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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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** Indicates a significant difference at the 1% probability level, and ns denotes no significant difference at

the 5% probability level.
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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
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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.



OledS ool el 51 ol sadlg s a adu sy Jsb Al i o 2is S 515 0L baesls (;S0be anlis =W

Cepen A salie (L) OUS s0le 5 domly Ghle 3 Lidley Sl k8 5 b s 55 oL
L (O Ll elin 3 5 3l 0L e Sleliyl s 3ledls sadlg s ooy wlasie (Sle Sl )
MR o Sl el VL el 5o 5wl alS Wadlg s ads) Jb 5 4y ks oJsb Lo =l 5l plil ol 5l
Ol gulapme sl VL 5 dopol el 5 5 piledidy ladlg 5 Bl B3 (0,0550) 15 sl )3 iy 55
Ldlg s adss b framen (3L a8 ()l sms jsba sl ul chuinly 5o L)ool 5l eSSl el L Ll ol
Ul Rl b 5 o) OlndS sl 3 3ls 0L 1y (sl pme (2l Lys el 51 gl 58l b adlate ol 53
B (Sols s sba adlg s Al 4l Jsb ol rames 5 4l b ciOle 4 Al a5 L) <l

(0 Jsdr) 35 s sme Ciles _elis) bl o g s Ble J b 1 Ske <oslis Ll .2ily

oy cilise slaslie 51 ol gleads sladlg 5 (5 ol (sladaseis u:f”L:‘ dslin =0 J g

Table 5. Comparison of mean morphological traits of Oak seedlings originating from different seed

provenances
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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 6. Analysis of variance for the effects of seed provenance and maternal trees on the dry weight of
different organs of Oak seedlings
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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 Qak seedlings originating from different
seed provenances
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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 9. Correlation between site and climatic traits of seed provenances and seed germination traits and
growth characteristics of Oak seedlings
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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 10. Correlation between morphological traits of maternal trees and seed germination traits and
growth characteristics of Oak seedlings

e . Wl o a3
o ey OSSN S s el . A S
r== Cross-sectional Height growth e Diameter at
Stem volume area g rat?e Tree height breast height
(DBH)
o u—’“—"}} Loy
-0.091"™ -0.090™ 0.094"™ 0.154 -0.100™ N
Germination(/.)
- . e -~ .. ‘ -
-0.196 -0.182 0.161 -0.027"™ -0.235 ST
Speed Germination
Kk Hk * £l AJUJJ ;5')4"‘)’- J;JL:‘
-0.189 -0.180 0.111 -0.028™ -0.219 Mean daily
germination
Kk Kk * Kk ] " .L:"
-0.213 -0.204 0.123 -0.060™ -0.251 ok o
Seed vigor index
wox * 3l
0.040"™ 0.069"™ -213 0.036"™ 0.134 ol Jsb
Stem length
0.136" 0.155" -0.065"™ 0.028"™ 0.160™ ’1”
-0.151" -0.167" 0.238™ -0.090"™ -0.265™ o d
Root length
-0.108"™ -0.109"™ 0.102™ -0.059 "™ -0.161™ Jo b
Total length
. . . “Lw Cne
0.048"™ 0.054"™ -0.212 0.151 0.119 e
Stem dry weight
0.029" 0.045" 0.011"™ -0.060™ 0.024" e o2

Root dry weight




S Sex)s

0.114"™ 0.137" -0.257” 0.074™ 0.205" )
Leaf dry weight
Kk * \—s:wb - 0
0.071™ 0.089"™ -0.170 0.064 "™ 0.130 5 =
Total dry weight
ox . Al 4 Ainy G
-0.041™ -0.054 " 0.288 -0.103™ -0.132 P

Root to stem ratio

o3 0 JL«.:.>|ck~aJ>J|>&;'M Q‘gw >4 9 r.).;ns‘,n_g._» )30 5\ Jla! C‘,Jaﬂjajiaw QJU&' LX) d,u 5'151345*}**
.M:wbw |J

**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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The effect of seed origin and maternal rootstock on germination traits and early growth
of Oak (Quercus castaneifolia) seedlings in Hyrcanian forests

Abstract

A significant
factor contributing to the One of the major factors contributing to the unsuccessful establishment of
oak plantations is the geographical origin of seeds and seedlings and its influence on seedling
establishment and survival.. The absence of provenance-based assessments to determine suitable seed
and seedling transfer zones, as well as the effects of maternal trees on seedling establishment and
early growth in local nurseries and plantation sites, which are directly related to climate change
adaptation, is noteworthy. Therefore, the present study aims to investigate the variability of seed
germination traits and early growth characteristics of Chestnut-leaved oak seedlings from different
seed sources in the Hyrcanian forests.

Acorns were collected from three sites in the Hyrcanian Forest including

Asalem ( ), Neka ( ) and Loveh ( ), each
representing three elevational gradients (lowland, midland, and highland). The acorns were then sown
at Pasand Forest and Rangeland Research Station. Totally, seeds from nine

provenances and 90 maternal trees (10 mother trees per provenance) were evaluated using 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 ratios were measured. Experimental data
were analyzed using a uni variate nested ANOVA Treatments means and their effects were compared
using the Student Newman Keuls (SNK) multiple range test at 5% significance level.

The results showed that had significant and broad
effects on all germination traits, growth indices, and biomass of Oak seedlings. The highest
germination percentage (89.8%), germination rate (0.57 seed.day ), and seed vigor index ( )

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
parts of seedlings were superior in the forest sites of Guilan Province, particularly in the lowland

( ) and midland (
) 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 germination percentage was positively and significantly correlated
with elevation above sea level and slenderness coefficient, while it showed significant negative
correlations with diameter at breast height (DBH), basal area, and stem volume of mother trees.

Overall, the findings demonstrate that the more challenging 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 the 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 in Hyrcanian forests. The decision on the best
provenance of acorns may depend on the objectives of the project. Therefore, it is recommended to
use acorns from Golestan province in cases where rapid establishment and a high seed germination
rate are desired, However, if faster growth in seedling height and higher growth potential of seedlings'
aerial parts are preferred in the nursery or planting area, seeds from Guilan origin, especially in mid-
and low-altitude areas, should be prioritized. Given the significant variability in germination and
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vegetative traits of seedlings from different mother trees, it is advisable to conduct additional studies
in this field to collect and transfer Chestnut-leaved oak acorns in Hyrcanian forests.
Keywords: Mother tree, Provenance, Hyrcanian Forest, Altitudinal gradient, Forest nursery.
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