Evaluation of important vegetative, phenological and pomological
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rootstock
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Introduction

Almond (Prunus dulcis L.) is one of the valuable nut trees th@his cultiva
regions and Mediterranean climatic conditions for domestic consumption

temperate
port. Almond

belongs to the genus Prunus, from the Rosaceae family. Identifyi Ing genotypes and
cultivars of late bloom is one of the most important goals ding programs. The
correct choice of almond rootstock causes better managemen n, compatibility with all
types of soil and resistance to nematodes. Peach x almgnd hybrid has been the most widely used

rootstock in both dry and irrigated condigi ars. Creating an orchard by selecting
grafted genotypes on suitable rootstock f@r sustai jvation of almonds is particularly
important. Cultivation of superior genotypes gr trees has an effect on pomological
characteristics, yield and quality of nuts. Th f introduction and production of
superior cultivars is an culti‘rs, vhch is possible through the
identification of cultivars a rpose of this research is to investigate and
evaluate the most im quantitative and qualitative characteristics
of nuts and kernels ir& pro types grafted on GN15 rootstock, in order
to introduce supehiagcultiv

Materials and Me&)ds:

investigated in ditions in terms of various vegetative traits, nut and kernel
btain suitable commercial cultivars. This research was conducted at the
Badam research statign 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 Miith 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 (Gilcan, 1985)
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with some 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)

code code
cultivar/genotype cultivar/genotype cultivar/genotype cultivar/genotype
GA1l TS-16 GA 19 A N 2-29 (D7)
GA?2 D GA 20 100-1-1
GA3 TS-21 GA 21
GA4 TS-14 GA 22
GA5 Aviz GA 23
GA 6 A8 GA
GA7 B8 GA 25
GAS8 100-1-8-1 GA 26 (Tabriz genotype)
GA9 2-3-2 H2 (Tabriz genotype)
GA 10 TS-11 108 (Tabriz genotype)
GA 11 (1/16) 1-16 Yalda
GA 12 3-1-15 Saba (Shahrekord)
GA 13 13-40 Hamshiri (Shahrekord)
GA 14 T“ AY (Shahrekord)
GA 15 8-35 Mamaei
GA 16 85 A Y AN2 (Shahrekord)
GA 17 35 (35 sim) AN4 (Shahrekord)
GA 18 B6 ANS5 (Shahrekord)

Results and Discussic&‘

According to th*re dlis of an
difference at the %‘ of 19

scion diageter, branch le

OVA), there was a statistically significant
e attributes of tree height, canopy width, rootstock and
eter, and the ratio of tree height to canopy length. (P<0.01).

nut and kerne
differences sh ty in the investigated traits and it is possible to choose cultivars for
different values 0 e trait. Based on the average comparison results of the vegetative traits,
the highest height ingenotypes GA4, GA3, GA35, The highest canopy width was observed in
genotypes GA5, GA17§GA3, and GA20, GA15, GA5, 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 com on 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.

Conclusion

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 as a
source of good germplasm for breeding programs. Cultivars and genotypes with h
of kernels had thinner shell, more patterns on the skin, and light to medium ker
the obtained results, cultivars and genotypes of GA5, GA24, GA12, GA9 and G
superiority in terms of nut and kernel traits. The results of th‘research S
genotype grafted on the GN15 rootstock had the highest length, wi di r of the nut, and
the highest weight of nut and kernel. The kernel color ligh
the highest percentage of kernel and the highest ratio of kern
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Table 1- Promising cultivars and genotypes examined in this study

i/ By 8
code
cultivar/genotype

G5l By Guigiiledy & G gl
cultivar/genotype code cultivar/genotype
cultivar/genotype

GAl TS-16 GA 19 ‘ 2-29 (D7)

GA?2 D GA 20 100-1-1

GA3 TS-21 GA21 2-0-4

GA4 TS-14 GA 22

GA5 Aviz( GA 23

GA6 A8 GA 24

GA7 B8 GA

GA8 100-1-8-1 GA abriz genotype)

GA9 2-3-2 GA 27 (Tabriz genotype)

GA 10 TS-11 08 (Tabriz genotype)

GA 11 (1/16) 1-16 Yalda

GA 12 3-1-15 Saba

GA 13 13-40 Shamshiri (Shahrekord)

GA 14 TS1 AY (Shahrekord)

GA 15 8-35 Mamaei

GA 16 85 AN2 (Shahrekord)

GA 17 3‘ AN4 (Shahrekord)

GA 18 BEA W ANS (Shahrekord)
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Table 2- Traits, abbreviation, unit and measurement method in investigated varietiind genotypes

5 ylowd Clo & laid] CaoMle asly o3l gy
Number Attribute Abbreviation Unit ment method
1 S gl TH cm
tree height r
2 b Jsb cL cm
canopy length Meter
3 25 o cwW cm
canopy width Meter
4 4l ks RD mm oS
rootstock diameter calliper
5 S kg b SD mm R
scion diameter calliper
6 4l Job BL e
branch length “ Meter
7 Sl b BD WA o5
branch diameter calliper
8 2l 0o & Jgb s eb oo @ b Jsb
canopy length/crown width ratio canopy length/canopy width
9 b Jsb 4 glis) cuns 2 Job & i 0 i)
tree height/canopy length ratio tree height/canopy length
10 ogue Suid Jobo A oS
nut length ‘ calliper
11 ogre Sutd 5 A s
nut width i‘ calliper
12 0950 Sid Ceolus L)WJ;
n calliper
13 ° ar b ol
digital scale
14 ar Jbems ol
kernel w digital scale
15 . mm oS
kernel length calliper
16 e b ye KW mm K
kernel width calliper
17 JONORESY KTH mm oS
kernel thickness calliper
18 (NRL) 0500 S Jobo &) o8 Copmd NW/NL o S s 4 g K22 e

nut width/nut length ratio

nut width/nut length




5 ylowd Clo &y laid] CoMle asly S5 03Il gy
Number Attribute Abbreviation Unit Measurement method
19 (NR2) ogse Suid Jgbo 4 Canlses Casu NTH/NL o Suid Job 4 ogre Suid Cuslses
nut thickness/nut length ratio nut thickness/nut length
20 (NR3) 0400 Siid (358 4 Canlses s NTH/NW 040 L ye 4 ogre Sl Cunlsus
nut thickness/nut width ratio nut thickpess/nut width
21 o5 Awgy Caolsis STH mm
shell thickness
22 JER DK code A ok =0 (5= (gl > 25=)
double kernel 1= no double kerne tle, 5 = moderate, 7 = high, 9 = very high
2z S o PBK % o diga 3 gy (slbjio i
percentage of blank kernel er of blank kernel in a 100 kernels
24 e S5 KCl code 5= 0557V clawgiomd (B9,=Y by (L)
Kernel color light, 3=light, 5=medium, 7=dark, 9=very dark
25 o SuSgp SK code SUFSAS 927 cawgie (S359270 o5 (S35 927V ((SaS g 2386=)
Shrinkage of kernel 1=no Shrinkage, 3 = Slightly wrinkled, 5 = Intermediate, 7 = Wrinkled
26 293 Cawgy SH “ SIEE= (S32V o das=0 St o L=
Shell hardness 1=very hard, 3=hard, 5=semi-hard, 7=thin, 9=papery
2 Cusgy 59y SIS 9 5, SOs ‘ S0 Gl das=Y =)
Suture opening of the shell ‘Excellent seal (no openings), 3= Open (about 2 mm), 5= Very wide
28 e doyd ‘ g SlS 2As Lo &y jre is do (59
Percentage of kernel ‘ ‘ Weight of 100 kernels /weight of 100 nuts
29 (KR1) jio Jgbo 43 (13,6 Coms A o Joo 4 jhe p2ye
kernel width/kernel length ratio kernel width/kernel length
30 (KR2)j0 Jobo & culbies cons Fha Jobo & Fho Cuales
kernel thickness/kernel length n‘ kernel thickness/kernel length
31 (KR3) jio o 4 mw‘ Fin oge 4t o sl
kernel thickness/kernel tio kernel thickness/kernel width
32 (KNR) o0 K5 (159 4 30 JjahEanas ogen S ()9 4 jie ()
kernel welght/nut weight ratio \\ kernel weight/nut weight
33 S ar iilofl 5 o Jpame K25 5 (S0l
Yeil
Al @k esle code 5 45L5 (5y=Y ypl o) gl 595 sl =Y (2515 o) Aoy 3Li (g9, i =)
Location of flo (ks ) ol
1=most flower buds on one year old shoots, 2=most flower buds on spurs,
3=mixed
va a8 T ol; code 2V 0 b Lawgio =5 chawgio =0 dawgio b 395 =F 0395 =V 9j I 395 b =V w9j s =)
Season of flowering 2 ek = LS b e =A
1=extremely early, 2=very early, 3=early, 4=early/intermediate,
5=intermediate, 6=intermediate/late, 7=late, 8= very late, 9=extremely late
\ig 0980 ey o code 23 =13 =Y gt =0 095 =V g5 (L =)

Harvest maturity

1=extremely early, 3=early, 5= medium, 7=late, 9= extremely late
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Table 3- Results of variance analysis of vegetative traits 36 promising cultivars and genotypes grafted on G tstock in the first year
s o ©ol3l 4 yn Olag o (ko
(S.0.v) (d.f Meap squares
)3 glis zb Jsb b e b ks Saigy S 5L Jgb T6 e adob cumi gl Job 4 )l o
tree height canopy length crown width rootstock scion canopy length/canopy  tree height/canopy length
diameter diareter diameter width
S sk
2 306.69 1668.59 1174.36 8.129 0.212 0.0106 0.086
block
595 35 2253.93" 1306.19" 1275.15" 151.33™ 3.733" 0.0261 0.96 ™
Genotype
70 822.94 934.49 881.97 ‘.422 60.24 0.369 0.022 0.048
error ‘
(Ao 3) Sl o s i
coefficient of variation 14.13 8.12 13.69 18.07
(percentage)
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Table 4-Results of average comparison of vegetative traits in 36 promising cultivars and genotypes of almond

grafted on GN
LENTS B ke
Means
. BB U bR Sai Sl SIS b gl o
eno es . . e - “ - e “ -
P Chp (ol (k) (ke (Redle) (o) gb
( o u:-"*“) Canopy rootstock scion branch branch tree height/canopy
{ree width diameter diameter length diameter length
height (cm) (mm) (mm) (cm) (mm) -
(cm)
GAL 21567a 147, 5917ad  5473af  A417F 72 e
CA2 1710F  jsga3a¢  53lah  48.1bg 41.3g-k 6.23
GA3 49.1e-i 6.9
252ab 183678 58.2 a-d 56.93 a-d
GA4 260338 ooz,  5313ah  5047ag 76.37ab 9.4ab
GAS 160.33 d-f o008 6053ac  59.83ac  O§d30-d 0819
CA6 161ef 1s5.67af  50Bbi 56.2 a-e 0.99d-g
GAT 200be  ,067a.  SL57ah  485byg 111b-g
GAB 19867be  1op o7af 57a-f 12229
GA9 158.336f g an 46.7&‘ 8.03cf 0.97e-g
GA10 A N
20333be  144af 5.8 a-g - 8.07cf 1.31af
GA11 172.33 d-F 28“‘6.57 gk 14la-e
GA12 178,67 o-f 7288 8.47 b-d 1.35af
GA13 1830 43.37g 6.97 f-j 1.21ag
52.4d-h 7.2 e-i 1.11b-g
75.6ab 8.77 a-c 1.35a-f
17ci  48.93bg 43.93f-] 5131 1.15a-g
GA1l 58.97 a-d 5413 a-f 58.73c-f 7.23 e-i 1.12b-g
GA18 44571 431 1h 80.93a 9.83a 1.04¢c-g
GA19 iy 5137 i [ 51.70-i 7.47 d-h 1.34af
GA 20 42.5g-k 6.37 h-k 1.16 a-g
148.330.f 64.07a 62.87a
GA21 iy 53.27 a-h 5157 a-g 68.5a-c 8.43 b-d 115a-g
GA 22 . 46.3d-g 66.07a-d 7.63¢c-g 1.14 b-g
14367af  4573F
GA 23 179 50.07 b-i 52.6 a-g 49.47e-i 6.87 f-j 1.18 a-g
GA 24 203828 e s 4360 46.87 c-g 70.37a-c 9.23ab 1.41a-e
GA25 10733 gy 4793c) 83 b-g 75.7ab 8.77ac 1.42 a-d
GA 26 BLETAC 15 g 4455 46.53 d-g 65.6b-d 8.37 b-e 16a
GA27 1833301 o 41530 40.43 gh 60.57c-e 7.47 d-h 1.16a-g
GA28 0.97e-g
19167 ce saa7aqg  SATTaf 37.67hk 5.7kl
178.33a-d




LI B ke

Means
BBy gt alhl Swmskd SLiJd Sl Joba gl Cowd
cdp (e dle)  (eke)  (ede) (e S) (50 (ko) gv
Genotypes ( o um“’) Canopy rootstock scion branch branch tree height/canopy
tree width diameter diameter length diameter length
height (em) (mm) (mm) (cm) (mm)
(em)
GA29 187.67 o-f 164.67a0 46,11 43.1f-h 47.97e-i 7.63 c-g 1.18a-g
GA 30 13433 f 115 67ef 58.97 a-d 58.73 a-d 44.23f-j 7.47 d-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 32 178¢-f 104.33¢ 38.93 40.43 gh 54d-g 717 e
GA33 158.33 ef 128.33c.f 60.07 a-c 57.03 a-d 36.67i-k 7.43d-h
GA 34 206a-e 1516701 58.17 a-d 59.2 a-d 42.53g-b
GA 35 251ab 160,67 57.03 a-f 58.33 a-d 31.4j-1 1.34 a-f
GA 36 203.33 b-e 154.67a.f 56.73 a-f 53.27 a-g 149 ab

Sop Ehb &5 oa0Sile (gt yn
at 5% of probability level using Duncan's multiple

5 e gme BB 5SSl y90j] Mo yd O prdaw 4D At S
Mean values with similar letters in each column are Rgt significantly diff
Whange te

\#



Table 5- Results of variance analysis of nut and kernel traits 36 promising cultivars and genotyﬁgrafted on GN rootstock

CN @b g9, 03 Wig (iSusel cudgij 9 085 1T jho g 0gm0 SWid Blho (il lg 525 -0 g

Ayt @ilio a3 Slazyo (il
(S.0.V) ol Mean squares
(d.f) ogp0 Subd- Job SUS o0 St ks SbS 09 039 e Jgb e uose 9 Calsus o 9 Sae, e S,
nut length o4s0 o900 oga0 kernel kernel kernel width reS double percentage Kernel
nut width nut nut weight length ‘ shell kernel of blank color
thickness weight thickness kernel
Sl . " " " -
block 2 1.1872 2.282 1.727 0.634 0.211 5.856 0.244 0.009"* 0.148 2.033
oc
95 35 69.952 32.262™ 9.541™ 5.673" 1.489™ 46.658™ 4.897" 1.863™ 0.333" 1.933™ 13.44™
Genotype
e 70 0.519 0.4657 0.288 0.105 0.0215 0.266 0.0425 0.0310 0.0187 0.0624 201
error
(303) S 3 LY
coefficient of 2.16 3.34 3.98 11.79 W 419 3.36 5.48 1.003 5.56 5.66
variation
oy 05 ) Jlinl waw jd (g5 oy Ry ™
ns **and *: non-significant, s 50.0“*, respectively
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Continued table 5- Results of variance analysis of nut and kernel traits 36 promising cultivars and gﬁtypes grafted on GN rootstock

Ol pds o 4, Slaye (Slke
(S.O.V) ) 5] Mean squares
(d.f) SaS92 Cuwgy (hw B 50 o doyd W 85 S Wb Coamnd 41 Cwolbud Co U2 5 o & Coldes Cound 4 Cwlbud S
5o , Shell Cogy sy, PerCENtage iy g R Sl Std Jgb &y oge WS b oge WS oy
Shrinkage ardness ot kerne kernel kernel kernel A 04a0 nut nut thickness/nut
of kernel S_uture width/kernel thickness/kernel thickness/kernel i nut thickness/nut width
opening of length length . length
the shell widh g;‘l:
Soh ” . 0.203™ 0.204™ 0.202™
bloci( 2 0.037 0.064 0.098 1.758 0.204 0.205
) N N N - - 0.059™ 0.063™ 0.026™ 0.026™ 0.031™
G il ; 35 1.476 18.77 10.971 355.83 0,033
enotype
s 0.0091 0.011 0.009 0.009 0.009
70 0.017 0.093 0.028 14.93 0.00‘
error
RS N e 3.17 42 6.3 10.8 15.53 16.1 23.6 13.6 19.3 12.8
(30)3) Slyeeis oy A
coefficient of
variation

t p<0.01 and p<0.05, respectively



U0 el slacuieis g pB)l )0 )y 390 she g ogae S Sl (o I3 dxe gldS gy ,0lo (1SSl duslie gl
25 T 4 b pSilbe duolie el p Lisw dwel lacais 9 pB)l oy SOluogas Sy .casl GN b (9, 0ad X9
dge Sl (19 9 )b oy e Jsb (3565 9 GATD o)led Cuigs] )3 ogse St (459 9 Jlad (dye (sl oyt ]
Sis je b o) pme 5 Cuto [ Siunod o500 S Jlad (£ Jodn) b sdalie GAY 9 GAY lacuwisl) ) iy
Logy Cualud g 30 Jobo 330 (159 b (4513 xe 9 Cute (Siumad 0500 SUiS (g 9 Cudls (I=2/V) jho jlaS g Jobo ogue

(A Jgd) csls (r=+/A) 29>

2 e 52y 9 Job i (S 9 GATD Cuigil 13 jre oye 9 Job i cr i (el gunlio ol ulul
Cunled g jao jlad (p yieS 9 CAVY Cuigif )3 (192 dlgy Sl g jao slad oy yidi (pieed 05 02l CGANY s

e CyiaS Doy piie LF Y I Gisussel lacassss 9 pB)l o (Ss ol  yoo GAYS Cuigis (291890
i a5 plo b 45 mu3ged snlie GAY 5 GAYY GAYY GAY Y GAW (lacuisi oy s

(5 Jaxs) o lis s pme
shls GAYY 3 GAYY lacwis; (5 Jois) 29 )u!o)» ;
GAYd GAYY GAYS GAA GAYY GAYd GA

) ewn 290 dl‘bw’"?}' 9 Pté)‘ » }i" &3)

\A GAS GAY GAY Sogiys Wgdh )3 by (SuSy 9&&&59)%0&@3«59)%&“)@)‘ R
b b gilao (; Jp %Lw 5] gigfpls b 45 55g: Lawgio SAS5,> sl GAYY 4 GA

9 GA\C cG . cGA\“ ¢ A\

5 GAY-

Cavgy (§9) 5y 9 <8 do ol b gillas il (Al gy e wie) plo g sl Cows Cavgy GAVYF
‘GAv\c ‘GA\' 3

Joda) aisly B I

Y GAW GAA ey g maie BgSd U s | (o) 3)90 Sosi (m
> ladigi) b 5 At G 5 53 5ls GAYY 3 GAYY GAY GAYY GAY GAYY
Lie GAN+ cuigs] )3 j20 doyd (e (a8 9 GATD bgi) 13 jae doyd cn 3L (7
5555 oanlio GAYF Cuigif 1> Cums (508 9 GAWY Cugii 1o o Jsb & 0258 Cod
o Jsb 4 culis Coans (F Jgiz) 18 odalin GAYF Cuigi] ) Cums (p oS 9 CAYY Cuigif 13 520 4o)e 9 Jobo
Sgad j20 (08 & Caolbd Cuns g3l L5 (120/V) ogse Std oo &) Cunlius Cannsd L )l ine 9 st (S
(A Jga2) 3l (L3 (r=218) ogue Suid (5)0 4 Caalbed Capud Ll sine 5 e

YL ls elul a5 o
@ Colbus Cuns (p YL

14



GAYF 3 GAYS GAY slacuisii ;0 Cund (pyeS 9 GAYD Cuigi )0 ogee Suid )59 & s20 ()59 Comd 'y yiabs

Canad (I=4/2) 0500 i Jobo &y (1558 Cannd b HId imo 9 Cuto  Sianad 0900 Sl (59 4 20 ()59 Comd o 000 liio
(A Jgdn) cuils (r=2/A) sgre Siid (5 ye 4 Caolbus Canss g (I=4/Y) ogpo s Jobo & Colses

A5 esalie GAYS uigij 15 (ljwe (nyeS 9 GATY 9 GANY (slaceis) ) ogee Suis Job 4y (128 Capnd (2 yidiy
Jaz) 35 (r=+/V) ogue Sl 5y 4 Cwolbud Cans b (o)1 dxe g Cute | Siunod 000 S Job 4 (1550 Cowd
Copd )5S 9 CATY igi] 2 g SIS (25 5 Jgo 4 Calied Cud 5V 3> (S 0o e 5 (A

(£ Jodz) A oambie GAYS Cuigil 4o

slcwiss ;0 0,Sas e oy i (ol Cglaio (5l xe job 4 Calisee lacuisl) >

SIGAYY § GAY: GAYA lacis o pl)l (Y Join) 35 cogliie sio 3l gl oo

GAD GAYY GA) (claciss; g plb,) 5 0 liws GAYS 5 GAYE P65l o st 2l 0L
GAY 5 GATS GAA BATA slacsiss 5 Jigd s GAY- RGATS GATY GAIY GAYT GAN GAYY

5 GAY GAY- GAYY GAYY (lacyiss
- GRAAIGAYY GAVA GAA GAYY GAYY

AY. Lgl.bwy) 9 ‘Db)l «®)39) GAYY 9 GAYY
iy oo A | GAYA 5 GAYY GAS GA) -

(Y Jgi2) 9390 oy 3 Ll 9 o6l ol o9,
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Table 6-Results of average comparison of nuts and kernels traits 36 promising cultivars and genoms of almond grafted on GN

LTS B (ke
Genotypes Means
Sith b g s hye Kbk S gl Heo 530 Jgb A Colbhs sy Sy e,
(50 (shuo)ogae (550 o) (0 ko) 090 (05) 2gue (5) (50 (o) G ) () (2253) (s5)
nut length nut width nut thickness nut weight kernel  kernel length kernel width o double percentage Kernel
(mm) (mm) (mm) (er) weight (mm) shell kernel of blank color
thickness kernel (code)
(er) ) (code) 7
GAl 04m 15.9no 2.9k-m
27.8n 143p 990 0.730n 3a 4a 5b
GA2 " 0.6 k-m 10.8 m-q 6.9 bc 2.81Im
23.8p 1590 12.93 j 1.36 k-m 3a 4a 1c
GA3 !b‘ 15a-c 6.2 e-h 34g-i
41.6b 244c 14.25 e-g 4.75 be ’ 3a 2b 5b
GA4 12c 13.9de 6.4 de 39cd
40.5 be 23.2c-e 15.95 bc 421c 3a 4a 1c
GAS5 0-S 440 3294
250 16.4no 12.13 I A\ ‘ 3a 4a 5b
GA6 ‘ 11.1k® 5.5kl 2.6 m-o0
34.6 hi 16.5no 11.42 1-n 3a 4a 5b
GA7 11.8 h-l 6.1e-h 2.9 k-m
35.1gh 19k 13h-j 3a 2b 5b
GA8 ‘ 14.6 b-d 6.6 cd 3.8de
33.6j 22.8d-f 15.39 ct\ 3a 4a 1c
GA9 12.2 g+ 60-j 2.3 0
32.6 jk 18.9 jk h ¥ v P 3a 4a 5b
GA 10 245 d-i 15.4 ab 720 41c
36.2fg 26.1b 16.& 3a 4a 5b
GA 1l 04m 1260 7.2t 4.6 no 3.8de
30.7 Im 16.7 no 10.47 no 3a 4a 1c
GA 12 0.8 h-I 18.9k-n 12.8 f-h 6.9 bc 18r
25.20 17.4mn .8 k-m 3a 4a 5b
GA 13 0.7 h-l 20.8 -1 9.940-s 5.4kl 2.81m
28n 1550 3a 2b 5b
GA 14 0.8 e-k 23.6d-j 11.7 i-m 5mn 3394
32.6 jk 18.7 j-1 3a 4a la
GA 15 0.9d-j 21.7 g-l 12.7 f-i 6.6 cd 3394
33.1j 23.6 cd 3a 4a lc
GA 16 1d-i 22.8 e-k 13.3 ef 7.1b 35eg
30.6 Im 21.3gh 3a 4a 1c
GA 17 0.9d-j 24.2 d-i 13.3ef 6.4 d-f 3.2 h-k
35.3¢gh 21.1gh 3a 2b 5b
GA 18 11d-g 25.3¢c-h 14.2cd 6f-j 4.1c
34.6 hi 22.7 d-f 15.7 bc 4.18¢c 3a 4a 5b

AR



Beuisl & ke
Means
SiE b SR ae | SRR SdEop o Fedb | seobe | NS Semcebe oy Sn S,
(o oJogme  (io o) oo (o (o) ogo  (0,5) bwe (©:5) (30 (o) (550 o) ( o) o192 («s) (e 2) (+5)
Genotypes nut length nut width nut thickness nut weight kernel  kernel length kernel width double percentage Kernel
(mm) (mm) (mm) (gr) weight (mm) kernel of blank color
kernel (code)
(ar) ckness (code) y
GA 19 0.8 g-l 215h-l
30.6 Im 21.7fg 13.47 g-i 2.56 e-h 3a 4a lc
GA 20 1d-i 225¢-1
329j 23.6 cd 14.2 d-f 3.08 de 3a 4a 5b
GA21 0.9 e-k 259c-g
37.3¢f 21.6fg 13.41 g-i 1.9i-k 3a 4a 5b
GA 22 241 0.5Im 9l-p 2qr
31lm 20.3 hi 14f-h 3a 2b 7a
GA 23 1.6 j-m i 10p-s 6.3d-h 240
26.8n 16.7 no 11.2I-n . “ P 3a 4a 1c
GA 24 1.8i- 1d- 12.2 g+ 122a 58a
30.2m 21.3gh 14.6 d-f 3a 4a 5b
GA 25 3de ng 6.4 d-f 34¢h
32.8jk 22fg 134 g-i 3a 4a lc
GA 26 33d W o, 531Im 374f
35gh 23.2c-e 15.1c-e 1b 4a lc
GA 27 12.1g-k 6.4 de 2.81Im
27.7n 18.7 - 14.3e-g 3a 4a 5b
GA28 W23 11.3j-n 6h-j 281Im
31.6 kl 1751-n 12.7 i-k‘ 3a 4a 5b
GA29 2i 11.9 g-k 5.8i-k 2.5n0
399¢c 19.5ij ‘5{‘ 3a 4a lc
GA 30 21.9g-l 10.5 n-r 5.11m 3j-1
335ij 18k-m 11.8‘ 3a 2b 5b
GA31 0.9 e-k 25.3c-h 9.7rs 5.31Im 271-n
35.4gh 17.4 mn 12.5i-k 3a 4a 5b
GA 32 1.1de 259c-g 14.3cd 6.4 de 35e-h
35.2gh 23.7cd 3a 2b 5b
GA 33 1d-j 24.1d-i 12.1 g+ 6.4d-g 39cd
33.1j 18.7 -1 3a 4a 5b
GA 34 15b 29.3a-Cc 14.8 b-d 6.6 cd 35e-h
39.4cd 23.9cd 3a 4a 1c
GA35 49a 30.1ab 158a 5.31Im 49b
454 a 28.2a 3a 4a lc
GA 36 0.9 e-k 27.3 b-d 1219k 5.7i-k 3.4fh
38.4de 22e-g 3a 4a 1c

SN Sy y9ejl Mo yd B prdaw 53 did S jude By gy & SlapSile (geyn 5

Mean values with similar letters in each column are not significantly different at 5% of probability level using Duncan's multiple range test.

Yy
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Continued table 6- Results of average comparison of nuts and kernels traits 36 promising cultivars and‘iotypes of almond grafted on GN

e ol B opibe
Means
S92 ot Sy S 9 5, o 203 GO Camd A Coliud G Caolbed Cad
() Gy (55) sy (309) dedb  Fed  PeohEw
Shrinkage (=) Suture opening of Percentage kernel kernel
Genotypes of kernel shell the shell of kernel kernel  thickness/kernel
hardness (code) width/kernel leng
(code) % length
(code)

GAl 52.7b 0.69 a-c 0.34 c-i
5a 9a 5a

GA?2 40.1cd 0.71a-c 0.49 b-d
3b 7b 5a

GA3 27.9 g-j 0.6“ 0.53 e-k
3b 5¢c 1b

GA4 27.50-j 0.59 c-e‘ .53 e-k
5a 5c 5a

GAS5 06c-e 058k
3b 9a

GAG A % VN
5a 7b A

GA7 0.62 b-i
3b 9a

GA8 0.55 d-k
3b 3d

GA9 0.64 b-h
3b 9a

GA 10 0.47 h-k
3b 3d

GA 1l 0.76 bc
3b 9a

GA 12 0.71b-e
3b 9a

GA 13 0.66 b-h
3b 3d

GA 14 0.58 c-j
3b 3d

GA 15 0.53 e-k
3b 9a

GA 16 0.54 e-k
3b 3d

GA 17 0.48 h-k
3b 5¢c

GA 18 0.54 e-k
5a 5¢c

‘\-Z’:"““ . e .

s Jgb 4 ogue Sl 5,0
nut
A
length  thickness/nut width
length

0.61d-i 0.45d-g 0.79 a-i

0.79a-e 0.66 ab 0.93 ab
0.52 b-i 0.7 a-g 0.46 c-g 0.7 e-k
0.4 f-I 0.64 c-i 0.46 c-g 0.75 b-k
0.34 g-l 0.73 a-f 0.56 a-e 0.82 a-h
0.64 a-d 0.53 g-i 0.38e-g 0.74 b-k
0.32 h-l 0.64 c-i 0.47 b-g 0.78 a-j
0.43d-1 0.78 a-e 0.56 a-e 0.77 a-j
0.34 g-1 0.74 a-f 0.49 b-f 0.73 c-k
0.69 a-c 0.72 a-g 0.45d-g 0.63 h-k
0.45 d-k 0.66 b-i 0.46 c-g 0.74 b-k
0.72 ab 0.87a 0.65 a-c 0.86 a-f
0.52 b-i 0.67 b-h 0.5 b-f 0.81 a-i
0.42 e-l 0.73 a-f 0.55 a-f 0.83a-g
0.45 d-k 0.72 a-g 0.43d-g 0.59 jk
0.33g-l 0.7 a-g 0.5 b-f 0.71e-k
0.35¢g- 0.6 e-i 0.38e-g 0.63 h-k
0.36 -1 0.77 a-f 0.57 a-e 0.81 a-i

Yy



Bl B (ke
Means
SMSg (hw 89y S g 5,0 FRo Mo W0y Comd A Cwliud Comd Cwlud Couns %3,% 40 Comd Colbud Comnd g ColBud o
(+5) gy (s8) sy (2,2 Fedib e Jsb Fepe ey Sds g Sbs b SKdS b oy Sl oye
Shrinkage Rt Suture opening of Percentage kernel kernel 5 5 nut
Genotypes of kernel sl(lell) the shell of kernel kernel thickness/kernel  thickness/ twiile:h mut  nut # thickness/nut
hard (code) width/kernel length kernel width thickness/nut  ™idth
(code) ardness o length ickness/nu
(code) length

GA 19 30.9 f-j 0.67 a-c 0.28 f-j 0.71a-g 0.44 d-g 0.62i-k
3b 7b 5a

GA 20 324 e-i 0.66 a-d 0.28 f-j 0.72 a-g 0.45d-g 0.62 i-k
3b 5¢c 5a

GA21 445¢ 0.47 d-g 0.22 g-j 0.58 f-i 0.36 fg 0.62 i-k
3b 9a 1b

GA 22 28.8¢- 0.59 c-e 0.35 c-i 0.66 b-i 0.45d-g 0.68 f-k
5a 9a 5a

GA 23 39.5c-e 0.6‘ 0.79b 0.56 b-f 0.79 a-e 0.58 a-d 0.84a-g
5b 7b 1b ‘

GA 24 54.4b 0.71 a-c‘ 13a 0.67 a-c 0.84 ab 0.61a-d 0.81 a-i
3b 9a 1b

GA 25 235]j 0.72 a-c O.Wh 0.38 f-I 0.82a-c 0.56 a-e 0.76 b-j
3b 5c 5a

GA 26 0.42e-g 440 0.24 kI 0.67 b-i 0.44 d-g 0.65 g-k
3 3d A 3 3N

GA 27 ‘).73 b-d 0.49 c-j 0.87a 0.71a 0.96a
3b 3d

GA28 0.68 b-f 0.53b-h 0.71a-g 0.56 a-e 0.88 a-e
3b 9a

GA29 0.65 b-h 0.62 a-e 0.66 b-i 0.48 b-f 0.81a-i
3b 9a

GA 30 0.75bc 0.54 b-g 0.8 a-d 0.62 a-d 0.92a-c
3b 9a

GA 31 0.56 d-k 0.28 j-I 0.5 hi 0.36 fg 0.72 d-k
3b 3d

GA 32 0.3 d-i 0.5 f-k 0.37 - 0.72 a-g 0.46 c-g 0.65 g-k
3b 5c

GA 33 0.41 b-g 0.67 b-g 0.4 f-l 0.71a-g 0.58 a-d 0.91a-d
3b 3d

GA 34 0.42 b-f 0.64 b-h 0.52 b-i 0.8 a-d 0.56 a-e 0.79 a-i
3b 5c

GA 35 0.32 d-i 0.48 g-k 0.78a 0.77 a-f 0.54 a-f 0.78 a-j
3b 3d

GA 36 0.11j 0.38k 0.25kl 0.48i 0.28¢ 0.56 k
3b 7b

Mean values with similar letters in each column are not significantly different at 5% of probability level using Duncan's multiple range test

Yf
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table 7- Results of average comparison of yield and phenological traits 36 promising cultivars and genotypes of almond grafted on GN

rootstock
L ibe
Buissj Means
Genotypes 3 Sdos X I S Cle OMwy b

(=) () () (s5)

Yield Season of flowering Location of flower buds Harvest maturity

(@r) (code) (code) (code)
GA1l 102.8g-i 8b 3a 7b
GA2 102.2g-i 7c 1c 7b
GA3 1182a 7c » W 7b
GA4 295.8c-i 7c 5¢
GAS5 362.3c-i 8b 7b
GA6 249.5d-i 7c 5¢c
GA7 84hi 9a 7b
GA8 347c-i 9a 7b
GA9 120g-i 7c 7b
GA10 554.2b-e 7c 5¢c
GAll 196.7e-i 7c 5¢c
GA12 172f-i 7c 7b
GAl13 167.2f-i 7c 5c
GAl4 511.7b-f 8b 7b
GA15 93.3hi 7c 9a
GAl6 641.7bc 7c 5¢
GAl7 350c-i 7c 7b
GA18 305.1c-i 7c 7b
GA19 408.5b-h 7b
GA20 720.2b “ %
GA21 227e-i 5¢c
GA22 463.4b-g ‘ 5c
GA23 423.4b-h 7b
GA24 382b-i 3d
GA25 9a
GA26 7b
GA27 5¢c
GA28 5¢c
GA29 3d
GA30 5¢c
GA31 7b
GA32 7b
GA33 3d
GA34 7b
GA3 5¢c
GA36 5¢c

315 905 30 y3 O o y3 Wit S yuidie gy slyh 45T ol pSle gt yn 5
mn are not significantly different at 5% of probability level using Duncan's multiple range test

Yo



nut ar‘ernel traits

83151 30 g 0gp0 S (S 39)93 590 Slho (y (Shumsod (F )l (51213905 A Jg>

FXW

Table 7- Heat map of the correlation between the measured morphological
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