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Abstract. In order to adopt strategies for forest conservation and develop-

ment, it is necessary to estimate the amount and distribution of genetic diversity in existing populations of poplar in Iran. In this study, the genetic
diversity between eight stands of Populus nigra established in Kermanshah
province was evaluated on the basis of molecular and morphological markers. To amplify microsatellite loci (WPMS09, WPMS16 and WPMS18),
DNA extraction from young and fresh leaveswas done. Various conditions
of the PCR assay were examined and to evaluate the morphological variation of the morphological characters leaves (consist of 19 traits) were
measured. In addition, height growth was measured, to evaluate the growth
function of the stands in homogeneous conditions. Genetic diversity in term
of polymorphic loci was 0%, because three investigated microsatellite loci
were monomorphic. The total number of alleles for 3 microsatellite loci
was 6 (na = 2, ne = 2, heo = 1, hee = 0.51). Genetic identity based on
Nei was 100%, so genetic distance was 0%. The whole sampled trees represented the same thus the genotype. No significant differences between
the mean values of all morphological characters and height growth were
revealed. Observed genetic similarity gave indication that same ramets had
been selected to plant in poplar plantation established in Kermanshah province. These results suggest the need for an initial evaluation of the genetic
diversity in selected ramets for planting in plantation to avoid repetition.
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Introduction
Hyrcanian forests (established in the north of
Iran), are relics from the Tertiary and they are
rich in species including rare, threatened and
endemic species (over 80 trees and 50 shrubs
species are recognized)(Mohajer 2006). They
are the only commercial forests in Iran and
because of their importance and for achieving
sustainable forestry, it is essential that an alternative source for wood production have been
appreciated. Poplar plantations can be considered as an appropriate alternative, due to its
properties, like wide geographical distribution
in Iran, fast growth, ease of propagation and
good economical revenue. The genus Populus L. (Salicaceae), in addition to its value for
wood products, provides a range of ecological
services, including carbon sequestration, bioremediation, nutrient cycling, and biofiltration
(Brenner et al. 2004, Taylor 2002). Because of
these, Populus species, especially Populus nigra, have been planted in Iran for many years,
one of the main regions of Populus nigra cutivations is being Kermanshah province (Nori et
al, 2008). In Iran, genetic diversity of Populus
nigra stands has been endangered by vegetative propagation, because the reduction of the
level of genetic diversity (Asadi et al. 2005).
Genetic diversity is a basic necessity for species, to evolve in their changing environment.
The basic prerequisite for genetic improvement and protection of genetic resources is the
study of genetic variability (Bakshi & Konnert 2011). It is essential to assess the amount
and distribution of genetic diversity in existing
black poplar stands in this region. Molecular
genetic is a keystone to evaluate the genetic
diversity of P. nigra populations (Gaudet et
al. 2008). Microsatellite markers or simple sequence repeats (SSRs) are co-dominant molecular markers, and the most appropriate markers for population genetic studies and clone
identification (Suvanto & Latva-Karjanmaa
2005). Molecular markers have been applied
to assess genetic diversity of natural or breed166
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ing poplar populations (Lefevre et al. 2002,
Suvanto & Latva-Karjanmaa 2005, Li et al.
2006, Smulders et al. 2008b). These are also
useful for differentiating and detecting clones,
cultivars, varieties, hybrids and species (Chen
et al. 2007, Jianming et al. 2007, Smulders et
al. 2008a), investigating gene flow (Fossati et
al. 2003, Imbert & lefevre 2003, Rathmacher
et al. 2010), detecting probable introgression
(Krystufek et al. 2002) and for investigating
mating systems (Smulders et al. 2002, Vanden
Broeck et al. 2002).
In addition to the molecular markers, there
are other markers used to estimate diversity,
such as the morphological markers. In the
same environment, it is possible to assess the
genetic diversity based on leaf characteristics
(Storme et al. 2002). There are some studies
on the development of morphological markers
for assessing diversity in poplar populations
(Lopez et al. 2004, Asadi et al. 2005, Ballian et
al. 2006). These markers can be used as tools
for defining in situ conservation units in endangered or marginal populations (Lopez et al.
2004) and for separating various populations
(Calagari et al. 2006).
In this study, both microsatellite and morphological markers were used and this is
the first study of assessing genetic variation
through these markers in Populus nigra cutivations established in Kermanshah province
of Iran. The aims of present investigation are:
(1) to assess the genetic diversity of Populus
nigra plantations established in Kermanshah
province of Iran on the basis of microsatellite
markers (2) to determine the morphological
variation in leaf characters and the growth potential of the selected stands based on height
growth. This paper provides a framework for
a future research regarding the evaluation of
the genetic diversity in poplar plantations established in Iran. Furthermore, this study aims
to provide information for the development of
the most appropriate strategy for the conservation of these poplar plantations.
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Materials and methods
Site description

Kermanshah province is located on 34°23’N/
47°03’ E, northwest Iran. The average elevation is 1200 m above sea level. Kermanshah is
a mountainous area, with mean annual rainfall
ranging 400 to 500 mm. Mean annual temperature of 14o C and
Plant material and experimental design

A total of 24 individuals of P. nigra (3 individuals per stand) were sampled from 8 artificial stands in Kermanshah province. Sampled
stands separated by a distance of more than
3.5 km, in order to retain independence. Location of Kermanshah province and position
of selected stands are shown in Figure 1, geographical and soil characteristics of the sampling stands are shown in Table 1. Cuttings
of the sampled trees were collected during the
winter. In order to have a homogeneous material, the cuttings were grown in the nursery for
one growing season. Following the successful
propagation, they were established in a field
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trial, as a randomized complete block design
with 3 replications.
Microsatellites analysis

For DNA extraction, young, not fully expanded, leaves were collected for each ramet, a total of 24 ramets: 3 ramets per stand (8 stands
in total), frozen immediately in liquid nitrogen
and stored at -20˚C. DNA extraction was done
with Sarkosyl method (Apples 1997). DNA
concentration was determined by agarose gel
electrophoresis and ethidium bromide staining. Samples were analyzed on 3 microsatellite loci: WPMS09, WPMS16, WPMS18 (Van
der Schoot et al. 2000, Smulders et al. 2001)
to provide multilocus genotype for each individual (Table 2). In order to optimize the PCR
assay and to create large amounts of a desired
product, seven protocols and two thermal profiles were examined (Table 3). The first protocol (protocol no. 1, Table 3) was based on
other findings (Van der Schoot et al. 2000,
Smulders et al. 2001, Asadi et al. 2005), but
for reason of producing allelic patterns with
a poor quality, some modifications in the volumes of PCR reaction components were made

Figure 1 Location of Kermanshah province in Iran (right) and position of selected stands (■) in Kermanshah province (left).
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Table 1 The geographical and soil characteristics of the sampling stands
Stand code

Sample
size (m²)

Altitude pH of Organic
(m)
paste carbon (%)

Total
nitrogen (%)

Sand Silt Clay Soil
(%) (%) (%) texture

1
2
3
4
5
6
7
8

11300
11080
10120
9520
11800
11960
6040
6100

1325
1400
1720
1680
1690
1850
1390
1460

0.3
0.2
0.1
0.2
0.3
0.1
0.2
0.1

8
29
19
18
13
10
24
32

7.1
7.3
7.6
7.6
7.5
7.6
7.5
7.8

3.3
2.1
1.2
2.2
2.9
1.1
2.1
1.3

44
44
38
39
45
46
44
33

48
27
43
43
42
44
32
35

Silt-Clay
Loam
Clay
Clay
Silt-Clay
Silt-Clay
Clay-Loam
Clay-Loam

Table 2 Characterization of the microsatellite markers
Quality
of
Expected
Allelic Primer sequences
Reference patterns product
range (forward, reverse)
length
in P.
nigra
F: 5’ –CTGCTTGCTACCGTGG
Van der
246R: 5’-AAGCAATTTGGGTCTGA
Schoot et al. 1
295
298
GTATCTG-3’
(2000)

Smulders et
1
al. (2001)

Smulders et
1
al. (2001)

158

131166

245

217253

F: 5’-CTCGTACTATTTCCGATG
TGACC-3’ R:5’AGATTATTAGGTGGGCCA
AGGACT-3’
F: 5’-CTTCACTAGGACATAGCA
GCATC-3’
R: 5’-CACCAGAGTCATCACC
AGTTATTG-3’

Repeat

Locus

(GT)21
(GA)24

WPMS09

(GTC)8
WPMS16
(ATCCTC)5

(GTG)13

WPMS18

Note: 1 - Quality 1, weak stutter bands, well scorable

experimentally, to improve the product yield
and quality (protocols no. 2 to no. 7, Table 3).
The amplification products were separated in a
1.5% high-resolution agarose gel, for picking
the best protocol. Because of producing high
yields of desired PCR product, the seventh
protocol was known as the best one, so it was
applied to do PCR for all extracted DNA. The
amplified PCR products were separated on 6 %
w/v denaturing polyacrylamide gels (National
Diagnostics).
168

Morphological analysis

In middle August 9, fully expanded leaves in
the central part of per ramet (a total of 24 ramets, 3 ramets per stand) were randomly collected and pressed (a total of 216 leaves). The
following leaf morphological characters were
measured manually: the angle between the second lower lateral vein and midrib (β), the angle
between the first lower lateral vein and midrib
(α), the angle at 10% of leaf length (A10), the
angle at 25% of the leaf length (A25), the apex
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Table 3 Concentrates and volumes of PCR reaction components for seven protocols and steps of two thermal profiles used in PCR reaction
Variables
Concentrates
&
volumes
protocols
1
2
3
4
5
6
7

Template Taq DNA
dNTP
DNA
polymerase

MgCl2

Primer

Buffer Water

Total Amplification
volume condition2

C V
ng μL

C
V
unit μL

C V C
V C V C V V
mM μL pmol/μL μL mM μL x μL μL

V
μL

4
4
4
4
4
4
4

250
250
250
250
50
250
500

25
25
25
25
25
25
25

25
25
25
25
35
30
20

8.00
8.00
8.00
8.00
8.00
8.46
8.00

0.10
0.10
0.10
0.10
2.00
0.34
0.06

0.20
0.50
0.20
0.50
0.42
0.36
0.08

2
2
2
2
2
4
2

0.8
0.8
2.0
2.0
7.0
6.0
2.0

25
25
25
25
25
25
100

1.5
1.5
1.5
1.5
7.0
2.4
0.3

10
10
10
10
10
10
10

2.50
2.50
2.50
2.50
3.58
3.00
2.00

11.10
10.80
8.70
8.40
0.00
3.44
5.56

A
A
A
A
B
B
B

angle (AA), the base angle (BA), the leaf length
(LL), the leaf width (LW), distance between the
leaf widest part and the leaf base (DBW), the
ratio between leaf length and leaf width (LR),
the petiole length (LP), the ratio between petiole length and leaf length (PR), the leaf width
at 50% of leaf length (BW50), the leaf width
at 90% of leaf length (BW90), the leaf width
at 1 cm from the leaf tip (LT), the leaf area
(LA), the number of teeth on the middle one
third of the leaf edge (NT), the depth of teeth
on middle one third of the leaf edge (DT), the
number of veins (NV). Presentation of the measured leaf morphological traits were shown in
Figures 2, 3 and 4.
The height from ground level to the base of
the apical bud on the terminal shoot (H) was
measured on 1 June and 1 September, in order
to measure height growth.

The genetic parameters (average number of
observed alleles, expected alleles, observed
heterozygosity, expected heterozygosity, genetic identity based on Nei and proportion of
sample required to represent all genotypes)
were obtained via POPGENE 1.32 software.
In order to compare the means of morphologiacal traits and the height growth of every
population, an analysis of variance was done
using MSTATC computer software. To summarize the variability of different morphological traits, as well as the relationships between
traits, a multivariate analysis (Principal Component Analysis-PCA) was performed using
SPSS 16. After Varimax axis rotation, component scores and PC loadings were determined.

Data analysis

Analysis of molecular markers

For the data analysis in the molecular study,
an alphabetical letter was assigned to each allele. Alphabet was started with the uppercase
A letter for the largest one. This process avoids
the need to estimate the exact size in terms of
base pairs of each allele; moreover the data
recorded can be directly used for population
studies when a software package such as POPGENE 1.32 is employed (Fossati et al. 2005).

Results of employing different PCR protocols showed that four protocols (1 to 4) did
not produce any bands. Two protocols (5 & 6)
produced some faint unspecific bands but PCR
protocol 7 gave best results without any unspecific bands. The analysis of three loci used
in the microsatellite analysis indicated heterozygosity in all produced bands but all loci
were monomorphic (Figure 5) so this analysis
169
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Figure 2 Presentation of the assessed leaf parameters: length - (LL), leaf width - (LW), leaf
width at 50% of leaf length - (BW50), leaf
width at 90% of leaf length - (BW90), distance between the leaf widest part and the
leaf base - (DBW) leaf width at 1 cm from
the leaf tip - (LT) and petiole length - (LP)

Figure 3 Presentation of the assessed leaf parameters: number of veins - (NV), angle
at 25% of leaf length - (A25), angle at
10% of leaf length - (A10) and number
of teeth on the middle one third of the
leaf edge - (NT) (Italic number). The
depth of the these teeth (DT) is a measured trait that hasnot shown in this figure

identified one genotype in all sampled trees of
8 stands. Proportion of sample required to represent all genotypes was 0.04 (1 genotype out
of 24 trees).
The average number of observed alleles
(na), expected alleles (ne), observed heterozygosity (heo) and expected heterozygosity (hee)
are shown in Table 4. Genetic identity, based
on Nei, was 100%, so the genetic distance was
0%. The genetic diversity assessed in terms of
the number of alleles per locus, was low. The
total number of alleles for 3 microsatellite loci
was 6: M and b alleles in WPMS09 locus, D
and F alleles in WPMS16 locus I and J alleles
in WPMS18 locus. These results are in contrast
to the results of several researches which have
shown a higher frequency of alleles in Populus
nigra stands, such as the work of Cottrell et al.

(2002) which based on the three microsatellite
loci (WPMS09, WPMS16 and WPMS18, the
same loci as the loci used in the present study)
revealed 15 alleles: Z, W, Q, B, T, X, e and a
alleles in WPMS09 locus, E, G and H alleles
in WPMS16 locus and G, D, H and I alleles
in WPMS18 locus and based on these alleles
revealed 15 different genotypes whereas in the
present study was shown that all sampled trees
represent a genotype.
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Analysis of morphological traits

The results of taking the measurements of leaf
morphological characters indicated that leaf
area (LA) varied from 39.3 cm² (in stand K3)
to 12.1 cm² (in stand K3). Leaf length (LL)
ranged from 8.5 cm (in stand K3) to 5.1 cm (in
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Figure 4 Presentation of the assessed leaf parameters: apex angle - (AA), base angle
- (BA), angle between the first lower lateral vein and midrib - (α), and angle between the second lower lateral vein and
midrib - (β). Note: It is not possible to
show these morphological traits in a figure: ratio between petiol length and leaf
length - (PR), ratio between leaf length
and leaf width - (LR) and leaf area - (LA)

Figure 5 Revealed bands at the 3 different loci:
WPMS09 (on the left), WPMS16 (on the
mid) and WPMS18 (on the right)

Table 4 The mean value of observed and expected homo - and heterozygosities across all loci
Locus
WPMS09
WPMS16
WPMS18

Sample size
48
48
48

na
2
2
2

stand K3). Leaf width (LW) ranged from 7.6
cm (in stand K8) to 3.9 cm (in stand K3). Petiole length (LP) varied from 4.0 cm (in stand
K8) to 2.6 cm (in stand K3). Ratio between
petiole length and leaf length (PR) varied from
0.5 (in stands K7 & K2) to 0.4 (in stand K8).
Ratio between leaf length and leaf width (LR)
varied from 1.4 (in stand K1) to 1.0 (in stand
K8). Angle between the second lower lateral
vein and midrib (β) ranged from 63.7 (in stand
K3) to 50.0 (in stand K4). Angle between the

ne
2
2
2

heo
1
1
1

hee
0.51
0.51
0.51

first lower lateral vein and midrib (α) ranged
from 63.9 (in stand K8) to 45.9 (in stand K7).
Angle at 10% of leaf length (A10) ranged from
76.7 (in stand K8) to 63.3 (in stand K3). Angle
at 25% of leaf length (A25) ranged from 63.0
(in stand K8) to 53.3 (in stand K3). Apex angle
(AA) ranged from 45.1 (in stand K1) to 14.7 (in
stand K6). Base angle (BA) ranged from 110.6
(in stands K8 & K3) to 61.1 (in stand K7). The
largest and the smallest number of teeth on the
middle one third of the leaf edge (NT) were
171
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seen in stand K7 (21.1) and K3 (8.2), respectively. Depth of teeth on middle one third of
the leaf edge (DT) varied from 2.4 cm (in stand
K6) to 0.7 cm (in stand K6). Leaf width at 1
cm from the leaf tip (LT) ranged from 2.0 cm
(in stand K1) to 0.9 cm (in stand K7). Distance
between the leaf widest part and the leaf base
(DBW) varied from 2.5 cm (in stand K7) to 1.5
cm (in stand K6). The largest and the smallest
number of veins (NV) were seen in stand K8
(12.9) and K2 (9.4), respectively. Leaf width
at 50% of leaf length (BW50) varied from 6.6
cm (in stand K8) to 3.2 cm (in stand K3) and
leaf width at 90% of leaf length (BW90) varied from 1.2 cm (in stand K1) to 0.5 cm (in
stand K8). The Bar charts of the means of different foliar traits in the eight stands are shown
in Table 5. The results of using analysis of
variance showed no significant differences between mean values of the eight stands for all of
the leaf morphological character (Table 6).
As shown in Table 7 (the correlations be-
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tween morphological traits) leaf width at 50%
of leaf length (BW50) and angle at 25% of leaf
length (A25) correlated with 14 traits. Leaf
width (LW), ratio between leaf length and leaf
width (LR) and angle at 10% of leaf length
(A10) correlated with 13 traits. Number of
veins (NV) correlated with 12 traits. Ratio between petiole length and leaf length (PR) and
leaf area (LA) correlated with 11 traits. Petiole length (LP) correlated with 10 traits. Leaf
length (LL) correlated with 9 traits. Leaf width
at 90% of leaf length (BW90), leaf tip (LT)
and angle between the second lower lateral
vein and midrib (β) correlated with 8 traits.
Apex angle (AA) and leaf width at 1 cm from
the base angle (BA) correlated with 7 traits.
Angle between the first lower lateral vein and
midrib (α) correlated with 6 traits. Number of
teeth on the middle one third of the leaf edge
(NT) and depth of teeth on middle one third
of the leaf edge (DT) correlated with 5 traits.
Distance between the leaf widest part and the

Table 5 The means and standard deviation (SD) of different foliar traits in the eight stands of Populus
nigra
2
3
4
5
6
7
8
Stands 1
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
6.38 0.39 6.40 0.32 6.50 0.89 6.75 0.70 6.88 0.61 6.53 0.78 6.62 0.61 6.62 0.92
LL
BW50 4.54 0.62 4.35 0.35 4.46 0.84 4.69 0.78 4.68 0.62 4.46 0.86 4.59 0.67 4.68 1.06
BW90 0.80 0.24 0.72 0.10 0.74 0.16 0.76 0.15 0.71 0.09 0.68 0.20 0.77 0.21 0.77 0.21
1.42 0.30 1.27 0.16 1.34 0.16 1.28 0.17 1.18 0.08 1.21 0.25 1.35 0.30 1.33 0.26
LT
5.24 0.59 5.09 0.41 5.21 0.99 5.63 0.88 5.64 0.78 5.29 1.04 5.37 0.76 5.48 1.20
LW
1.97 0.17 1.92 0.18 1.94 0.17 1.92 0.21 1.96 0.19 1.97 0.27 2.02 0.24 1.95 0.20
DBW
3.21 0.28 3.17 0.14 3.21 0.37 3.44 0.33 3.41 0.25 3.18 0.36 3.31 0.35 3.26 0.37
LP
11.31 0.71 11.91 1.01 11.25 1.33 11.21 1.20 11.36 1.37 11.52 1.22 12.41 3.42 11.68 1.94
NT
70.96 3.50 69.36 2.70 69.46 3.43 71.43 2.77 71.75 1.98 70.20 3.31 69.94 3.13 70.72 4.79
A10
58.19 2.15 56.42 1.57 56.85 1.63 57.83 1.76 57.43 1.90 56.72 2.04 56.83 1.71 58.43 2.43
A25
57.00 2.49 55.32 1.96 56.72 4.25 55.49 3.19 57.31 1.60 56.56 3.11 56.22 4.39 57.17 4.19
α
59.46 2.36 59.30 1.89 58.62 3.54 58.17 3.79 57.96 2.33 58.67 2.71 58.41 2.17 59.06 1.21
β
29.49 8.24 28.52 5.17 27.02 5.25 31.68 5.92 25.90 4.22 25.37 7.79 30.86 8.05 31.53 6.65
AA
93.65 8.17 89.85 6.60 89.84 8.31 90.74 8.38 93.67 8.37 89.58 9.86 87.70 11.43 91.36 10.40
BA
20.82 3.49 19.94 2.67 21.61 7.44 23.28 6.30 23.71 5.15 21.11 7.26 22.12 5.35 22.80 8.15
LA
10.70 0.80 10.78 0.85 10.63 0.94 10.84 0.43 10.72 0.62 10.57 0.77 10.70 0.83 10.91 1.01
NV
1.08 0.27 1.25 0.21 1.07 0.29 1.23 0.41 1.21 0.36 1.13 0.53 1.09 0.23 1.28 0.48
DT
1.23 0.11 1.27 0.05 1.27 0.06 1.21 0.07 1.24 0.08 1.26 0.10 1.25 0.08 1.24 0.10
LR
0.51 0.03 0.50 0.02 0.50 0.03 0.51 0.03 0.50 0.03 0.49 0.03 0.50 0.02 0.50 0.03
PR
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Table 6 Inter-stands variability of the black poplar leaf morphological characters and height growth (Fvalue)
Morphological and growth characters
characters
β
α
A10
A25
AA
BA
LL
0.73ns
1.66ns
1.98ns
1.14ns
0.84ns
0.77ns
0.55ns
F- value
characters
LW
DBW
LR
LP
PR
BW50
BW90
0.75ns
0.27ns
0.76ns
1.53ns
0.41ns
0.40ns
0.57ns
F- value
characters
LT
LA
NT
DT
NV
H
1.38ns
0.63ns
0.63ns
0.74ns
0.39ns
0.67ns
F- value

leaf base (DBW) correlated with 4 traits.
Principal component analysis reduced 19
input variables to 5 PCs, explaining 95/75%
of the total variance. The relationship of the
original variables with PCs is indicated by PC
loadings (Table 8). Communality values for all
factors were greater than 0.90 with the exception of ratio between leaf length and leaf width
(LR) and base angle (BA). Scores in PC1 were
positively related to petiole length (LP), leaf
length (LL), leaf width (LW), leaf area (LA),
leaf width at 50% of leaf length (BW50) and
angle at 10% of leaf length (A10) as well as
negatively related to angle between the second
lower lateral vein and midrib (β) and ratio between leaf length and leaf width (LR). Petiole
length (LP) was the more heavily weighted
variable in PC1. Scores in PC2 were positively related to leaf width at 90% of leaf length
(BW90), leaf width at 1 cm from the leaf tip
(LT), apex angle (AA), ratio between petiole
length and leaf length (PR) and angle at 25%
of leaf length (A25). Scores in PC3 were positively related to number of teeth on the middle
one third of the leaf edge (NT) and distance
between the leaf widest part and the leaf base
(DBW) as well as negatively related to base
angle (BA). Scores in PC4 were positively
related to depth of teeth on middle one third
of the leaf edge (DT), number of veins (NV).
Scores in PC5 were positively related to angle
between the first lower lateral vein and midrib
(α). Plant height ranged from 84.9 cm (in stand
K8) to 61.4 cm (in stand K6). There were no
significant differences between mean values of

height growth in all stands.
Discussion
The two marker systems (leaf morphology and
microsatellites) to assess the genetic variation
of Populus nigra plantations established in
Kermanshah province of Iran showed similar
results. That is, the analyzed 8 stands do not
contain an appreciable amount of genetic diversity.
Morphological analysis revealed no significant variation between poplar plantations (Table 5). In spite of these results, several other
authors (Ballian et al. 2006, Gebhardt et al.
2002, Kajba & Romanic 2002) revealed significant differences between populations of P.
nigra based on leaf morphological characters.
Principal component analysis indicated that
variation in all input variables was explained
by 5 principal components. There are relationships among the whole of morphological traits
(Table 6). This may show that similar genetic
factors controls the studied leaf traits. The
finding relationships between morphological traits are in agreement with othev findings
Safavi 2011, which has shown a high positive
correlation between leaf width (LW) and petiole length (LP) in Populus euramericana and
Populus deltoides.
The usefulness of leaf morphology for
evaluating genetic diversity within populations is not obvious yet. Some studies have
already shown that it is possible to estimate
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LL
BW50
BW90
LT
LW
DBW
LP
NT
A10
A25
α
β
AA
BA
NV
DT
LR
PR
LA

LL
1
0.79**
-0.21
-0.55**
0.93**
0.06
0.91**
-0.13
0.69**
0.21
0.20
-0.89**
0.01
0.18
0.25
0.37*
-0.49**
0.23
0.94**
1
0.34*
-0.01
0.93 **
0.12
0.85**
-0.20
0.84**
0.73**
0.39*
-0.54**
0.44**
0.39*
0.51**
0.29
-0.80**
0.50**
0.92**

BW50
1
0.91**
0.02
0.13
0.10
0.10
0.10
0.62**
0.08
0.35*
0.80**
0.13
0.49**
-0.16
-0.39*
0.67**
0.06
1
-0.34*
0.17
-0.28
0.12
-0.22
0.40*
0.07
0.57**
0.61**
-0.02
0.20
-0.41*
-0.08
0.45**
-0.28

BW90 LT

1
0.00
0.93**
-0.25
0.86**
0.52**
0.25
-0.73**
0.23
0.34*
0.41*
0.40*
-0.76**
0.40*
0.96**

LW

1
0.00
0.59**
-0.04
-0.12
0.38*
-0.14
-0.04
-0.24
-0.40*
-0.55**
0.16
-0.20
0.05

DBW

1
-0.17
0.76**
0.36*
0.01
-0.79**
0.29
0.23
0.40*
0.31
-0.72**
0.60**
0.89**

LP

1
-0.47**
-0.40*
-0.27
0.11
0.29
-0.65**
0.08
0.01
0.40*
-0.30
-0.23

NT

1
0.69**
0.37*
-0.44**
0.13
0.72**
0.33*
0.31
-0.88**
0.45**
0.74**

A10

1
0.47**
0.14
0.53**
0.65**
0.60**
0.25
-0.77**
0.48**
0.48**

A25

1
-0.03
-0.30
0.55**
-0.16
-0.23
-0.06
-0.23
0.36*

α

1
0.17
0.10
0.12
-0.05
0.27
-0.20
-0.77**

β

1
-0.15
0.78**
0.29
-0.50**
0.62**
0.20

AA

1
0.19
0.18
-0.52**
0.25
0.27

BA

1
0.78**
-0.51**
0.40*
0.37*

NV

LR

PR

LA

1
-0.30 1
-0.04 -0.71** 1
0.31 -0.60** 0.36* 1

DT

Table 7 Pearson coefficient of correlation between pairs of leaf morphological traits. (leaf length - LL, leaf width at 50% of leaf length - BW50, leaf width
at 90% of leaf length - BW90, leaf width at 1 cm from the leaf tip - LT, leaf width - LW, distance between the leaf widest part and the leaf base
- DBW, petiole length - LP, number of teeth on the middle one third of the leaf edge - NT, angle at 10% of leaf length - A10, angle at 25% of
leaf length - A25, angle between the first lower lateral vein and midrib - α, and angle between the second lower lateral vein and midrib - β, apex
angle - AA, base angle - BA, number of veins - NV, depth of teeth on middle one third of the leaf edge - DT, ratio between leaf length and leaf
width - LR, ratio between petiole length and leaf length - PR, and leaf area - LA
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Table 8 Principal components (PC) solution of 19 leaf morphological traits. The loadings are shown in gray
scale; the communalities were determined after Varimax axis rotation
Variable
PC1
PC2
PC3
PC4
PC5
Communality
0.96
0.14
-0.10
0.11
0.98
LP
0.96
-0.21
0.13
0.99
LL
0.95
-0.11
0.21
0.17
0.99
LW
0.94
0.13
0.21
0.94
LA
-0.89
0.32
0.22
0.21
0.98
β
0.85
0.34
0.18
0.34
0.99
bw50
0.74
0.13
-0.42
0.15
0.39
0.91
A10
-0.63
-0.48
0.42
-0.22
-0.12
0.87
LR
0.98
0.13
0.98
bw90
-0.38
0.89
-0.18
0.11
0.98
LT
0.15
0.85
0.21
0.41
-0.18
0.99
AA
0.42
0.74
-0.39
-0.29
0.97
PR
0.29
0.60
-0.34
0.31
0.57
0.97
A25
-0.13
0.94
0.11
-0.16
0.94
NT
0.14
0.70
-0.53
0.35
0.93
DBW
0.16
-0.67
0.13
0.62
0.88
BA
0.23
-0.15
0.96
0.99
DT
0.23
0.48
0.84
0.98
NV
0.14
-0.23
0.93
0.94
α
Explained variance (%) 35/26
57/21
70/50
83/75
95/75

the genetic diversity based on leaf traits and
this marker is a useful tool in genetic variation
studies (Alba et al. 2002, Storme et al. 2002).
Safavi (2011) revealed also a significant variation among poplar genotypes for some morphological traits such as leaf width (LW) and
petiole length (LP) and high heritability for the
traits such as leaf length (LL), leaf width (LW)
and petiole length (LP). On the other hand, it
has been shown morphological markers is not
useful for estimating genetic diversity because
the plants with the same genetic composition
(clones), grown in different field tests differ
significantly for this characters, therefore the
differences in morphology of the samples do
not have a genetic basis (van Dom et al. 2002).
In present research the result of using molecular markers confirmed the result of using leaf
morphological characters, so this marker can
be used as easy and cheap marker to find out
about genetic diversity initially. In fact morphological and molecular information does not

cancel each other out, but they support each
other and one of the two cannot fully substitute
the other (Fossati et al. 2005).
On the basis of microsatellite markers, genetic diversity in term of polymorphic loci
was 0%. There are several studies that have
been shown high level of genotypic diversity
in poplar population based on microsatellite
markers (Storme et al. 2002, Smulders et al.
2002, van Dam 2002), although it is not easy
to compare different genetical studies because
of the factors that may affect the findings
such as number and kind of loci. Proportion of
sample required to represent all genotypes was
0.04. This is comparable to the obtained value
in the work of Cottrell et al. (2002) which was
0.21. Whereas they expressed this value is the
lowest proportion in comparison the results of
other researches which had been shown almost
every sampled tree represented a unique genotype.
The total number of alleles for 3 microsatel175
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lite loci was 6 (Table 4). This value is comparable to the estimates obtained for P.nigra
using the same microsatellite loci (7 allels in
studied populations established in Iran, Asadi
et al. 2005). In total whole sampled trees have
the same genotype. These results with the result of morphological markers showed the level of genetic diversity present in the P. nigra
populations established in Iran is low. In a population of a cross–pollinating species, sexually
propagated individuals usually have a certain
genetic distance from each other. Sister plants
may share between 0% and 100% of the alleles they inherit from their parents. But only few
couples will have a genetic similarity above
0.90, while a genetic similarity above 0.95 is
extremely rare. Vegetative propagation leads
to a genetic similarity of 1.00. Therefore, the
distinction between clonal plants and sexually
derived genotypes will, in principle, be clear
(Smulder et al. 2002). Based on this finding,
it can be assumed that poplar populations in
Kermanshah province have been propagated
of identical clones because of observed genetic
identity (100%). So, the trees showed the same
patterns in height growth and leaf morphological characters. Low level of genotypic diversity in poplar population has been indicated in
some studies (Arens et al. 1998, Cottrell et al.
2002, Barsoum et al. 2004, Brundu et al. 2008,
Smulders et al. 2008b).
For a long-term survival of poplar populations having sufficient genetic diversity is
of great significance. Considering the strong
vegetative reproduction ability of poplars, the
individual cuttings sampled from a population
should be separated by a distance great enough
(Peng et al. 2005). To avoid the decrease of genetic diversity in poplar population established
in Iran, it is essential to control clonal reproduction. For this purpose molecular markers
are useful tools that be able to establish the
extent of clonal propagation, while the morphological markers can be used as cheap diagnostic markers in early identification of clones
for further selection (Lopez et al. 2004).
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Conclusions
In this study, using the molecular and morphological markers it was revealed the low level
of genetic variation in P. nigra stands in Kermanshah province of Iran. Monomorphics was
shown at 3 investigated microsatellite loci and
there were no significant differences between
mean values of all morphological characters.
These results indicate that studied stands are
not in a good state of conservation. Since poplar plantations are threaten with environmental
pressures which cause harmful effects on the
growth and productivity of crops, genetic variation is essential for the long-term survival in
these situations. For conservation strategy at
least two conclusions can be drawn from these
results: the first recommendation would be to
avoid sampling the same ramets for planting in
a poplar plantation. The second recommendation would be to increase the genetic richness
of exiting population through providing conditions for sexual reproduction and planting
seedlings with different genomes.
In conclusion, efforts should be made to optimize the level of genetic diversity in poplar
populations established in Kermanshah province, in order to allow them to survive and reproduce under changing environmental conditions. This is a primary step to make effective
use of these resources possible.
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