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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 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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ol . e N Sla o g o . . s
Is = UL«T Sl e ke sabl a0 sy Sbaasie i
SoBe Mean Square df SS um of Vegetative characteristics Sources
Sig. quares of
variation
o o il a3
0.000 16.354 9.897 9 89.071 Diameter at breast height
(DBH) ‘e
o D) ol ST
0.000 12.824 5.284 9 4756 () e sit
Height (m)
0.000™ 12.197 399.15 9 3592.35 &
Total volume (m® ha™)
N e il Slad
0.142 1.967 119 2 2.381 Diameter at breast height
(DBH) .
0.396™ 0.93 0.383 2 0.767 () e Blook
Height (m)
0.095" 2.379 77.849 2 155.697 S o
Total volume (m® ha')
n ol a3
0.000 2.946 1.783 18 32.093 Diameter at breast height Ky g,y
(DBH) “
. - ) X
0.015" 1.924 0.793 18 14.271 () e Block
Height (m) Site »
0.012 1.976 64.662 18 1163.915 &
Total volume (m® ha')
S il lad
0.605 240 145.242 Diameter at breast height
(DBH) e
0.412 240 98.897 () g Error
Height (m)
32.726 240 7854.206 &
Total volume (m® ha')
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**: Significant at the 99% confidence level ~: Significant at the 95% confidence level ™: non-significant
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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.
(a3 o a) S o () ¢l T PN IS5,

Total volume (m® ha) Height (m) DBH (cm) Site
17.54(0.87)a 5.39(0.09)a 5.5(0.19)a Bazarjan Tafresh % ,& Ob- 5L
8.65(1.31)b 4.11(0.13)e 4.02(0.12)b Joftan Tafresh & Ol
16.59(1.66)a 5.1(0.12)ab 5.19(0.08)a Arjrud Saveh o sl 55 2

9.2(1.33)b 4.56(0.13)cd 4(0.11)b Ghalatein Saveh o sl .2l
8.01(0.91)b 4.05(0.13)e 4.09(0.17)b Jelﬁw:j::rcjztln;in
10.03(1.34)b 4.56(0.12)cd 4.14(0.23)b Dezful J 35
8.93(1.05)b 4.35(0.11)de 4.12(0.18)b Gotvand . 55
7.6(0.54)b 4.56(0.15)cd 3.9(0.15)b Isfahan olgas|
7.64(0.78)b 4.17(0.16)de 3.94(0.18)b Kerman ol S
14.65(1.19)a 4.92(0.11)bc 5.08(0.13)a Mahallat =S

Shre ol 10 =15 sl
S5 (sl e DMl o3 0 Jlel mlawr 53 STl (glawlstin Oa5T el it alie oSS g Glols Ot a3 oS pla:Sila

Al bl
Numbers in parentheses: Std. Error of Mean

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.

V¥



Ol sk olizss 53 S o 5 gl i ol a8 op iy oS ol OLES s Sl (580300 51 Jol s
S35 015 s O3k ot g Sl eddidls  laaals 45 ol OF Sl g ydn cnl 3503 355 psm Sshy 55 2
A S Jolie a lesls Ol 5 5l g Sl gl 5 Shes o ST Okl Ll 5o 5 ea s i sl SV
03 pll G eS (Y JK8) A edalie (o SHL) o8 Ol o8ius, 5 (Jsl S5h) dgbse oKy, 55 wiew lp
53 o 2 rlalr 5 osle uals Glaollin ) 55 IS em op 2eS (7 IK0) A3 b g Ssk 53 et 5 bl o805,
/R i SOk s w S B e Bl s 53 (Y K)o SOk s (B8 Oldr 5 s Sk
O JS8) 30 hte G588 O3l ol ) = e S5k 53 e Sl AP S B 53 ol Il Ssk s n Sl
O3k o8ty gs = Ssk Olen 53 20 OVF JSIus B st 5 bl o255 = o S5k 3 20 VIPY Bl S Js gl
A B a8 Oledr oSty s) = g Soky 3 S 53 ale e 0780 Bl 1 IS e (7 JSKE) Sl ke 05
iy s g BB U] ol (8 JSKE) sl 0L 1 b b3l s, s Sl 3 e s xS Ye/¥A
o S 5 Bl g5 el oy il glaolSty 55 Ol 53 Sl (K55 Gl sl 3 gz 5 e kias Ol Loty 55 Ole
o bl e maly s uls Sl Blg e G803l 5 a8 Ol el 3 o ja o S S
el Ll S ol lods sdalin S5l Ky s o e 53 a8 bl 5l LS,L sl anlilsy, Ll
S e ) (S s Sasl b Sk i s s 3 | e e Sk IS e b 55
Ans o 0L Aol Sk G ol s 53 e eSetir sl s 0L s 5l alie s, Sk OF 3 s il
Loy 5, Shes 53 5 aadili, Ll s b 0T 2Sea 5 baads 2y, L Oldlg osas James Ll 5 osdle oS
S5 gl 5 bads b 6 pds i Sk x o, Rlime 4 015 e L e opl opl by ol 035 5
) s s T gla pilis e oz
22 B 55 e ol e 5 Sl VU (S5 5 il pste (SGSAST Lkl il 5o e 28 S8, s @ ey
Sbasls &5 ol 0T 5 (Sl 585 Ol il o2y 55 VU Sl 3,80ee ol 0kl Ollg St 5SG lamen 3 A, Ol

5 Okdlg el Ll b e S5 8ok bl Vel oSl wol S5y sy A, Lkl Lesd oy ol

Vo



Olas ailpt als e 53 a4 gy st d 3 (65 Shae Jsb5s uilss n (T014) 0L 5 sl andllas 53 AL 0
i o e 4 JUEBl g 5 055 53 oS el angs e e 5l ey Aol Sl i 5o blis 55 .(V8) cd o3l
(s o btald 4 i 0 SulE 4 S Lol 8 S e e slexr (B paeme 5o Ad) SL3l s el pll
FB sk 55 o Jgis dex Sl s uilssn (o Shes 3 Culs ) oLl by e 5 alp Ll il glads
iy el pd e g edy &S 5y, e Ul 5 fJf me Shls Ol ot Oleal 3 Jso3 o&Kius, L a ool Sz
55 i o e 0T Tl Bl Loyl 5 U Ysame ba il K55 olS5ka o5 il a5 il Lol sl anils sy sllas
Ol ol Loyl 5 55 cilods S5l St balliuss 5 o S Ll i w0 8 J 5850 oty s) slaaels ol iass
S Lo e W5 el Ol ) B 28 el iy e Olas als 5 s gladkies) sls oS 1)
03 45 a3 o0 DL s 50l 55 s eliys, (o b amlie 53 Wl opl Sokas A3 e s 5 sSSL

Wl sy 63L5 Ceal 31 IS e adlil Ll 3 U S5l (sl ils s sl 58l g 5 Ll (slaaals

7
6 a
ab
a-c a-¢
a-c a-d a-d a-d a-d
: b-e
ji\ 5 b-g c-h b-f
X~ d-i e i
£ £i ei e . . ei £ -
,}- < 4 . hi hi pi 81 hi hi i hi
~ T 1
1E
3
3
2
1
0
Block I Jol S'ols Block Il pg5 Sy Block Il s sl
¥ Bazarjan, Tafresh i ,& o> ;U ¥ Joftan, Tafresh i ,&5 L W Arjrud, Saveh ogluw 59, ! Ghalatein, Saveh ol y.i2ls
M Jelmajerd, Khomein o5 5,>ll> B Dezful Js350 B Gotvand wigss M isfahan Lol
B Kerman yL,s B Mahallat &dxo

SSls (glaels ko 03031 b SIS 51 s po b 55 Sk Ry, bl J1 Cod oy Ol 55 duws pl s k8 e 5 Kle -Y K3
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
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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

50 Saasis

0 adys fass ST MRS R bl bl .
Cluster 5 Cluster 4 Cluster 3 Cluster 2 Cluster 1 Statistical parameter Vegetat_lvg
characteristics
3.65 3.98 4.18 4.81 5.31 Mean Sl
0.2 0.18 0.33 0.3 0.3 S les S
Deviation Qg il S8
0.07 0.11 0.13 0.13 0.11 Std Error s ozl ool
8 3 7 5 7 N sl DBH (cm)
5.48 452 7.89 6.24 5.65 (e 5) Sl e 2
CV (%)
4.06 4.87 4.31 4.87 5.22 Mean -, SGla
0.24 0.12 0.12 0.16 0.3 S e S
Deviation .
0.09 0.07 0.05 0.07 0.11 Std Error Jes oLz () gl
Height (m)
8 3 7 5 7 N sl
5.91 2.46 2.78 3.29 5.75 (402) ki o
CV (%)
6.29 8.93 9.31 13.46 16.82 Mean Sl
Std Jlses 3l =l
0.41 1.01 2.03 0.71 1.64 Jere L ]
Deviation S ) JS o
0.15 0.58 0.77 0.32 0.62 Std Error s oLzl (bS5
3
8 3 7 5 7 N s Total vho;_ti;ne (m
6.52 11.31 21.8 5.27 9.75 (40) el o 2
CV (%)
6,14,15,17, 8,24, 2,517,912, 3,4,26, 1,10, 11, 13, L sless o5l
18, 22, 25, 29 28 16, 19 27,30 20, 21, 23 Treatment numbers
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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:
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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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Effect of site origin on the growth of Populus euphratica Oliv. trees using cluster and
regression analyses

Abstract

Background and obijectives: ldentifying suitable Populus euphratica Oliv. sites with high growth
potential and vigor for cutting collection and vegetative propagation, as well as for the development of
seedling cultivation in urban and rural green spaces and along field margins and irrigation canals, can play
an important role in the expansion of green spaces, afforestation, ecosystem restoration, and carbon
sequestration with multiple purposes. The objective of the present study is 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 to identify more suitable sites for cutting collection and seedling
production for use in afforestation programs and the restoration of natural stands. In addition, an equation
for estimating tree volume based on growth variables is presented.
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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, 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
20.48 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
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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 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.

Keywords: Hierarchical cluster analysis, Regression coefficient, Seedling production, Site origin,
Vegetative characteristics.
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