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Article Info ABSTRACT

Article type: Background and Objectives: An important portion of the failure observed
Full Length Research Paper  jn chestnut-leaved oak (Quercus castaneifolia) afforestation programs is
related to the geographic origin of seeds and seedlings and its influence on
seedling establishment and growth. The lack of provenance-based
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Received: 12.08.2025 evaluations for determining appropriate seed and seedling transfer zones,
Revised: 04.21.2026 as well as the effects of maternal trees on seedling establishment and early
Accepted: 04.21.2026 growth in local nurseries and plantation sites, factors directly linked to

climate change adaptation, is quite remarkable. Therefore, this study aimed
to investigate the variability of seed germination traits and early growth

I;Iet)i/tvl;lgiﬁjisllgradient, characteristics of chestnut-leaved oak seedlings across different seed
Forest nursery, sources in the Hyrcanian forests.

Hyrcanian Forest,

Mother tree, Materials and Methods: Acorns were collected from three Hyrcanian
Provenance forest sites (Asalem in Gilan, Neka in Mazandaran, and Loveh in

Golestan), each representing three elevational gradients (lowland, midland,
and highland). Acorns were then sown at the Pasand Forest and Rangeland
Research Station. In total, seeds from nine provenances and 90 maternal
trees (10 mother trees per provenance) were evaluated under a nested
experimental design for germination performance and early seedling
growth. Germination traits, including germination capacity, mean
germination time, germination rate, radicle and plumule length, their
corresponding dry weights, and root-to-shoot length ratio, were measured.
Experimental data were analyzed using a univariate nested analysis of
variance (ANOVA). Treatment means and their effects were compared
using the Student-Newman—-Keuls (SNK) multiple range test at the 5%
significance level.

Results: The results indicated that seed provenance and maternal trees had
significant and broad effects on all germination traits, growth indices, and

¥4


mailto:fallaha2007@yahoo.com

biomass of oak seedlings. The highest germination percentage (89.8%),
germination rate (0.57 seed-day™!), and seed vigor index (18.78) were
observed in the higher-elevation provenance seed lot of Golestan Province.
In contrast, the growth characteristics of seedlings, including shoot length,
stem diameter, and dry weight of different seedling parts, were greatest in
the forest sites of Gilan Province, particularly in the lowland and
mid-elevation zones. Seedlings originating from Loveh Forest (Golestan)
exhibited greater root length and higher root-to-shoot ratios, reflecting an
adaptive strategy of this population to warmer and drier conditions.
Correlation analysis revealed that site-related factors such as elevation,
slope aspect, canopy cover, and heat load index (HLI) were significantly
associated with several germination traits and early growth parameters of
chestnut-leaved oak seedlings.

Conclusion: Overall, the findings demonstrated that the harsher the
environmental and site conditions of the maternal seed provenance, the
higher the germination-related indices of its seeds, and the more favorable
the early growth performance of the resulting seedlings. This suggests that
seedling producers can benefit from using seeds originating from such
environments. In this study, the high-elevation sites of Golestan,
particularly Loveh Forest, provided the strongest seed sources, indicating
that this area is highly suitable for collecting oak seeds for seedling
production within the Hyrcanian region. In general, the results showed that
no single source of chestnut-leaved oak seeds can be absolutely
recommended as the best source across all Hyrcanian forests, and the
decision on the most suitable provenance of acorns should depend on the
specific objectives of the project. Therefore, it is recommended to use
acorns from Golestan Province when rapid establishment and high seed
germination rates are desired. However, when faster increases in seedling
height and higher growth potential of aerial parts are prioritized in the
nursery or planting area, the use of seeds from Gilan origin, especially
from mid- and low-altitude areas, should be given priority. Furthermore,
given the significant variability in germination and vegetative traits of
seedlings among different mother trees, it is advisable to conduct additional
studies on the collection and transfer of chestnut-leaved oak acorns in
Hyrcanian forests.
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Table 1. Geographic coordinates of seed provenances and morphological characteristics of maternal Oak trees used.
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Table 2. Equations used for calculating seed germination and vigor indices.
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Table 3. Analysis of variance for the effects of seed provenance and maternal trees on Oak seed germination
traits in the Hyrcanian forests.
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Figure 1. Comparison of mean seed germination percentage (a), germination rate (b), mean daily
germination (c), and seed vigor of Oak originating from different provenances. Identical lowercase
letters above the bars indicate no significant difference at the 5% probability level.
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Table 4. Analysis of variance for the effects of seed provenance and maternal trees on the morphological traits
of Oak seedlings.

JSdsb iy, Jgb Gl ks sl dsb @3l ax s Sk e
Total length Root length Stem diameter Stem length df S.0.V
ns ns J‘fQ
56.550* 37.451* 0.0341 2.757 3
Repeat
o T-’x-ﬁ
241.925** 268.872** 1.9002** 50.971** 8
Provenance
L 1) gole o
70.656** 34.441%* 0.2772%* 14.529** 76 e o) o2l 202
Maternal tree x Provenance
bl ol
11.496 8.328 0.1275 2.885 242 e
Experiment error
11.40 18.98 11.83 11.68 - ’
Coefficient of variation (CV, %)
72.87 71.09 54.12 68.10 - ) i b

JL«"&-‘ éa...« BE) )15;;'&0 Q}Uﬁ 2979 (.z\f« ns

Coefficient of determination (R2, %)

#* X
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MJJJW‘)M}JO

** and * indicate significant differences at the 1% and 5% probability levels, respectively, and ns denotes no significant

difference at the 5% probability level
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Table 5. Comparison of mean morphological traits of Oak seedlings originating from different seed provenances.

Jsdsb iy, Jsb Bl s Bl Jsb BREARW
Total length Root length Stem diameter Stem length Provenance
e
30.04 P 14.09 ¢ 3.02%® 15.952 Heomt
Lowland
N oS
d d a a Lol (e o2
28.19 12.65 3.19 15.55 _ Guilan
Midland (Asalem)
o[
25.50 ¢ 11.98 ¢ 2.95° 13.52 % H
Highland
30.28 bed 15.30 ¢ 2.96° 14.98 ® Hamt
Lowland
. (5) Ok
b bi Lo0ke
31.57 15.65 ¢ 3.252 15.92°2 Midland Mazandaran
(Neka)
L
28.81 ¢ 14.54° 3.20° 14.27 el
Highland
e
35.73° 22.69° 293" 13.03¢ Haomt
Lowland
. (o)) 0Ll
wOlw
29.34 15.89 3.13% 13.45 o Golestan
Midland (Loveh)
30.92 % 17.03° 2.53°¢ 13.89 % =
Highland

L3l o o33 0 Jlezl pebas 3 5l mn (5Ll Sl s g pde e LSl il s DLy S 58 5V Gy~
Identical lowercase letters to the right of the means indicate no significant difference at the 5% probability level
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Table 6. Analysis of variance for the effects of seed provenance and maternal trees on the dry weight of
different organs of Oak seedlings.

Ay D SEF 055 S 035 S O3 SEE 05 s
P Js S, o, sl ol Sl e
Root to Total dry Leaf dry Root dry Stem dry df S.0.V
stem ratio weight weight weight weight
| <
0.061 "™ 6.310 "™ 0.335"™ 1.336"™ 0.756 ™ 3 e
Repeat
i
7.546** 59.238** 11.223** 13.727** 15.762** 8 sk
Provenance
I Lo,
0.745%%  2515Q%%  2203%* 3.972%* 0.762%* 76 G M) o2l e
Maternal treex Provenance
2olesT elzs!
0.228 4.458 0.757 0.650 30.265 212 Jw’_ o
Experiment error
1) O kS o
41.99 24.57 30.01 28.74 30.26 - ) _( ) ’% fp
Coefficient of variation (CV, %)
1) e e
70.18 71.13 61.55 75.21 70.84 -- ) e

Coefficient of determination (R?, %)
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** and * indicate significant differences at the 1% and 5% probability levels, respectively, and ns denotes no significant

difference at the 5% probability level
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Table 7. Comparison of mean dry weights of different organs of Oak seedlings originating from different
seed provenances.

Bl @ty S 5 Sex 03 S Sas 03y aky, SE2 05y ale S O i T
Root to stem ratio Tota_l dry Leaf dry Root dry S‘e”? dry Provenance
weight weight weight weight
e
0.70° 9.81% 352 257 3.73"° Heomh
Lowland
. () OUS
. L‘ -
152° 9.49 % 361° 3.43° 2.45° o Guilan
Midland (Asalem)
YU
0.86° 7.37% 2.56 ™ 2.20¢ 261° =
Highland
oyl
1.65°2 10.23° 3.45® 4.04° 2.74° Heomh
Lowland
. () o, 5k
b b b d Loobke ’
0.63 9.67 2 3.03% 2.48° 4.16° Vidlang | Mazandaran
(Neka)
YU
0.66° 8.05“ 2.69 2.10¢ 3.26°¢ =
Highland
1.74°2 6.57° 2.03° 2.89°¢ 1.65¢ Halmt
Lowland
, (o5)) 0Ll
2ok
1.69° 8.66 " 267 3.32° 261° % Golestan
Midland (Loveh)
0.91° 7.01% 222 2.17¢ 261° <M
Highland
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Identical lowercase letters to the right of the means indicate no significant difference at the 5% probability level
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Table 8. Correlation between site and climatic traits of seed provenances and seed germination traits and
vegetative characteristics of Oak seedlings.

Loasls  Larls — als g . _
? Sl (D) Sl o o2 Jdsb
LS ls 0l (o)
=7 s o Crown aals bl bl
H?sgé?(ad Ci::ése?(r Elevation ~coverage (%) ai?a% Slope Latitude  Longitude
|
0.077™ 0.116* 0.137** 0.091™ -0.135* 0.084™ 0.053"™ 0.122* el e
Germination (%)
il
0013 0176%*  0.154%* -0.060™ -0066®  0.133%  0113*  0.225%* I =E
Speed Germination
-0.029™  0.170**  0.105™ -0.031™ -0.038™ 0135  0.123* 0177*x TR “5“ K
Mean daily germination
. s
0.007™ 0.136* 0.027™ -0.106™ -0.081™ 0.102™ 0.065™ 0.250** S aas
Seed vigor index
(W
0.027™ 0.053 -0.245** 0.067™ 0.000™ 0.067™ -0.040™ -.210** b Jsb
Stem length
L s
0.056™ 0.030™ -0.147** -0.064"™ 0.000™ 0.027™ -0.130* -0.126* Wl ki
Stem diameter
0.255** -0.039™ -0.109* -0.211** -0.316**  -0.066™ -0.083™ 0.420** e
Root length
0.228**  -0.009™  -0.205** -0.147** -0.267**  -0.024"™ -0.088™ 0.253** Jd
Total length
sl Kt O
-0.117™ 0.043™ -0.075™ 0.265** 0.106™ 0.033™ -0.180** -0.115* © i
Stem dry weight
0.190** 0.002"™ -0.310** -0.114"™ -0.182** 0.024™ -0.024™ 0.011"™ o S 05
Root dry weight
0.056™  0.151*  -0.280** 0.132% 0.012"  0.174**  0.020®  -0.294** 7 o
Leaf dry weight
i 5
0.048™ 0.071™ -0.258** 0.109™ -0.034™ 0.084™ -0.076™ -0.146* &S 50
Total dry weight
B s s s
0.276** -0.015™  -0.235** -0.270** -0.266** 0.020™ 0.095™ 0.158** G =

Root to stem ratio

#* s
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** and * indicate significant differences at the 1% and 5% probability levels, respectively, and ns denotes no significant
difference at the 5% probability level
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Table 9. Correlation between morphological traits of maternal trees and seed germination traits and vegetative
characteristics of Oak seedlings.

5 RSP SAISB e s i e
Stem volume  Cross-sectional area  Height growth rate Tree height Diameter at breast
height (DBH)
Syas!
-0.091" -0.090" 0.094"™ 0.154** -0.100" el Ao
Germination (%)
il
-0.196** -0.182** 0.161** -0.027"™ -0.235** SN =
Speed Germination
3sy  Salem WSl
-0.189** -0.180** 0.111* -0.028"™ -0.219%* s il oSG
Mean daily germination
-0.213%* -0.204%* 0.123* -0.060"™ -0.251%* e
Seed vigor index
"
0.040™ 0.069™ -0.213** 0.036™ 0.134* Sl b
Stem length
S s
0.136* 0.155** -0.065™ 0.028™ 0.160** il s
Stem diameter
-0.151** -0.167** 0.238** -0.090"™ -0.265** o dsb
Root length
-0.108™ -0.109™ 0.102™ -0.059™ -0.161** R
Total length
Sl i 0
0.048"™ 0.054"™ -0.212** 0.151* 0.119* “ o
Stem dry weight
L Sis s
0.029™ 0.045™ 0.011™ -0.060"™ 0.024"™ - o
Root dry weight
0.114™ 0.137* -0.257** 0.074"™ 0.205** > 5
Leaf dry weight
Sis O
0.071™ 0.089"™ -0.170** 0.064"™ 0.130* &S 50
Total dry weight
B At s s
-0.041" -0.054" 0.288** -0.103" -0.132% O e

Root to stem ratio
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** and * indicate significant differences at the 1% and 5% probability levels, respectively, and ns denotes no significant

difference at the 5% probability level
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