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Abstract

This paper aims to cluster Castanea sativa based on morphological variations of leaves and fruits. Therefore, the main and
natural existing sites of sweet chestnut including Shaft, Fouman and Shafaroud were considered in Guilan province. From each
site, 10 trees with various morphological traits with at least 100 meters distance from each other were selected. Leaves and
fruits were sampled from selected trees. Totally, the number of 30 samples of fruits and leaves were provided individually. The
ANOVA results of quantitative traits (e.g. the length, the width of the lamina, special form of the leaf, total and relative length
of the petiole, the leaf basal shape, fruit weight, seed weight and healthy seeds weigh) showed significant difference in the
three study areas. It was concluded that the morphological traits such as leaf, the width of the lamina, the relative length of the
petiole, the leaf tip shape, lamina shape, seed weight and healthy seeds weight were the most important elements in shaping of

cluster.
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1. Introduction

Natural Forests of northern Iran along with European
Remnant Hardwood Forests belong to the Holarctic
(TAHERI, 2011) and are categorized in Qurerceto-Fagetea
kingdom ((TAHERI & PILEHVAR, 2008). European
chestnut with scientific name of Castanea sativa is a species
of flowering plant in the family Fagaceae, native to Europe
and Asia Minor, and widely cultivated throughout the
temperate world (LITTLE, 1953), which is found in the
forests of Guilan province specifically in four sites with
acidic soil called Veis-roud, Siah-mazgi, Shafa-roud and
Ghaleh-roudkhan. In Iran, Castanea sativa was firstly
discovered in 1340 by Prof. Hossein Jazireyee. Chestnut is
distributed in altitude ranges from 200 to 600 m most likely
in west and north aspect with approximately slope of 50 to 70
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percent (HEDAYATII et al., 2003). Sadly, the seed collected
by villagers for consumption, economic and social problems,
including grazing land net type chestnuts minimum levels
declined gradually reduced the number of acres have been
thus eroding precious treasures as would be expected genetic
distance (HEDAYATI, 2003). Certainly, considering more
substantial protection and proper management for this
species is depended on our knowledge about ecological needs
and genetic diversity of this valuable species. One of the
oldest classification methods of vegetation is to investigate
plants based on morphological characteristics (WANG et al.,
2001). Generally, in tree diversity studies, leaf morphology
has been targeted as an important subject (BRUSCHI et al.,
2003; MC DONALD et al., 2003; KAFFASH et al., 2008;
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ZARAFSHAR et al., 2009). The interspecies diversity of two
species from Prosopis genus situated in the Central and
South America was evaluated considering leaf morphological
characteristics (HARRIS ez al.,, 2003). In a research in
England focusing on Sorbus genus separation, fruit
morphology differences, fruit body structure and the amount
of starch in fruit were employed (ALDASORO et al., 1988).
Other studies were conducted in relation to the subject in Iran
are as follows; Babayee et al. (2010) investigated genetic
variation in Zelkova carpinifolia (Pallas) K. Koch,
Yousefzade et al. (2010) studied morphological plasticity of
Parrotia persica leaves in eastern Hyrcanian forests and
Espahbodi et al. (2006) carried out a research on Sorbus
torminalis (L) Crantz, using morphological investigation of
fruits and leaves. This paper aims to analyze morphological
characteristics of chestnut leaves and fruits, in order to
determine the most optimum site in Guilan province with
consideration of applying appropriate management on
preventing the extinction of this rare endangered species.

2. Materials and Methods

At initial point, the three main and natural existing sites of

sweet chestnut including Shaft, Fouman and Shafaroud were
identified in Gilan province (Figure 1). Site characteristics in
the study areas are, illustrated in table 1. In the first half of
October in each site, 10 trees with various morphological
characteristics with at least 100 meters from each other were
selected (MERWIN et al., 1995) and then samples of leaf and
fruit were taken from exterior parts of crown among selected
trees (AAS et al., 1994). The collected samples of each tree
were combined together, the number of 10 fruits and leaves
were randomly selected. Totally, 60 samples including 30
fruit and 30 30 leaf samples were gathered for morphological
analysis. It should be noted that, the codes from 1 to 10
belong to the sample from Shaft region, 11 to 20 are taken
from Fouman area and 21 to 30 are classified in Shafaroud
site. The measured traits were including petiole length,

lamina length, lamina shape, lamina width, relative petiole
length, lamina width of 0.1 leaf length, lamina width of 0.9
leaf length, basal leaf shape, the leaf tip shape, angular leaves
base, leaf area index, wall fleshy fruit weigh, large diameter
fruit, small diameter fruit, seed number, seed weight, number
of healthy seed and weight of healthy seed (ESPAHBODI et
al., 2000).

Fig. 1. Location of the study areas.
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Fig. 2. Variables measured in the leaves and fruit. LaW: Lamina width, PL:Petiole length, LaL: Lamina length, LeL: Leaf length (U. Serdar and N. Kurt 2011)..
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To analyze fruits and leaves data, ANOVA and Duncan test
were used. For categorizing the leaves and fruits, the 3, Result
Principal Component Analysis (PCA) and Cluster Analysis
were employed. Morphological analyses were performed
using the software Pcord.

The results of ANOVA test showed (table 2) that the
morphological traits including lamina length, lamina width,
lamina shape, petiole length, relative length petiole, leaf

Table 1. Site characteristics in three study areas. basal shape, leaf area index, fruit weight, seed weight and

healthy seed weight were different significantly (p< .01).

. Elevation . Geographical
site Soil A .
(m a.s.l) location (Fig2)
Fouman 200-350 Deep and acidic 37°,5N-49°14 E
Shaft 200-600 Deep and acidic 37°, 15N-49°15E
Shafaroud 250-500 Deep and acidic 37°30N-49°,30 E

Table 2. The average of leaf and fruit morphology traits in study areas.

Traits Average Shaft Fouman Shafaroud
Lamina length 22.44£1.82° 22.742.257° 25.04+3.27°
Lamina weight 7.4120.626" 6.98+0.795" 8.66=1.207°
Lamina shape 2.7740.375* 3.293+0.515" 2.892+0.228"
Petiole length 1.85+0.62° 1.92+0.41° 1.33+0.176"
Relative petiole length 2.26+0.843" 2.018+0.899" 2.919+0.199"
lamina width of 0.1 leaf length 4.09+0.635* 3.97+1.155* 3.84+0.757"
lamina width of 0.9 leaf length 24+0.639* 1.73+0.731° 2.17+0.408"
basal leaves shape 0.554+0.075° 0.565+0.114* 0.445+0.1°
leaf tip shape 0.27+0.085* 0.242+0.085" 0.248+0.023°
angular leaves base 73.8+9.942a 66.1+13.682° 69.4+9.442°
leaf area index 54.78+8.017° 61.495+10.746° 79.002+20.452°
wall fleshy fruit weigh 22.966+4.99° 18.64+6.84° 22.186+5.716°
large diameter fruit 2.56+0.37° 2.39+0.546" 2.33+£0.47°
small diameter fruit 2.13+0.23" 3.64+5.42° 2.543.15a
seed number per skin 3* 3* 3%

seed weight per skin 10.339+4.745, 6.52+2.516" 8.829+3.37°
seed number healthy 2.1£0.737° 1.6+0.84° 1.4+0.699°
seed weight healthy 4.7+4.99 5.27+2.86" 70.9+£3.5°

Significant differences among means within a row (o= .01) are marked with different letters

Fig. 3. Sample of leaves and Fruit of chestnut trees.
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Fig. 5. Dendrogram resulted from cluster analysis of fruits morphological traits.
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3.1. Principal Components Analysis of Leaf
and Fruit Morphological Characteristics

The PCA was used to determine the similarity and correlation
between variables in cluster. The results showed that the first
four component of leaf and the first three components of fruit
allocated the highest cumulative variance. Generally, the
component with the highest cumulative variance is
considered as the most important factor in variables grouping
(BRUSCHI et al., 2003). The first component was formed by
following traits; lamina shape, lamina width of 0.1 leaf
length, lamina length, leaf basal shape, leaf angular base,
fruit weight, seed weight and healthy seed weight. In relation
to preparation the second component, the lamina length,
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lamina width, lamina width of 0.9 leaf length, leaf area index,
fruit largest diameter, seed weight and healthy seed weight
were more important than the other morphological
characteristics. The lamina shape, relative petiole length,
lamina width of 0.9 leaf length, leaf tip shape, fruit weight,
fruit smallest diameter, seed weight and healthy seed weight
shaped the third component, and finally, the fourth
component was constructed by leaf tip shape, lamina length,
leaf shape, relative length of petiole and leaf area index. It is
obvious that the most important morphological traits which
played a significant role in formation of the quad components
are the length lamina, lamina shape, leaf tip shape, relative
petiole length, lamina shape, lamina width of 0.9 leaf length,
leaf area index, healthy seed weight and seed weight.
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Fig. 6. The scatter plot of fruit resulted from PCA in space coordinate axes based on the first two components.
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Fig. 7. The scatter plot of leaf resulted from PCA in spac

e coordinate axes based on the first two components.
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3.2. Grouping of Leaves and Fruits Based
on Morphological Traits

The cluster analysis was performed using the total leaf traits.
The results showed that the leaves were categorized into four
separate groups. The first group was constituted with
encoded leaves of 1, 2, 3, 4, 5 and 8 from Shaft region, the
ones with codes of 10, 11, 13, 15, 17, 18 and 20 from
Fouman zone and also leaf samples of 23, 24, 25 and 30 from
Shafaroud area. The encoded leaves of 6, 7 and 9 from Shaft
region and samples with the code of 12, 14 and 19 from
Fouman were put into the second group. The third group was
shaped by encoded leaves 16 from Fouman and the ones with
codes of 22, 27 and 29 from Shafaroud. Finally, the leaves
with codes of 21, 26 and 28 from Shafaroud formed the
fourth group. It conforms that the leaves in a specific group
are morphologically similar to each other. The results of fruit
analysis showed that they were categorized into three
separate groups (figure 4). The firs group was shaped by
encoded fruits of 1, 4, 6, 7, 9 and 10 from Shaft, 11 and 12
from Fouman and 21, 23, 24 and 30 from Shafaroud. The
second group was consisted of encoded fruits of 1, 2, 3,4, 5
and 8 from Shaft region, the ones with codes of 13, 14, 15,
16, 17, 18 and 20 from Fouman zone and also fruit sample of
22 from Shafaroud area. The third group was shaped by
encoded fruits of 25, 26, 27, 28 and 29 from Shafaroud and
19 from Fouman (figure 5).

The scatter plots of tree leaves resulted from PCA is showed
in figure 7. The figure illustrates that the leaves with various
codes are divided into several groups. In fact, leaves with
similar morphological traits are classified into a specific
group. Also, the scatter plots of the tree fruits are clarified in
figure 6. From this figure, it is comprehended that fruits with
high resemblance are categorized into a group.

4. Discussion

The leaves and fruits are the most important organ for plant
production. The leaf structure provides balance between
photosynthesis and transpiration (BRUSCHI et al., 2003).
Researches have shown that morphological traits in leaf and
fruit have an important role in determining the difference
between trees in various habitats (SOKAL & ROHLF, 1995).
In this study, among three regions there was significant
difference between morphological traits of leaves and fruit,
such as lamina length, lamina width, lamina shape, relative
petiole length, petiole length, leaf basal shape, leaf area
index , fruit weight, seed weight and healthy seed weight.
This finding was also confirmed by the results of Serdar and
Kurt (2011) and Yusef zadeh et al. (2010).

In addition, the following traits were found notable in
shaping of leave group; the lamina shape, the leaf tip shape,
relative petiole length, lamina width of 0.9 leaf length, leaf
area index and healthy seed weight. It can be concluded that
two important parameters; aspect and altitude were mostly
effective on the grouping, but slope was not noticeable. This
result was also approved by various studies (ESPAHBODI et
al., 2006; BABAAEI et al., 2010; MUJIC et al., 2010) but
was in contrast to findings of Bruschi et al. (2003) and
Zarafshar et al. (2009). The leaf with code of 1 from group
number one showed the maximum Euclidean Distance with
the encoded leaf 6 of group number two. These two encoded
leaves were both from Shaft region. Thus, it can be realized
that biodiversity tends to be high in Shaft which seems to be
the result of different micro climate conditions. This result is
confirmed by study of Yusefzadeh et al. (2010). The leaves
with code of 7 and 9 were both selected from same altitudinal
and aspect in Shaft region which showed the minimum
Euclidean Distance. In this matter, it can be clarified that the
site conditions (e.g. altitudinal and aspect) has important role
in formation of groups. Also, this was repeated in sampled
fruits of 16 and 17 from Fouman zone with similar site
conditions. The scatter plots of leaf and fruit showed that the
five specified groups of leaves and the two determined
groups of fruits were morphologically similar. Definitely, the
leaves and fruits that did not place in any of these groups
were quite different. It seems that two factors of altitudinal
and aspect are causing the groups segregation. This can be
concluded that the differentiations are mainly caused by site
conditions changes. This was approved by the study of
Alavarez-Alvarez et al. (2006). The grouping is as follows;
group 1 with altitude ranges between 400 to 600 meter above
sea level, in North to Northwest aspect and average slope of
55 percent, Group 2 with altitude ranges between 280 to 350
meter above sea level, in South to Southwest aspect and
average slope of 45 percent and the third group with altitude
ranges between 150 to 250 meter above sea level, in
Southeast aspect and average slope of 50 percent. Finally, it
can be concluded that two important parameters; aspect and
altitude highly impacted on the formation of groups, but
slope was not remarkable. It is recommended to consider
morphological variation in leaf and fruit of sweet chestnut as
an important investigation instrument for further genetic
diversity studies.
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