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Article Info ABSTRACT

Article type: Background and Objectives: Identifying suitable sites of Populus
Full Length Research Paper  eyphratica Oliv. with high growth potential and vigor for cutting
collection, vegetative propagation, and seedling cultivation in urban and
rural green spaces, as well as along field margins and irrigation canals, can

Article history:

Received: 05.24.2026 play an important role in expanding green spaces, afforestation, ecosystem
Revised: 07.03.2026 restoration, and multi-purpose carbon sequestration. The present study
Accepted: 07.05.2026 aims to investigate the effect of site origin on the growth traits of

P. euphratica trees using cluster and regression analyses, in order to clarify
differences in site performance and identify more suitable origins for

Eg;g;ﬂ; cluster analysis, cutting collection and seedling production for afforestation programs and
Regression coefficient, natural stand restoration. Additionally, an equation for estimating tree
Seedling production, volume based on growth variables is presented.

Site origin,

Vegetative characteristics ~ Materials and Methods: During the leaf-fall season, one-year-old
branches were collected from natural bases of selected P. euphratica trees
in sites of Markazi Province, and cuttings were prepared from these
branches. For the sites of Khuzestan (Gotvand and Dezful) and the
provinces of Isfahan and Kerman, cuttings were obtained from sprout-
clumps derived from planted bases corresponding to these sites at the
Alborz Research Station in Karaj. All collected cuttings were planted in the
nursery of the Markazi Natural Resources and Watershed Administration,
where one-year-old seedlings were produced. After seedling production in
the nursery and land preparation in February 2021, the one-year-old
seedlings originating from the 10 studied sites were planted in the Arak
nursery field. The experiment was conducted using a randomized complete
block design (RCBD) with three replications (blocks), and nine seedlings
from each site were planted in each replication. Nursery maintenance
practices during the experiment, including irrigation, cleaning of irrigation
channels, weeding, pruning, soil mounding around seedlings, and removal
of stump sprouts and root suckers, were carried out throughout the
experimental period according to seedling requirements. At the end of the
third year after planting, diameter at breast height (DBH) and total tree
height were measured and recorded, and the standing tree volume was
calculated. After calculating tree volume and considering the survival rate,
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volume per treatment was estimated based on planting spacing and
converted to m® ha®. Data on quantitative growth traits were analyzed
using two-way analysis of variance (Two-Way ANOVA), considering the
main effects of site and block as well as their interaction. Furthermore, in
order to examine the pattern of similarity and differences among sites,
hierarchical cluster analysis (Cluster Analysis) was performed based on the
data obtained from the combination of site and block (as replications) using
JMP software and Ward’s method. In addition, descriptive statistical
indices of growth traits, including mean, standard deviation, standard error,
and coefficient of variation, were calculated using the Distribution platform
in JMP software. Moreover, to investigate the relationships among growth
traits, regression analysis (Regression Analysis) was conducted in JMP
software, considering tree volume as the dependent variable and diameter
at breast height (DBH) and tree height as independent variables.

Results: In the third year after planting of seedlings in the Shahid Rajaei
nursery field in Arak, the highest values for DBH, height, and total volume
were observed for the Bazarjan site in Tafresh in block 3. The total volume
ranged from a minimum of 5.95 m3 ha™ in block 3- Joftan site (Tafresh) to
a maximum of 2048 m3 ha' in block 3- Bazarjan site (Tafresh).
Hierarchical cluster analysis of the growth traits of P. euphratica trees was
performed using Ward’s method based on standardized data of DBH,
height, and total volume. In this analysis, each site—block combination was
considered as an observation unit, and the observation units were classified
into five distinct clusters based on similarity in growth traits. Cluster 1
included samples with the best growth performance in terms of the three
traits, with mean values of 5.31 cm for DBH, 5.22 m for height, and 16.82
m3 ha™* for volume. In contrast, Cluster 5 consisted of samples with the
weakest growth performance, with mean values of 3.65 cm for DBH, 4.06
m for height, and 6.29 m3 ha™ for volume. Cluster 1 comprised the
Bazarjan site in Tafresh (blocks 1, 2, and 3), Mahallat (blocks 1 and 2), and
Arjrud in Saveh (blocks 2 and 3). Cluster 5 included the Dezful site (block
1), Ghalatein in Saveh and Jelmajerd in Khomein (block 2), Gotvand
(blocks 2 and 3), Isfahan (block 2), and Joftan in Tafresh and Kerman
(block 3). Clusters 2, 3, and 4 showed intermediate growth performance.
The results of multiple linear regression indicated that the regression model
for estimating tree volume based on DBH and height was significant at the
0.05 level. The coefficient of determination (R?) was 0.956, indicating that
approximately 96% of the variance in tree volume was jointly explained
by DBH and height. The adjusted coefficient of determination (adjusted
R?= 0.952) further confirms the good fit of the model to the data. Based on
the estimated coefficients, the multiple regression equation for estimating
tree volume was derived as: V= —20.016+4.605xD+2.328xH.

Conclusion: The results of this study showed that the site origin of cuttings
has a significant effect on the growth traits of P. euphratica trees.
Some sites, including Bazarjan (Tafresh), Mahallat, and Arjrud (Saveh),
exhibited better growth performance under the conditions of the Shahid
Rajaei nursery in Arak compared with other sites. Therefore, careful
selection of mother sites and the use of cuttings derived from stands with
superior growth performance can increase the success of seedling
production programs, green space development, afforestation, and
restoration of P. euphratica stands. Since cuttings from all sites were
planted under the same nursery conditions, the observed differences in the
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growth of provenances can largely be attributed to genetic and ecological
differences related to site origin; however, definitive confirmation of this
requires further genetic and physiological studies. In addition, the
regression results indicated that DBH and tree height, particularly DBH,
are effective variables for estimating tree volume and can be used for
monitoring growth and estimating wood production of this species.
Considering the important role of DBH in volume estimation, maintaining
appropriate planting spacing and density in seedling production and
afforestation programs can lead to an increase in diameter growth and
wood volume production in P. euphratica trees.
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Figure 1. The location of Markazi province in the country and the distribution map of all euphrates poplar
stands across the province (red polygons).
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Table 1. Geographic location of Populus euphratica sites in Markazi Province.
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Table 2. Some physical and chemical characteristics of the soil of the planting area of Populus euphratica
seedlings at the Arak nursery.
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Table 3. Analysis of variance (ANOVA) of growth variables of Populus euphratica trees under the main and
interaction effects of site and block treatments.
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o ) ¢l Nl
0.000 12.824 5.284 9 47.56 () g i
Height (m) Site
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. | °
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Table 4. Mean growth traits of Populus euphratica trees under the main effect of site in the third year
after planting.
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8 Ol 50
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Numbers in parentheses: Std. Error of Mean

L1 golel L 51 gols sme

Means followed by the same English letters in each column are not significantly different according to Duncan’s

multiple range test at the 5% probability level
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Figure 2. Mean diameter at breast height (DBH) of Populus euphratica trees under the interaction effect of site
x block in the third year after planting using Duncan’s multiple range test.
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Figure 3. Mean height of Populus euphratica trees under the interaction effect of site x block in the third year
after planting using Duncan’s multiple range test.
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Figure 4. Mean total volume of Populus euphratica trees under the interaction effect of site x block in the third
year after planting using Duncan’s multiple range test.
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Figure 5. Hierarchical clustering dendrogram of Populus euphratica trees based on growth traits using Ward’s method.
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Table 5. Descriptive statistical indices of growth traits of Populus euphratica trees in each cluster.
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In Block 1: 1: Bazarjan Tafresh, 2: Joftan Tafresh, 3: Arjrud Saveh, 4: Ghalatein Saveh, 5: Jelmajerd Khomein, 6: Dezful,
7: Gotvand, 8: Isfahan, 9: Kerman, and 10: Mahallat. In Block 2: 11: Bazarjan Tafresh, 12: Joftan Tafresh, 13: Arjrud Saveh,

14: Ghalatein Saveh, 15: Jelmajerd Khomein, 16: Dezful, 17: Gotvand, 18: Isfahan, 19: Kerman, and 20: Mahallat. In Block
3: 21: Bazarjan Tafresh, 22: Joftan Tafresh, 23: Arjrud Saveh, 24: Ghalatein Saveh, 25: Jelmajerd Khomein, 26: Dezful,

27: Gotvand, 28: Isfahan, 29: Kerman, and 30: Mahallat
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Table 6. Results of multiple linear regression analysis for predicting total volume based on DBH and height
using the enter method.
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Table 7. Results of analysis of variance (ANOVA) for the regression model to predict total volume.
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Table 8. Regression coefficients and statistical parameters for the total volume prediction model.
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