[ Downloaded from journal-irshs.ir on 2025-12-06 |

[ DOR: 20.1001.1.16807154.1399.21.4.15.5]

N

() (TR FIF TR0 cloamio F o)lod VY al oyl SLel 058 5 pole alos
ranian OCiEty or

e \\y sy
@ 38 Jlod p1ol SIS H g Ld 5 31 (5 5 R0 g o gmoSid ST 9
\. 19!
ol

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.

Jsl sloadse 15 S50 sla Sy (bl 2 pbol aslllas 550 slags) 5 LSl ST (Gom 59 ngad) OIS a5 =) JSo
(PC2 =7 1£100) g5 5 (PC1 =7, BY/AY)

labes o

e SiS pye wgeSiS Job Jold aslllas 5)5e (S Veooad ojlabinl Sk elul  gladg ayses
Ly, Pl (297 Wy S5) (297 Lwg @ o Loyd 0ge i JSS g SiS ope )3 Jsb oo el
5 OBI5 TP sloogee (sl ool Camsay pl 9,008 9 03,5 plonil (92 diwgy Cwlied g jie o3Il 0gee SAS (339 297
s a ) adlas 050 slo ol o cwa Bl iy alold [0 YU 8l 55,000 by ol ool ool lad ¥ S (o plols o,
(V) JS8) 9905 o 09,5

ol Sl g (Shy e abss o nKhe @dlllas 890 Gla Sy b 5l 095 o Sla Shy s Sl
Bloe ) 2 ol ok 0g S miy (F Jsoa) WS avule (Sho JS (oSl
5 ALC901 ALCI211 ALCI1201 ALC309 ALC302 ALC519 ALCI0 slanSol5 05,5 ol s : gl 09,8
02 3 Jsb wpodel g Sis oy wpaSis Jsb sla Shy axbS 5 51 o3, ol ea 4 ALCI304

0


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 2025-12-06 |

[ DOR: 20.1001.1.16807154.1399.21.4.15.5]

Oen 5 S us5

(97 g Pl p9r dng SOy Ll gy yieST U5 (0l Sl e o3l 5 (a9 Alugy 4 e B0 )d e SiaS
IS J5 0S0les 5l (6 i 0gea Sl JSL g (297 gy Cualid cogeSiS ()

@ e doyd (Shg i8S 18 L g ok (boss slaed, s ALCAIS 5 ALC203 slag5ol5s 09,5 cnl 5o 1pg 09,5
Ky ograSis (5,0 )3 Job i ol wgeSias (bye bl g S5 5aSike 5l i oSBT b 4 o9z dtug
seb 098 Gl yo g feS S eSle 5l (097 dheg Culiis 5 0geSiS 09 (297 Ag Pl (o9 Ay
esS oal GlapBoly axsS 15 ol she aoys g gy ey Ky b gdelS cng” slagBoly et
LIS G (VL e 3 Sk g 009 1593 5 (YL (g il

ALC522 ALCI117 ALC806 ALC604 ALC916 ALCI809 ALCT03 slaySols 05,5 cnl o ipgm 09,5
oSt e 5 Jsb wpilols womaSKis by wpaSis Jsb sl Shg iS5 ALCA06 5 ALCI016
20y Ll S 5 aS0lee | (097 dtwg Sl g ske o3l ogaSiS (g 97 g Pl (092w S,
S doyd b g3 Gy dai” almogie Sl 09,8 nl GOSN g i U5 5eSile 3l (97 atg 4 SR
iyl o 4 st il ool g3z (el ki 5l g 005 pSatr

o ogeaSis Jsb sla Shg axis S 15 ALCI109 § ALCT16 ALCA22 sl 5ol5i 05,5 cnl o 1o,k 09,5
Wy Cuald g she ojluil 0geSAS (59 (297 Wg Pl eSS (S5 )3 ok o pofel e Sias
b sleoge shils 05,5 (nl GlagBol5 S5 eI U5 5eSilos jl 97 alwgy @ she doyo bl i IS :S0ke 5l 052
A1 Ll aigyge e @ " (Sa elS b @ laB) g5z 4z ST a5 wisg (550G g9z dtwy b Lol 5 e
s ob) Sl P LTkl iy Sig 0, Sles g by jhe ol

Dendrogram using Ward Linkage
Res=scaled Distance Cluster Combine

ALC1109 23
ALC1406 28
ALC1E04 29
ALC322 7
ALCT111 24
AZ30 36
ALCS04 11
ALC1T101 22
ALC205 4
ALC1008 20
Fragness 33

al 5 10 15 20 25
1 L 1 1 1

ALC110 1 |
ALcs1g 12 ] :
Azar 34 |
ALC302 3 "
ALC308 5 ] t
ALCT201 25 I
ALC1211 26 2—'7 :
ALcso 18 -
ALC1304 27 |
ALC203 3 I 1
Maon Pari 31 !
“valda 3z !
Monagha 35 II— :
ALC413 a |
ALCTO3 15 1
ALC1808 30 Z’— 1
ALCS1E 19 :

. ALCEO4 14 | :
ALCEOE 17 |
ALCIT 2 L 1
ALCS22 13 1
ALC1D16 21 II— !
ALC40E 2 :
ALcC422 10 :
ALCT1E 16 I II

]

Fig. 2. Dendrogram obtained by cluster analysis of 36 genotypes and cultivars of almond.
2ol o8, 5 HB0l5 ¥F 58 addllas 0590 slo Sy sladgs 4320 5 sl Cawd @ pl 5 000 -Y IS

fo5


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

s 5 o s5

elol 5o (Sbj)l 0550 sl Sy ¢l sladsS il Jol> abes mn IS xSl 5l Bl g (0 Sile -F g

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.
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Table 6. Correlation cofficients among nut and kernel traits in evaluated almond genotypes and cultivars
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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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