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Abstract

Background and objectives: Poplar trees are considered as important resources in wood
production, which plays an important role in supplying wood raw materials for wood and paper
industries, as well reducing the pressure on the natural forests. This study aims are to evaluate the
wood production performance of exotic clones of eastern cottonwood (Populus deltoides
W.Bartram ex Marshall) and its hybrids (P. x canadensis Moench) clones, which were imported
into Iran in the early 2000 and were experimented in the climatic conditions of Alborz province
for five years.

Methodology: The research was conducted at the Alborz Research Station, Karaj County, on 11
exotic poplar clones of P. deltoides and its hybrids, along with three successful poplar clones
introduced in Alborz province as controls. For each clone, 27 one-year-old saplings were planted,
totaling 378 main saplings with an additional 194 non-experimental boundary trees to assess
border effects. The experiment followed a completely randomized block design with three
replications. Saplings were spaced at 3x4 m2. Furrow irrigation was applied weekly, and weed
control was maintained regularly. Annually, at dormancy, growth parameters including survival
rate, diameter at breast height (DBH), and height were measured for all trees. Stand volume and
current annual increment were calculated, along with average volume per hectare and the
slenderness coefficient for each clone. Two-way ANOVA analyzed the data, with Duncan’s
multiple range test used for mean comparisons.

Results: Variance analysis after five years showed significant differences among clones in DBH,
height, volume, and stand volume per hectare, except for survival percentage. The mean annual
volume increment and total volume at year five highlighted two clones, P. x canadensis Pacher
and P. deltoides Marquette, with the highest wood production at 8.21 and 7.27 m3-ha™t-year™ and
total volumes of 41.05 and 36.33 m3-ha™, respectively. Two clones, P. deltoides 92/258 and P. x
canadensis 92/40, ranked second in performance. The slenderness coefficient among clones
ranged from 63 to 74, with the highest values in P. x interamericana and P. deltoides 92/258 (73.6
and 71.2), and the lowest in P. x canadensis BL Costanzo (62.8).

Conclusion: Genetic diversity and local climatic conditions significantly influence the selection
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of successful poplar clones regarding growth and wood productivity. In this study, P. x canadensis
Pacher demonstrated the highest average current annual increment in DBH (2.22 cm) and stand
volume (8.21 m3-ha™) compared to the control clones (P. x canadensis 1-488 and P. x canadensis
92/40). Therefore, in semi-arid regions, this clone is recommended as a successful option for

wood production.
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Table 1. The list of poplar clones tested in Alborz research station, Karaj County

No. Poplar clone Sending country Sex
1 Populus deltoides W.Bartram ex Marshall 92/258 Turkey Male
2 Populus deltoides W.Bartram ex Marshall 92/160 Turkey Male
3 Populus deltoides W.Bartram ex Marshall CV. Marquette Germany Female
4 Populus x canadensis Moench CV. 92/40 - Italy Female
5 Populus x canadensis Moench CV. Blanc du poitou Germany Male
6 Populus x canadensis Moench CV. I-sieres Germany Male
7 Populus x canadensis Moench CV. 1-488 Italy Female
8 Populus x canadensis Moench CV. BL Costanzo Turkey Female
9 Populus x canadensis Moench CV. Robusta Germany Male
10 Populus x canadensis Moench CV. ITA.199 Germany Female
11 Populus x canadensis Moench CV. 87m.119 Turkey Female
12 Populus x interamericana Brockh. Germany Female
13 Populus x canadensis Moench CV. pacher Germany Female
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Table 2. Results of the analysis of variance for the growth characteristics of poplar clones in the final year of the
experiment (2021)

o df Mean of Square
Source of variation -
Survival DBH Height Volume Volume per hectare
Clone 13 259" 2.37* 0.55 * 0.00016 * 1145 *
Block 2 202" 4,72 2.74 " 0.00024 s 165.7 ™
Error 26 1.98 1.49 0.46 0.00013 935
CcVv 6.7 11.2 9.3 22.8 22.8

* Significant at p<0.05; ns: non-significant
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Table 3. General means and standard error (+ SE) of DBH (cm) of poplar clones during 2016 to 2021

Clone Year Mean annual
2016 2017 2018 2019 2020 2021 increment
P. deltoides 92/258 0a+l.3 0.2 a£2.9 0 a-c+5.08 0.1 a-c+7.37 0.5 a-c+9.32 0.5ab+11.11 0.1 a-c+1.96
P. deltoides 92/160 0 c-e+0.68 0.1 cd+1.58 0.2 de+3.96 0.7 b-d+6.2 0.7 a-c+8.65 0.7 a-c£10.42 0.1 a-c£1.95
P. deltoides Marquette 0.1 bc+0.83 0.2 ab+2.54 0.3 ab+5.42 0.5 ab+7.89 0.8 ab+9.84 0.8 ab+11.68 0.1 ab+2.17
canadensis 92/40 P. x 0.1 b-e+0.79 0.2 cd+2.04 0.5 a-d+4.88 0.8 a-c+7.15 0.9 ab+9.51 0.1 ab+11.3 0.1a-ct2.1
P. x canadensis Blanc du poitou 0.1 c-e+0.68 0.2 cd+1.87 0.1 b-e+4.48 0.2 a-c£7.04 0.2 ab+9.47 0.3 ab+11.28 0.1 ab+2.14
P. x canadensis I-sieres 0.1e+0.62 0.1e+1.33 0.1 e+3.62 0.5 cd+5.98 0.5 a-c+8.55 0.6 a-c+10.04 0.1 bc+1.88
P. x canadensis 561/41 0.1 b+0.95 0.2 bc+2.26 0.5 a-d+4.98 0.6 a-d+6.67 0.5 a-c+9.15 0.6 a-c+10.86 0.2 a-c+1.98
P. x canadensis BL Costanzo 0 bc+0.84 0.1 cd+2.01 0.3 a-d+4.86 0.7 a-c£7.05 0.8 ab+9.5 0.4 ab+11.46 0.1 ab+2.12
P. x canadensis Robusta 0.1 de+0.65 0.1e+1.34 0.3 b-e+4.52 0.6 a-d+6.7 0.3 a-c+9.07 0.4 a-c+10.7 0.1 a-c+2.01
P. x canadensis ITA.199 0.1 b-d+0.82 0.1 bc+2.32 0.4 a-d+4.69 0.5 b-d+6.22 0.4 bc+8.11 0.5 bc+9.8 0.1 cd+1.8
P. x canadensis 87m.119 0 c-e+0.71 0.2 cd+1.84 0.3 a-e+4.65 0.6 a-c+6.92 0.8 a-c+9.09 0.6 ab+11.11 0.1 a-c+2.08
P. x interamericana 0 bc+0.84 0.1 cd+1.86 0.2 c-e+4.04 0.5d+5.1 0.6 c£7.31 0.6 c£8.65 0.1d+1.57
P. x canadensis pacher 0a+1.16 0.1 ab+2.7 0.4 a+5.59 0.7 a+8.37 0.7 a+10.25 0.9 a+12.26 0.2 a+2.22
P. x canadensis 1-488 0 b-e+0.79 0.1 cd+1.96 0.3 cd+4.66 0.4 a-c+7.08 0.5 a-c+9.33 0.6 ab+11.14 0.2 a-c+2.07
F-value 14.03 ** 10.25 ** 2.93 ** 225 * 25* 1.59 * 3.13 **

**: Significant at p<0.01; *: Significant at p<0.05

The date of planting saplings was March 5, 2016.
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Table 4. General means and standard error (+ SE) of height (m) of poplar clones during 2016 to 2021

Clone vear Mean annual increment
2016 2017 2018 2019 2020 2021
P. deltoides 92/258 0.2 ax2.73 0.2 a+4.01 0.1 ab+5.21 0.3 at5.9 0.4 a£7.06 0.2 a+8.83 0 ab+1.02
P. deltoides 92/160 0.1 ef+1.64 0.1 e+2.54 0.1 g+4.03 0.4 cd+4.83 0.4 a-c+6.21 0.6 ab+7.01 0.1 ab+1.07
P. deltoides Marquette 0.1 cd+1.86 0.1 bc£3.2 0.2 a-ex4.74 0.5 ab+5.76 0.5 ab+6.75 0.8 a+7.67 0atl.16
canadensis 92/40 P. x 0 cd+1.87 0.2 cd+3.01 0.2 a-d+4.81 0.2 a-d+5.24 0.3 a-c+6.48 0.3 ab+7.34 0.1 ab+1.09
P. x canadensis Blanc du poitou 0.1f+1.6 0.1 det2.76 0d-g+4.32 0.1 a-d+5.32 0.3 ab+6.58 0.5 ab+7.65 0.1a+l1.17
P. x canadensis I-sieres 0.2 d-f+1.68 0.1 e+2.56 0.1 fg+4.14 0.2 b-d+5.07 0.3 a-c£6.29 0.3 ab+7.01 0.1 ab+1.07
P. x canadensis 561/41 0.1 c£1.96 0.2 bc+3.2 0.3a-ct5.1 0.4 a-c+£5.49 0.3 a-c+6.44 0.6 ab+7.27 0.1 ab+1.06
P. x canadensis BL Costanzo 0.1cx191 0.1 c-e+2.86 0.1a-c+4.9 0.2 a-d+5.31 0.5 a-c+6.38 0.5 ab+7.14 0.1 ab+1.05
P. x canadensis Robusta 0.1f+1.54 0.1 e+2.57 0.1 e-g+4.28 0.3 a-d+5.26 0.2 a-c+6.54 0.2 ab+7.28 0.1a+1.15
P. x canadensis ITA.199 0.2 cd+1.87 0.1 cd+3.08 0.1 a-e+4.72 0.1 b-d+5.07 0.1 a-c+£5.97 0.1 ab+6.76 0.1 ab+0.98
P. x canadensis 87m.119 0.1d-f£1.67 0.1 c-e+2.86 0.1 c-f+4.6 0.1 a-d+5.29 0.4 a-c+6.35 0.3 ab+7.06 0.1 ab+1.08
P. x interamericana 0.1 c-ex1.82 0.1 c-e+2.88 0.1 d-g+4.31 0.1 d+4.62 0.3 c£5.6 0.2 b+6.33 0.1 b+0.9
P. x canadensis pacher 0.1 b+2.27 0.1 b+3.41 0.2 at5.23 0.3 a+5.98 0.4 ab+6.93 0.6 at7.9 0.1a+1.13
P. x canadensis 1-488 0.1c+1.89 0.1 c-e+2.87 0.1 b-ex4.7 0.1 a-d+5.28 0.1 a-c+6.38 0.2 ab+7.21 0.1 ab+1.06
F-value 24.17 ** 14.18 ** 6.23 ** 2.53 * 1.47* 119 * 1.54 *

**: Significant at p<0.01; *: Significant at p<0.05

The date of planting saplings was March 5, 2016.
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Table 5. General means and standard error (= SE) of volume (m?) per hectare of poplar clones during 2016 to 2021

Clone ear Mean annual increment
2016 2017 2018 2019 2020 2021
P. deltoides 92/258 0a+0.16 0.2 at1.16 0.4 a-c+4.54 0.4 ab+10.93 2.6 a-c+21.14 3.5ab+33.01 0.7 a-c+6.6
P. deltoides 92/160 0 d+0.03 0 d+0.23 0.3 d+2.16 0.8 bc+6.7 1.4 a-c+16.17 2.1 ab+26.03 0.5 b-d+5.21
P. deltoides Marquette 0 cd=+0.05 0.1 b+0.79 0.5 ab+4.89 1.6 ab+12.49 2.7 ab+22.67 3.6 a+36.33 0.6 ab+7.27
canadensis 92/40 P. x 0 cd+0.04 0.1 cd+0.44 0.3 a-d+3.96 1.3 a-c+9.33 2.8 a-c+20.59 3.4 ab+32.62 0.5 a-c+6.53
P. x canadensis Blanc du poitou 0d+0.03 0.1 cd+0.34 0.1 b-d+2.92 0.4 a-c+8.7 0.8 a-c+19.46 1.5 ab+31.9 0.5 a-d+6.29
P. x canadensis I-sieres 0 d+0.02 0d+0.17 0.1 d+1.93 0.3 bc+6.25 1.1 a-c+15.58 2.6 bc+23.86 0.6 c-ex4.77
P. x canadensis 561/41 0.07+0 ¢ 0.1 bc+0.61 0.8 a-c+4.54 1.5 a-c+8.91 1.2 a-c+18.52 3.4 ab+29.6 0.1 b-d+5.92
P. x canadensis BL Costanzo 0 cd=+0.05 0 cd+0.41 0.2 a-d+3.91 1.4 a-c+9.1 2.1 a-c+£19.85 3.8 ab+32.18 0.5 a-d+6.43
P. x canadensis Robusta 0 d+0.02 0d+0.17 0.2 b-d+3.08 0.9 bc+8.21 1.2 a-c+18 2.2 a-c+27.69 0.6 b-d+5.54
P. x canadensis ITA.199 0 cd+0.05 0.1 bc+0.59 0.2 a-d+3.64 0.4 bc+6.88 1.4 bc+13.35 1.3 bc+21.94 0.3 de+4.39
P. x canadensis 87m.119 0 d+0.03 0.1 cd+0.35 0.3 b-d+3.45 0.7 a-c+8.69 2.3 a-c+18.14 3.1 ab+30.2 0.8 b-d+6.04
P. x interamericana 0 cd+0.05 0 cd+0.34 0.1 cd+2.39 0.4 c+£4.13 1.1 ¢+10.22 1.1 c+16.25 0.2 e£3.25
P. x canadensis pacher 0b+0.11 0 ab+0.88 0.3 at5.7 1.7 a+14.67 1.5 a+25.08 2.9 a+41.05 0.6 a+8.21
P. x canadensis 1-488 0 cd+0.04 0 cd+0.39 0.2 b-d+3.51 0.2 a-c+8.92 0.8 a-c+18.8 1.6 ab+30.24 0.5 b-d+6.05
F-value 21.03 ** 8.89 ** 2.71* 2.06 * 122 * 1.23* 3.73 **

**: Significant at p<0.01; *: Significant at p<0.05
The date of planting saplings was March 5, 2016.
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Figure 2. Comparison of volume growth of four poplar clones during 2016 to 2021



VAV

80

6

o

4

o

2

Slenderness coefficient
S8 o
o

Yookt YY Al ol sie s SR Slidies el 40

(VFe ) bl GLL Jlo 53 sio il GaplS SaniS 08 oy o e sl £ oS0l - S0
A do 3 40 liebl c}:.w U3 ls dae SMasl saasolis Y wsline LG >

Figure 3. The means and standard error (+ SE) of slenderness coefficient of poplar clones in the final year of the
(2021) experiment

Different letters indicate a significant difference between means (P<0.05).
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