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Abstract

Background and objectives: Natural regeneration is considered one of the most important
factors affecting the survival and sustainability of natural forests. Understanding the diversity,
distribution, and status of natural regeneration of woody species provides important insights into
the ecological health and ecosystem services of forests and helps predict future forest
sustainability. Considering the ecological and productive importance of the Hyrcanian forests,
conducting a comprehensive study on the status of natural regeneration in these forests appears
necessary. Therefore, the aim of this study was to investigate the quantitative status of natural
regeneration of woody plant species in managed stands of the Hyrcanian forests in northern
Iran.

Methodology: To conduct this study, four forest landscapes in the Hyrcanian forests were
selected, including Fariroud—Zilkiroud (watersheds 22 and 23) in Gilan Province, Dohezar—
Sehezar (watersheds 33 and 34) and Beliran (watershed 53) in Mazandaran Province, and
Chehel Chai (watershed 92) in Golestan Province. Using a systematic random sampling method,
4 m2 sample plots were established at the intersections of a 150 x 200 m inventory grid,
resulting in a total of 34,723 sample plots (Fariroud: 5,345; Zilkiroud: 4,377; Dohezar: 5,185;
Sehezar: 7,522; Beliran: 6,847; and Chehel Chai: 5,447) for regeneration assessment. All
seedlings and saplings within the sample plots were counted, and their quantitative
characteristics were measured. In each forest habitat, the quantitative status of regeneration,
including tree species, growth stages, growth form, number of regenerating individuals, collar
diameter, and seedling height, was identified and recorded. Natural regeneration in each habitat
was classified into three collar diameter classes (< 2.5 cm, 2.5-7.5 ¢cm, and 7.5-12.5 cm) and
three height classes (< 30 cm, 30-130 cm, and > 130 c¢cm) by woody species. Graphs and
statistical analyses were performed using Excel and SPSS 26.

Results: The highest and lowest regeneration frequencies among woody species were observed
for beech (Fagus orientalis Lipsky) (38.03%) and oak (Quercus castaneifolia C.A.Mey.)
(0.95%), respectively. The collar diameter class of less than 2.5 cm had the highest frequency
(74.13%), whereas the 7.5-12.5 cm class had the lowest frequency (9.3%). Similarly, the height
class of less than 30 cm showed the highest frequency (69.38%), while the height class greater
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than 130 cm had the lowest frequency (10.35%). Comparison of the frequency percentages of
species with collar diameters less than 2.5 cm showed the highest and lowest frequencies in the
Zilkiroud and Chehel Chai habitats, respectively. The highest frequency percentage of species
with collar diameters of 2.5-7.5 cm was observed in the Zilkiroud habitat, whereas the lowest
was recorded in the Sehezar habitat. Comparison of regeneration frequency in the 7.5-12.5 cm
collar diameter class showed the highest frequency in the Fariroud habitat and the lowest in
Sehezar. Comparison of natural regeneration frequencies among woody species showed that the
highest regeneration frequencies in Chehel Chai and Beliran habitats, with values of 38.11%
and 40.61%, respectively, belonged to maple (Acer velutinum Boiss.), while in Fariroud habitat
the highest frequency belonged to hornbeam (Carpinus betulus L.) (29.31%). In the Dohezar,
Sehezar, and Zilkiroud habitats, beech showed the highest regeneration frequencies, with values
of 60.59%, 90.5%, and 53.54%, respectively. The results of one-way analysis of variance
(ANOVA) indicated significant differences among height and collar diameter classes, whereas
no significant differences were observed among the different habitats.

Conclusion: The managed stands of the western Hyrcanian forests (Fariroud—Zilkiroud forest
landscape) contained more young seedlings (collar diameter less than 7.5 cm) compared to the
managed stands of the eastern Hyrcanian forests (Chehel Chai forest landscape). In contrast, the
managed stands of the eastern Hyrcanian forests had a greater number of regeneration seedlings
with collar diameters of 7.5-12.5 cm and heights greater than 130 cm. These findings indicate
more favorable regeneration establishment in the eastern Hyrcanian forests and suggest the
presence of less favorable environmental conditions in the western Hyrcanian forests.

Keywords: Collar diameter, Hyrcanian Forests, quantitative characteristics, regeneration,
seedling height.
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Figure 1. Location of the study area
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Table 1. Habitat characteristics of the study area and the number of sample plots for each habitat

Forest habitat Chehel Chai Beliran Dohezar Sehezar Zilkiroud Fariroud
Province Golestan Mazandaran Mazandaran Mazandaran Guilan Guilan
Total Area (ha) 25816 21421 30870 47016 13817 16721
Production forest area
(ha) 16340 20540 15556 22567 13133 16035
Number of sample

5447 6847 5185 7522 4377 5345
plots
Elevation (m.a.s.l.) 200-2500 100-2000 100-3800 200-3950 100-2650 100-2500
Average slope
30-60 10-60 30-80 30-80 20-60 30-60
(percent)
Average tree canopy 60-80 40-80 40-80 40-80 40-80 40-80
. . 90% Semi-deep  46.7% Semi- 62.5% Semi-  40% Semi-deep and 57.1%
Soil depth (percent) 74% Topsoil . . . . .
Soil deep Soil deep Soil 20% Deep Soil Deep Soil
Soil erosion rate 100% Types of 32.5% Types of  50% Surface ~ 100% Types of . 57.1% No-
i : ] i 75% Surface erosion ]
(percent) erosion erosion erosion erosion erosion
Rain (mm/year) 220-530 640-800 640-800 640-800 900-1100 900-1100
Average annual
18 14.3 14.1 14.6 14.6
temperature (°C)
Average annual
440 760 740 972 972

rainfall (mm)
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Table 2. Percentage of regeneration frequency of various woody species based on seedling diameter and height

Seedling diameter and Height (cm) Fagus orientalis

Carpinus betulus Acer velutinum Quercus castaneifolia Other species

<25 43.15 12.57 16.42 0.95 26.91

Diameter 25-75 25.03 131 9.27 1.07 51.54
75-125 20.4 15.24 3.17 0.79 60.4

<30 33.52 9.84 19.09 1.05 36.5

Height 30-130 50.36 18.9 2.62 0.8 27.31
> 130 44.15 21.68 2.21 0.57 31.38
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Figure 4. Percentage frequency of woody species based on height class
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Table 3. Percentage of regeneration and trends of regeneration frequency of various woody species based on
seedling height

Seedling height

Fagus orientalis Carpinusbetulus Acer velutinum Quercus castaneifolia Other species

(cm)
Trends of <30 61.14 52.92 94.57 76.74 74.24
regeneration 30-130 26.84 29.69 3.8 17.05 16.23
frequency > 130 12.01 17.39 1.63 6.2 9.52
Total 100 100 100 100 100 Total
Percentage of <30 33.52 9.84 19.09 1.05 36.5 100
regeneration 30-130 50.36 18.9 2.62 0.8 27.31 100
frequency > 130 44.15 21.68 2.21 0.57 31.38 100
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Figure 5. Percentage of regeneration frequency based on height in varios habitats
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Table 4. Percentage of regeneration frequency of standard and coppice forms based on diameter

Regeneration form Diameter (cm) Chehel Chai Beliran  Dohezar  Sehezar Zilkiroud Fariroud
<25 2.39 17.14 22.81 7.21 31.35 19.1
Standard 25-75 10.84 12.71 18.88 12.59 28.65 16.33
75-125 27.57 12.39 4.62 1.83 16.2 37.39
<25 7.08 5.31 23.1 211 31.96 30.44
Coppice 25-75 11.73 5.75 1951 0.71 22.19 40.11
75-125 35.66 26.47 0 0 14.1 23.77
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Figure 6. Percentage of regeneration frequency of standard form based on height
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Table 5. Percentage of regeneration frequency of standard and coppice form based on species

Regeneration form Species Chehel Chai  Beliran  Dohezar  Sehezar Zilkiroud Fariroud

Fagus orientalis 0 0.16 30 19.34 34.23 16.27
Carpinus betulus 14.85 0.77 25.67 0 8.07 50.64

Standard Quercus castaneifolia 63.16 211 34.74 0 0 0
Acer velutinum 25.71 40.75 1.94 0 12.13 19.47
Other species 11.25 31.98 5.7 1.85 39.79 9.44
Fagus orientalis 0 1.47 29.91 0 64.47 4.15
Carpinus betulus 23.66 0 26.88 0 0 49.46

Coppice Quercus castaneifolia 100 0 0 0 0 0
Acer velutinum 54.03 29.84 0 0 10.48 5.65
Other species 12.1 10.11 17.47 1.98 16.58 41.76
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Table 6. Variance analysis results for height and collar diameter in different classes

Sum of Squares df Mean Square F Sig.
Between Groups 1725250.333 2 862625.167 3.89 0.044
Diameter Within Groups 3326280.167 15 221752.011
Total 5051530.5 17
Between Groups 1720421.444 2 860210.722 3.543 0.035*
Height Within Groups 3641710.333 15 242780.689
Total 5362131.778 17

*: Significant at p<0.05
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Table 7. Variance analysis results for height and collar diameter in different habitats

Sum of Squares df Mean Square F Sig.
Between Groups 2016419.167 5 403283.833 1.594 0.235"
Diameter Within Groups 3035111.333 12 252925.944
Total 5051530.500 17
Between Groups 1960451.111 5 392090.222 1.383 0.298m
Height Within Groups 3401680.667 12 283473.389
Total 5362131.778 17

ns: non-significant
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Table 8. Average of regeneration frequency based on collar diameter and height
Class (cm) Average of regeneration frequency
<25 499
Diameter 25-75 112
75-125 63
<30 467
Height 30-130 136
> 130 70
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