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Fig. 1: Coefficients of variation of the measured traits in the studied late flowering almond genotypes
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Table 1: Fruit set percentage of the studied almond genotypes by self-pollination

)5)\°() 091:.4»)‘5\.’3 )'B)V‘ 091:.4»)‘5\.’3 )‘5)"’ 05.:.4»)‘..\.'3

6gu0 oy 39 50 ogae Sl 395 50 S5 olass
. SLidlos 5 5 e c>J'L.i;é|.oe,)§ 3o c>J'L.i;é|.oe,)§ 3o @Li’él‘oa; 3o Js s
Fruit Fruit no. 60 d_ays F(;Z;;Sn;)ﬁés F(;Z;;Sn;)ﬁjo F(;Z;;Sn;f'éo Flow_er no. at Genotype
percentage after pollination pollination pollination pollination the first day

0.00 0 0 192 320 395 Ashtianl
0.00 0 0 34 520 570 Ashtian2
0.00 0 0 0 270 410 Ashtian3
0.00 0 0 157 200 Ashtian4
0.00 0 0 7 33 115 Ashtian5
0.00 0 0 15 160 260 Ashtian6
0.29 1 1 20 225 350 Ashtian7
0.00 0 0 19 85 175 Ashtian8
0.00 0 0 104 286 420 Ashtian9
0.00 0 0 7 113 340 Ashtian10
0.00 0 0 17 228 320 Ashtian11
0.00 0 0 155 280 370 Ashtian12
0.00 0 0 28 305 315 Ashtian13
0.39 1 10 90 211 255 Ashtian14
0.00 0 0 104 365 410 Ashtian15
0.00 0 0 0 314 450 Ashtian16
0.00 0 0 13 35 300 Ashtian17
0.00 0 0 39 440 475 Ashtian18
0.00 0 0 73 130 190 Ashtian19
0.00 0 0 39 60 210 Ashtian20
0.00 0 0 19 37 140 Ashtian21
0.00 0 0 25 190 270 Ashtian22
0.00 0 0 5 171 210 Ashtian23
0.00 0 0 110 340 400 Ashtian24
0.48 1 1 16 139 210 Ashtian25
0.29 1 1 19 197 345 Ashtian26
0.00 0 0 30 160 205 Ashtian27
0.00 0 0 172 369 430 Ashtian28
0.00 0 0 55 220 270 Ashtian29
4.67 14 63 190 260 300 Ashtian30
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Table 1 Continued: Fruit set percentage of the studied almond genotypes by self-pollination

39) o 040 sloss

)'3)\”‘ 040 sloss

)'5)\" 040 slass

0gun o, 39, 70 ogue olows 39y 50 JS olass
oa SLidlos 5§ m G;leoo)f 3o G;leoo)f 3o Gsbi.él.oo)f 3o Js s
Fruit Fruit no. 60 days Fruit no. 45 Fruit no. 30 Fruit no. 20 Flower no.at ~ Genotype
percentage after pollination day_s af_ter day_s af_ter day_s af_ter the first day
pollination pollination pollination

0.00 0 0 12 110 140 Ashtian31
0.00 0 0 55 106 190 Ashtian32
0.00 0 0 125 125 240 Ashtian33
0.00 0 0 73 275 340 Ashtian34
0.00 0 0 0 140 200 Ashtian35
0.00 0 0 92 270 450 Ashtian36
0.00 0 0 45 71 110 Ashtian37
0.00 0 0 40 59 120 Ashtian38
0.00 0 0 110 340 380 Ashtian39
0.00 0 0 0 520 590 Ashtian40
0.00 0 0 15 225 300 Ashtian41
4.80 24 86 137 450 500 Ashtian42
0.00 0 0 9 187 285 Ashtian43
0.00 0 0 35 65 175 Ashtian44
0.00 0 0 15 470 510 Ashtian45
0.00 0 0 59 100 280 Ashtian46
0.00 0 0 1 130 470 Ashtian47
0.00 0 0 1 78 335 Ashtian48
0.00 0 0 6 235 275 Ashtian49
0.00 0 0 16 160 220 Ashtian50
0.00 0 0 0 64 165 Ashtian51
0.00 0 0 15 120 250 Ashtian52
0.00 0 0 10 208 235 Ashtian53
0.00 0 0 1 210 310 Ashtian54
0.00 0 0 45 249 260 Ashtian55
5.00 23 116 292 300 460 Ashtian56
0.00 0 0 36 240 370 Ashtian57
0.00 0 0 30 240 320 Ashtian58
0.00 0 0 17 96 185 Ashtian59
0.00 0 0 0 164 215 Ashtian60
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Table 1 Continued: Fruit set percentage of the studied almond genotypes by self-pollination

39) o 040 sloss

)'3)\”‘ 040 sloss

)'5)\" 040 slass

0gun o, 39, 70 ogue olows 39y 50 JS olass
oa SLidlos 5§ m G;leoo)f 3o G;leoo)f 3o Gsbi.él.oo)f 3o Js s
Fruit Fruit no. 60 days Fruit no. 45 Fruit no. 30 Fruit no. 20 Flower no.at ~ Genotype
percentage after pollination day_s af_ter day_s af_ter day_s af_ter the first day
pollination pollination pollination

0.00 0 0 175 285 355 Ashtian61
1.05 2 2 80 180 190 Ashtian62
4.94 20 73 218 333 405 Ashtian63
0.00 0 0 0 14 640 Ashtian64
0.00 0 0 0 5 60 Ashtian65
0.00 0 0 1 48 140 Ashtian66
0.63 2 2 47 180 320 Ashtian67
0.71 1 1 6 85 140 Ashtian68
0.00 0 0 40 87 195 Ashtian69
0.00 0 0 3 365 400 Ashtian70
0.00 0 0 3 11 65 Ashtian71
0.00 0 0 1 110 150 Ashtian72
0.00 0 0 0 350 455 Ashtian73
0.00 0 0 12 163 275 Ashtian74
0.00 0 0 29 248 368 Ashtian75
0.57 1 1 4 117 175 Ashtian76
0.00 0 0 25 237 290 Ashtian77
0.00 0 0 74 230 425 Ashtian78
0.00 0 0 2 350 400 Ashtian79
3.79 18 91 244 332 475 Ashtian80
0.38 1 1 30 216 260 Ashtian81
4.44 12 54 160 259 270 Ashtian82
0.00 0 0 0 60 120 Ashtian83
0.00 0 0 6 118 190 Ashtian84
0.00 0 0 20 112 335 Ashtian85
0.00 0 0 34 34 79 Ashtian86
0.00 0 0 36 260 360 Ashtian87
0.00 0 0 35 205 320 Ashtian88
0.93 2 2 34 115 215 Ashtian89
0.00 0 1 95 175 245 Ashtian90
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Table 2: Flowering date of the studied almond genotypes

95 S @b 95 S @b 95 5 @b
Genotype Flowering date Genotype Flowering date Genotype Flowering date
Ashtianl 1392/12/28 Ashtian31 1393/01/06 Ashtian61 1392/12/28
Ashtian2 1392/12/22 Ashtian32 1392/12/27 Ashtian62 1393/01/06
Ashtian3 1393/01/01 Ashtian33 1392/12/29 Ashtian63 1393/01/06
Ashtian4 1392/12/28 Ashtian34 1393/01/01 Ashtian64 1393/01/01
Ashtian5 1392/12/28 Ashtian35 1393/01/01 Ashtian65 1393/01/01
Ashtian6 1393/01/04 Ashtian36 1392/12/26 Ashtian66 1392/12/28
Ashtian7 1393/01/03 Ashtian37 1392/12/29 Ashtian67 1393/01/01
Ashtian8 1392/12/28 Ashtian38 1392/12/28 Ashtian68 1392/12/29
Ashtian9 1393/01/01 Ashtian39 1392/12/28 Ashtian69 1392/12/29
Ashtian10 1393/01/01 Ashtian40 1392/12/23 Ashtian70 1393/01/01
Ashtian11 1393/01/04 Ashtian4l 1393/01/02 Ashtian71 1393/01/01
Ashtian12 1393/01/04 Ashtian42 1392/12/27 Ashtian72 1393/01/01
Ashtian13 139301/07 Ashtian43 1393/01/01 Ashtian73 1392/12/26
Ashtian14 1393/01/09 Ashtian44 1392/12/28 Ashtian74 1393/01/01
Ashtian15 1393/01/01 Ashtian45 1392/12/29 Ashtian75 1393/01/01
Ashtian16 1392/12/29 Ashtian46 1392/12/27 Ashtian76 1393/01/06
Ashtian17 1392/12/27 Ashtian47 1392/12/25 Ashtian77 1393/01/05
Ashtian18 1392/12/28 Ashtian48 1392/12/25 Ashtian78 1392/12/25
Ashtian19 1393/01/11 Ashtian49 1392/12/23 Ashtian79 1393/01/01
Ashtian20 1392/12/27 Ashtian50 1392/12/29 Ashtian80 1393/01/08
Ashtian21 1392/12/28 Ashtian51 1392/12/29 Ashtian81 1393/01/03
Ashtian22 1393/01/01 Ashtian52 1392/12/26 Ashtian82 1393/01/09
Ashtian23 1393/01/01 Ashtian53 1393/01/05 Ashtian83 1392/12/26
Ashtian24 1392/12/28 Ashtian54 1392/12/27 Ashtian84 1392/12/29
Ashtian25 1393/01/01 Ashtian55 1393/01/03 Ashtian85 1393/01/03
Ashtian26 1393/01/04 Ashtian56 1392/12/29 Ashtian86 1392/12/29
Ashtian27 1392/12/27 Ashtian57 1393/01/01 Ashtian87 1392/12/29
Ashtian28 1392/12/28 Ashtian58 1393/01/06 Ashtian88 1392/12/28
Ashtian29 1392/12/28 Ashtian59 1393/01/01 Ashtian89 1392/12/28
Ashtian30 1392/12/27 Ashtian60 1393/01/01 Ashtian90 1392/12/28
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Table 3: Number, min, max, mean and coefficient of variation for the traits utilized in 43 late flowering genotypes

F 0 gy ¥V o oads bl Slae Olyesd g o g oKl S Tas ¢ JBlas olaws oV Jgax

() Sy copo Hlme >l le BRI Jolas anlg & bass] cadle Co @,
CV (%) SD Mean Max. Min. Unit Abbreviation Trait No.
62.71 118 1.88 5 1 s PeCo SHS S 1

Code Petal color
54.77 0.70 1.28 3 1 s LFIB S Sly> Cudye 2
Code Location of flower bud
44.36 255 5.74 9 1 o TrHa 853 48 ke 3
Code Tree habit
KLY . Ly )8
52.76 0.65 1.23 3 1 TrVi A 4
Code Tree vigor
24.63 1.06 4.30 5 1 s Br s i 6
Code Branching
45.23 155 3.42 5 1 s BrDe 5L oS ')3_ 7
Code Branch density
15.47 2.64 17.09 23.00 1000 el TrDi “"3 )B 8
cm Trunk diameter
60.96 152 2.49 5 1 o Lde Sresls 9
Code Leaf density
42.27 131 3.09 5 1 o CaDe sl 10
Code Canopy density
60.20 1.47 2.44 5 1 s ShFI Sk "eu”" 1
Code Shoot Flexibility
55.06 247 4.49 7 1 s LSh Srdss 12
Code Leaf shape
58.21 0.91 156 3 1 s LSesh Syl g5 13
Code Leaf serration shape
43.27 0.98 2.26 3 1 s LTi SpSy 14
Code Leaf tip
0.00 0.00 1.00 1 1 o LUpS Sr Vb ghe ) 15
Code Leaf upper surface
0.00 0.00 1.00 1 1 s LLoS S o g ) 16
Code Leaf lower surface
24,06 0.47 1.96 3.39 099 el PetLe S Jobo 17
cm Petiole length
17.12 1.04 6.06 8.56 300 A ShLe o, S Jsb 18
cm Shoot leaf length
16.36 0.31 1.90 2.88 1.44 Fales ShLWi oSy S 2e 19
cm Shoot leaf width
15.07 0.49 3.22 4.36 223 Soaed ShLLe/Wi o el Jsb 20
Ratio Shoot leaf length/width
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Table 3 Continued: Number, min, max, mean and coefficient of variation for the traits utilized in 43 late flowering

genotypes
() @lyeis copd Hhae Bl (1 Sleo S8l Jslis Aol & baid] cadle Co @,
CV (%) SD Mean Max. Min. Unit Abbreviation Trait No.
15.50 0.84 5.42 7.26 3.70 sl SpLLe R 21
cm Spur leaf length
Saggle ; ol Sy oye
14.18 0.25 1.74 2.20 1.08 SpLWi . 22
cm Spur leaf width
16.87 053 315 475 2.26 S SpLLe/W sl 25l Jslo 23
Ratio Spur leaf length/width
48.96 2.22 453 7 1 ol GrFrCo Jr 0928 S, 24
Code Green fruit color
43.03 153 3.56 5 1 o GrFrPu Fro om0 92 2 S S 25
Code Green fruit pubescence
10.12 041 4.05 5.18 335 Feutle GrFrLe oo 0320 Jobo 26
cm Green fruit length
9.74 0.28 2.84 3.64 240 el GrFrWi Fro 090 02E 27
cm Green fruit width
1154 0.26 2.29 3.14 178 Fesle GIFrTh o oges ol 28
cm Green fruit thickness
9.16 013 1.43 1.77 1.07 S GrFrLe/Wi Joo 030 51 Jslo 29
Ratio Green fruit length/width
56.02 2.62 4,67 9 1 o FrYe o9 f"_fl); 30
Code Fruit yield
36.12 147 407 5 1 o EaH ety lgges 31
Code Ease of harvesting
43.33 1.44 333 5 1 ol EaHu S Gz Sy 32
Code Ease of hulling
51.13 2.39 467 9 1 o SoShe ot 0P 33
Code Softness of shell
78.84 1.70 2.16 5 1 o SuOShe o gy SIS 34
Code Suture opening of the shell
49.15 2,09 4.26 7 1 o SheColn CStw dagy ) DA 35
Code Shell color intensity
34.07 1.66 486 9 3 ol MOushe S Lz, ($9) SR 36
Code Marking of outer shell
0.00 0.00 5.00 5 5 o SheRe EF Ay Ll 37
Code Shell retention
14.32 0.04 0.30 0.43 019 Feule SheTh o Ly Calis 38
cm Shell thickness
34.03 1.02 3.00 6.07 1.27 2 Shewe S A 09 39
g Shell weight
41.26 1.47 3.56 7 1 o NuShap b s 40
Code Nut shape
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Table 3 Continued: Number, min, max, mean and coefficient of variation for the traits utilized in 43 late flowering

genotypes
() Ol gy Hlme Bl ke Sl blas sy & bass] cadle o s,
CV (%) SD Mean Max. Min. Unit Abbreviation Trait No.
10.45 0.36 3.48 427 2.75 Fabe NuLe b Jb 41
cm Nut length
13.41 031 2.29 3.62 175 Fabs NUWi b by 42
cm Nut width
11.30 0.19 167 228 1.29 sl NuTh b cels 43
cm Nut thickness
24.61 1.06 4.29 7.34 1.99 2d NuWe b o 44
g Nut weight
11.63 0.18 153 1.90 1.06 Coped NuLe/Wi e o2 el Jsb 45
Ratio Nut length/width
12.30 0.26 2.10 2.78 1.60 S NuLe/Th S cualbd Job 46
Ratio Nut length/ width/thickness
10.34 0.25 2.38 3.01 1.65 Faibs KeLe s Jsb 47
cm Kernel length
9.96 0.14 1.40 1.76 111 ol KeWi Fe 2y 48
cm Kernel width
27.99 0.24 0.85 154 0.45 el KeTh jho Cuelud 49
cm Kernel thickness
25.34 0.33 1.29 2.05 0.72 24 KeWe Fe 09 50
g Kernel weight
1311 0.22 171 241 134 Coed KelLe/Wi s Uosl g 51
Ratio Kernel length/width
34.82 0.76 2.19 423 0.96 S KeWi/Th sho colsesl pe 52
Ratio Kernel width/thickness
4878 0.24 049 114 0.19 Cod KeWe/SheWe s gy 039l e 0 53
Ratio Kernel weight/shell weight
36.35 167 458 7 1 o KeShap Fho J55 54
Code Kernel shape
47.88 2.37 4.95 9 1 s KeColn Pt kel 55
Code Kernel color intensity
61.75 1.48 2.40 5 1 < Krshr o SaSo2 56
Code Kernel shriveling
37.44 1.35 3.60 5 1 s KePu Fo D92 PSS 57
Code Kernel pubescence
79.71 1.0 1.37 5 1 o KeTa sho b 58
Code Kernel taste
53.13 1.28 2.40 5 1 o PiNU (Sl sl 59
Code Pistil number
65.09 26.14 4016 90.00 0.00 e DoKePer s g 93 2oy 60
% Double kernel percentage
31.01 9.72 31.34 5333 1570 e KePer (S sl 53 039) e 20y 61
% Kernel percentage
_ _ _ _ _ C’)L RiTi L) uL") 62
Date Ripening time
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Table 4: Bivariate correlations among the measured characters in the studied late flowering almond genotypes

;AT TrHa TrVi BrDe Lde C{;\D LSh PetLe ShLe ShLWi  SpLLe  SpLWi Frye EaH SoShe SheTh ~ SheWe NuLe NuWi NuTh NuWe KelLe

ral

TrHa 1.00

Trvi 0.03 1.00

BrDe  -0.27 0.27 1.00

Lde 0.14 0.17 0.38**  1.00

CaDe 0.8 0.19 028  059**  1.00

LSh -0.23 024 047 021 001 1.00

PetLe  0.10 0.33* 0.15 021 021 024 1.00

ShLe 0.26 0.28 -0.04 013 012  -008  031* 1.00
shLwi  0.28 0.20 -0.04 0.00  030* -0.19 016  0.68**  1.00
SpLLe 019  0.39**  0.05 -009 000 008 0.36*  0.53** 023 1.00
SpLwi  0.30* 0.13 0.11 007 003 -0.05  030* 049% 042** 053** 100

Frye 0.29 -0.03  -038* -013 001 -0.24 0.10 0.38*  0.39** 017 0.21 1.00

EaH  -0.30* 012 0.51**  0.37* 013 048 034*  -0.16 -0.19 0.03 006  -037*  1.00
SoShe  0.01 0.27 -0.22 023 006  -0.13 023  056**  037*  0.32* 021  042** 023 1.00
SheTh  0.08 0.26 043** 026 019  0.37* 0.15 0.15 0.08 0.30* 0.05 0.01 0.23 -0.15 1.00
SheWe  0.00 0.19 0.43**  0.34* 020 053** 041**  -0.06 -0.02 0.20 0.02 -0.17  056**  -0.35*  056**  1.00

NuLe  -003  037* 0.21 013 011 33* 0.35*  0.35* 0.15 0.29 0.22 -0.10 0.18 0.35* 016  044** 100
Nuwi  -0.10  0.48*  0.30* 010  0.04 046**  0.36* 0.26 0.20 0.35* 0.20 -0.08  0.36* 0.17 0.33*  0.61** 0.55**  1.00
NuTh 001  040**  0.06 003 016  0.29 0.28 0.31* 0.24 0.35* 0.19 -0.01 0.22 0.23 0.31*  0.52**  051**  078**  1.00
Nuwe  0.04 0.28 0.34* 029 020 052** 042**  0.06 0.06 0.28 0.07 -0.09  050**  -023  048* 0.96** 054** 067** 0.63**  1.00
KeLe 022 049  0.22 020 015  0.30* 0.11 0.31* 020  048* 043**  -0.02 0.13 0.21 0.25 0.34*  0.56**  0.44** 040** 045  1.00

For explanation of variable symbols, see Table 3. Ded dexlio ¥ Jado 4 Slae (5 las! codle sovlin gl 0 -

*Correlation is significant at the 0.05 level

**Correlation is significant at the 0.01 level
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Table 5: Eigenvalues of the first three principal component axes and their properties

Jole
Component S

3 2 1 Trait
-0.07 0.00 -0.90 LFIB
0.22 0.01 0.68 BrDe
-0.13 0.20 0.61 LSh
-0.08 -0.18 -0.64 LSeSh
0.20 -0.04 0.60 LTi
-0.02 0.30 0.59 GrFrCo
0.34 0.74 0.21 GrFrLe
-0.37 0.58 0.14 GrFrwi
-0.40 0.64 0.00 GrFrTh
0.74 0.21 0.10 GrFrLe/Wi
-0.19 -0.06 -0.72 Frye
-0.12 0.06 0.80 EaH
0.04 -0.22 0.62 SheColn
0.19 0.03 0.56 MOuShe
-0.35 0.14 0.69 SheWe
0.70 0.19 0.08 NuShap
0.29 0.69 0.23 NuLe
-0.41 0.55 0.42 NuWi
-0.60 0.53 0.17 NuTh
-0.41 0.37 0.56 NuWe
0.74 0.04 -0.23 NuLe/Wi
0.81 0.10 0.08 NuLe/Th
0.25 0.62 0.05 KeLe
-0.66 0.42 0.24 KeWi
-0.20 0.48 -0.65 KeTh
-0.23 0.75 -0.34 KeWe
0.73 0.17 -0.14 KelLe/Wi
0.02 0.25 -0.82 KeWe/SheWe
-0.74 -0.30 0.04 KeShap
0.04 -0.03 0.59 KeColn
-0.11 0.55 -0.34 PiNu
-0.13 0.57 -0.46 DoKePer
0.05 0.26 -0.84 KePer
6.22 6.95 11.08 Total
10.72 11.98 19.10 Variance (%)
41.80 31.09 19.10 Cumulative (%)

35 dazlo ¥ oo 4 Slas (g,laiz] codle ovvlie gl
For explanation of variables symbols, see Table 3
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Fig. 2: UPGMA dendrogram of the 43 studied late flowering almond genotypes using Euclidean distance coefficient
based on all of the measured traits
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Fig. 3: Bi-plot analysis for the 43 studied late flowering almond genotypes based on the traits of PC1 (19.10%) and PC2
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Evaluation of Self-compatiblity, Flowering Time and Morphological Variables in some
Almond Genotypes to Choose Superiors

Khadivi-Khub®", A. and Osati?, E.
Abstract

Almond is an economically important species of genus Prunus. Self-incompatibility and less quality fruit are the most
important limitative problems for fruit set and cropping in almond. Also, almond is the earliest temperate tree crop to
bloom, which limits production in areas with spring frosts. One of the main breeding objectives for almond is finding or
production of late-flowering cultivars. Thus, this study was conducted in 90 seedling genotypes of almond for finding
self-compatible and late-flowering genotypes. Results of the first experiment showed that five genotypes including No.
30, 42, 56, 63 and 82 were semi-self-compatible. Results of the second experiment showed that the considered
genotypes had significant differences in flowering time; so that flowering time varied from March 12 to March 30.
Flowering time of 10 genotypes (No. 13, 14, 19, 31, 58, 62, 63, 76, 80 and 82) ranged from 25 to 30 March, which were
known as late to very late flowering genotypes. Furthermore, flowering time for 33 genotypes were recorded from 20 to
24 March and they clustered as late flowering genotypes. These two groups can be used as parents in breeding programs
or after evaluation of vegetative and fruit traits for cultivation in commercial orchards. According to results of the third
experiment, 13 out of 43 late flowering genotypes including No. 3, 6, 13, 14, 23, 43, 57, 62, 63, 71, 77, 80 and 82 were
the best genotypes in terms of consistent high fruit set, large nut, large kernel and high kernel percentage and can be
singled out for cultivation in orchard.

Keywords: Almond, Late-flowering, Self-compatibility, Breeding programs, Commercial orchards

1 and 2. Assistant Professor and Graduated B.Sc. Student, Respectively, Department of Horticultural Sciences, Faculty of Agriculture
and Natural Resources, Arak University, Arak, Iran
*: Corresponding author Email: a-khadivi@araku.ac.ir

\YF



