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Table 1. Morphological, phenological and pomological characteristics of pecan genotypes in Dezful (2019-2021)

<J;A‘5'uL~> 45 59>

85 eld TSR ol o ds (o) osmn 5 0 osmn B £ sk Lo Trunk () gl bl o 053l Ol & 0l 0l
Genotype Genotype Nut length Nut width Nut lengtht: width circumference Height Buds breaking Leaf falling N
no. code (mm) (mm) ratio (cm) (m) time time Dichogamy
1 P200-1 40 23 1.73 88 8.0 Early Early January Protandrous
2 P200-2 39 22 1.71 52 4.0 Early Early January Protandrous
3 P200-3 28 20 1.47 82 6.0 Medium Early January Protandrous
4 P200-4 32 22 1.48 103 9.0 Late Early January Protandrous
5 P200-6 39 25 1.58 69 7.0 Medium Late January Protogynous
6 P200-7 39 27 1.46 74 8.0 Medium Early January Protogynous
7 P200-8 30 19 1.61 70 6.0 Medium Early January Protogynous
8 P200-9 30 23 1.27 74 7.0 Medium Late December  Protandrous
9 P200-10 39 22 1.73 86 8.0 Late Early January Protogynous
10 P200-11 37 24 1.55 65 6.0 Medium Early January Protogynous
11 P200-13 46 27 1.70 54 4.0 Medium Mid-December  Protandrous
12 P200-14 37 23 1.63 55 5.0 Late Early January Protandrous
13 P200-20 42 24 1.77 79 8.0 Medium Early January Protandrous
14 P200-21 38 24 1.62 79 8.0 Medium Late January Protandrous
15 P200-22 39 25 1.56 89 85 Early Early January Protogynous
16 P200-23 42 25 1.68 103 9.5 Medium Late January Protogynous
17 P200-24 39 24 1.65 83 85 Medium Early January Protandrous
18 P200-25 36 25 1.44 80 8.4 Medium Early January Protandrous
19 P200-26 36 24 1.54 92 8.0 Medium Late December  Protogynous
20 P200-27 42 25 1.68 92 8.0 Medium Early January Protogynous
21 P200-28 38 24 1.63 81 7.0 Medium Late January Protogynous
22 P200-29 35 23 1.56 89 6.0 Medium Early January Protogynous
23 P200-30 37 23 1.59 50 45 Medium Mid-December  Protandrous
24 P200-31 40 24 1.66 80 7.0 Medium Mid-December  Protandrous
25 P200-32 40 23 1.70 65 55 Medium Mid-December  Protogynous
26 P220-1-1 40 22 1.60 122 14.5 Medium Late January Protogynous
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Table 1. Continued. =\ Jgd> anls!
G ) 45 )53 bale 0a3b ol o8 00 0l
G55 opleds PNl (o) osmdsb (o Aa)osw 5,8 o gt oo s S Trunk circumference (gl Buds breaking Leaf falling et
Genotype no.  Genotype code  Nut length (mm)  Nut width (mm)  Nut length: width ratio (cm) Height (m) time time Dichogamy
27 P220-1-2 37 21 1.71 165 19.0 Medium Early January  Protogynous
28 P220-1-3 34 22 151 129 19.0 Medium Mid-December  Protogynous
29 P220-1-4 37 22 1.71 136 15.5 Medium Mid-December  Protandrous
30 P220-1-5 31 24 1.60 116 145 Medium Late January Protandrous
31 P220-1-6 40 21 1.86 135 145 Medium Mid-December  Protogynous
32 P220-1-7 37 22 1.70 73 8.0 Medium Early January  Protogynous
33 P220-1-8 39 24 1.60 96 8.0 Medium Early January ~ Protogynous
34 P220-1-9 40 21 1.86 80 6.0 Medium Early January ~ Protogynous
35 P220-1-10 36 24 1.45 100 6.5 Medium Early January  Protandrous
36 P220-1-11 44 23 1.90 89 6.5 Medium Early January ~ Protogynous
37 P220-2-1 35 22 1.54 200 19.0 Medium Late January Protogynous
38 P220-2-2 36 22 1.61 115 16.5 Medium Mid-December  Protogynous
39 P220-2-3 33 22 1.52 130 8.5 Medium Mid-December  Protogynous
40 P220-2-4 37 22 1.70 115 8.0 Medium Late January Protogynous
41 P220-2-5 32 22 1.41 161 175 Medium Early January ~ Protogynous
42 P220-2-6 39 23 1.69 132 145 Medium Late January Protogynous
43 P220-2-7 39 24 1.62 166 145 Medium Early January  Protogynous
44 P220-2-9 38 24 1.73 140 125 Medium Late January Protandrous
45 P220-2-10 40 25 1.60 90 8.5 Medium Mid-December  Protogynous
46 P220-2-11 40 25 1.60 100 10.0 Medium Early January  Protogynous
47 P220-2-13 30 22 1.35 70 6.5 Medium Early January ~ Protogynous
48 P220-2-14 30 21 1.45 162 13.0 Medium Early January ~ Protandrous
49 P220-2-16 30 22 1.35 155 9.5 Medium Late January Protogynous
50 P220-2-17 30 21 1.45 120 8.0 Medium Early January  Protogynous
Minimum S 28 19 - - - 1 1 1
Maximum ke 46 27 - - - 5 3 7
Mean ol 36.90 23.00 - - - 3.16 1.80 4.48
Standard error Sl ol 0.563 0.227 - - - 0.096 0.095 0.423
Standard deviation Le. Csl il 3.980 1.604 - - - 0.681 0.670 2.991
Variance bl 15.850 2.571 - - - 0.464 0.449 8.949
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Table 2. Quantitative characteristics and yield of pecan genotypes in Dezful (2019-2021)

VFY Jle ) a)La.f« JA -kl>")u;\e5 JL@; 41:50"

Ao s JL»M:JSLJCM _sJiL.pu.aa-L& (%)b;ﬁQ)LA
TR ((;N‘,_-A(Jj; Sy S ogme 050 Ocdawy Ola (\})’)’(;}l:;):_)gl“; (\}JJJ}C;)»\;) (@J‘Jz‘dﬂ‘”ﬁ(’ff) Heat
wisiels  Genotype  NUtweight — opecewscales  Blanknuts s jeodilir ciee  Fruitripening Yield (kg tree™) Total yield Yield index e K, stress demage
Genotype no. code (@) Shell thickness (%) Kernel removal * time 2019 2020 2021 (kg tree™t) gcm? Kernel color (%)
1 P200-1 9.1 Thick 20 9 Early December 3 10 7 20 32 Medium brown 67
2 P200-2 7.7 Medium 30 7 Early December 1 1 3 5 23 Medium brown 78
3 P200-3 5.0 Thick 20 3 Early December 1 5 1 7 13 Medium brown 87
4 P200-4 6.6 Thick 30 6 Early December 1 0 1 2 2 Medium brown 96
5 P200-6 9.9 Medium 70 8 Early December 2 2 4 8 21 Medium brown 68
6 P200-7 143 Medium 35 6 Mid- December 0 2 2 4 14 Medium brown 90
7 P200-8 42 Medium 20 6 Early December 3 1 2 6 15 Medium brown 93
8 P200-9 8.9 Medium 10 8 Mid- December 3 6 8 17 39 Dark brown 48
9 P200-10 7.2 Thin 25 9 Mid- December 2 5 4 11 19 Medium brown 75
10 P200-11 7.8 Medium 25 7 Early December 1 7 2 10 30 Medium brown 97
11 P200-13 9.3 Thick 25 6 Early December 1 1 1 3 13 Dark brown 90
12 P200-14 8.2 Thick 25 5 Early December 1 1 1 3 12 Medium brown 88
13 P200-20 8.9 Medium 50 7 Early December 1 3 2 6 12 Medium brown 80
14 P200-21 9.6 Thin 20 8 Early December 1 1 1 3 6 Medium brown 68
15 P200-22 10.1 Medium 40 7 Early December 0 1 1 2 3 Medium brown 80
16 P200-23 95 Medium 30 6 Late December 18 12 25 55 65 Golden bright 100
17 P200-24 10.7 Thin 20 8 Early December 7 3 4 14 16 Medium brown 85
18 P200-25 105 Thick 15 6 Early December 0 2 1 3 6 Medium brown 93
19 P200-26 8.9 Thick 20 5 Mid- December 0 4 2 6 9 Medium brown 87
20 P200-27 113 Medium 20 7 Mid- December 0 3 2 5 7 Medium brown 92
21 P200-28 8.8 Medium 30 5 Early December 0 0 1 1 2 Medium brown 55
22 P200-29 6.3 Medium 25 7 Mid-December 8 2 7 17 27 Light brown 75
23 P200-30 71 Medium 30 6 Early December 0 2 0 2 10 Medium brown 91
24 P200-31 94 Thick 45 3 Late December 1 2 5 8 16 Medium brown 66
25 P200-32 6.5 Medium 30 6 Early December 0 0 1 1 3 Medium brown 88
26 P220-1-1 8.7 Thin 25 8 Late December 20 16 22 58 40 Medium brown 80

*Pecan genotypes were grouped for kernel removal into: 1 (very hard) to 9 (very easy). s (09 S (Sl Hlaw) & B (S 5la) V1 3l e O o S g Jbai 510G slaws 55F
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Table 2. Continued.

=Y Jgd> asls|
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s o3 oy g > S Jho s S o > Slas el
5555 (o iss  opnlmy Sy e jra O o 08 Oy O (o252 f;’l{? (£330 S 4S) (@r o S 200 D 5ol
5okl Genotype  Fruit weight Shell Blank nut Kernel Fruit ripening Yield (kg tree”) Total yield Yield index e K Heat

Genotype no. code ©) thickness (%) removal * time 2019 2020 2021 (kg treed) gcm? Kernel color stress damage (%)

27 P220-1-2 5.9 Thin 10 8 Late December 7 6 8 21 10 Medium brown 70

28 P220-1-3 6.5 Thick 10 5 Late December 3 6 1 10 8 Medium brown 70

29 P220-1-4 6.8 Thick 30 4 Early December 6 5 1 12 8 Medium brown 70

30 P220-1-5 7.3 Medium 35 5 Early December 3 7 1 11 10 Medium brown 70

31 P220-1-6 7.0 Medium 20 6 Early December 1 1 1 3 2 Medium brown 75

32 P220-1-7 8.0 Medium 30 6 Early December 1 0 1 2 3 Medium brown 55

33 P220-1-8 7.0 Medium 30 5 Early December 0 0 1 1 2 Medium brown 55

34 P220-1-9 75 Medium 25 5 Early December 0 1 1 2 3 Medium brown 55

35 P220-1-10 7.7 Medium 25 6 Early December 1 1 1 3 4 Medium brown 55

36 P220-1-11 9.1 Thick 15 5 Late December 1 0 1 2 3 Medium brown 55

37 P220-2-1 48 Medium 60 7 Late December 5 4 3 12 3 Medium brown 65

38 p220-2-2 5.9 Thin 20 8 Early December 4 5 6 13 12 Medium brown 95

39 P220-2-3 5.8 Thick 30 4 Early December 4 6 6 14 13 Medium brown 50

40 P220-2-4 75 Thick 40 5 Early December 0 0 1 1 1 Dark brown 50

41 P220-2-5 5.9 Thick 10 6 Early December 16 15 7 38 18 Medium brown 70

42 P220-2-6 7.3 Thick 30 6 Mid- December 1 2 1 4 2 Light brown 70

43 p220-2-7 7.6 Thin 20 8 Early December 2 2 6 10 5 Medium brown 85

44 P220-2-9 7.1 Thick 50 6 Late December 1 2 4 7 4 Dark brown 70

45 P220-2-10 8.1 Thick 30 7 Mid- December. 1 1 2 4 3 Medium brown 60

46 p220-2-11 8.1 Thick 30 7 Mid- December 1 0 1 2 3 Medium brown 30

47 P220-2-13 6.0 Medium 30 8 Early December 1 0 0 1 1 Dark brown 40

48 P220-2-14 51 Thick 30 7 Early December 1 0 1 2 2 Medium brown 35

49 P220-2-16 6.0 Medium 20 8 Early December 0 1 5 6 3 Medium brown 35

50 pP220-2-17 5.1 Medium 20 7 Early Dec 0 0 1 1 1 Medium brown 40
Minimum ke 4.2 1 30 3 1 - - - - 1 1 30
Maximum ol 113 3 90 9 7 - - - - 65 5 100
Mean ol 7.789 1.98 725 6.36 4.64 - - - - 11.98 3.0 70.84
Standard error Shra ozl - - 1.6992 0.200 0.254 - - - - 1.85 0.099 259
Standard deviation jtee sl i - - 11.96 1411 1.793 - - - - 13.08 0.700 18.314
Variance bl - - 143.1 1.99 3.215 - - - - 171.163 0.490 335.402

*Pecan genotypes were grouped for kernel removal into: 1 (very hard) to 9 (very easy). Ltd gt 05 8 (Comly ) 4 1 (Cdmar 5l) Y i 3l oo Ol Il S g I35 51 OIS gl 5%
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Table 3. Simple correlation coefficients between quantitative charcteristics and quality properties of pecan genotypes

R
Jsb o $lo o o> g 0508 Ok
P P Gty Clies Sy e odi e Wale 0453k Ol Fruit e K
g J b Nut Nut length: om0 O35 Shell Blank Kernel Buds breaking o ripening s Ske o=l Kernel
Characteristic cwvse> Nutlength  width  Nutwidth ratio Nutweight  thickness Nuts (%) removal time Dichogamy time  Yieldindex color
Nut width s e 0596
Length: Width ratio s pradb s 02047 0054
Nut weight om0y 0.386™  0.440™ 0.018
Shell thickness Cwmsbs 0076 -0.007 0.202 -0.035
Blank nuts (%) Sy slbogeds,s -0199  -0.199 -0.029 0.022 0.043
Kernel removal jeods el 0081 0113 -0.089 0.160 0.597™ 0.059
Bud breaking time baleodabok;  0.211 0.029 -0.262 -0.042 -0.015 0.006 0.249
Dichogamy st 0155  -0.061 0.268 -0.126 0.283 0.022 0.013 -0.029
Fruit ripening time o5 Oy 0Ly 0230 -0.082 0.024 0.037 0.066 0.358" 0.156 -0.141 -0.125
Yield Index s Shes Laxlz - 0.092 0.163 -0.130 0.330" 0.165 0.113 0.281 0.174 0.058 -0.065
Kernel color #%, 0158  0.062 0.066 0.183 0.025 0.081 -0.050 0.033 0.285" 0.220 0.249
Heat stress damage (%) L5 5ol 4wy 0.237 0.234 0.016 0.226 0.024 0.076 0.025 0.011 0.136 0.147 0.323" 0.311"

*and **: Significant at the 5% and 1% probability levels, respectively.
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Fig. 2. (a): comparison of heat intensity in 2019-2021 and (b): total hours with
temperatures higher than 40°C, 45°C and 50°C in 2021 in Safi Abad, Dezful, Iran
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Fig. 5. Dendrogram of cluster analysis four 50 pecan genotypes using four main

characteristics of yield index, tolerance to heat stress, kernel removal and mean fruit weight
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Table 4. Factor analysis and factor values for each characteristics of pecan genotypes

Factor Jeole

Characteristic o o> 1 2 3 4

Nut length osedsb 0875  0.100 0.101  0.408
Nut width ose oo 0443 0019 -0625  0.563
Nut length: width ratio 0500 2,5 1 sb S .643 .037 0.753 0.084
Nut weight ose sy -0.060 -0.100 -0.167  0.971
Shell thickness wey cules 0883 0.337 0.021 -0.327
Blank nut (%) oss S ey 0937 -0.209 0.212  -0.156
Kernel removal e Ods e e <0175 0563 -0.775  -0.195
Bud breaking time &l O3l Obe 0.072 0.854 -0.302 0.407
Dichogamy el 0217 -0.257 0.876  -0.242
Fruit ripening time ose Ok, 0l -0.897  -0.019 -0.106  -0.307
Yield index s She ez 0154 0.085  -0.007  0.984
Kernel color %, -0.088 -0.981 0.108  0.135

Heat stress damage (%)

La)fui;iﬁ))l.&w):

0.039 0.074 0.016 0.996
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