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ABSTRACT

In this study, 21 pomegranate genotypes were collected from Lorestan province, and evaluated using morphological
and biochemical characteristics. Results of variance analysis showed statistic significant differences between
genotypes, except for percent of skin, pH, and soluble solids traits. The amount of variation in total genotypes,
showed the highest coefficient of variation was 50.11, 46.06 and 32.22% for vitamin C, weight of fruit and amount of
acid, respectively. Principal components analysis showed that four main factors could have denoted 98.91% of the
total variation. Distribution of genotypes using Principal components analysis was performed and plot distribution of
genotypes showed that A7 (‘Souze shine Shah Taj Kutah’) genotype had the highest fruit weight, the two main
components of the first and second highest coefficient was positive. Traits such as single berry weight, the total
weight of the skin, weight of 10 seeds, leaf length to width ratio, the percentage of skin in the first component (PC1)
and crown length, acidity, leaf and fruit in the second component (PC2), was grouped respectively. Cluster analysis
of genotypes was performed by Ward method and 21 genotypes in Euclidian distance 5 were classified into six
clusters that genotypes collected from a region were located in different clusters. In this study, important factors in
genotype grouping were weight and figure of fruit. These result obtained due to differences between genotypes in
each region and no relation betwen genetic distance with geographical distance was found.

Keywords: Cluster analysis, fruit characteristics, genetic diversity, pomegranate, principal components analysis.
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Table 1. Local name of 21 Pomegranate genotypes (cultivars) and geographic characteristics of sampling regions in
Lorestan province

Number Local name of genotype Location Longitude Latitude Altitude (m)
1 Ghomi Khorramabad city, Goushe village 48° 21 33° 29' 1320
2 Ghomi Khorramabad city, Goushe village 48° 21 33° 29' 1320
3 Soze-Anar Khorramabad city, Goushe village 48° 21 33° 29' 1320
4 Ghermez -e- Shin-e- Shah Khorramabad city, Goushe village 48° 21 33° 29 1320
5 Shirazi Khorramabad city, Goushe village 48° 21 33° 29 1320
6 Sor Anar Khorramabad city, Goushe village 48° 21 33° 29' 1320
7 Soze -e- Shin-e- Shah Khorramabad city, Goushe village 48° 21 33° 29' 1320
8 Korki 1 Khorramabad city, Korki region 48° 21 33° 29 1320
9 Korki 2 Khorramabad city, Korki region 48° 21 33° 29 1320
10 Korki 3 Khorramabad city, Korki region 48° 21 33° 29’ 1320
11 Korki 4 Khorramabad city, Korki region 48° 21 33° 29’ 1320
12 Shirin Kouhdasht city, Tang —e- Siab region 47° 21 33° 23 1178
13 Siab —e- do rang Kouhdasht city, Tang —e- Siab region 47° 21 33° 23 1178
14 Siab —e- common Kouhdasht city, Tang —e- Siab region 47° 21 33° 23 1178
15 Soze -e- Siab Kouhdasht city, Tang —e- Siab region 47° 21 33° 23 1178
16 Khorramabadi Kouhdasht city, Tang —e- Siab region 47° 21 33° 23 1178
17 Taj Basteh Kouhdasht city, Tang —e- Siab region 47° 21 33° 23 1178
18 Bijevand 1 Chegeni city, Bijevand region 48° 01' 33° 33 1123
19 Bijevand 2 Chegeni city, Bijevand region 48° 01' 33° 33 1123
20 Bijevand 3 Chegeni city, Bijevand region 48° 01 33° 33 1123
21 Bijevand 4 Chegeni city, Bijevand region 48° 01' 33° 33 1123

1. Windias type
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7. Squared Euclidean Distance
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Table 2. Measurement unit, English phrase and
Summary words of traits

Number  English phrase/ Summary words Unit
1 Leaf Length (LL) mm
2 Leaf Width (LW) mm
3 Leaf Length/Leaf Width (LL/LW) -
4 Leaf Area (LA) cm?
5 Peel Thickness (PLT) mm
6 Peel (PL) percent
7 Peel Total Weight (PLTW) gr
8 Fruit Weight (Frw) gr
9 1 Aril weight (1ArW) gr
10 10 Aril weight (L0ArW) gr
11 Aril Length (ArL) mm
12 Aril Diameter (ArD) mm
13 Aril (Ar) percent
14 Fruit Length (FrL) mm
15 Fruit Diameter (FrD) mm
16 Fruit crown Diameter (FrCD) mm
17 Fruit crown Length (FrCL) mm
18 pH -
19 Vitamin C (Vc) mg/100cc
20 Titratable Acidity (TA) percent
21 Total soluble solid (TSS) percent
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2. Ward Method
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Table 3. Variation range of morphological and biochemical traits of some native pomegranate genotypes in Lorestan

province
Trait Unit Mean Min Max CV (%)
Leaf Length mm 60.86 36.72 85.55 19.64
Leaf Width mm 18.32 8.87 26.65 23.75
Leaf Length/Leaf Width - 3.39 2.58 4.62 15.30
Leaf Area cm? 6.42 3.17 8.85 24.45
Peel Thickness mm 453 2.73 6.88 22.77
Peel percent 44.00 28.00 56.00 17.76
Peel Total Weight gr 77.12 30.55 120.37 37.41
Fruit Weight ar 175.91 56.06 372.31 41.04
1 Aril weight ar 0.32 0.22 0.43 18.79
10 Aril weight gr 3.25 212 5.00 24.58
Aril Length mm 10.89 9.28 21.08 22.30
Aril Diameter mm 7.15 6.15 8.47 9.69
Aril percent percent 53.00 38.00 72.00 16.50
Fruit Length mm 83.27 66.80 104.16 11.27
Fruit Diameter mm 66.36 46.63 89.53 15.37
Fruit crown Diameter mm 16.89 7.57 23.12 20.82
Fruit crown Length mm 18.90 9.58 25.10 17.55
pH - 331 2.99 3.92 7.15
Vitamin C mg/100cc 141 0.63 281 39.22
Titratable Acidity percent 16.05 7.00 50.00 50.11
Total soluble solid percent 15.33 13.58 17.83 16.54
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Figure 1. Mean comparsion of PH trait in pomegranate genotypes in different region of Lorestan province
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Figure 2. Mean comparsion of Vitamin C trait in pomegranate genotypes in different regions of Lorestan province
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Figure 3. Mean comparsion of TSS in fruit juice in pomegranate genotypes in different regions of Lorestan province
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Figure 4. Mean comparsion of TA in fruit juice in pomegranate genotypes in different regions of Lorestan province
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Figure 5. Mean comparsion of Mean of fruit weight in pomegranate genotypes in different regions of Lorestan province
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Figure 6. Mean comparsion of Mean of total weight of fruit skin in pomegranate genotypes in different regions of

Lorestan province
* Each column means with same letters aren’t significant at probability level of 5%.
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Table 4. Corrolation coffecients between morphological and Biochemical traits of some native pomegranate
genotypes in Lorestan province

LL LD LL/LD LA PLT %PL PLTW Frw ArwW PH VC TA
LD 0.302 1
LL/LD 0.506 0.401 1
LA 0.012 0.549 0.734 1
PLT -0.213  -0.199  -0.128  -0.613 1
%PL 0.014 0.344 0.428 0.387 -0.283 1
PLTW  0.765 0.176 -0.384  -0.332 -0.033  -0.238 1
Frw 0.237 0.652 0.292 0.426 -0.174 0.069 0.147 1
ArwW -0.345  0.299 0.128 0.041 -0.151 0.204 0.454 0.134 1
PH 0.776 0.455 0.048 0.205 0.382 0.329 0.181 0.244 0.455 1
VC 0.127 0.072 0.158 0.306 0.312 -0.252 0.245 0.397 0.115 0.367 1
TA -0.518 -0.017  -0.083 0.071 -0.110  -0.393 0.188 -0.002 0.113  -0.089 0413 1
TSS 0.115 0.353 0.053 0.065 0.205 -0.197  -0.023  0.205 0.061 -0.285 -0.349 -0.192

** * showed Significant at 1% and 5%, respectively.
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Table 5. Eigen value and cumulative percent of variances for six main factors

Factors Specific values Variance (%) Cumulative (%)
1 5.82 27.70 27.70
2 4.94 23.60 51.30
3 4.10 19.50 70.80
4 242 11.50 82.30
5 191 9.10 91.40
6 1.30 6.20 97.60
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Table 6. Eigen value of different traits in four main components with related coefficients

Trait PCA1 PCA 2 PCA 3 PCA 4
Leaf Length -0.154 -0.106 0.407 0.060
Leaf Width -0.027 -0.278 0.357 0.060
Leaf Length/Leaf Width -0.310 0.197 -0.173 0.005
Leaf Area 0.059 0.342 0.256 0.140
Peel Thickness 0.192 -0.142 -0.325 -0.171
Peel percent -0.300 0.084 0.191 -0.143
Peel Total Weight 0.359 0.081 -0.208 -0.083
Fruit Weight 0.301 0.249 -0.119 -0.106
1 Aril weight 0.376 -0.049 0.031 0.198
10 Aril weight 0.317 0.101 0.054 0.264
Aril Length 0.043 -0.004 -0.055 0.511
Aril Diameter 0.206 0.145 0.162 -0.187
Aril percent 0.023 0.201 0.108 -0.508
Fruit Length 0.103 -0.319 0.094 -0.311
Fruit Diameter 0.303 0.244 -0.028 -0.128
Fruit crown Diameter 0.267 0.146 0.300 0.093
Fruit crown Length 0.130 -0.355 0.202 -0.045
pH 0.028 -0.349 -0.094 -0.309
Vitamin C -0.179 -0.009 -0.346 0.098
Titratable Acidity -0.125 0.383 0.131 -0.075
Total soluble solid -0.071 -0.036 -0.287 0.087
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Figure 7. Distribution diagram of native pomegranate genotypes in Lorestan based on first (PC1=27.70) and second
(PC2=23.60) components. On basis of first and second main components, 1, 5 and 6 groups separated well and other
groups (2, 3 and 4) located in central region.
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Figure 8. Cluster analysis of 21 pomegranate genotypes in Lorestan based on morphologic traits by Ward method
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