Journal of Horticultural Science
https://jhs.um.ac.ir A

Research Article
Vol. 38, No. 4, Winter 2024, p. 705-726

Evaluation of Important Vegetative, Phenological and Pomological
Characteristics of 36 Promising Almond (Prunus dulcis L.) Genotypes on GN15
Vegetative Rootstock

S.A. Mousavi'“**, A. Vatankhah? A. Imani®

1 and 2- Assistant Professor and Postdoctoral Researcher, Horticulture Crops Research Department, Chaharmahal and
Bakhtiari Agricultural and Natural Resources Research and Education Center, Agricultural Research, Education and
Extension Organization (AREEO), Shahrekord, Iran

(*- Corresponding Author Email: asgharmousavi@gmail.com)

3- Professor, Temperate Fruits Research Center, Horticultural Research Institute, Agricultural Research, Education,
and Extension Organization (AREEO), Karaj, Iran

How to cite this article:

Mousavi, S.A., Vatankhah, A., & Imani, A. (2024). Evaluation of important
vegetative, phenological and pomological characteristics of 36 promising almond
(Prunus dulcis L.) genotypes on GN15 vegetative rootstock. Journal of Horticultural
Science, 38(4), 705-726. (In Persian with English abstract).
https://doi.org/10.22067/jhs.2024.88253.1347

Received: 26-05-2024
Revised: 08-07-2024
Accepted: 10-07-2024
Available Online: 10-07-2024

Introduction

Almond (Prunus dulcis L.) is one of the valuable nut trees that is cultivated in many temperate regions and
Mediterranean climatic conditions for domestic consumption and export. Almond belongs to the genus Prunus, from
the Rosaceae family. Identifying and introducing genotypes and cultivars of late bloom is one of the most important
goals of almond breeding programs. The correct choice of almond rootstock causes better management of the
garden, compatibility with all types of soil and resistance to nematodes. Peach x almond hybrid has been the most
widely used rootstock in both dry and irrigated conditions in the past years. Creating an orchard by selecting grafted
genotypes on suitable rootstock for sustainable cultivation of almonds is particularly important. Cultivation of
superior genotypes grafted on fruit trees has an effect on pomological characteristics, yield and quality of nuts. The
requirement for the introduction and production of superior cultivars is an accurate selection between cultivars,
which is possible through the identification of cultivars and their diversity. The purpose of this research is to
investigate and evaluate the most important vegetative, phenological, quantitative, and qualitative characteristics of
nuts and kernels in 36 promising cultivars and genotypes grafted onto GN15 rootstock, with the goal of identifying
and introducing superior cultivars.

Materials and Methods

In this research, 36 promising almond cultivars and genotypes on GN15 rootstock were investigated in garden
conditions in terms of various vegetative traits, nut and kernel characteristics in order to obtain suitable commercial
cultivars. This research was conducted at the Badam research station in Saman region affiliated to the Center for
Research and Education of Agriculture and Natural Resources of Chaharmahal and Bakhtiari province as a
randomized complete block design with three replications. The cultivars and genotypes studied are presented in
Table 1. 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 the nut and kernels, 100 fruits were harvested from each of the studied cultivars and genotypes
at the time of fruit ripening, 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. Coding of some traits was done based on almond descriptor (Giilcan, 1985) with some

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
BT 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jhs.2024.88253.1347



https://jhs.um.ac.ir/
mailto:asgharmousavi@gmail.com
https://doi.org/10.22067/jhs.2024.88253.1347
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2024.88253.1347
https://orcid.org/0000-0002-1401-1662

VoY linno F o)lods FA alr (5559LaS palvo g pole) GLtb pole i Vo7

changes. The data obtained from the experiment were analyzed using SAS software (version 3.1.9). To compare the
means, Duncan's multiple range test was used at the 5% probability level.

Table 1- Promising cultivars and genotypes examined in this study (based on the sent label of the scion)
Cultivar/genotype Cultivar/genotype

Cultivar/genotype Cultivar/genotype

code code

TS-16 GAl 2-29 (D7) GA 19
D GA2 100-1-1 GA 20
TS-21 GA3 2-0-4 GA 21
TS-14 GA4 3-1-4 GA 22
Aviz GAS5 TS-18 GA 23
A8 GA6 D2 GA 24
B8 GA7 TS-30 GA 25
100-1-8-1 GAS8 1306 (Tabriz genotype) GA 26
2-3-2 GA9 AH2 (Tabriz genotype) GA 27
TS-11 GA 10 108 (Tabriz genotype) GAZ28
(1/16) 1-16 GA 11 Yalda GA29
3-1-15 GA 12 Saba GA 30
13-40 GA 13 Shamshiri (Shahrekord) GA 31
TS1 GA 14 AY (Shahrekord) GA 32
8-35 GA 15 Mamaei GA 33
85 GA 16 AN2 (Shahrekord) GA 34

35 GA 17 AN4 (Shahrekord) GA 35

B6 GA 18 ANS5 (Shahrekord) GA 36

Results and Discussion

According to the results of analysis of variance (ANOVA), there was a statistically significant difference at the
level of 1% between the attributes of tree height, canopy width, rootstock and scion diameter, branch length and
diameter, and the ratio of tree height to canopy length. (P<0.01). The results of variance analysis show that there is a
significant difference between the investigated nut and kernel traits in promising cultivars and genotypes grafted on
GN (Table 5). These differences show the diversity in the investigated traits and it is possible to choose cultivars for
different values of the same trait. Based on the average comparison results of the vegetative traits, the highest height
in genotypes GA4, GA3, GA35, The highest canopy width was observed in genotypes GA5, GA17, GA3, and
GA20, GA15, GADB, the highest diameter of rootstock and scion, and the highest length and diameter of one-year
branches were observed in genotype GA18. The results of the comparison of the average nut and kernel
characteristics show that there is a significant difference in the cultivars and genotypes investigated in this research.
The results of the comparison of the average nut and kernel characteristics show that there is a significant difference
in the cultivars and genotypes investigated in this research. Based on the obtained results, cultivars and genotypes of
GA5, GA24, GA12, GA9 and GA1 showed relative superiority in terms of nut and kernel traits. The results of this
research showed that the GA35 genotype grafted on the GN15 rootstock had the highest length, width and diameter
of the nut, and the highest weight of nut and kernel. The kernel color light, the without shrinking the kernel and the
highest percentage of kernel and the highest ratio of kernel weight to nut weight.

Conclusions

The results of this research showed that the examination of vegetative traits, nuts and kernels in the studied
cultivars and genotypes could show the diversity between cultivars and genotypes. The results showed that the
investigated cultivars and genotypes have significant differences in terms of all nut and kernel traits, which indicates
the existence of diversity between the investigated cultivars and genotypes. This indicates that these cultivars and
genotypes can be considered a valuable source of germplasm for breeding programs. Cultivars and genotypes with a
higher kernel percentage had thinner shells, more patterns on the skin, and light to medium kernel color. Based on
the results, the cultivars and genotypes GA5, GA24, GA12, GA9, and GA1 demonstrated relative superiority in
terms of nut and kernel traits. The research also showed that the GA35 genotype grafted onto GN15 rootstock had
the greatest nut length, width, and diameter, as well as the highest nut and kernel weight. Additionally, GA35 had
light kernel color, no kernel shrinkage, the highest kernel percentage, and the highest kernel-to-nut weight ratio.
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Table 2- Traits, abbreviation, unit and measurement method in investigated varieties and genotypes of almond

. . Cwdle _ .
b)w (W) A .\»'3 d,.:fb)‘.\a' 0.59)
Number Attribute S o Unit Measurement method
Abbreviation
1 <0 gl TH cm >
Tree height Meter
Canopy length Meter
Canopy width Meter
4 b kS RD mm o
Rootstock diameter Calliper
5 S ) SD mm o
Scion diameter Calliper
6 @la Jsb BL cm 7
Branch length Meter
7 Lo s BD mm o5
Branch diameter Calliper
8 CE) gl ) 4 S S CL/CW Coy bl Loy 4 Co Sibgl Jidb
Canopy length/crown width ratio Canopy length/canopy width
9 30 bl Jsk 4 gli)) cuns TH/CL Sy Shbael Jsbo & b i)
Tree height/canopy length ratio Tree height/canopy length
10 el b NL mm o5
Nut length Calliper
11 e o NW mm o5
Nut width Calliper
12 oSl Cualod NTH mm o5
Nut thickness Calliper
13 bwk&b S )9 NWT g JL"?"") 69)‘)“
Nut weight Digital scale
Kernel weight Digital scale
15 Fa Jg KL mm o5
Kernel length Calliper
16 P " KW mm o5
Kernel width Calliper
17 Fo el KTH mm o5
Kernel thickness Calliper
18 (NRl) 05r0Sulid Job &y 5,8 Cund NW/NL 05pe Sl Jobo &y 0graSiid (0y0
Nut width/nut length ratio Nut width/nut length
Nut thickness/nut length ratio Nut thickness/nut length
Nut thickness/nut width ratio Nut thickness/nut width
21 7 s ol STH mm o5
Shell thickness Calliper
iy 3L i =00l =Y dawgio =0 (oS =Y ¢ o ol8gn 86 =)
22 Douﬁe Iiernel DK code 1= no double kernel, 3 = little, 5 = moderate, 7
= high, 9 = very high
23 Sorhep PBK % o D0l 13 Sgy (sljae dlaw

Percentage of blank kernel

The number of blank kernel in a 100 kernels
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Continued Table 2- Traits, abbreviation, unit and measurement method in investigated varieties and genotypes of almond

. . Sl _ .
D)M (W) A .\é's ‘_g,.;a)l.»l 0.59)
Number Attribute S o Unit Measurement method
Abbreviation
24 )’m ‘5';) KCI COde o)'“" L;LO =2 ‘o)...__'f =y Ala.»:y.n =0 ‘(.)‘39) =y ‘(.)‘35) LFLD =)
Kernel color 1=very light, 3=light, 5=medium, 7=dark, 9=very dark
=V daugie (SuS9 =0 oS (SaSa ¥ ( FaSy 86 =)
25 )"" L;Aﬁf”% SK code 3\‘) g_;-‘-*sﬁP
Shrinkage of kernel 1=no shrinkage, 3 = slightly wrinkled, 5 = Intermediate, 7
= wrinkled
gy 25 ELS =0 (S35 =V i das =0 o =Y o b =
Shell hardness 1=very hard, 3=hard, 5=semi-hard, 7=thin, 9=papery
Cusgy g9y SD 9 5 = St ﬁzv e
27 Suture opening of the shell SOS code 1= Excellent seal (no openings), 3= Open (about 2 mm),
pening 5= very wide
28 e Ao ) PK % 050 SUiS DAS Mo &y jre DAS Mo (g
Percentage of kernel Weight of 100 kernels /weight of 100 nuts
29 (KR1L) 350 Jgb 4 (25 s KW/KL Fo Joo 4 50 20
Kernel width/kernel length ratio Kernel width/kernel length
KR2);x & Cwlbus Cuns o
30 Kiarnel )tﬁcﬁ;isélkernel Ieﬁgth KTH/KL e ‘.J’]o 4 Sho Sl
ratio Kernel thickness/kernel length
(KR3) 320 (o8 & Caolus s . G el
31 i i i KTH/KW 80208 & re e
Thickness/kernel width ratio kernel thickness/kernel width
kernel
32 (KNR) °9~‘~'°“'5-““=A IR )"“’ 059 ww KWT/NWT g Sl u)9 L e Of?
Kernel weight/nut weight ratio Kernel weight/nut weight
J,S.Lo& i . Z.
33 Yeild g lalojl aly o Jgame SS9 (:0ke
) gl () et =V (L o) sy 35 (g s =)
34 _ 2k ole code (laliseo ) yomel § 4515 (g5 =Y (55l
Location of flower buds 1=most flower buds on one year old shoots, 2=most
flower buds on spurs, 3=mixed
cawgio =0 awgio U dg; =¥ wgj =V 93 b 395 i =V g; (L& =)
e 7 1. ﬂ)&:\«ﬂ)&l}'ﬁ.):/\‘)i):v‘)ﬁ)u]awyn:;
35 2 uu)- code 1=extremely early, 2=very early, 3=earl
Season of flowering ly early, c=Very early, S=early,
4=early/intermediate, 5=intermediate,
6=intermediate/late, 7=late, 8= very late, 9=extremely late
s 20 =0 00 =Y awgie =0 95 =Y g5 (S =)
os - .
36 O O code 1=extremely early, 3=early, 5= medium, 7=late, 9=

Harvest maturity

extremely late

seban bz glacais; 3 0 Sles (e @l ol

Slacig] 1 0, Shoe Glise o yid Conl Soliste (51 dxe
GAYY GAY GAYY GAY- GAYS GAV GAY-
5 GAYA 5 GAYY GAYY GATY GA)A GAYd GAWY
o1nis GAY  GAY+ GAYY (slaccis; , 3,Slas oy yieS
—(re Ggl adlllas 3590 s 9 pB)l 53 (S )b A
Jyicz) 39 gl 5303 35§ et 6 J5 Lo 31 g s
o) L5 5 GAYY s GAY+ GAYA clace s g pli) (v

Slacg] ) ogeSuid Job dny oy Cand (i
A odaliie GAYS Cuigif )0 (lime (3 508 g GAYY 3 GAVY
L )b g Cto (Siusod 0500 i oo 4 (1658 Conund
(A Jodz) iy (I=+/V) oge Sl (o5 4 Cuobbud Copd
5 Job dn Cl s il (i &5 0l L 10S0le duslde
G953 3 S (S 9 GATY (] ) ogmecSuis 50
(£ Jodn) dis sdalie GAYS



VPo¥ o) F ol T slr (53,905 qalion 3 ple) L pole aypdi VAY

acsh sl 3 (S Ol b olS o canl aslyd 5 Sl sl
i 51 4y Sl s csla Jobo uilusygs Lialsél sl
Taiz) ans o ) gli)] Gl g 0ad by Jsho (18 b 4 e
5 pL5,1 S 3l L ol aalllas gl (& Zeiger, 2010
S e 5 ogreSis Slio 4l s I cw) 3)90 Scs)
Laccss g o)l ol 45 sl ) (Sl 4 At o _tne oglis
ws S i > (oalpa slasky sl ©sd mdlp)) arie Glyisa
Gl g9y 0l Lgw YO Cuigiy a5 ob lis jols adllas gulis g
039 (pp g St ylad g oy (Jobo (i GNYO
Oryin 9 SHS 952 Qo e gy Je U e (g 9 S
D L3 1y 0gseSid (yjgan Sre ()5 Comd (i 9 jre Ao
Slacsig] g pld)l )3 3y Slas oyt 5l adllae ulul
81,5 Laslis o 5§l 05 oanlis GAYS 5 GAVS GAY-
sbacas) g pB)l )3 (258893 (liae b oaalia (oS ojee Pl
a5 3 a5 55 i) gy et 3} b o 51 dalllas 3,50
“ Bl > (afBgd ok el SaSS 93 pa M) (w9 L
g Lo S pouid Cl o sl (ke o S5 (241890 295
9 Jomame cdS (pliegMe gl o0 pbl 5yl b5) Slals
Janick & Moore,) wb o (ials H5l8gd duopd 4 ditan b yl5L
opgier (aome Jalse 3b Cod Cade oy ool g5y (1996
Arteaga ) cowl oass 5)155 23 J5 5 8 as e o ol led
e 5 Jolate il daby S (& Sociasi Company, 2001
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Table 4-The vegetative traits of 36 promising almond cultivars and genotypes grafted on GN15 rootstock

ol Loy 4yl

Saigm yhd  ald Job 48l b

Job & L)l Con

uwy‘a ‘:“5'13 fw)‘ . .t P -
P . [ Rootstock Scion Branch Branch S0 gz b
Genotypes Tree height Canopy width ~ diameter diameter length diameter  Tree height/canopy
(cm) (cm) (mm) (mm) (cm) (mm) length
GAl 215.67 a-e* 167a-e 59.17 a-d 54.73 a-f 44.171-j 7.2 e-i 1.29 a-f
GA?2 171d-f 159.33a-f 53.1a-h 48.1b-g 41.3g-k 6.23i-l 0.91 fg
GA3 252ab 183.67a-c 58.2 a-d 56.93 a-d 49.1e-i 6.9 f-j 1.42 a-e
GA4 260.33a 169.33a-¢ 53.13 a-h 50.47 a-g 76.37ab 9.4 ab 1.36 a-e
GA5 169.33 d-f 202a 60.53 a-c 59.83 a-c 64.53b-d 6j-1 0.81g
GA6 161ef 155.67a-f 50.8 b-i 56.2 a-e 41.97g-k 7.47d-h 0.99d-g
GA7 201b-e 170.67a-e 51.57 a-h 48.5 b-g 19.21 5171 1.11b-g
GA8 198.67 b-e 156.67a-f 57a-f 52.5a-¢g 77.47ab 8.53 b-d 1.22 a-g
GA9 158.33 ef 156.33a-f 46.77 d-j 53.1ag 49.2e-i 8.03 c-f 0.97 e-g
GA 10 203.33 b-e 144a-f 55.8 a-g 55.2 a-f 53.3d-g 8.07 c-f 1.31af
GA 11 172.33 d-f 120.33d-f 36.07 32.87h 28.03kI 6.57 g-k 141 a-e
GA 12 178.67 c-f 158.33a-f 44.43 1-j 43.9¢e-h 72.3a-C 8.47 b-d 1.35a-f
GA 13 183c-f 146.33a-f 41.67 h-j 43.6 e-h 43.37g-j 6.97 - 1.21a-g
GA 14 198.33 b-e 153.33a-f 49.7 b-i 52.5a-¢g 52.4d-h 7.2ei 1.11b-g
GA 15 203.67 b-e 134.67b-f 62ab 60.7 ab 75.6ab 8.77 a-c 1.35a-f
GA 16 179c-f 146.67a-f 48.17 ¢+ 48.93 b-g 43.93f-j 5.131 1.15a-9
GA 17 224.67 ad 190ab 58.97 a-d 54.13 a-f 58.73c-f 7.23 e-i 1.12b-g
GA 18 187c-f 157a-f 44,57 - 43.1f-h 80.93a 9.83a 1.04 ¢c-g
GA 19 225a-d 153a-f 51.37 a-i 55.9 a-f 51.7d-i 7.47d-h 1.34 a-f
GA 20 188.67 c-f 148.33a-f 64.07 a 62.87 a 42.59-k 6.37 h-k 1.16 a-g
GA21 168.33 d-f 147a-f 53.27 a-h 51.57 a-g 68.5a-c 8.43 b-d 1.15a-g
GA 22 189¢-f 143.67a-f 45.73 46.3 d-g 66.07a-d 7.63¢c-g 1.14b-g
GA 23 202b-e 179a-d 50.07 b-i 52.6 a-g 49.47e-i 6.87 1 1.18 a-g
GA 24 210.33 a-¢ 127.67c-f 43.6 g-j 46.87 c-g 70.37a-c 9.23 ab 141 a-e
GA 25 197.33 b-e 138.33b-f 47.93 ¢ 48.33 b-g 75.7ab 8.77 a-c 1.42 a-d
GA 26 231.67 a-c 137.33b-f 4451 46.53 d-g 65.6b-d 8.37 b-e 1l6a
GA 27 183.33 ¢c-f 146.67a-f 41.53 h+j 40.43 gh 60.57c-e 7.47d-h 1.16 a-g
GA28 191.67 c-e 178.33a-d 54.47 a-g 54.77 a-f 37.67h-k 5.7kl 0.97e-g
GA29 187.67 c-f 164.67a-e 46.1 1 43.1f-h 47.97e-i 7.63¢c-g 1.18 a-g
GA 30 134.33 f 115.67¢f 58.97 a-d 58.73 a-d 44.23f- 7.47d-h 0.99d-g
GA31 183.67 c-f 130.33b-f 58.2 a-d 58.73 a-d 77.03ab 8.6 b-d 1.18 a-g
GA 32 178c-f 104.33f 38.93ij 40.43 gh 54d-g 7.17 e-j 1.35a-€
GA 33 158.33 ef 128.33c-f 60.07 a-c 57.03 a-d 36.67i-k 7.43d-h 1.16 a-g
GA 34 206a-e 151.67a-f 58.17 a-d 59.2 a-d 42.53g-k 7.93 c-f 1.44 a-c
GA 35 251ab 162.67a-f 57.03 a-f 58.33 a-d 31.4j-1 6.6 g-k 1.34 a-f
GA 36 203.33 b-e 154.67a-f 56.73 a-f 53.27 a-g 40.89-k 7.17 e-j 1.49 ab

S5 (gl gime OMBT S5l glaebnin yg0i] 51 ookl b oy gy Jloin] w53 cliiiads S yidie Ug o (s)b 45 oo uSilo ygim,n )
* Mean values with similar letters in each column are not significantly different at 5% of probability level using Duncan's multiple
range test.
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Table 7- The yield and phenological traits of 36 promising almond cultivars and genotypes on GN15 rootstock
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Genotypes Yield () Season of flowering Location of flower buds  Harvest maturity
(code) (code) (code)
GAl 102.8g-i* 8b 3a 7b
GA2 102.2g-i 7c 1c 7b
GA3 1182a 7c 2b 7b
GA4 295.8c-i 7c 3a 5c
GA5 362.3c-i 8b 3a 7b
GA6 249.5d-i 7c 3a 5¢
GA7 84hi 9a 3a 7b
GA8 347c-i % 3a 7b
GA9 120g-i 7c 2b 7b
GA10 554.2b-e 7c 3a 5¢c
GAll 196.7e-i 7c 3a 5¢c
GAl12 172f-i 7c 2b 7b
GA13 167.2f-i 7c 3a 5¢c
GAl4 511.7b-f 8b 2b 7b
GA15 93.3hi 7c 3a 9a
GA16 641.7bc 7c 3a 5¢c
GA17 350c-i 7c 3a 7b
GA18 305.1c-i 7c 2b 7b
GA19 408.5b-h 8b 2b 7b
GA20 720.2b 8b 2b 9a
GA21 227e-i 7c 2b 5¢
GA22 463.4b-g 7c 3a 5¢
GA23 423.4b-h 8b 2b 7b
GA24 382b-i 6d 2b 3d
GA25 413.3b-h 9% 2b 9a
GA26 606.7b-d 8b 3a 7b
GA27 398.3b-h 8b 3a 5¢
GA28 218.3e-i 9% 3a 5¢
GA29 382.6b-i 5e 1c 3d
GA30 77hi 5e 1c 5¢
GA31 536.8b-e 8b 3a 7b
GA32 29.9i 7c 3a 7b
GA33 408.3b-h 5e lc 3d
GA34 246.7d-i 8b 1c 7b
GA35 315c-i 7c 3a 5¢
GA36 93.6hi 6d 3a 5¢
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* Mean values with similar letters in each column are not significantly different at 5% of probability level using Duncan's multiple
range test
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Table 7- Heat map of the correlation between the measured morphological, nut and kernel traits
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