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Nut and Kernel Characteristics of Some Almond Cultivars and Genotypes
in Northwest of Iran
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Table 1. Studied traits and their measurement method in selected genotypes and cultivars based on
international almond descriptor (Gluckan, 1985).
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Table 2. Minimum, maximum, total mean, Std. deviation, Std. error of mean, range and coefficient of variation of evaluated nut and kernel traites in 36 genotypes and cultivars of almond.

sy ol L s Jsb e o x db gy K5 Pt s b Sl oas 5k
Number Genotype Origion o gea St o gea St o pra Sl o g Sl () s ey o s S a3 sy S50 A g
() Cro k) o shes) (g nden) (Sjglecl)lr () r %3 () o (1) o (1) o
Nut Nut Lenght Nut Width th Length 7>< (Code) Shell Npt Shell Marking She'll
Shape (mm) (mm) Width (mm?) Hardness Weight Thickness of Outer Opening
(Code) (Code) (g) (Code) Shell (Code)
(Code)

1 ALCI110 Iran 3 28.2 16.7 470.94 5 3 2.51 5 1 1
2 ALC117 Iran 3 26.3 15.8 415.54 3 5 1.91 5 3 1
3 ALC203 Iran 4 359 18.9 678.51 3 3 23 3 5 1
4 ALC205 Iran 4 352 20.2 711.04 3 5 2.64 5 1 1
5 ALC302 Iran 3 28.5 19.6 558.6 5 3 2.39 5 5 1
6 ALC309 Iran 4 30.7 19.2 589..44 7 3 2.63 5 3 1
7 ALC322 Iran 3 33 20.1 663.3 5 9 4.03 7 3 1
8 ALC406 Iran 4 28.6 16.5 471.9 3 1 1.42 3 1 1
9 ALC413 Iran 4 32.6 15 489 5 3 1.77 5 3 1
10 ALC422 Iran 2 37.4 25.2 942.48 5 7 5.92 7 3 1
11 ALC504 Iran 3 34.6 21.4 740.44 5 5 2.56 5 5 1
12 ALC519 Iran 3 29.4 17.4 511.56 7 3 2.59 5 3 1
13 ALCS522 Iran 4 27.8 15.7 436.46 1 3 1.35 5 5 1
14 ALC604 Iran 3 27 17 459 1 3 1.94 3 5 1
15 ALC703 Iran 2 24.8 16.9 419.12 1 1 1.1 3 7 5
16 ALC716 Iran 3 37.3 23 857.9 1 9 5.81 7 3 1
17 ALC806 Iran 2 26.1 17.4 454.14 1 3 1.88 5 5 1
18 ALC901 Iran 3 29.2 18.3 534.36 3 5 421 5 3 1
19 ALC916 Iran 2 30.5 222 677.1 1 1 2.24 3 7 1
20 ALC1006 Iran 3 354 22.5 796.5 5 7 423 5 5 1
21 ALCI1016 Iran 4 28.4 18.2 516.88 1 3 1.6 5 3 1
22 ALC1101 Iran 3 33.8 20.7 699.66 3 5 3 5 1 1
23 ALCI1109 Iran 4 32.5 19.4 630.5 5 9 6.96 7 5 1
24 ALCI1111 Iran 3 344 24.7 849.68 5 5 221 5 3 1
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25 ALCI1201 Iran 4 33 19.6 646.8 7 7 3.25 5 5 1
26 ALCI1211 Iran 4 30 18.9 567 5 7 2.47 5 5 1
27 ALC1304 Iran 4 26.9 20.3 546.07 5 7 25 7 5 1
28 ALC1406 Iran 2 32.6 22.1 720.46 5 7 3.14 7 5 1
29 ALC1604 Iran 2 29.7 21.6 641.52 5 7 3.19 7 5 1
30 ALC1809 Iran 2 27.7 18.2 504.14 1 3 1.51 3 7 1
31 NonPariel U.S.A. 4 37.1 17.7 656.67 3 1 1.32 3 7 5
32 Yalda Iran 5 29.7 16.5 490.05 3 1 1.74 3 3 1
33 Fragness France 3 342 229 783.18 5 5 3.95 5 3 1
34 Azar Iran 2 24.5 17.8 436.1 5 3 2.4 5 1 1
35 Monagha Iran 4 28.6 17.9 511.94 1 3 1.67 3 3 1
36 A230 Spain 2 342 24.7 844.74 5 5 2.46 5 5 1
Minimum
S 2 24.5 15 415.54 1 1 1.1 3 1 1
Maximum
r 5 37.4 252 942.48 7 9 6.96 7 7 5
Mean+SD
5 - Sl 3.16+0.84 30.99+3.66 19.45+2.69 608.96+143.10 3.72+1.92 4.44+2.37 2.74+1.34 4.88+1.34 3.94+1.75 1.22+0.92
Std. Error of Mean
S 3 5 b o 0.14 0.61 0.45 23.85 032 0.39 022 022 0.29 0.15
Range
als 3 12.90 10.20 526.94 6 8 5.86 4 6 4
Coefficient of Variation
s . 26.58 11.81 13.83 23.49 51.61 53.37 48.90 27.45 44.41 75.40
Sl e
Coefficient of Variation = (Std. deviation / mean) x 100
£
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Table 2. Continued.

.y o8l L Fedsh pe s x Jsb Fedess  Ge i pder Ge S Gl hcabs S e
Number Genotype Origion (W) (rodos) e Lo, ) (%) (1) G3xe (1) (1) (5) (1) (1)
Kernel Kernel e e Kernel Kernel Twin Kernel Kernel Kernel Kernel Kernel
Length Width Percentage =~ Weight (g) Kernel Shape Size Thickness Color Taste
(mm) (mm) <@ 5 (%) Percentage (Code) (Code) (Code) (Code) (Code)
Kernel (7o)
Length x
Width
(mm?)
1 ALCI110 Iran 22.6 9.3 210.18 28.22 0.71 1 7 5 3 5 1
2 ALCI117 Iran 20.4 10.5 214.2 33.71 0.64 1 3 3 5 5 1
3 ALC203 Iran 27.2 11.3 307.36 57.13 1.31 5 3 7 5 5 1
4 ALC205 Iran 24.6 12 295.2 45.88 1.21 3 9 7 3 3 1
5 ALC302 Iran 22.7 13.1 297.37 56.4 1.35 7 5 5 5 4 1
6 ALC309 Iran 22.2 12.5 2717.5 42.47 1.11 5 7 5 3 5 5
7 ALC322 Iran 23.5 11.6 272.6 20.49 0.82 3 7 5 3 5 5
8 ALC406 Iran 222 11.5 255.3 62.67 0.89 1 3 3 5 4 3
9 ALC413 Iran 24.8 11.6 287.68 61.18 1.08 1 5 7 7 2 1
10 ALC422 Iran 25.3 15.4 389.62 20.38 1.2 1 9 7 3 3 1
11 ALC504 Iran 27.5 13.3 365.75 45.03 1.15 1 3 7 7 5 1
12 ALCS519 Iran 22 10.3 226.6 31.54 0.82 1 3 5 3 5 1
13 ALC522 Iran 21.3 9.7 206.61 59.79 0.81 7 3 3 5 4 1
14 ALC604 Iran 21.5 10.6 2279 41.17 0.8 1 3 3 5 5 1
15 ALC703 Iran 20.7 11 227.7 80.01 0.88 1 3 5 7 3 1
16 ALC716 Iran 26.5 14.5 384.25 24.10 1.4 9 9 9 7 5 3
17 ALC806 Iran 21 10.7 224.7 42.16 0.79 1 3 3 5 2 1
18 ALC901 Iran 23.5 12.3 289.05 33.13 1.39 9 3 7 5 3 3
19 ALC9I16 Iran 20.9 13.5 282.15 53.91 1.3 3 7 7 7 3 3
20 ALC1006 Iran 25 13 325 21.01 0.89 1 7 7 3 5 1
21 ALCI1016 Iran 21.3 12.2 259.86 57.80 0.92 1 5 5 5 4 1
22 ALCI1101 Iran 25.5 12.4 316.2 40.73 1.22 3 3 7 3 5 1
23 ALC1109 Iran 25.3 12.7 321.31 22.87 1.59 7 7 9 5 4 1
24 ALCII111 Iran 25.9 15 388.5 35.86 0.79 1 3 5 5 2 1
f.v
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25 ALC1201 Iran 24.8 12.6 312.48 30.50 0.99 1 9 7 3 5 3
26 ALCI211 Iran 22.8 12.6 287.28 30.19 0.74 3 3 5 5 5 1
27 ALC1304 Iran 20.3 12 243.6 37.67 0.94 1 3 3 5 4 3
28 ALC1406 Iran 23.7 14.1 334.17 33.96 1.07 1 9 7 5 3 3
29 ALC1604 Iran 23.6 13.5 318.6 31.54 1.01 1 7 5 3 5 1
30 ALC1809 Iran 21.6 11.7 252.72 68.37 1.04 1 5 5 7 4 1
31 NonPariel U.S.A. 27.2 12.8 348.16 83.89 1.11 3 5 5 5 3 1
32 Yalda Iran 233 10.1 235.33 60.06 1.04 1 3 7 5 5 1
33 Fragness France 27.6 14.2 391.92 35.99 1.42 1 7 9 5 3 1
34 Azar Iran 21.2 12.1 256.52 43.74 1.05 3 5 5 7 4 1
35 Monagha Iran 229 12.7 290.83 69.46 1.16 1 3 7 7 4 1
36 A230 Spain 23.1 13.5 311.85 39.31 0.97 1 7 5 3 4 1
Minimum
s 20.4 9.3 206.61 20.38 0.64 1 3 3 3 2 1
Maximum
. 27.6 15.4 391.92 83.89 1.59 9 9 9 9 5 5
Mean+SD 289.89+53.  43.95:16.7 255+
IS oSl 23.48+2.16  12.27+1.45 56 3 1.04+0.23 544 5.16+£2.26 5.72+1.73 4.83+1.46 4.02+0.99 1.61+£1.15
Std. Error of Mean
il 3 st ol 0.36 0.24 8.92 2.79 0.04 0.40 0.37 0.29 0.24 0.16 0.19
Range
el 7.20 6.10 185.31 63.51 0.95 8 6 6 6 3 4
Coefficient of Variation
s . 9.19 11.81 18.47 38.17 22.11 95.68 43.79 30.24 30.22 24.62 71.42
Sl e
Coefficient of Variation = (Std. deviation / mean) x 100
f.v
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Table 3. Results of principal components analysis for 36 almond genotypes and cultivars.

L“;}LJ adlse 059 slasls
Traits Eigenvector of components
SERT ps3 ad e pom Al
First component Second component Third component
v e
() p sy ol 0.895 0.111 -0.170
Shell Thickness (Code)
1) s ):
() o s -0.894 20152 0.187
Kernel Percentage (%)
s f gy P
) i s 0.855 0.318 -0.105
Shell Hardness (Code)
é N BN
(05 et 03 0.714 0.508 20072
Nut Weight (g)
R e
() m sy S 0.649 0.115 0.199
Shell Color (Code)
() agnsiit J 0.163 0.918 0.104
Nut Lenght (mm)
(g o) et 22X b 0.282 0.886 0277
Nut Length x Width (mm?)
AS) sxe ol
() e ol 0.142 0.796 0.170
Kernel Size (Code)
- oS
(rn) egmnsint o2 0329 0.717 0507
Nut Width (mm)
US) 6 gt S5
() e 8 -0.056 0.033 0.948
Nut Shape (Code)
1) bl
) = by 51.82 16.55 12.37

Relative Variance (%)

" s
() o s 51.82 68.37 80.75
Comultative Variance (%)

R ]
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Fig. 1. Biplot analysis (two-dimensional image) distribution of evaluated almond genotypes and cultivars based on effective
traits in the first (PC1=51/82 %) and second (PC2=16/55 %) components.
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Fig. 2. Dendrogram obtained by cluster analysis of 36 genotypes and cultivars of almond.
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Table 4. Mean and standard deviation of five clusters obtained from cluster analysis for the evaluated traits of almond.
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Cluster Genotype ospa St (oslee) OguacSiS Kernel (35) 9> 297 Ly o gua S () (35) w9z oSl
(oo Nut Width JEONITN) Per((:oe/n)tage Shell (a5) [75) Kernel Shell (a5)
Nut lenght (mm) ( Color Shell Nut Weight Size Thickness Nut Shape
& (Code) (Code) (Code)
(mm) N Hardness (g (Code)
ut Length
x Width (Code)
(mm?)
ALCI10, L
ALC519, o 28.93 18.64 540.09 37.09 5.44 4.55 2.77 5.22 5.22 3.33
Mean
Azar,
ALC302, o
1 ALC309, el
ACIOL ol -2.06 -0.81 - 68.86 -6.85 1.72 0.11 0.03 -0.5 0.34 0.17
L > Standard
ALCI0L, deviation
ALC1304
e 32.78 17.2 565.23 66.34 3 2.2 1.76 6.6 3.4 4.2
ALC203, Mean : ’ : ’ : : ’ : :
Non Pariel,
2 Yalda, Sl
Monagha, <
ALCﬁhw N 1.79 =225 -43.72 22.39 -0.72 -224 -0.98 0.88 -148 1.04
Standard
deviation
ALC703, L
ALCI809, o 27.46 17.54 483.88 55.51 1.44 2.55 1.66 4.11 3.88 3.11
ALC916, Mean
ALC604, A
3 ALCS06, 5Bl
ALC117, &
ALCS22. & oSl -3.52 -19 -125.15 11.56 =227 -1.88 -1.07 -16 -1 -0.06
ALC1016, Standard
ALC406 deviation
Sl
o 35.73 22.53 810.29 22.45 3.66 8.33 6.23 8.33 7 3
Mean
ALC422, A
4 ALC716, 5Bl
ALC1109 <
I ol 4.74 3.08 201.33 -21.5 -0.05 3.89 3.49 2.61 2.12 -0.16
Standard
deviation
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Table 5. Selected genotypes and five commercial cultivars of almond in northwest of Iran.

Ol o Jlos e 53 plobs 5,5 o8, i 5 eBiinS slalSaly -0 Jsar

@9, ol sl Jdsb B x Jsb o, 5, S o33 PR Oy ey s
I\}I;érrn Genotype Origion 0 Lo g S22 (O Ly vy Nexs 5 IS plob jae
S Kernel Kernel " (25)
. . =i =i o9% Sy
Cresh) Ceish) Percent B Weight ] Kernel
Nut Nut sl age () 9 5 (® ® Shape
lenght Width — wll (%) Shell  Shell Nut Twin (Coé)e)
(mm) (mm) Color Hardne  Weight Kern
(er (Code) s (© el
Nut (Code) Perce
Length ntage
Width )
(mm?)
1 ALC 203 Iran 359 18.9 678.5 57.1 3 3 23 1.3 5 3
2 ALC 413 Iran 32.6 15 489.1 61.1 5 3 1.7 1.1 1 5
3 Non Pariel U.S.A. 37.1 17.7 656.6 83.8 3 1 1.3 1.1 3 5
4 Yalda Iran 29.7 16.5 490.1 60.0 3 1 1.7 1.0 1 3
5 Monagha Iran 28.6 17.9 511.9 69.4 1 3 1.6 1.1 1 3
6 ALC 1406 Iran 32.6 22.1 720.4 339 5 7 3.1 1.1 1 9
7 ALC 1604 Iran 29.7 21.6 641.5 31.5 5 7 32 1.0 1 7
8 ALC 322 Iran 33 20.1 663.3 20.4 5 9 4.0 0.8 3 7
9 ALC 1111 Iran 344 247 849.6 35.8 5 5 22 0.8 1 3
10 ALC 504 Iran 34.6 21.4 740.4 45.0 5 5 2.5 1.1 1 3
11 ALC 1101 Iran 33.8 20.7 699.6 40.7 3 5 3.0 1.2 3 3
12 ALC 205 Iran 35.2 20.2 711.0 45.8 3 5 2.6 1.2 3 9
13 ALC 1006 Iran 354 22.5 796.5 21.0 5 7 42 0.9 1 7
14 A230 Spain 34.2 24.7 844.7 393 5 5 2.4 0.9 1 7
15 Fragness France 342 229 783.1 35.9 5 5 3.9 14 1 7

g5 ) eolil g byl G (S35 Ladlsy Jolow 5 ajon jolaie 4 1) alS iz (laazly g b, o)l Solsia,
shls o3l cyals 13 o o Bl g laed, (g05509,5 5 plob 5,90 10 il oo (gumdiws (gola sloasly ;o S50
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Fig. 3. Nut and kernel of 10 selected genotypes and five commercial cultivars of almond in northwest of Iran.
Ol st Jles ddlaie )0 plol (6,los o3, iy g odd (i3S HBBIE Ve jae g ogee S -Y S

el sl Bolss g s, 5l S p ol 45 cwyyp yslaie 4 (YY) oKan g Mousavi S glasillas o
S sl 18 aslllae 550 he 5 ogmeSiiS (S g (o5 (S VA LG ()l 5 Slnl plol (BSI5 5 o3, 00

AR


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.15.5
http://journal-irshs.ir/article-1-409-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1399.21.4.15.5]

oSy I (P o 5 0ge i (slo g

Oley 3 &350 wd; Sole (n9r Cagy Culd g (B (25855 woys e B0 )3 g SAS (59 alex 5l ala Sy
Syse slapd; g LpBols sladss 4o slaazmis Wog b Shy ple G )0 Lyt (i G g o,
5 oge SS9 Job alex Sl ala Shs (ol laalss SSas vpe Jelgs 5l g medts (Lol 0,5 S 4 1) adlllae
siegS slp ladyS 45l eslitul ol aalllas ;o (VF) Wag (2al5 (o) 5 (097 Cng (S5 5 Sulid o
D dude ploly aslas 5,50 slapd, o b0l
B 559 (et (St | i

Ol (FKon 5l iz ed 358 o0 0oliul b Sy o (Alais dlaly (o) 2 1y S 9 0 (Knod ol
Srad gl ys Sgd ool Wil lais Canl Sen lagy] 5,505l S Sla Sy oy Gl Olgee Sy i
Jsb ool oael (At Jgaz 50 plol aslllae 5 )50 slaed; 5 LapSol5 4 bgiye 00l (5 S 0jluil sl Shg 5l (& Olee
(= IAY) e sl 1=+ IAY) ogsacSis byt 1 oo oy ol o=+ /PY) oguaSiic by b ogmacSis
FoIFE) ploly e 059 9 (= H010°) oguaSiid (59 L=+ IAY) i (oo 3 Jsb ri ol (1= H0170) She e
e Jobo =2 1A) ogea Sl By o Job po ol L ogaSid (50 LS (63 e Sitte (Ko (=
s (1= T+ IDF) 05en St (yj5 (1= T+ IVA) sie Lo ye 1o Job oy ol (1= T+ IAP) ke Lpoe 1= ++/F5)
P 0 Jsb oo ols ol s (6o e Cdin (Kicuaer (= +4/0Y) QT Pl o (= +-/F0) o9 4wy
0900 SiS (339 (1= H0 M) e (2o 30 ok w b ol (1= FIAY) s (oye (= F1/80) she Jsb b ogreSias
o Snas (= [DF) g dasgy St 5 = /5 ) Ly dlungy Cealied (= ++/F ) 3ie 39 <= ++/0)
§ M St 039 9 (o) Fpedd (297 dwgy LIS ;s GlrogaSias wad oo (las &S Sl (g lo e
SLapBol giz (Ll s 5l e it slal pogm Ll Jdo 4 Lol cal 3o (g2 oo (3 5 ey S
039 9 U= FIAY) 550 (o y0 Jobo @b fol (1= F210Y) 5o (50 L pll i Jobo gl oo Cgmno ploly g o
Do e 9 Smdyd o b slapll lp (cmlio (APl plol jie Job ol lis (g )lopre Cute (e (1= H4/0Y) ko
330 539 9 (0 ID) 0gea Stz (55 1= H0/R0) jie (e ;0 Jobo b ol Ly phols o (050 ilise ol &
5 (=44 100) ogeaS_iz 55 L plols je (e 55 Job oyl ol (lis (g o cne Sutte (Saon (0= +4/F9)
039 9 09 S—iS (9 St ;d e Slal L (slaploly @lg 50 0ls (i (g lo dms Cote (Shasen (= ++10F) 500 339
@5 Ly Calid b (o9 dlag 4 jho do)d Ngd oo Cguine plil 0ol pe SlapSOl g g wiidls (6 i ke
0 1 L Ll gl i e Srad (= =+ V) o5macSid (335 5 (0= /A ) g Ay plSiial (1= -+ VD)
gy Cawlbes waiily oY psz diwg @ 5w doy 45 olbboges ol lid (gl g Cue dlall) (=44 /00) aingy

gy Sy 05 hled 92 diwgy b 5L bogae cpl )0 Wiog (A uvgy g alily (g s diwg plSoxiul 5 oS
(1= 1FY) gy Coalins Ly Lal el (6l i (Koo (1= ++VA) jin 5 (1= ++ /Y 3) ogpasis bl b s>
S (1= 4 IVA) ogeacSis (55 5 (= 4 IAY) &gy Caslinds L gz amgy plSicial ol Lt i (Sieras
St (52 Ay 5145 Sleoge Stz a8l o ol Hlid o Sien @=-2/Y0) diwg o L L Lol oo
A Dgmte o (laploly g5 g QB (6 g 0gue ()9 A )0 g LIS (6 iy diwgy Cwlis Widgs o9
ol L 55 5o (39 018 li ()l ghre St alal) (1= ++IPA) gy e g (0= 100) She (359 b ogaSiis 39
sla Sy e baly) 5l (Sl bl bbby (Mol slaaslin o ol )5 sne Sudte (Ko (1= +4/0F) 500
Lo Sy olocil )0 La Sy (e (Siaad 3529 3] s a4y (I Sl b)) G (Kharad 5 jio 5 050502
Y P AF O 0) 058 0 yomie o0l5a slodalip (5585 S g 0900 Glol 4 9 00,5 SaS pge

1)


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.15.5
http://journal-irshs.ir/article-1-409-fa.html

ohean 9 Jb )

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1399.21.4.15.5]

Table 6. Correlation cofficients among nut and kernel traits in evaluated almond genotypes and cultivars
S S Sz Jsb ey x Jsb she dsb e L2 x Jsb 4 e Aoy a gy K Szl Sest U3 e O3 e She xb Clses o4s 5L
(45) opee oy opon S o Gine) o) o W cmgy ) aren () ope ) ) () i Sny e s
Nut Graden) Graden) o gm0 SCES Kernel Kernel ke Kernel Shell (%) Nut Kernel Kernel Kernel (25) (5)
Shape Nut Nut ok Length Width k) Pcrcgntagc Color Shell Weight Weight Color Taste Shell Shell
(Code) Lenght Width ) (mm) () ) (%) (Code) Hardness ® ® (Code) (Code) Thickness Opening
(mm) (mm) (g (g (Code) (Code) (Code)
Nut Kernel
Length x Length
Width x
(mm?) Width
(mm?®)
(45) o e St IS5 |
Nut Shape (Code)
() ez S22 0 19 1
Nut Lenght (mm)
(gl ome S22 22 4050 0.637 |
Nut Width (mm)
(gr ) e o2 2o X de 0903 0877 0.926 1
Nut Length x Width (mm?)
() Sed 109 0876 0466°  0.907 1
Kernel Length (mm)
Caikd e 22 0096 0.607°°  0.861°  0822° 0523 )
Kernel Width (mm)
(grrskd e 2o dsb o410 0g24t 0787 0883 0837° 0902 |
Kernel Length x Width (mm?)
) oy 0 oo 0211 S0266  -0489° _0439°*  -0.166 0277 -0.270 |
Kernel Percentage (%)
s N
() o5 e 0.065 0.274 0.286 0.296 0.273 0.238 0283  -0.523" 1
Shell Color (Code)
() sz s (Sl 095 0419° 0546  0.540*  0335° 0463 . Z0.805°  0391° 1
Shell Hardness (Code) 0.469
(@R e S5000 0 g1p4 0508 0.546% 0591 0454%  0.504 -0.744% 0329 0781 1
Nut Weight (g) 0.555
(059 e 035 0.053 0.444°  0337°  0408°  0.526°  0.496° 0.020 ~0.008 0.159 0.553 * )
Kernel Weight (g) 0.566
() S S 0231 -0.033 ~0.104  -0.082 20026 -0277 -0.197  -0.292 0.198 0224 0.110 ~0.161 1
Kernel Color (Code)
o
() S b 0.068 0.062 0.122 0.091 -0.116 0.125 0.011 -0.241 0.208 0.253 0.210 0.075 0.134 1
Kernel Taste (Code)
() oy i -0.184 0.248 0.453 == 0.401 * 0.150 0.383 ¢ 0.330 * -0.752 == 0.473 ** 0.838 ** 0.688 ** 0.109 0.045 0.266 1
Shell Thickness (Code)
() g 0550 049 - 0.003 ~0.196 ~0.122 0.053 0.063 Z0.009 0557 0220 -0357¢  -0.281 - 0.053 ~0253 0130 -0345° 1
Shell Opening (Code)

Y


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.15.5
http://journal-irshs.ir/article-1-409-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1399.21.4.15.5]

(@,43.9) )/‘5>)J)uj O}WC_LAA} 5(@‘—5)5/.1}

aS wisls lid plol 3o 5 oge i sla Sy 3l (F e e pSeslal L (YY) o, Ken 3 Momenpour  asllas G o
Salis ()0 o Jsb b e 9 05eeSAS ()9 5 Cwld B0 (Jsb b jew Cewgy SIS ogae 039 5 Cuals (550 sk
Gl L il &S (Sipe 4 isg gl g Sute (Staen )T w50 SKsen b adib g0 Sjgo 4 she 039
S il slagie 0o )3 b jhe mab (ized oo 65500 Sy R L g (Rl el e S 4 b iy al Sl S e
P25 (978 4 g (Sared ) Jhe (139 Blo b ) g e KO, Dol Sy Slaie do)d i n9x dem & e ()
ez (Y1) aboe goslhe 5 Jinyed 3o pab g yaS Sy glajie aoys 5 Jidsy ol Sy 5 jdlo jhe juiz
(A. communis, A. ploly cimg asS aw 3l (ol VF swlibcsy, b Sy owy» b () ol,Sea ¢ Talhouk
E95 bl Sl el S5y re g 0ga Sl s Shg sy 45 W8,S sty U es orientalis, A. korshinskyi)
ol gy 5 s e 4 (F) 5l (S e oo Ll 53l 25 ool agno (o8 (slaiTis L sl (K55
285 18 4z g5 9 90 plol she g ogre S sla Shg caalllas 3,50 (BN 25l sln

S5 Ao

GASST gl R0 b jhe 5 ogeeSis la Shg Sk 5l plol aslllas 5y50 slapd, 5 lapSols ol raghy 5o
390 S Shg ol yr 5 05 5o JolS jsbay pholy e gl gl o it wiz (g bl slaghy, 05 sl
Jlods dilaie ploly @udhe ) b)) 5 Spslanz alolid b 18 oo 4 oo loog S 50 i GlaglSols oy
Sirog j) eslitul 5 cul ailaie ol 0 gol5a sloasly szl o o sl sby (S5 g8 @ a2 L olal o)
0a bt o8, iz b o] aglio 5 lapSoly sla Sy ood 5 ulidicon, slaShy aallbs sy el (Aol
Solols ol Ghagh lhamt peluln wiloe Audsel GlagBals Sletl o gan o5 (2 ) 5 L3 )b
sl Bols e dise gl iy slaBols g g atils oYL o> dlwy 4 jre duo,0 ALC413 3 ALC203
e o3lail b oleogee (slls ALC1006 5 ALC205 ALC1101 .ALC504 ALCI111 .ALC322 .ALC1604 .ALC1406
557 kel Sl iy e g Ll s 4 Lol igype Jled 4 U (Siwans” slagloly 09,8 ) az ST g eog 555
Olssar Wil ool Comal LrT s iyl S 5l a5 ead i S GlapBoli Wsd pe wgme Sin lagSol

235 wialss 18 osliiul 890 Wz Slaed) (B Sa 3l5a slaasly yo Asual la ol
References &lo

-

Ardjmand, A., S. Piri, A. Imani and Sh. Piri. 2014. Evaluation of morphological and pomological diversity of 62
almond cultivars and superior genotypes in Iran. J. Nuts. 5(1):39-50.

2. Asma, B.M., T. Kan and O. Birhanli. 2007. Characterization of promising apricot (Prunus armeniaca L.) genetic

resources in Malatya, Turkey. Genet. Resour. Crop. Evul. 54: 205-212.
Azodanlou, R., C. Darbellay, J.L. Luisier, J.C. Villettaz and R. Amado. 2003. Development of a model for
quality assessment of apricots. Food. Sci. Tech. Brazil. 36: 223-233.

4. Chalak, L., A. Chehade and A. Kadir. 2007. Morphological characterization of cultivated almonds in Lebanon.

Fruits, 62: 177-186.

5. De Giorgio, D. and G.B. Polignano. 2001. Evaluating the biodiversity of almond cultivars from germplasm

collection field in Southern Italy. Sustain. Glob. Farm. 56: 305-311.

6. De Giorgio, D., L. Leo, G. Zacheo and N. Lamascese. 2007. Evaluation of 52 almond (Prunus amygdalus

Batsch) cultivars from the Apulia region in Southern Italy. J. Hort. Sci. Biotech. 82(4): 541-546.

7. Dejampour, J., H. Rahnemoun and D. Hassani. 2006. Breeding almond interspecific hybrid rootstocks in Iran.

Acta Hort. 726: 45- 50.

8. Dejampour, J., M. Zarrinbal, H. Fathi and S.A. Mousavizadeh. 2017. Fruit characteristics of some almond

cultivars and genotypes of northwest of Iran. Seed and Plant J. 33(2): 195-231. (In Persian)

9. Estaji, A.,, A. Ebadi, M.R. Fattahi Moghadam and M. Alifar. 2013. Evaluation of fifty almond genotypes

characteristics obtained from crossing between some superior Iranian genotypes and ‘Tuono’ cultivar. J. Plant
Prod. 20 (2): 253-270. (In Persian)

Y


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.15.5
http://journal-irshs.ir/article-1-409-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1399.21.4.15.5]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

OhlSean 9 Jb )

Fallah, M., M. Rasouli, A. Imani, Y. Sharafi and A. Mansouri. 2017. Evaluation of effective pollination period in
some almond cultivars and genotypes. J. Hort. Sci. Technol. 17(3): 261-272. (in Persian)

FAO STAT. Retrieved in January 21, 2017 from FAO STAT on the World Wide Web:
http://www.FAO.STAT.org/STAT/Almond

Gulcan, R. 1985. Descriptor list for almond (Prunus amygdalus). (Revised Ed.). Int. Board. Plant. Genet.
Resour. Rome, Italy.

Iezzoni, A.F. and M.P. Pritts. 1991. Applications of principal component analysis to horticultural research.
HortScience, 26: 334-338.

Kavand, M. and A. Imani. 2009. Selection of superior genotypes of almonds (Prunus dulcies Miller) in Borujerd
region. Seed and Plant J. 25(3): 385-399. (in Persian)

Kester, D.E. and T.M. Gradziel. 1996. Almonds. In: Janick, J. & J.N. Moore (Eds.), Fruit Breeding. Vol. III.
(pp.1-97.), John Wiley and Sons, Inc., New York, USA.

Khadivi-Khub, A. and E. Osati. 2016. Evaluation of self-compatiblity, flowering time and morphological
variables in some almond genotypes to choose superiors. Plant Prod. Technol. 16(1): 103-124. (In Persian)
Lansari, A., A.F. Lezzoni and D.E. Kester. 1994. Morphological variation within collections of Moroccan
almond clones and Mediterranean and North American cultivars. Euphytica, 78: 27-41.

Lansari, A., H. Azoulay and D.E. Kester. 1994. Morphological structure of almond seedling populations in
Morocco. In: IT Int. Symp. on Pistachios and Almonds, Davis, CA, USA.

Ledbetter, C.A. and C.B. Shonnard. 1992. Evaluation of selected almond (Prunus dulcis (Miller) D. A. Webb)
germplasm for several shell and kernel characteristics. Fruit. Var. J. 46: 79-82.

Ledbetter, C.A. and D.E. Palmquist. 2006. Comparing physical measures and mechanical cracking products of
"Nonpareil' almond (Prunus dulcis [Mill.] D.A. Webb) with two advanced breeding selections. J. Food. Eng. 76:
232-237.

Molaie, S., A. Soleimani and M. Zeinolabedini. 2016. Evaluation of quantitative and qualitative traits of some
apricot cultivars grown in Zanjan region. J. Hort. Sci. 30(1): 35-48. (In Persian)

Momenpour, A., A. Ebadi and A. Imani. 2011. Discrimination of self-compatibility in progenies obtained from
crossing between “Tono” and “Shahrood 12” by fluorescent microscopy. J. Plant Prod. 18(2): 25-44. (In Persian)
Mousavi, S.A., M.R. Fattahi Moghadam, Z. Zamani and A. Imani. 2010. Evaluation of the qualitative and
quantitative characteristics of some almond cultivars and genotypes. Irn. J. Hort. Sci. 41(2): 119-131 (in Persian)
Nikoumanesh, K., A. Ebadi, M. Zeinalabedini and Y. Gogorcena. 2011. Morphological and molecular variability
in some Iranian almond genotypes and related Prunus species and their potentials for rootstock breeding. Sci.
Hort. 129: 108-118.

Rahemi, A.R., M.R. Fattahi Moghadam, A. Ebadi, T.S. Taghavi and D. Hasani. 2012. Fruit characteristics of
some wild almonds in Iran. Seed and Plant J. 27-1: 459-481 (in Persian)

Rasouli, M., M.R. Fattahi Moghadam, Z. Zamani, A. Imani and A. Ebadi. 2013. A study at the phenotypic
diversity of some almond cultivars and genotypes using morphological traits. Irn. J. Hort. Sci. 43(4): 357-370.
(in Persian)

Rasouli, M., M.R. Fattahi Moghadam, Z. Zamani, A. Imani and A. Ebadi. 2012. Genetic relationships between
almond cultivars and genotypes assessed by RAPD molecular markers. Modern Genet. J. 7(1): 89-100. (in
Persian)

Salimpour, A., A. Ebadi, M.R. Fattahi Moghadam and M.R. Bihamta. 2012. An evaluation of genetic diversity in
some almond genotypes using morphological traits. Irn. J. Hort. Sci. 42(4): 319-327 (in Persian)

Sorkheh, K., B. Shiran, V. Rouhi, E. Asadi, H. Jahanbazi, H. Moradi, T.M. Gradziel and P. Martinez-Gomez.
2009. Phenotypic diversity within native Iranian almond (Prunus spp.) species and their breeding potential.
Genet. Resour. Crop. Evol. 56: 947-961.

Talhouk, S.N., R.T. Lubani, R. Baalbaki, R. Zurayk, A. Alkhatib, L. Parmaksizian and A.A. Jaradat. 2000.
Phenotypic diversity and morphological characterization of Amygdalus L. species in Lebanon. Genet. Resour.
Crop. Evul. 47: 93-104.

Tavakoli Banizi, R., A. Imani, M. Zeinalabedini, A. Assa Ebrahimi and S. Piri. 2014. The morphological
analysis of ‘Shahroodl’ x ‘Shahrood12’ almond population with their parents. Int. J. Biosci. 5(12): 320-330.
Vargas, F., J. Clave, M. Romero, 1. Batlle and M. Rovira. 2001. Autogamy studies on almond progenies. Acta
Hort. 470: 74-81.

Wu, B., B. Quilot, J. Kervella, M. Genard and S. Li. 2003. Analysis of genotypic variation of sugar and acid
contents in peaches and nectarines through the principal component analysis. Euphytica, 132: 375-384.

fIf


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.4.15.5
http://journal-irshs.ir/article-1-409-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-09 ]

[ DOR: 20.1001.1.16807154.1399.21.4.15.5]

Iranian Journal of Horticultural Science and Technology 21(4): 395 - 414 (2020)
Research article

Nut and Kernel Characteristics of Some Almond Cultivars and Genotypes in
Northwest of Iran!

M. Zarrinbal*, H. Fathi, J. Dezhampour and S. A. Mousavizadeh'

It is important to study the morphological diversity of native almond genotypes with the aim
of selecting and introducing new cultivars. In this study, 30 native collected genotypes and six
commercial cultivars of almond were evaluated in terms of 22 quantitative and qualitative traits
of nut and kernel. High diversity was observed for nut weight, shell color, shell hardness, shell
opening, kernel taste, and kernel percentage among evaluated genotypes. Cluster analysis based
on index traits divided these genotypes into five groups. The genotypes ALC203 and ALC413
and the cultivars Non-pariel, Yalda, and Managha which were located in the second cluster, had
thin shell with high percentage of kernel that are important for nut consumption. In principal
components analysis based on the average of 10 index traits, the first three main components
explained a total of 80.75 % of the diversity of traits. In the first main component, nut weight,
shell thickness and shell hardness and in the second main component, nut and kernel size had the
major part in the separation of genotypes. Shell hardness had significant positive correlation with
shell thickness and nut weight. Kernel percentage had significant negative correlation with shell
thickness and its hardness but showed positive correlation with shell opening. These results are
useful for selecting new promising genotypes of almond.

Keywords: Almond, Cluster analysis, Morphological diversity, Nut, Principal components
analysis.
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