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the continuity of natural regeneration in the Hyrcanian forests. However, limited
information is available on the seed quality of these trees and how it differs from that of
mature non-old trees. This study aimed to investigate and compare selected quantitative
and qualitative seed traits, including seed moisture content, thousand-seed weight, seed
diameter, and germination capacity, between old and control trees of three species:
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Introduction

Seeds are among the most important factors influencing natural regeneration and successful seedling
establishment in forest ecosystems. Seed traits such as moisture content, germination capacity,
thousand-seed weight, and seed diameter can provide useful information about seed quality and the
reproductive potential of mother trees. Although old trees play an important role in conserving genetic
resources and maintaining the stability of Hyrcanian forests, limited information is available on the
quality of seeds produced by these trees and how they differ from those produced by mature non-old
trees. Therefore, evaluating the quantitative and qualitative characteristics of seeds from old trees can
improve our understanding of their contribution to natural regeneration and help identify suitable mother
trees for seed collection. Accordingly, this study aimed to evaluate seed moisture content, germination
capacity, thousand-seed weight, and seed diameter in old trees of Hyrcanian beech (Fagus caspica),
velvet maple (Acer velutinum Boiss.), and Caucasian alder (Alnus subcordata C.A. Mey.) in comparison
with mature non-old trees of the same species growing near each sampled old tree.

Material and Methods

The study was conducted in the Namkhane District of the Kheyrud Educational and Research Forest,
Faculty of Natural Resources, University of Tehran. In this research, old trees of Hyrcanian beech, velvet
maple, and Caucasian alder were identified based on a minimum diameter at breast height (DBH) of 1.5
m. Due to the rarity and limited distribution of trees with such large diameters, a plotless sampling
method was used. First, all old trees of the studied species were identified across the Namkhane District,
covering approximately 770 ha. Then, five old trees from each species were selected for seed sampling.
For comparison, seeds were also collected from the nearest healthy mature non-old trees of the same
species, considered as control trees, with a DBH of 50-70 cm. In total, seeds were collected from 30
trees, including 15 old trees and 15 control trees, during the seed production period of each species. Seed
storage conditions were identical for all samples, and the seeds were kept under controlled conditions
until laboratory analyses were performed. After seed preparation and moisture determination, thousand-
seed weight, seed diameter, and germination capacity were measured according to the rules of the
International Seed Testing Association. All seed data were analyzed using a completely randomized
design, and mean comparisons between old and control trees were performed separately for each species
using independent-samples t-tests.

Results

The results showed that seed moisture content did not differ significantly between old and control trees
in any of the three studied species (p > 0.05). The highest seed moisture content was observed in old
velvet maple trees, with a value of 41.5%, followed by Hyrcanian beech with 27.3% and Caucasian
alder with 14.5%. Comparison of mean thousand-seed weight showed that this trait was significantly
lower in seeds from old Hyrcanian beech and velvet maple trees than in seeds from their corresponding
control trees. However, no significant difference was observed between old and control trees of
Caucasian alder. Similarly, mean seed diameter was lower in seeds from old Hyrcanian beech and velvet
maple trees than in seeds from their corresponding control trees, whereas this difference was not
significant in Caucasian alder. The results of germination capacity showed that seeds from old Caucasian
alder trees had a lower germination percentage than seeds from control trees of this species. In contrast,
no significant differences in germination percentage were observed between old and control trees of
Hyrcanian beech and velvet maple.

Discussion and Conclusion

The findings showed that the effect of tree oldness on seed traits was not uniform among the studied
species. Instead, the response pattern was species-specific and depended on the seed trait considered. In
Hyrcanian beech and velvet maple, thousand-seed weight and seed diameter were significantly lower in
old trees than in control trees, whereas no significant differences in these traits were observed in
Caucasian alder. Therefore, the reduction in seed weight and diameter in Hyrcanian beech and velvet
maple should be interpreted mainly as a change in the quantitative characteristics of seeds produced by
old trees, rather than as definitive evidence of reduced seed quality or decreased regeneration potential.
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On the other hand, germination percentage was lower in seeds from old Caucasian alder trees than in
seeds from control trees of the same species, whereas such a pattern was not observed in Hyrcanian
beech or velvet maple. This result indicates that the effect of tree oldness on seed traits does not
necessarily operate through a single pathway. In some species, the effect may be expressed mainly
through changes in seed weight and diameter, while in another species it may be reflected more clearly
in germination capacity. Because traits such as photosynthetic performance, carbon allocation,
nutritional status of mother trees, and physiological seed viability were not directly measured in this
study, further research is required to explain the mechanisms underlying these changes. Overall, the
present results should not be interpreted simply as evidence of a general decline in seed quality in all
old trees. Rather, they indicate that the relationship between mother-tree oldness and seed traits is
complex, species-specific, and dependent on the seed trait being evaluated. These findings highlight the
importance of simultaneously assessing quantitative and physiological seed traits when selecting mother
trees for seed collection. Accordingly, seed management and mother-tree selection in Hyrcanian forests
should not be based solely on external tree characteristics or approximate tree age. Instead, seed traits,
germination capacity, and the regeneration stability of each species should be evaluated separately.
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Figure 1. Seeds of velvet maple (Acer velutinum Boiss.) (a), Hyrcanian beech (Fagus caspica Denk &
G.W.Grimm) (b), and Caucasian alder (Alnus subcordata C.A. Mey.) (c) in the study area
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Table 1. Mean (+ standard error) seed moisture percentage of old and control trees of Hyrcanian beech

(Fagus caspica Denk & G.W.Grimm), velvet maple (Acer velutinum Boiss.), and Caucasian alder (Alnus
subcordata C.A. Mey.) in the Namkhane District of Kheyrud Forest, Nowshahr.
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Figure 2. Mean (£ standard error) thousand-seed weight of seeds from old and control trees of Hyrcanian
beech (Fagus caspica Denk & G.W.Grimm) (a), velvet maple (Acer velutinum Boiss.) (b), and Caucasian
alder (Alnus subcordata C.A. Mey.) (c) in the Namkhane District of Kheyrud Forest, Nowshahr. Different

letters above the bars indicate significant differences between old and control trees within each species
based on an independent-samples t-test at the 95% confidence level.
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Figure 3. Mean (z standard error) seed diameter of old and control trees of Hyrcanian beech (Fagus
caspica Denk & G.W.Grimm) (a), velvet maple (Acer velutinum Boiss.) (b), and Caucasian alder (Alnus
subcordata C.A. Mey.) (c) in the Namkhane District of Kheyrud Forest, Nowshahr. Different letters above
the bars indicate significant differences between old and control trees within each species based on an

independent-samples t-test at the 95% confidence level.
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Figure 4. Mean (£ standard error) seed germination from old and control trees of Hyrcanian beech (Fagus
hyrcana) (a), velvet maple (Acer velutinum Boiss.) (b), and Caucasian alder (Alnus subcordata C.A. Mey.)
(c) in the Namkhane District of Kheyrud Forest, Nowshahr. Different letters above the bars indicate
significant differences between old-growth and control trees within each species based on an independent-
samples t-test at the 95% confidence level.
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