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Abstract 
The similarities and/or differences of twenty-five local pomegranate (Punica granatum L.) genotypes grown in mountainous and continental climate 
of Eastern Anatolia were determined by pomological and phenological analyses. Results were evaluated by factor and cluster analysis. Out of fifteen 
measured variables, three were employed for factor analysis. These three factors accounted for 64% of the observed variables. Fruit weight, length, 
diameter, sepal number, juice and seed yield, skin thickness, seed firmness, the weight of 100 seeds, acidity along with taste were high discriminating 
characters of the factor analysis. Cluster analysis produced a dendrogram with six clusters. The lowest similarity level (31.06%) was determined 
between cluster 5 consisting of BH8 and BH16 genotypes characterized by large fruit and cluster 6 consist of BH23 genotype characterized by low 
juice yield and seed yield. The highest similarity level (80.05%) was observed between BH13 and BH14 genotypes. 
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Introduction 
Turkey, especially territories of Anatolia, are the origin of several 
temperate zone fruit species. Different climatic regions allow a 
wide range of fruit cultivation among the country 1. One of the 
major fruit in Turkey is pomegranate (Punica granatum L.) because 
it has already adopted to grow in arid and semi-arid areas provided 
irrigation 2. Although pomegranate has been cultivated for many 
centuries, it had been ranked as a low commercial value fruit until 
the last decade. However, pomegranate’s economical value has 
been recognized in recent years as the production have reached 
to 208,502 tons in 2010 from 80,000 tons in 2005 3. Several selection 
studies have been undertaken mainly in Aegean, Mediterranean 
and Southern Anatolia regions, resulted development of different 
cultivars due to each regions specific ecological conditions 4-7. 
Despite numerous studies mentioned above, the data on cultivars 
in Eastern Anatolia were not sufficient, although Eastern Anatolia 
region of Turkey provides favourable conditions for pomegranade 
cultivation. Deep valleys in this mountainous region is quite 
suitable for pomegranate by protecting the trees from harsh, cold, 
terrestial winters by forming micro-climatic zones 8. Therefore, 
sloping marginal lands in deep valleys have high potential for 
intensive pomegranate production of which will then create 
opportunities to locals for income generation since land per capita 
in sloping areas are not sufficient for better income from other 
crops such as cereals. 

In this paper, pomological properties of 25 local types from East 
Anatolia Region were described for determining their potential 
for cultivation. 

Materials and Methods 
This study was carried out on 25 local pomegranate types selected 
from Hizan, a center known for its high yielding native 
pomegranades located in Bitlis Province, Eastern Anatolia of 
Turkey. The selected pomegranates have already been used for 
cultivation, however, none has had a well-defined cultivar 
characteristic. 

Appropriate trees for the study were selected and coded as BH 
(stands for Bitlis, Hizan-indicating the geographical region of the 
trees) and coded (i. e. BH1, BH2 etc.). 

Each coded tree were followed for two consequitive years by 
doing phenologic and pomologic measurements along with 
chemical analysis on 10 randomly picked mature fruits. Each clone 
were analysed for their fruit weight-FW (g), fruit length-FL (mm), 
fruit diameter-FD (mm), sepal number-SN, calyx length-CL (mm), 
calyx diameter-CD (mm), juice yield-JY (%), seed yield-SY (%), 
weight of 100 seeds-SW (g), skin thickness-ST (mm), total soluble 
solid-TS (%) and total acidity-AC (%). Seeds were extracted and 
crushed to determine filtered juice yield. SY and JY were expressed 
as a percentage of fruit weight. 

Total soluble solid was measured by using Atago Master Series 
hand refractometer. Total acidity was determined by titration with 
0.1 N NaOH and expressed as malic acid content. Juice color-JC, 
was determined using a scale comprising cream (1), light pink (2), 
pink (3) and red (4) colors. Seed firmness-SF and fruit taste-FT 
were determined organoleptically, and SF was expressed as hard 
(1), medium (2) and soft (3). FT was expressed as sour (1), sour- 
sweet (2) and sweet (3). 
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Statistical analysis: Mean values for each parameter were used 
to perform factor and cluster analysis. Data were analysed using 
Minitab 13.1 software. Factor analysis was employed to summarize 
the data covariance structure in a few dimensions of the data, and 
to identify underlying factors that might explain the dimensions 
associated with large data variability. Factor analysis was run by 
using principal component analysis for factor extraction and 
varimax method for orthogonal rotation. Cluster analysis is 
concerned with the identification of a number of group of smaller 
objects, and a number of different methods are available to 
calculate it. For the purpose of this study the Euclidean distance 
measure was used to calculate the clusters and the dendrogram 
was formed using average linkage between groups 9, 10. 

Results and Discussion 
Factor analysis: For all characters of cultivars, data presented 
large variability among genotypes such as fruit weight was in a 
range from 192.3 g (BH19) to 388.3 g (BH8); juice yield 28% (BH6) 
to 55% (BH1 and BH24);  seed yield 56.3% (BH23) to 79.6% (BH18) 
and acidity 0.33% (BH14) to 4.03% (BH21) (Table 1). Thus, factor 
analysis was used to reduce variables into a smaller set of factors 
which explain the variance in the original variables 9-11. Cultivars’ 
15 variables were measured initially and reduced to three by using 
factor analysis. These three factors accounted for 64% of the 
common variance, i. e. for 26%, 20% and 18%, respectively (Table 2). 

The variables of FW, FL, FD and SN have high impact on Factor 
1, in other words, there were high correlations between these 
variables and Factor 1 (Table 2 and Fig. 1). Factor 1 separated 
types with large fruits and more sepals namely BH8, BH4, BH12, 
BH3 and BH16 from BH19, BH5, BH6 and BH21 which have small 
fruits and fewer sepals (Fig. 2). 

Factor 2 is correlated positively with skin thickness and 
negatively with seed yield and juice yield (Table 2 and Fig. 1). 
Thus, thick skinned and low seed yielding BH9, BH3, BH12, BH6 

and BH4 were differentiated from thin skinned and high seed 
yielding BH24, BH18, BH8, BH1 and BH16 types (Fig. 2). 

The most important variables integrated by Factor 3 were weight 
of 100 seeds, total acidity and fruit taste. Factor 3 correlated 
positively with acidity and negatively with fruit taste and seed 
weight (Table 2). The acid and sour types having low seed weight, 
BH21, BH19, BH7 and BH15 separated from BH6, BH13 and BH24 
with low acidity, sweet taste and high seed weight. Factor 3 
analyses revealed that seed weight in sweet varieties was more 
than those in sour varieties. Onur et al.12  determined that sweet 
varieties had higher seed weight than sour varieties, in accordance 
with our study. 

Cluster analysis: Cluster analysis produced a dendrogram with 
six main clusters. The lowest similarity level (31.06%) was 
determined between cluster 5 consisting of BH8 and BH16 

Table 1. Some pomological characteristics of selected varieties (abbrevations are given in Material 
and Methods section). 

Type  FW FL FD SN CD CL JY SY SW ST TS AC JC SF FT 

BH1 272.2 69.1 78.8 6.0 12.7 16.2 55 76.3 32.4 1.6 12.1 0.40 3 2 3 

BH3 340.1 77.8 85.7 7.0 14.3 23.4 42 61.9 31.8 2.8 11.7 1.33 4 1 2 

BH4 332.3 78.7 86.3 7.0 20.3 25.1 43 59.6 27.6 2.8 14.8 2.31 3 1 1 

BH5 192.8 62.3 74.9 5.4 16.3 19.3 44 63.5 23.2 2.3 12.4 0.54 2 1 3 

BH6 230.6 65.8 76.0 5.7 15.3 19.0 28 56.5 27.0 2.0 13.2 0.37 2 1 3 

BH7 281.0 72.3 80.0 6.7 15.7 20.0 43 65.7 22.9 1.9 13.6 3.17 3 2 1 

BH8 388.3 77.1 90.4 8.0 13.6 16.8 52 74.6 36.3 1.5 12.8 0.41 3 2 1 

BH9 263.7 71.9 79.8 6.7 13.7 23.2 41 60.6 31.2 2.7 14.9 1.61 4 1 2 

BH10 239.2 70.1 76.3 7.3 13.8 21.4 48 64.9 28.1 2.4 13.9 1.37 4 1 2 

BH11 311.4 73.0 83.8 7.0 11.7 24.8 49 63.4 33.3 1.9 15.3 1.35 3 1 2 

BH12 330.5 76.8 83.4 7.0 16.7 21.7 43 61.2 37.8 2.8 14.9 1.28 4 1 2 

BH13 228.6 63.6 77.6 6.0 14.8 17.9 42 61.5 33.4 2.7 12.7 0.43 2 2 3 

BH14 247.9 68.6 79.8 6.0 14.4 17.5 45 61.5 34.8 2.4 14.4 0.33 2 2 3 

BH15 228.2 62.8 74.2 6.5 16.8 20.1 45 72.1 22.5 1.8 17.1 3.09 3 2 1 

BH16 363.1 76.7 88.9 6.7 20.9 19.3 48 69.1 27.2 1.3 13.4 2.27 3 2 1 

BH17 193.0 65.4 72.0 5.7 11.5 15.7 35 61.8 31.3 2.2 14.8 1.40 3 1 2 

BH18 232.2 68.3 76.2 7.0 12.5 12.2 54 79.6 24.4 1.5 13.5 0.37 3 1 3 

BH19 192.3 64.8 68.1 6.3 13.3 20.5 40 58.2 18.5 2.2 11.5 3.94 1 1 1 

BH20 298.9 73.7 83.3 5.6 14.2 17.5 46 61.9 25.7 2.6 12.6 2.50 3 1 1 

BH21 252.3 66.5 76.5 5.3 15.1 17.1 35 69.9 21.2 1.7 13.0 4.03 3 2 1 

BH22 234.7 70.9 75.7 6.0 13.3 19.1 42 62.1 35.0 2.3 14.6 0.81 3 1 2 

BH23 333.7 76.8 88.1 6.0 13.8 16.5 30 56.3 27.9 2.4 10.1 1.31 1 2 2 

BH24 306.4 72.2 78.3 7.2 14.7 18.5 55 76.5 38.7 1.4 11.7 0.52 1 3 3 

BH25 236.7 66.2 75.5 6.7 15.5 19.7 45 69.3 35.6 1.9 14.3 1.16 3 3 2 

BH26 271.9 71.3 80.8 7.0 15.7 20.4 47 70.9 31.9 2.0 12.2 0.67 1 3 3 

Variables Factor 1 Factor 2 Factor 3 

FW 0.921 -0.130 0.081 

FL 0.916 0.092 0.060 

FD 0.881 -0.012 0.001 

SN 0.714 -0.317 -0.033 

CD 0.325 -0.031 0.465 

CL 0.448 0.484 0.275 

JY 0.343 -0.660 -0.173 

SY 0.061 -0.927 -0.062 

SW 0.511 -0.039 -0.687 

ST 0.104 0.886 -0.090 

TS 0.046 0.136 0.281 

AC -0.153 0.073 0.925 

JC 0.377 0.228 0.263 

SF 0.052 -0.680 -0.148 

FT -0.254 -0.048 -0.882 

% Variance 0.26 0.20 0.18 

Cumulated proportion of variation 0.26 0.46 0.64 

Table 2. Factor analysis of pomological characteristics of studied 
pomegranates. 
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genotypes characterized by large fruit and cluster 6 consist of 
BH23 genotype characterized by low juice yield and seed yield. 
The highest similarity level (80.05%) was observed between BH13 
and BH14 genotypes  (Fig. 3). 

The BH1, BH18, BH24 and BH25 grouped into first cluster with 
their high juice and seed yield. Except BH25, the others had low 
acidity level. 

The second cluster, including, BH3, BH4, BH9, BH10, BH11 and 
BH12, were characterized by hard seed and a colored juice (red or 
pink). Except BH4 which yielded sour juice, the others have sour- 
sweet juice. The high similarity level of 76.41% between BH9 and 
BH10 indicated the possibility of same clone. BH4 was clearly 
separated from the others in the second cluster. 

The third cluster, composing BH5, BH6, BH13, BH14, BH17 and 

BH22, had similarities in fruit size. Maximum similarity with 80.05% 
was determined between BH13 and BH14 in this cluster. This high 
similarity suggests that these two types may be of same clones. 

Acidity level of pomegranate juice is crucial for consumers’ 
choices 13. The forth cluster comprising BH7, BH15, BH19, BH20 
and BH21 were characterized by their high acidity level. Within 
this cluster, maximum and minimum similarity level varied from 
64.94% to 44.75% respectively. Although BH8 and BH16, in cluster 
five, had the largest fruits, they showed significant differences 
for other characters which revealed a low similarity level with 
48.02%. Sixth cluster composed only BH23 which differed from 
others due to low level of juice and seed yield (Fig. 3). Thus, BH23 
is not a promising type for intensive pomegranate cultivation. 
However, other characteristics such as rootstock potential, 
resistance to diseases and pests need to be investigated for better 
cultivation management. 

Factor 1 separated BH8, BH4, BH12, BH3 and BH16 due to their 
large fruits with more sepals from BH19, BH5, BH6 and BH2 with 
small fruits and those with low sepals (Fig. 3). BH9, BH3, BH12, 
BH6 and BH4 were differentiated by Factor 2 types with thick skin 
and low seed yield from BH24, BH18, BH8 BH1 and BH16 with 
thin skin and high seed yield (Fig. 3). Factor 3 differentiated acid 
and sour types having low seed weight which were BH21, BH19, 
BH7 and BH15 from BH6, BH13 and BH24 with low acidity, sweet 
taste and high seed weight. This suggested that seed weight in 
sweet varieties was more than sour varieties 4, 12. Similarly sweet 
varieties had higher seed weight than sour varieties. The first 
cluster, including BH1, BH18, BH24 and BH25, showed high juice 
and seed yielding cultivars. Except BH25, others have low acidity. 
The second cluster formed with BH3, BH4, BH9, BH10, BH11 and 
BH12 were characterized by hard seed and colored juice (red or 
pink), and except sour juiced BH4, the rest have soursweet juice. 
The high similarity level between BH9 and BH10 with 76.41% 
most probably indicated a same clone. BH4 was clearly separated 
from others types in the second cluster. The third cluster composed 
of six types namely BH5, BH6, BH13, BH14, BH17 and BH22 have 
resemblances in fruit size. Maximum similarity (80.05%) was 
observed between BH13 and BH14 types which a possibility of 
same clone. BH7, BH15, BH19, BH20 and BH21 made the forth 
cluster characterized by high level of acidity. Within this cluster, 
similarity level ranged from 44.75% to 64.94%. BH8 and BH16 with 
largest fruits were classified in fifth cluster. Although these two 
types were in same group for their fruit size similarity, other 
properties of these two have important differences, then similarity 
level between BH8 and BH16 determined as low (48.02%). Sixth 
cluster composed of only BH23 differs from other types because 
of its low level of juice and seed yield. 

                                        Conclusions 
Fruit production shows great diversity in terms of growth rate 
and yield quality for each geographig region. Thus, for succesful 
fruit production precise cultivar selection for specific zones  of 
the World is a must. The present study aimed to determine suitable 
pomegranate cultivars for growing in sloping and deep valleys of 
Eastern Anatolia (Turkey)  under continental climate. 
     Factor and cluster analysis revealed a considerable phenotypic 
(presumably genetic) diversity among selected types. However, 
some types which were supposed to be different clone prior to 
analyses, revealed similarities to each other. The highest 
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Figure 1. Loading of variables on the first two factors. 
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Figure 2. Scores of genotypes for the first two factors. 

   Figure 3. Cluster dendrogram of 25 local pomegranate genotypes. 
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