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Table 1. Geographical location of the studied genotypes of Hackberry in East Azerbaijan province

G s w51 gl WA 2 2Ll Jsb Sl Jome OS5l
Altitude (m) Latitude Longitude Collected site Genotype
1460 39° 52" 351" 47° 57 193" Khodafarin C1
1428 39°52'316" 47° 57 147" Khodafarin C2
1440 39°52'315" 47° 57" 135" Khodafarin C3
1360 39°52'304" 47° 57' 963" Khodafarin C4
1454 39°52'273" 47° 57" 634" Khodafarin C5
1359 39°52'279" 47° 57" 432" Khodafarin C6
1420 39°52' 273" 47° 57" 400" Khodafarin C7
1465 39°52' 270" 47° 57' 409" Khodafarin C8
1423 39°52' 251" 47° 57" 112" Khodafarin C9
1482 397 52' 262" 47° 57" 111" Khodafarin C10
1487 38°52'310" 47° 57" 110" Kaleybar cu
1429 38°52'313" 47° 57" 116" Kaleybar C12
1410 38°52' 420" 47° 57" 122" Kaleybar C13
1412 38°53'508" 47° 57" 780" Kaleybar Cl14
1451 38°53'382" 47°56' 213" Kaleybar C15
1453 38° 53'383" 47° 56' 204" Kaleybar C16
1423 38° 53' 486" 47°56' 128" Kaleybar C17
1431 38" 54' 382" 47° 55' 541" Kaleybar C18
1464 38° 54' 204" 47° 48' 250" Kaleybar C19
1361 38°58' 166" 47° 40" 264" Kaleybar C20
1468 38° 56' 480" 47°39' 223" Kaleybar C21
1470 38° 52'357" 47°32' 530" Kaleybar C22
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Table 2. The evaluated attributes and its unit of measurement in studied genotypes

6;5 ajl..\.v‘ ..\;-“5 rE) QLL& a)l.o«:
Unit of measurement Abbreviation Traits Number
S
(mm) LL A 1
Leaf length
3 .
(mm) LW 7o 2
Leaf width
S
(mm) PL _ﬂ >J5b 3
Petiole length
(mm) FL a’f” J 4
Fruit length
(mm) FW Al 5
Fruit width
(mm) Pel °’T"J r2 s 6
Pedicle length
(mm) SL s 7
Seed length
(mm) SW ot “’p_’o 8
Seed width
(9) Few " 00 9
Fruit weight
©) STh o 10
Seed thickness
. /-L‘ -
(mm) Dg "“M o ’lﬂ 11
Geometric mean diameter
3 Q e S 12
Sphericity
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Continued table 2.

ng:f a)l.b‘ J;-U P CJLO-J DJL«:J
Unit of measurement Abbreviation Traits Number
(mm2) s %30 ghe 13
Surface area
: 51
- AR S 14
Aspect ratio
(cm?) \Y e 15
Volume
- L* L* 16
- a* a* 17
- b* b* 18
- Hue 5 19
Hue
Lo
] ch 2 20
Chroma

0 g0 (a.b Jj.b a* u.pl...» Lole u_?u*p 9 AR b
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Table 3. Descriptive statistics of measured attributes in studied wild Hackberry genotypes

g5 Ao Shae Gl sl oSl sl Sl el Sliw
Percentage variation Standard deviation Mean Minimum Maximum Range  Traits
42.01 3.87 9.21 8.29 10.01 1.72 FL
38.47 3.22 8.37 7.53 9.99 2.46 FW
55.67 7.95 14.28 8.16 20.11 11.95 Pel
46.96 3.02 6.43 5.82 7.20 1.41 SL
44.92 2.61 5.81 5.33 6.45 1.12 SW
12.34 7..49 60.65 41.25 76.51 35.26 LL
29.25 8.82 30.15 21.45 41.51 20.06 LW
15.93 157 9.85 6.04 13.54 7.50 PL
11.36 0.05 0.44 0.30 0.58 0.28 Fwe
11.76 0.02 0.17 0.12 0.24 0.12 STh
21.29 1.84 8.64 7.77 9.99 2.22 Dg
6.96 6.53 93.81 93.27 99.80 6.53 Q
4.37 10.25 234.39 189.57 313.37 123/80 S
2.57 2.34 90.87 90.83 99.80 8.97 AR
291 9.84 337.67 245.99 522.80 276.81 \Y
47.75 16.09 33.69 21.20 62.51 41.31 L*
38.34 2.27 5.92 161 10.12 8.51 a*
56.66 7.62 12.99 4.05 36.26 32.21 b*
46.16 15.83 34.29 13.70 62.73 49.02 Ch
11.53 7.21 62.51 47.53 85.10 37.57 Hue
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Table 4. Correlation between studied traits in wild Hackberry genotypes
Dg STh Few PL LW LL sw SL Pel FW FL e
Traits
1 FL
1 0.643**  FW
1 0190  0.303* Pel
1 0346 171"  0.275* sL
1 0577** 0048 0500 0152  SW
1 -0.246*  -0.093° 0271  -0.092®  -0.058"  LL
1 0.804**  -0.168™  -0.164™  0254°  -0.009®  -0.091 LW
1 0502**  0.406** 0059 0080  0475" 0162  0.141" PL
1 0273  -0.100"  -0.150"  0.572**  0330" 03757  0519** 0309  Few
1 0.148™  -0.127™ -0.362*  -0.294" 0461  0559"  -0.023® -0.080™ -0.065®  STh
1 0073®  0510** 0175 -0.033™ -0.0977™ 0.445** 0220  0249° 0974** 0783**  Dg

0.972**  0.071™  0.525**  0.165™  -0.005™ -0.097™  0.507** 0.175™ 0.197™  0.999**  0.628** Q
0.994**  0.057"  0.528**  0.185™  -0.024"™ -0.107™  0.462** 0.227™ 0.262"  0.974**  0.755** S
0.397**  0.031™  0.329**  0.056™ 0.096™ -0.043™  0.469**  -0.063"  -0.082"  0.588**  -0.024™ AR
1** 0.073™  0.510**  0.175™  -0.033™ -0.097™  0.446** 0.220™ 0.249"  0.974**  0.793** \Y
0.080™ 0.076™ 0.167™ 0.253" -0.128™  -0.341"  -0.214™ 0.183™ 0.179™ 0.001™ 0.087™ L*
-0.098™  0.039™ 0.265" 0.176™  -0.056"™ -0.156™ 0.260" 0.163™ 0.216™  -0.066™  -0.179"™ a*
0.191™ 0.124™ 0.397"  -0.027™  -0.291" -0.197™ 0.300" 0.232™ 0.087™ 0.210™ 0.104™ b*
0.033™ 0.151™ 0.253" -.0122"  -0.299" -0.179™ 0.192" 0.177™ 0.063"™  -0.038™ 0.031™ Ch
0.236™ 0.099™ 0.276" -0.126™  -0.183™ -0.049™ 0.167™ 0.096™  -0.091™ 0.243" 0.175™ Hue

(Sols sme tJ&jM)JOJM)J\ JL.,;;-ldgM)a RSP g',\:.?);‘u_"s Pafaie

xsignificant at p<0.05 and p<0.01 respectively. ns: non-significant

Olasls sy GOBsls 3 ) 5350 Slis ool M_i J gl
Table 4. Correlation between studied traits in wild Hackberry genotypes

Hue  ch b* a* L* vV AR s Q =l
Traits

1 Q

1 0.976™ S

1 0.434™ 0.601 AR

1 0.397" 0.994™ 0.972 \%

1 0.076" 0.059" 0.060" 0.080" L*

1 0.005" -0.098" 0.095™  -0.077"  -0.055" a*

1 0.162" 0.922™ 0.191" 0.156" 0.182" 0.207" b*

1 0.902* 0.029"s 0.962  0.962**  0.033™ 0.020" 0.021" Ch

1 0.734™  0.756™  -0.429"  0.765™ 0.236" 0.130" 0.218" 0.234" Hue

ns ‘*1**

(ol gae pds 5 oy 0 5 ds s ) JL«"&-\dﬂ.A_):é)bL;'M%JJQ
#significant at p<0.05 and p<0.01 respectively. ns: non-significant
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Table 5. Eigen values and cumulative variance for 6 factors resulted from factor analysis

oles
6 5 4 3 2 1
Traits

-0.563 -0.090 0.079 -0.010 0.030 0.789 FL
0.220 0.012 0.067 0.023 0.066 0.965 FW
-0.404 0.447 0.158 0.521 0.064 0.244 Pel
0.186 0.158 0.859 0.066 0.122 0.146 SL
0.414 0.251 0.644 -0.082 0.140 0.392 SwW
0.001 -0.223 -0.108 0.877 -0.085 -0112 LL
0.145 -0.091 -0.178 0.872 -0.220 -0.033 LW
-0.075 0.346 0.010 0.702 -0.051 0.174 PL
0.120 0.471 0.249 0.087 0.304 0.507 Few
0.034 -0.077 0.846 -0.246 0.049 -0.002 STh
0.010 -0.003 0.078 0.017 0.055 0.993 Dg
0.233 0.026 0.066 0.025 0.060 0.963 Q
0.047 0.028 0.078 0.023 0.042 0.989 S
0.876 0.097 -0.003 0.050 0.058 0.388 AR
0.010 -0.003 0.078 0.017 0.055 0.993 Vv
-0.007 0.023 0.072 0.143 0.962 0.012 L*
0.106 0.904 0.067 -0.061 -0.050 -0.121 ax
0.053 0.182 0.077 -0.082 0.940 0.128 b*
-0.032 0.057 0.079 -0.100 0.957 -0.031 ch
0.063 -0.388 0.052 -0.008 0.847 0.197 Hue
115 1.59 2.07 22 38 6.83 s 3l

Eigen value
8.10 8.58 10.28 12.10 18.29 30.94 bl Lo

% of variance
88.3 80.2 71.62 61.33 49.23 30.94 e ol e

Cumulative variance (%)
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Figure 1. Grouping of wild Hackberry genotypes based on the first and second factors derived of
factor analysis
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Figure 2. Dendrogram of grouping wild Hackberry genotypes based on Ward’s method
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Abstract

The aim of this research is to evaluate the characteristics of wild-type genotypes of Hackberry (Celtis
australis) in the East Azerbaijan province in order to use in breeding programs. In this research, 22
genotypes were collected and physical characteristics of fruit, seed and leaf were examined. The
results showed that the length of fruit varies between 8.29 to 10.01 mm and the largest fruit is related
to the C10 genotype. According to the results of factor analysis, the six main factors were explained
more than 88.3% of the total variance. In the cluster analysis based on ward method, genotypes were
divided into three main groups. The first group consisted of 11 genotypes (C1, C11, C4, C9, C8, C15,
C19, C21, C2, C10, C16) with the highest mean of fruit length, fruit width, seed width, fruit weight,
sphericity, geometric mean diameter and hue index. In the second group, 6 genotypes (C3, C5, C14,
C20, C22, C17) were located with the highest mean seed length, petiole length, seed weight, a” and
chroma. The third group included 5 genotypes (C6, C7, C18, C12, C13), which the leaf length, leaf
width, and surface area had the highest effect in separation of genotypes in this group. As a result, the
obtained results of present study can be useful for breeding programs and introduction of cultivar in
Celtis australis.
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