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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 wy K Pt s b Sl oas 5k
Number Genotype Origion o gea St o gea St o ra St o g Sl () s ey o s S a3 sy S50 A g
(1) (AP o deo) (pr o) gglecl)lr (1) s (%)) (1) pr (1) pr (1) s
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) (2) (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 ALC522 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 ALC1201 Tran 4 33 19.6 646.8 7 7 3.25 5 5 1
26 ALCI211 Iran 4 30 18.9 567 5 7 247 5 5 1
27 ALCI1304 Iran 4 26.9 20.3 546.07 5 7 2.5 7 5 1
28 ALC1406 Tran 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 Tran 2 24.5 17.8 436.1 5 3 24 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 5 246 5 5 1

Minimum
S 2 24.5 15 415.54 1 1 1.1 3 1 1

Maximum
e 5 37.4 252 942.48 7 9 6.96 7 7 5

Mean+SD

s Sl 3.16+0.84 30.9943.66 19.4542.69 608.96+143.10 3.72+1.92 4.4442.37 2.74+1.34 4.88+1.34 3.94+1.75 1.22+0.92
Std. Error of Mean
il 31 5 sl ol 0.14 0.61 0.45 23.85 0.32 0.39 0.22 0.22 0.29 0.15
Range
s 3 12.90 10.20 526.94 6 8 5.86 4 6 4
Coefficient of Variation
26.58 11.81 13.83 23.49 51.61 53.37 48.90 27.45 44.41 75.40

Syt 2

Coefficient of Variation = (Std. deviation / mean) x 100
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Table 2. Continued.

.y o8l L Fedsh pe s x Jsb Fedess Fe i pder Ge S el Ghcabs S P b
Number Genotype Origion (W) (odos) e Lo, ) (%) (1) G3xe (15) (15) (€%) (5) (15)
Kernel Kernel ) 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 ALCI1211 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 Tran 23.7 14.1 334.17 33.96 1.07 1 9 7 5 3 3
29 ALC1604 Tran 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 Tran 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 Tran 22.9 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
. 27.6 154 391.92 83.89 1.59 9 9 9 9 5 5
Mean+SD 289.89+53.  43.95:16.7 255
55 Sl 23.48+2.16  12.27+1.45 56 3 1.04+0.23 5 44 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 5t ol 0.36 0.24 8.92 2.79 0.04 0.40 0.37 0.29 0.24 0.16 0.19
Range
s 7.20 6.10 185.31 63.51 0.95 8 6 6 6 3 4
Coefficient of Variation
9.19 11.81 18.47 38.17 22.11 95.68 43.79 30.24 30.22 24.62 71.42

e

Coefficient of Variation = (Std. deviation / mean) x 100
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Table 3. Results of principal components analysis for 36 almond genotypes and cultivars.

b S5 Laadl 3o 055 slals »
Traits Eigenvector of components
SRR g0 e po a3
First component Second component Third component
BLY <- Cnlses
) o e 0.895 0.111 -0.170
Shell Thickness (Code)
IART )2
(1) e dos -0.894 -0.152 0.187
Kernel Percentage (%)
a$ : ool
C8) e e 0.855 0.318 -0.105
Shell Hardness (Code)
é . Cis 04
(p) emesit 03 0.714 0.508 -0.072
Nut Weight (g)
Nty gy SO
() o s S 0.649 0.115 0.199
Shell Color (Code)
(e wmesis I 0.163 0.918 0.104
Nut Lenght (mm)
(g o) ez Sz o U 0.282 0.886 -0277
Nut Length x Width (mm?)
AS) jme o3l
() she il 0.142 0.796 0.170
Kernel Size (Code)
. S
(o) oot 22 0.329 0.717 -0.507
Nut Width (mm)
US) s Sl IS5
) et S -0.056 0.033 0.948
Nut Shape (Code)
/. o g
() ot s 51.82 16.55 12.37
Relative Variance (%)
A 5l
() o s 51.82 68.37 80.75
Comultative Variance (%)
OOy & s
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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.

abe> ol Jobo 050 SiS e e Job (AR Ay S, Al 039 JEPRSIRT Ay Caalied I
Cluster Genotype ogeeSi (oslee) ogeeSis Kernel (5) 29> 557 L ogeeSis (a5) (35) w92 ogeeSis
(oo Nut Width JEONITN) Per((:oe/zl)tage Shell (a5) [75) Kemel Shell (a5)
Nut lenght (mm) (@ Color Shell Nut Weight Size Thickness Nut Shape
(mm) ’ (Code) Hardness (® (Code) (Code) (Code)
Nut 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
Agar Mean
ALC302, o
1 ALC309, =l
g8 ‘vj"‘fg 22,06 -0.81 - 68.86 -6.85 1.72 0.11 0.03 -0.5 0.34 0.17
’ St
ALCI0L, deilflilat?(r)n
ALC1304
ALC203 Mean 32.78 17.2 565.23 66.34 3 2.2 1.76 6.6 3.4 4.2
Non Pariel,
2 Yalda, S8l
Monagha, <
ALCﬁhw & vj“fg 1.79 =225 -43.72 22.39 -0.72 =224 -0.98 0.88 -1.48 1.04
Standar
deviation
ALC703, L
é\IL((:Il()Sl(?’ K/[JJ - 27.46 17.54 483.88 55.51 1.44 2.55 1.66 4.11 3.88 3.11
, ean
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
de B 35.73 22.53 810.29 22.45 3.66 8.33 6.23 8.33 7 3
ean
ALC422, A
4 ALC716, 5Bl
ALC1109 <
& U”S’LZ 4.74 3.08 201.33 -21.5 -0.05 3.89 3.49 2.61 2.12 -0.16
Standar

deviation
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ALC1406, S
ALC1604, oSk 33.71 22.09 745.05 34.98 4.6 6 3.14 6.4 5.6 2.8
ALC322, Mean
ALC1111,
A230, o Gl ol
ALC504, ’ d’f
ALC1101, I oSk 2.72 2.64 136.09 -8.97 09 1.56 04 0.68 0.72 -0.36
ALC205, Standard
ALC1006, deviation
Fragness
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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 3 eBiinS slaplSaly b Jsa

@9, ol sl Jdsb B x Jsb o, 5, S 039 PR Ol ey s
I\}I;érrn Genotype Origion 0 L2 g S22 (1) 5 Ay Ly Nexs 5 IS plob jae
S Kernel Kernel " (25)
. . =i =i o9 Sy
Cres) 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
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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
S S Six Jsb ey x Jsb she dsb e L2 x Jsb 4 e Aoy w gy K Pzl et U3 e O3 e e xb Clses o4s 3L
(45) opoe oy opn S e Gine) o) o D T G e VR (5 By ) 5) () i Sny e en
Nut Graden) Graden) om0 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)
() ozt S22 0 19 1
Nut Lenght (mm)
Glaghet) oo S22 206 405 0,637 |
Nut Width (mm)
(gr ) e S 2o X de 0903 0877 0.926 1
Nut Length x Width (mm?)
() A0 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 0g4t 0787 0883 0837° 0902 |
Kernel Length x Width (mm?)
) oy 0 oo 0211 S0266 -0489°% _0439*  -0.166 0277 -0.270 |
Kernel Percentage (%)
s PN
() 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 S5050 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° 0526  0.496° 0.020 ~0.008 0.159 0.553 * )
Kernel Weight (g) 0.566
() S S 0231 20.033 ~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)
() ey 0550 049 - 0.003 ~0.196 ~0.122 0.053 0.063 Z0.009 0557 0220 -0357¢  -0.281 ~0.053 ~0253 -0.130 -0345° 1
Shell Opening (Code)

Y
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aS wisls lid plol e 5 oge iz sla Sy 3l (Fp e pSeslul L (YY) o, Ken 3 Momenpour  aslas S o
Sales ()0 i Jsb b e 9 05eSAS ()9 5 Cwld B0 (Jsb b jew Cegy SIS ogae 039 5 Cuales (550 sk
Gl b il &S (Sipe 4 og g )lo g Sute (Staen )T w50 Ssen b adib g0 Sjgo 4 she 039
S ipll slagie 0o )3 b jhe mab (ized o0 65500 Sy R L (Rl el e S 4 b iy (al Sl S e
P2 A5 (978 4 g (Sared ) Jhe (39 Blo b ) g e K5, Dol Sy Slaie doyd i p9x dem & e ()
ez (V1) abe Foslhe 5 Sinyed 3o pab g yaS Sg glajie aoys 5 Jidsy ol Sy 5 jdlo jhe juiz
(A. communis, A. ploly cim>g asS aw 3l (ol VF swlibcsy, b Sy owy» b () ol Sea ¢ Talhouk
E95 bl Sl el Shg) re g 0ga Sl s Shg sy 45 W8,S sty U es orientalis, A. korshinskyi)
ol gy 5 s e 4 (F) 5 ls (Sl i oo Ll 53l 05 ool ageo (o8 slaiTis s sl (K55
28,5 18 4z g5 9 90 plol jhe g ogreSiS sla Shg caalllas 3,50 (BN 25l sln

S 5 4R
ST Sglas 0Ss b she g ogmeSiis sla Shy a5l plol adllas 0550 slaed, 5 laglBaly ol> iagh 5o
)50 Sl Shg wlul 52 5 09 e JolS jsbas plol eudbp )3 anainl (sl opite wiz 55kl laghg, )8 il
Jlods dilaie ploly @udhe ) b)) 5 Spslanz (alolid b )18 oo 4 oo loog S 50 i GlaglSols (o
Sbmogs | eolatwl g col dibie (pl jo sol5a Glaadiy Izl o B8 sl ol (ST g9 w4 Az b plpl oy
00 bl o3y cpaiz b o] dmlie 5 LaplBols sla Sy 5 (mlidicon, slaShy aalllae ln plol ollore

Solols ol Ghagh leamt peluln wiloe ASussel GlagBals Sletl o gan o5 (2 )5 5 L3 )b
Sl Bols e wise gl iy slaBols g g atils YL s> 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 5ed s e pog Ll s 4 Lol aigype Jled 4 U (Siwans” slagloly 09,8 Sl az ST g e0g 555
Olssar Wil ool Comal LxT g il 5l a5 ead S GlapBoli Wsd pe wgmme Sin oSl

285 wialss 18 osliiul 890 Wz Slaed) (B Su 3l5a slaasly yo Asual la ol
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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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