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1. omega-3 fatty acid
2. omega-6 fatty acid
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Table 1 Qualitative and quantitative traits of the progeny, parent and maternal parent shahrood12

(No) Traits (unit) (Method of measurement )
1 Nut shape (code) 1- Round, 2- ovate, 3- ovate Stretched, 4- Heart-shaped, 5- Stretched
2 Nut tip shape (code) 1- flat, 2- Round, 3- pointed
3 Shell thickness (code) 3- thin, 5- medium, 7- thick
4 Shell Decoration (code) 1- Scattered troughs, 3- medium, 5- Dense, 7- Groove
5 Durability of outer shell (code) 1- Does not hold the shell, 3- Part of the shell remains, 5- The shell stays
6 shell softness and hardness (code) 1- very little, 3- Low, 5- medium, 7- high, 9- too much
7 Open the shell (code) 1- Closed, 3- Semi-flourishing, 5- Blossoming
8 Extra edge of Nut (code) 1- does not have, 3- Low, 5- medium, 7- big, 9- Very big
9 Taste of the Kernel (code) 1- Sweet, 3- A little bitter, 5- Bitter
10 Kernel shape (code) 3-Stretched, 5- Oval, 7- Flat Oval, 9- flat
11 Kernel size (code) 1- very small, 3- small, 5- medium, 7- large, 9- very large
12 Kernel thickness (code) 1- Very thin, 3- Thin, 5- medium, 7- Thick, 9- Very thick
13 Kernel color (code) 1- Yellow, 2- Yellowish brown, 3- light brown, 4- Brown red, 5- Dark brown kingfisher
14 Kernel color intensity (code) 3- light, 5- medium, 7- dark
15 Kermnel stiffness (code) 1- Very soft, 3-Soft, 5- medium, 7- Hard, 9- So hard
16 Nut weight (gr) (Digital scale)
17 Kernel lenght (mm) (Digital Coulisse )
18 Kernel width (mm) (Digital Coulisse )
19 Kernel diameter (mm) (Digital Coulisse )
20 Ratio Oflel? eg;r}ll e’;o width of (mm) (Digital Coulisse )
21 Kernel weight (gr) (Digital scale)
22 Weight of wooden shell (gr) (Digital scale)
23 Green shell weight (gr) (Digital scale)
24 Kernel percentage (ratio) (Ratio of brain weight to total fruit weight)
25 Oleic acid 18:1(%) (ratio) Gas chromatography (GC)
26 Stearic18:0(%) (ratio) Gas chromatography (GC)
27 Palmitic 16:0(%) (ratio) Gas chromatography (GC)
28 Palmitoleic16:1(%) (ratio) Gas chromatography (GC)
29 Linoleic 18:2(%) (ratio) Gas chromatography (GC)
30 Linolenic 18:3(%) (ratio) Gas chromatography (GC)
31 Myristic 14:0(%) (ratio) Gas chromatography (GC)
32 Oil (ratio) (soxhlet extractor machine )
33 Fe mg/1000gr (Atomic absorption )
34 Mn mg/1000gr (Atomic absorption )
35 Cu mg/1000gr (Atomic absorption )
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Table 2 Qualitative traits of the progeny, parent and maternal parent shahrood12
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. . Extra
Nut tip Shell Shell Durability of Shell softness Open the Taste of
genotypes  Progeny and Father Parents  Nut shape shape thickness Decoration outer shell and hardness shell edﬁin()f the Kernel
ovate . . Part of the . .
1 MSKS81 Stretched Round medium medium shell remains medium Closed big Sweet
ovate . . Scattered Part of the Semi .
2 MSK82 Stretched Pointed medium troughs shell remains Low flourishing medium Sweet
3 MSKS83 ovate Pointed thick medium Dotehsens(;lteillold medium Closed big Sweet
ovate . . . Does not hold . . .
4 MSK84 Stretched Pointed medium medium the shell medium Blossoming medium Sweet
5 Shahrood14 ovate Flat medium medium Part ofthe medium Closed medium Sweet
Stretched shell remains
ovate . . Scattered Part of the . .
6 Shahrood12 x MSK81 Stretched Pointed thin troughs shell remains medium Closed big Sweet
7 Shahrood12 x MSK82 ovate Pointed thin Scattered Part of the medium Closed Very big Sweet
Stretched .
troughs shell remains
8 Shahrood12 x MSK83 ovate Pointed medium Dense Part ofthe medium Closed medium Sweet
Stretched shell remains
9 Shahrood12 x MSK 84 Heart Pointed medium Dense Part ofthe medium Closed medium Sweet
shaped shell remains
10 Shahrood12x Shahrood14 V™ Pointed  thick medium Part of the High Closed medium Sweet
Stretched shell remains
L ovate . Part of the . .
11 Open-pollination Stretched Flat medium Dense shell remains medium Closed big Sweet
¥4
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Table 2 Qualitative traits of the progeny, parent and maternal parent shahrood12

" Progeny and Father Kemel Kernel si Kernel Kermel col Kelinel Kernel
genotypes Parents shape cemetsize thickness ernetcolot | cotor stiffness
mntensity
1 MSKS81 Flat Oval very large Thick light brown light soft
2 MSKS82 Flat Oval medium medium Dark brown kingfisher dark soft
3 MSKS3 Flat Oval small medium Yellow light Very soft
4 MSK84 Flat Oval large Thin Dark brown kingfisher medium soft
5 Shahrood14 Oval medium medium light brown medium soft
6 Shahrood12 x MSK81 Flat Oval medium medium Yellow light Hard
7 Shahrood12 x MSK&2 Stretched medium medium Y ellowish brown medium  medium
8 Shahrood12 x MSK83 Oval large Thick Yellow light soft
9 Shahrood12 x MSK84 Flat Oval large medium Dark brown kingfisher dark medium
10 Shahrood12x Shahrood14 Oval large medium Yellow medium  medium
11 Open-pollination Oval large Thick light brown light Hard
Table3 Analysis of variance of Pollen Effect on the Measured traits in progeny, parent and maternal
parent shahrood12
. Kernel Green Ratio of
Source of DF Weight of Kernel percentage Nut shell Kernel length to Kgrnel Kernel
. wooden . . . . diameter . width lenght
variation shell(gr) weight(gr) welght weight(gr) weight (mm) width of (mm) (mm)
(ratio) (gr) kernel
Treatment 10 377° 053* 1032°* 586" 39.84°° 198* 0.10° 3/63° 34/89*
Error 2 0,0007 0.0008 0.0005 00008 0010 0.0003 00002 00004 00017
CV% 0.63 147 0.18 042 1.08 0.19 0.88 0.14 0.15

ns, * and ** respectively non-significant and significant at the 5% and1%

Table 4 Comparison of the average Measured traits in progeny, parent and maternal parent shahrood12

Weight .

of Kernel Kernfl Nut G}rleciln Kernel lRatlt(;l(zf Kernel Kernel
Treatment Progenyand Father Parents ~ wooden weight percent ﬁg weight she hi diameter er}g h (f)‘ width lenght
hell () eweistt (g washt mmy WO (mm) (mm)

S(gr) (ratio) (gr) kernel
1 MSKg;, 5.77b 2.07cd 13.07d 8.04c 7.92h 10.09¢ 1.85¢ 15.19d 28.21d
2 MSKs, 3.34h 1.17h 14.23b 4.52k 3.61j 8.12j 1.77¢g 12.39k 22.18j
3 MSKs; 344¢ 1.37¢g 15.71a 5.03j 3.74j 9.83¢g 1.43j 14.10h 20.18k
4 MSKgy 491c 2.04d 14.12¢ 7.11f 7.371 9.42i 2.05b 14.48¢g 30.01b
5 Shahrood14 5.81ab 2.6la 11.72e 8.74a 13.52b 9.84¢g 2.11a 14.95¢ 31.85a
6 Shahrood12 x MSKg; 3.72f 1.65f 1141g 5.62i 8.25¢ 9.46h 1.82f 13.62i 24 49i
7 Shahrood12x MSKg, 3.08i 2.11c 10.27j 7.67d 11.93d 11.01a 1.63i 16.04a 26.03f
8 Shahrood12x MSKgs 4.59d 2.05d 11.28h 6.80g 11.01e 1041d 1.74h 14.82f 25.60h
9 Shahrood12 x MSKg, 2.93j 2.03d 10.04k 7.22e 12.85¢ 10.80b 1.75gh 15.80b 274le

Shahrood12x .
10 Shahrood14 4.22e 1.78e 11.46f 6.31h 8.86f 10.01f 1.94c¢ 13.48j 25.89g
11 Open-pollination 5.84a 243b 10.49i 8.62b 14.05a 10.76¢ 1.89d 15.45¢ 29.53¢
Yqv
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Table 5Correlation coefficients among the measured traits in almond fruit (nut).

Characteristics 1 2 3 4 5 6 7 8 9 0 11 [PIE 14 15 16 17
1 1
2 0000 1
3 354 0000 1
4 22 315 AR 1
5 53 274 391 0000 1
6 0000 0000 3% 289 0000 1
7 0000 257 0000 200 556 346 1
8 N5 M8 A0 376 033 0000 368 1
9 0000 226 230 0000 3% 325 38 365 |
10 S5 257 A 4R 2% 000 10 -129 1™ 1
1 0000 423 0000 48 5% 000 653 219 219 43 1
i) 53 09 0 07 080 53 68 378 3B 30 341
B3 50 2% 0000 -l64 1483 284 38 B7 067 09 S8 6% 1
i 479 -166 508 0000 553 23 271 20 2090 16 16l 087 050 1
15 53 41 32 3 5130 330 21 06 -0l 345 312 005 017 5K 1
16 3% 732 22 M5 20 28 213 14 4R 55 310 13 -I8 259 8U” 1
7 3R P10 2066 495 22 3B 215 0B AR 4R 2% 065 -4 255 855 9767 1
18 201 805° 12 3B 067 175 019 -138 071 512 388 018 467 08 33 6100 68
19 417 653 23 363 210 247 117 -189 24 50 017 340 027 2B p2I° K 8H”
20 M6 3% 9% 41 126 218 328 391 440 40 22 o6l -4 180 7% st 7"
21 3% 510 081 093 175 149 375 489 004 391 -8 312 155 28 S AR 5%
2 2207 -0 5% 21 518 S8 42 56 22 3% 2% 267 3B .755: &9 60
3 5 205 A0 W4 732 3B 45 -4 58 2% 32 13 08 7600 -8R 557 SH

The numbers of each column with non-similar characters at the 1% probability level are significantly different from

the Duncan.

Con.Table 5 Correlation coefficients among the measured traits in almond fruit (nut).

(Kernel weight) (17) (Kernel shape) (9) (Nut shape) (1)
(Weight of wooden shell) (18) (Kernel size) (10) (Nut tip shape) (2)
(Kernel lenght) (19) (Kernel thickness) (11) (Shell thickness) (3)
(Kernel width) (20) (Kernel color) (12) (Shell Decoration) (4)
(Ratio of length to width of kernel) (21) (Kernel color intensity) (13) (Durability of outer shell) (5)
(Kernel diameter) (22) (Kernel stiffness) (14) (shell softness and hardness) (6)
(Kernel percentage) (23) (Green shell weight) (15) (Open the shell) (7)
(Nut weight) (16) (Extra edge of Nut) (8)
Characteristics 18 19 20 21 22 23
18 1
19 704" 1
20 210 544 1
21 669" 818" -037 1
22 079 337 884" -201 1
23 -.010 -.459 -.562 -.182 -679° 1
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4. Mono Unsaturated Fatty Acid
5. Poly Unsaturated Fatty Acid
6. Saturated Fatty Acid

7. Low Density Lipoprotein

8. High Density Lipoprotein
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Table 6 Analysis of variance of Pollen Effect on the Levels of Fatty Acid, Oil and nutritional elements on Progeny
Derived from Parent of shahrood12

Myristi
14:0
(%)
122"

0.0003
1.01

c Palmitic Palmitoleic Stearic Oleic acid Linoleic
16:0 116:1 18:0 18:1 18:2
(%) (%) (%) (%) (%)
125" 0.083"" 093" 2745 19.86™
0.006 0.0001 0.0002 0.034 0.001
1.009 1.89 0.50 0.26 0.20

18:3 . D  Source of
il Fe Mn u ..
(%) o ¢ F  variation
0.03" 75.09" 1043.29™ 27155 24711 10  Treatment
0.011 0.0006 0.003 0.0007 0.0004 22 Error
8.95 0.52 0.05 0.09 0.06 CV%

ns, * and **, respectively non-significant and significant at the 5% and1%

Table 7 Comparison of the average fatty acid, oil and nutritional elements in progeny, parent and maternal parent

shahrood12
Progenyand Linolenic Linoleic Oleic Stearic Palmitoleic Palmitic Myristic
Treatment Father Cu Mn Fe Qil 18:3 18:2 acid 18:0 16:1 16:0 14:0
Parents (%) %)  18:1(%) (%) (%) (%) (%)
1 MSKg, 35020 31.03¢ 13451° 5131° 0.10° 15448 70/32¢ 2.60’ 0.77° 8.50° 2.094
2 MSKg, 25510 18.04% 8826' 51.51° 0.13° 10.59%  74.76° 3.35° 0.73% 7.73¢8 2447
3 MSKg; 3931¢ 28.64° 11592¢ 3832 0.15° 1520"  70.85¢ 293¢ 0.74¢ 7.80% 2.11f
4 MSKg, 25150 20.87° 99.83" 3933 0.15° 12.57 75.51° 1.72% 0.79° 7.85% 1.12f
5 Shahrood14  20.32% 22.85% 102.85% 4591° 0.12° 1920  66.62" 277" 0.91° 8.03° 2.17¢
6 S};aﬁg‘;flz 36.93° 2533" 106417 42.88" 0.11° 17.08¢ 69.45° 3.01¢ 0.53F 725" 151°
81
7 Shaﬁrgﬁdlzx 30685 21.08" 85.48< 54.42° 0.45° 17.02°  6826%  3.16° 0.52¢ 8334 2.11¢
82
8 Shaﬁrgﬁdlzx 47.48° 4467 138.53* 5131° 0.16° 15.10' 69.44"  4.03° 0.328 7.81f8 243"
83
9 Sha&rggdlzx 2646" 1918 8708 48119 010"  1840°  6801° 285 0714 905> 061"
84
10 Sshhaa}ilrfffdllz: 4572° 4295° 12631° 4741° 0.08° 15.65°  72.00° 2.64! 0.53f 7.94% 0.97¢
Open' c c e g b c i g e a b
11 pollination 41.83° 3729° 112.86° 45.03 0.13 18.30 66.13 281 0.67 9.50 228

The numbers of each column with non-similar characters at the 1% probability level are significantly different from
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Almond (Prunus dulcis L.) is one of the most important nut fruits and products,
which is commercially grown in vast areas of the world. Almond kernel contains
valuable compounds including vitamins, carbohydrates (fiber and soluble sugars),
protein, fatty acids and mineral salts. Considering the importance of fatty acids in
almonds. this study investigated the fatty acid content of pollen and seed parents
and offspring of Shahrood 12 with selective pollinizers using Gas chromatography
(GC). Also oil extraction by Soxhlet Elements were measured by atomic absorption
method in parents and progeny of crosses. Some quantitative and qualitative traits
related to dried fruit and almond kernels were also analyzed. The results showed
that the highest amount of kernels weight in progeny obtained from crosses was
related to free pollination. The results showed that the highest amount of oleic acid
(18: 1) and linoleic acid (18: 2) was observed in MSK84 (75.51%) and shahrood14
(19.20%) pollinizers, respectively. Also, the highest amount of oleic acid with 72%
was obtained in the offspring of Shahrood 12 () x Shahrood 14(J). The
maximum amount of linoleic acid was obtained with 18.40% in the offspring
resulting from Shahrood 12 (?) x MSK84 (J). On the other hand, the highest
amount of palmitic acid (9.5%) was found in the progeny obtained from open
pollination of Shahrood 12. These three types of fatty acids have the highest
percentage among the seven fatty acids measured in the almond kernel. The highest
amount of oil was obtained in progeny of mother Shahrood 12 with 54.42%
MSKS82 and 38.32% in MSKS83 also The results showed that among the different
genotypes Rate of oil (38.32-54.42%), Iron (85.48-138.53 mg / 1900 o), Copper
(20.32-47.48 mg / 1000 ), Manganese (18.04 -44.67 mg / 1000 )-
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