This variation is of great importance in
selecting superior cultivars that are adapted to environmental conditions, as well as in selecting high-yielding
genotypes. Chaharmahal and Bakhtiari province, with its specific climatic conditions, requires varieties that are
adapted to these conditions. The climatic conditions of this region include hot and dry summers and cold
winters, so varieties that are resistant to cold and drought should be selected, especially varieties whose
flowering date is such that they are safe from the risk of spring frost. Based on the obtained results, the
genotypes 4-4, TS-11, H, 2-3-2, 2-0-4 according to the valuable and commercial properties of almonds,
including yield, kernel percentage, shell hardness, percentage of blank kernel, kernel weight, suture opening of
the shell, double kernel, shell thickness, kernel color and most importantly late flower were genotypes with
relative superiority in terms of nut and kernel traits. According to the results, the 4-4 genotype grafted on the
GF677 rootstock with yield of 750 gr, 51% kernel percentage, hard shell, excellent seal suture opening of the
shell, very light kernel color, late flowering, flowering on spurs and one year old shoots, the low of double kernel
and low percentage of blank kernel seems to be one of the relatively good genotypes for Chaharmahal and
Bakhtiari region.
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Table 1- Promising almond genotypes used in this study

G o lowd il ed G} o sl ed
Genotype no. Cultivar/genotyp  Genotype no. Cultivar/genotyp

1 H 23 2-0-4

2 D 24 4-4

3 TS-21 25 TS-6

4 4-14 26 3-1-4

5 TS-14 27 Fragnes oeslyd

6 A8 28 17-FM

7 B8 29 TS-18

8 Saba Lo 30 D2

9 2-3-2 31 Aydin o]

10 TS-11 32 TS-30

11 TS-22 33 (Tabriz genotype) 1306 (j:p5 5955)

12 3-1-15 34 (Tabriz genotype) AH2 (25 wwig)

13 13-40 35 (Tabriz genotype) 721 (5 «wi9)

14 TS1 36 (Tabriz genotype) 108 (52,5 owigs)

15 8-35 37 Azar N

16 16-30 38 Araz 510

17 85 39 Yalda 1y

18 100-1-5 40 (2) Aydin Y

19 35 41 (Shahrekord) Shamshiri =7
(55 2)

20 B6 42 (Shahrekord) AY (255 545)

21 (D7) 2-29 43 (Shahrekord) AN2 (3,5 545)

22 100-1-1 44 (Shahrekord) AN4 (3,5 50e3)
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Table 2- Traits, abbreviation, unit and measurement method in the investigated almond genotypes

. w
8 loud o - el &35 05151 s
Number Attribute S T Unit Measurement method
Abbreviation
1 o2 e H cm e
Tree height Meter
Canopy length Meter
Canopy width Meter
4 b k2 RD mm o5
Rootstock diameter Calliper
5 S8 S SD mm o5
Scion diameter Calliper
6 wla g BL cm s
Branch length Meter
7 el f'” BD mm "sz;
Branch diameter Calliper
3 pdey g6 poye 4 Jobo Cond ) o) by gl oye 4 8 by gb o
8 ; : cL/cw _
Canopy length/crown width ratio Canopy length/canopy width
9 €85 Gidyy g6 Job 4 gl Cons THICL ) Cé 5 pidyy g6 Jgb & <80 glis)
Tree height/canopy length ratio Tree height/canopy length
10 oSl oo NL mm o
Nut length Calliper
11 eSS B NW mm o5
Nut width Calliper
12 oS ol NTH mm o5t
Nut thickness Calliper
13 owt_ia.b '- 059 NWT g JL""!) d?)‘f
Nut weight Digital scale
Kernel weight Digital scale
15 Fa s KL mm oS
Kernel length Calliper
16 e o KW mm oS
Kernel width Calliper
17 Po s KTH mm o5
Kernel thickness Calliper
18 (NRl) ogpeSuis Job &y (05 o NW/NL _ ogpeSuis Job & g0 SiS 5y
Nut width/nut length ratio Nut width/nut length
19 (NR2) ogpocSois Job & cnliins s NTH/NL ] ogeacSuid Job &) ogpe S Caslsus
Nut thickness/nut length ratio Nut thickness/nut length
20 (NR3) a%f&:@ UoE Ag-g';.al?ué o NTH/NW i ogreSuid u-o').c 4 owk_i.ib- Coalses
Nut thickness/nut width ratio Nut thickness/nut width
21 g Ay, Sl STH mm o5
Shell thickness Calliper
=0 b =V dawgio =0 (S =V ¢ o5l8g> 181 =)
22 skos? DK code L)
Double kernel 1=no double kernel, 3 = little, 5=
moderate, 7 = high, 9 = very high
Bio diges 10 Sgr (glajao sl
Lo yd [ 9 ) R SR
23 9 -2 PBK % The number of blank kernel in a 100

Percentage of blank kernel

kernels
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Continue table 2- Traits, abbreviation, unit and measurement method in the investigated almond genotypes
. . Cdle 3
8 lows Cdwo " aaly S 503100 duwg
Number Attribute S o Unit Measuring instrument
Abbreviation
24 e Li") KClI code oy u‘L‘> =1 0y =Y ‘ja"‘"5:‘° =0 ‘0‘39) =Y ‘L}“%) LSL> =)
Kernel color 1=very light, 3=light, 5=medium, 7=dark, 9=very dark
25 )’AL;‘)“fs)% SK code ‘)l.’.).uf%fﬁ)?zv‘ja“"p L;’\’.‘;?)?:a ‘Wfé%f?/‘?:v‘u?'\ﬁf9)?’\§lé:\
Shrinkage of kernel 1=no shrinkage, 3 = slightly wrinkled, 5 = intermediate, 7 = wrinkled
2% 55 Cawvgy (SSww SH code siels =1 Sk =y .www:.a s =Y ‘g';mglﬁs:\
Shell hardness 1=very hard, 3=hard, 5=semi-hard, 7=thin, 9=papery
27 Cwsy (59, SIS 9. sSOS code }lf:a ‘)l’ Ao =Y =)
Suture opening of the shell 1= excellent seal (no openings), 3= open (about 2 mm), 5= very wide
28 JERIRWER PK % 050 SUid DAs Juo &y Fae DAs Ao (59
Percentage of kernel Weight of 100 kernels /weight of 100 nuts
(KRL) s Jobo 4 (o6 s ; o
Kernel W'dtgili(;mel length Kernel width/kernel length
(KR2) 520 Jobo 4y ceolbus s .. e s
; Job 4 je Culis
30 Kernel thickness/kernel KTH/KL - i
length ratio Kernel thickness/kernel length
(KR3) 520 (656 4 cuolbus Cams L e el
31 i i i KTH/KW - o O2)E e e
Thickness/kernel width ratio Kernel thickness/kernel width
kernel
05pe SIS (g 4 FRe ()9 Cupmd
32 (KNR) KWT/NWT 3 09 Sl ()]9 41 30 (i
Kernel weight/nut weight Kernel weight/nut weight
ratio
23 >Skos g riles] 2215 52 0gue K5 (355 (Sl
Yeild Mean nut weight per experimental unit
69> =Y ool ) sl (S5 iy =V (35 i) oSy LS (g9 yidy =)
@)k cole (ko () youmol o a5 Ls
34 Bearing habit (flowering code 1=most flower buds on one year old branche (shoot type),
hanit) 2=most flower buds on spurs(spure type),
3= flower buds both on one year old branche and spurs ( mixed type)
b bawgio =5 awgio =0 dawgio U095 =¥ wgj =¥ g; U 35 L =V wgj L& =)
uhbdfut") ﬂ)&:ﬂ<ﬁ3&5bﬂ>:/\‘)ﬁbzv‘)ﬁb
35 Flowering date code 1=extremely early, 2=very early, 3=early, 4=early/intermediate,
5=intermediate, 6=intermediate/late, 7=late, 8= very late,
9=extremely late
sgr0 sy (o 20 (3 = 0 =V dhwgio =0 g =Y g (LS =)
36 T o code 1=extremely early, 3=early, 5= medium, 7=late,

Maturity date

9= extremely late
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Table 4- The vegetative traits of 44 promising almond genotypes grafted on the GF677 rootstock
- caplis,) EUJE glohe Sl sb
bt ) Canopy Canopy Branch

U oy dob Cand gl Job @ gl Cons

Tree height - Canopy Tree height/canopy
Genotype (cm) I?Qr%t)h Vg:rj;)h I?Qr?]t)h length/canopy width length
H 192.33a-e* 171.33a-f  175.67a-e 41.5¢-j 0.99¢-g 1.13b-i
D 156.67a-e 187a-c 164.33a-f 60.9a-d 1.14b-d 0.85hi
TS-21 184.67a-e 152.67b-i 132.33b-f 38.03e-k 1.17b-d 1.22a-h
4-14 165a-e 160.67a-i 195.67a-c 34.03e-k 0.85e-g 1.06d-i
TS-14 223.67a 162.67a-h  142.67b-f  40.97d-j 1.16b-d 1.38a-e
A8 149.67b-e 105.33hi 101f 31.23f-k 1.06¢-g 1.45a-c
B8 197a-e 178a-e 197.67ab 21.2i-k 0.9d-g 1.11b-i
Saba 165.33a-e 139c-i 141.33b-f 38.97d-k 0.99¢c-g 1.19a-i
2-3-2 126.33e 159.67a-i 146.33b-f 28.5f-k 1.09¢c-g 0.82i
TS-11 208.67ab 160.33a-i  174.33a-e  46.53b-h 0.92d-g 1.3a-f
TS-22 182.33a-¢ 141.33b-i  144.67b-f  49.83b-g 0.97c-g 1.33a-f
3-1-15 210.33ab 150.67b-i 152.67a-f  50.93b-f 1.04c-g 1.37a-e
13-40 147.67b-e 134c-i 120d-f 20.73jk 1.12b-e 1.16b-i
TS1 154.67a-e 133.67c-i 161.67a-f  22.63i-k 0.83g 1.16b-i
8-35 131de 111.67g-i 103.67f 30f-k 1.09¢-g 1.22a-h
16-30 176.33a-¢e 199ab 140b-f 49.6b-g 1.42a 0.89g-i
85 146.67b-e 132c-i 119.33d-f 25.6h-k 1.12b-e 1.15b-i
100-1-5 190.67a-e 173.33a-f  127.33c-f 35.5e-k 1.37ab 1.1b-i
35 157.67a-e 146.67b-i 149b-f 26.4h-k 0.99c-g 1.08c-i
B6 223a 181.33a-d 165a-f 63.2a-c 1.11b-f 1.23a-h
2-29 207.33ab 155a-i 140b-f 41.43c+j 1.17b-d 1.33a-f
100-1-1 197.33a-e 171.67a-f  159.67a-f 38.5e-k 1.08c-g 1.13b-i
2-0-4 165.67a-e 128.67c-i 127c-f 53.9b-e 1.05c-g 1.32a-f
4-4 161.67a-e 121.33e-i 117.33ef 28.57f-k 1.03c-g 1.37a-¢
TS-6 203.33a-c 211a 219a 78.3a 0.97c-g 0.96f-i
3-1-4 170a-e 166a-g 156.67a-f 55.1b-e 1.08c-g 1.02e-i
Fragnes 157.67a-e 118.33f-i 123.33d-f 39.1d-k 0.97c-g 1.33a-f
17-FM 211.67ab 152.67b-i 155a-f 45.37b-h 0.99¢c-g 1.38a-e
TS-18 211ab 166.67a-g 151.67a-f 63a-c 1.12b-e 1.28a-f
D2 205.33ab 143.33b-i  142.67b-f  33.97e-k 1.01c-g 1.47ab
Aydin 184.67a-e 146b-i 151.67a-f 67ab 0.96¢-g 1.27a-f
TS-30 167.33a-e 148.33b-i 153a-f 45.73b-h 0.97c-g 1.15b-i
1306 211.33ab 137.33c-i 115.33ef 43.13c+j 1.21a-c 1.55a
AH2 198.33a-d 186a-c 167.67a-f 46.77b-h 1.11b-g 1.06d-i
721 171a-e 141.67b-i 140.33b-f 49.63b-g 1.03c-g 1.21a-h
108 186.33a-¢ 158a-i 189a-d 35.13e-k 0.85e-g 1.15b-i
Azar 160.67a-e 151.33b-i 149b-f 28.23g-k 1.02c-g 1.07d-i
Araz 170.33a-e 163.33a-h 157.67a-f 35.17e-k 1.03c-g 1.05d-i
Yalda 156.33a-¢e 137.67c-i 133b-f 34.83e-k 1.05c-g 1.15b-i
Aydin(2) 186.33a-e 140.67b-i 171a-f 37e-k 0.83fg 1.34a-f
Shamshiri 132.67c-e 103.67i 121.67d-f 18.07k 0.9d-g 1.3a-f
AY 160.67a-e 114.67f-i 117.67ef 43.43c-i 0.98c-g 1.41a-d
AN2 144b-e 123.67d-i 105.67ef 29.73f-k 1.14b-d 1.27a-g
AN4 214.67ab 151.67b-i 167a-f 34.1e-k 0.93c-g 1.42a-d
S lasin ST ol 56.64 46.64 55.78 17.93 0.22 03
LSD 5%

B0, me gl o yd gy Jless] o 43 LSD (g0l (bl cdiil po S jitie By K s (gl 45 ptm 50 olapuSibie
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% of probability level-using

LSD Test.
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Continued table 6- Mean comparison of some nut, kernel and yield traits of 44 genotypes of almond grafted on GF677

B Sibe
Averages
AT L. A P Camd Cuoldd S A Coled Connd & 330 (59 Comnd
PP FRe o yd .. .. .. ae . 5 Slas
Genotype  percentage 3 Job o dsb & e o dgr0 Suid ()39 :
of kernel Kernel Kernel Kernel Kernel Yield
(%) width/kernel  thickness/kern  thickness/kernel weight/nut @
length ratio el length ratio width ratio weight ratio
H 60.1 b-d* 0.76 ab 0.4 a-g 0.55 c-j 0.7 a-c 696.7 c-f
D 39.3f+ 0.68 a-g 0.44 a-d 0.68 b-d 0.5 ¢ 131.7 m-p
TS-21 30.6 j-0 0.53 f+j 0.23 gh 0.44 ij 0.31] 890 a-c
4-14 27.8 k-0 0.7 a-f 0.37 a-h 0.55 ¢+ 0.38 g-j 393.3 g-l
TS-14 28.8 k-0 0.56 e-i 0.44 a-c 0.84a 0.39 g-j 321.7i-0
A8 31.7i-0 0.55 e-i 0.25f-h 0.45 h-j 0.32] 365 h-m
B8 44.8 e-g 0.62 a-i 0.37 a-h 0.62 b-h 0.57 b-h 125 m-p
Saba 34.3 i 0.52 g-j 0.25e-h 0.5e-j 0.35 h-j 80.4 op
2-3-2 45.7 ef 0.51 g-j 0.26 e-h 0.51 d-j 0.46 d-j 95.3 op
TS-11 24m-o0 0.77 ab 0.46 ab 0.65 b-g 0.4 f-j 975 ab
TS-22 52.7 c-e 0.49 h-j 0.35 a-h 0.74 ab 0.64 b-e 58 p
3-1-15 62.4b 0.72 a-e 0.38 a-h 0.55 c-j 0.72 ab 428.4 g-1
13-40 27k-0 0.63 a-i 0.39 a-h 0.66 b-e 0.43 e-j 425 g-1
TS1 33.6i-m 0.58 d-i 0.3b-h 0.51d-j 0.34 ij 341.7 i-n
8-35 35.5¢-k 0.78 ab 0.49a 0.68 b-d 0.46 d-j 601.7 d-h
16-30 28.1k-0 0.53 f+j 0.25f-h 0.48 f-j 0.28 ] 221.7j-p
85 30.3j-0 0.7 a-f 0.41 a-f 0.62 b-h 0.4 f-j 341.7 i-n
100-1-5 35.7 g-k 0.68 a-g 0.42 a-f 0.65 b-g 0.48 d-j 631.7 d-g
35 314i-0 0.56 e-i 0.26 e-h 0.47 h-j 0.31] 195 k-p
B6 30.3j-0 0.76 a-c 0.38 a-h 0.52 c-j 0.43 e-j 1050 a
2-29 44e-h 0.63 a-i 0.27 c-h 0.43] 0.74 ab 380 h-l
100-1-1 316i-0 0.8a 0.42 a-f 0.56 c-j 0.44 e-j 183.31-p
2-0-4 779a 0.58 c-i 0.38 a-h 0.68 b-d 0.88a 511.7 e-i
4-4 51de 0.62 a-i 0.28 c-h 0.44 ij 0.57 b-h 753.3 b-e
TS-6 31.8i-0 0.64 a-h 0.4 a-g 0.65 b-f 0.42 e-j 308.4i-0
3-1-4 56.7 b-d 0.64 a-h 0.42 a-f 0.69 bc 0.67 b-d 425 g-1
Fragnes 525 c-e 0.61 b-i 0.36 a-h 0.6 b-j 0.59 b-g 410 g-l
17-FM 23.5n0 0.68 a-g 0.36 a-h 0.56 c-j 0.33] 778.3 b-d
TS-18 40.7 f-i 059+ 0.27 d-h 0.53 ¢+ 0.41 f-j 118.3 n-p
D2 44.9 e-g 0.62 a-i 0.28 c-h 0.45 h-j 0.45 e-j 750 b-e
Aydin 24.81-0 0.52 f+j 0.31b-h 0.6 b-j 0.35 h-j 686.7 c-f
TS-30 28.2 k-0 0.67 a-h 0.4 a-g 0.62 b-h 0.4 f- 728.3 c-e
1306 26.9 k-0 0.56 e-i 0.25 e-h 0.46 h-j 0.27 816.7 a-d
AH2 34.6 h-l 0.68 a-g 0.43 a-e 0.66 b-e 0.45 e-j 699.3 c-e
721 61.4 bc 0.51 g-j 0.3b-h 0.6 b-j 0.62 b-f 343.3i-n
108 35.49-k 0.54 f-j 0.29 b-h 0.54 c-j 0.36 h-j 451.7 f-j
Azar 36.1 g-k 0.57 e-i 0.31b-h 0.55 ¢+ 0.36 h-j 523.3 e-i
Araz 56b-d 0.45 ij 0.25 f-h 0.55 ¢+ 0.56 b-i 406.7 g-1
Yalda 29.5j-0 059+ 0.24 gh 0.47 g 0.3] 403.3 g-1
Aydin(2) 2230 0.75 a-d 0.42 a-f 0.6 b-j 0.34 ij 436.7 g-k
Shamshiri 33.2i-n 0.53 f+j 0.26 e-h 0.49 e-j 0.33] 741.7 b-e
AY 30.4j-0 0.58 c-i 0.26 e-h 0.44 ij 0.31] 118.7 n-p
AN2 28.4 k-0 0.37j 0.22h 0.56 c-j 0.38 g-j 201 k-p
AN4 23.6 m-0 0.66 a-h 0.39 a-h 0.61 b-i 0.39 g-j 426.7 g-1
LSD 5% 8.13 0.14 0.13 0.13 0.18 245.16

L5 Iy ixe Coglis Moy iy Jlein] aws y3 LSD (9ol (polusl pr ol oo S o o G JBlis (gl 457 cygm0 5 5 ¢ ol Sileo
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using
LSD Test.
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Figure 1- Heat map of the correlation between the measured vegetative, nut and kernel traits of 44 almond genotypes grafted on the GF677 rootstock
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