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Abstract

Background and Objectives: Quercus castaneifolia C.A.Mey., known as the chestnut-leaved oak, is an
important species in Iran’s Hyrcanian forests with considerable environmental significance. This study
aimed to investigate how seed provenance and altitude affect the morphological traits of Quercus
castaneifolia seedlings.

Materials and Methods: Seeds were collected from 12 forest stands across four habitats: Mazandaran,
Golestan, Gilan, and North Khorasan provinces. From each stand, 10 trees with diameters greater than 50
cm were selected, and 600 seeds were collected per tree. Seeds were sown at the Agricultural and Natural
Resources Research Station in Chalaki, Gorgan county. The experiment employed a factorial design within
a completely randomized framework. Seeds were sown in a 660 m2 nursery with three replications based
on provenance and altitude. Two populations (North Khorasan and mid-altitude Golestan) were excluded
due to pest damage and poor germination. Seedling height and root collar diameter were measured once
mid-growing season in the second year. Data analysis included two-way ANOVA, with normality
confirmed by the Kolmogorov-Smirnov test. Means were compared using Duncan’s test, and altitudinal
gradients compared by independent t-test.

Results: Seed origin (collection province and altitude) each had a significant independent effect on seedling
height, while their interaction was not significant. For root collar diameter, only the collection province
showed a significant effect; altitude had no significant impact. Duncan’s test revealed the tallest seedlings
(107.86 + 48.6 cm) and largest root collar diameter (12.0 + 39.58 mm) originated from Golestan province
seeds, while seedlings from Gilan province had the lowest height (67.11 £ 27.94 c¢cm) and root collar
diameter (10.11 £ 0.47 mm).

Conclusion: Seed provenance and altitude significantly influence the genetic diversity and morphological
traits of Quercus castaneifolia seedlings. These factors should be integrated into breeding and conservation
programs, especially when selecting seed collection sites and seed sources for restoration, aiding species
preservation in downstream ecosystems.
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Table 1. Oak seed collection areas in the forests of Golestan, Gillan, Mazandaran and North Khorasan provinces

Habitat Name of . Year of Longitude . . Slope N
Code Habitat Population planting  (east) Latitude (north) Altitude (m.a.s.l.) (percentage) Direction
Golestan 55° 41’
province, 31.5"to 37°21'31.2"to 37° i
1 east of 1396 550417 2174577 600 5-10 Northern
Lower land 36.7"
Golestan 54°27'
province, 8.4"to 36°47'7" to 36°47' )
2 center of 1396 540977 16.3" 350 5-10 Northwest
Lower land 9.1”
Golestan
rovince Golgstan
P province, 550 40
3 Loveh, 1397 18" 37°20' 05" 821-887 30 Northeast
intermediate
land
Golestan
province, 55°39' N1 1an )
4 Loveh, 1397 04" 37°21'19 351-405 34 Northeast
Lower land
Gilan 48° 46/
5 province, 1396 28" 37° 44" 45" 1110-1250 38 Northwest
highland
Gilan
6 Gilan — province, 545  48°50 37° 447 10 781-825 31 Northern
province intermediate 30
land
Gilan 48° 547
7 province, 1396 507 37°44' 02" 225-250 15 Northern
Lower land
Mazandaran
8 province, 459, 52°04 36°28' 35" 160 5 Northern
Lower land, 56
Chamestan
Mazandaran
9 province, - 1495 32° 04 36°28'34" 165 5 Northern
Lower land, 58
Chamestan
Mazandaran Mazandaran
province .
province, 53033
10 Neka, 1396 497 36°24' 30" 850-950 25 Northwest
intermediate
land
Mazandaran
11 province, o9  33°25 36° 34 40" 280-400 18 Northern
Neka, 08
Lower land
North
Khorasan o Asr
1p  Khorasan e 1397 00746 37°25' 59" 1227-1250 37 Northeast
province 15
Darkash,

Bojnord
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Figure 1. Planting seeds from different origin in the nursery
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Table 2. The results of the variance analysis of the height of oak seedlings according to the origin of the seed (province
of seed collection and altitude gradient)

Source of variation Sum of squares Degree of freedom  Mean square F Significance
Province of seed collection 30732.208 2 15366.104 11.918 0.000
Altitude gradient 20399.509 2 10199.754 7.911 0.001
Altitude gradient x Province of seed collection 5134.615 2 2567.308 1.991 0.141
Error 153433.137 119 1289.354
Total 1142629.816 126
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Figure 2. Comparison of average seedling height in three provinces of seed collection
Different letters indicate a significant difference between means (P<0.05).
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Figure 3. Comparison of the average height of seedlings in Golestan province from two different sites
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Table 3. ANOVA analysis of variance in three different regions in Mazandaran province

Source of variation Sum of squares Degree of freedom Mean square F significance
Between groups 18914.422 2 9457.211 37.331 0.000
Height Within the group 6079.965 24 253.332

Total 24994.387 26
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Table 4. The results of the variance analysis of the collar diameter data of oak seedlings according to the origin of the
seed (province of the collection place and altitude gradient)

Source of variation Sum of squares  Degree of freedom  Mean square F Significance
Province of seed collection 94.118 2 47.059 3.928 0.022
Altitude gradient 5.868 2 2.934 0.245 0.783
Altitude gradient x Province of seed collection 67.025 2 33.513 2.797 0.065
Error 1425.688 119 11.981
Total 17730.55 126
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Figure 6. Comparison of average data of seedling collar diameter in seed collection locations in three different
provinces
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Figure 7. Comparison of collar diameter of seedlings obtained from seeds collected from two different regions in
Golestan province
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Table 5. Variance analysis of collar diameter data of seedlings obtained from seeds collected from different regions in
Mazandaran province

Source of variation Sum of squares  Degree of freedom Mean square F Significance
Coll Between groups 1.463 2 0.731 0.055 0.946
—olar Within the group 13699 24 13.237
diameter
Total 319.162 26
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Figure 8. Comparison of the collar diameter of seedlings obtained from seeds collected from different regions in
Mazandaran province
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Figure 9. Comparison of the collar diameter of seedlings obtained from seeds collected from Gilan province
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