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Extended abstract
Background: The creation of sequence mosaics in the forest ecosystem, which begins with the
regeneration of life in the canopy, has a significant role in the spatial structure of forest masses
and can also provide the possibility of establishment of regeneration by changing the
characteristics of the soil. However, this relationship is two-way and awareness of it can be
effective in the better understanding of natural processes. Therefore, this research generally aims
to investigate and compare soil properties in the canopy and closed canopy of pure and mixed
beech stands.
Hyrcanian forests host critical habitats of oriental beech. Canopy gaps drive ecological succession
by altering soil biogeochemistry. This study investigates variations of soil properties in pure vs.
mixed beech stands. This study was conducted to evaluate changes in soil physical and chemical
p_ropertlies in open gaps and gaps under the canopy of pure and mixed beech stands in a series of
sixty plots.
Objectives: 1) Measuring changes in pH, organic carbon, total nitrogen, phosphorus, and available
potassium; 2) analyzing the interaction between forest stands and sampling location; and 3)
providing management strategies based on the findings.
Methods: The chemical changes in the soil layers of the canopy in the pure and mixed masses of
beech were investigated by choosing seven sample plots of 25 hectares (500 x 500 m) inside the
arcels 4, 5, 7, 15, 16, 17, and 18 of the series 1 sixty cleats, which were the same in terms of
ocation. After selecting sample pieces, eight canopy and eight closed crowns in pure and mixed
beech masses were selected for soil sampling. Soil was sampled from two depths of 0-10 and 10-
20 cm using a metal cylinder (diameter 8 cm). The average depth of the organic layer was
measured before taking the soil samples, and litter was collected at the site of each sample on a
surface measuring 20 x 20 cm. The chemical properties of the soil, including acidity, organic
carbon, nitrogen, absorbable phosphorus, and absorbable potassium, were measured after
transferring the soil to the laboratory. The parameters were measured according to ISO and Olsen
standards. Two-way ANOVA and Tukey’s test (SPSS v26) were used for statistical analyses.
Results: The soil properties, including acidity, total nitrogen, and absorbable potassium, at each
of the two depths in different positions of the canopy between the pure and mixed masses showed
significant differences, and the depth of the organic layer in the pure mass was significantly
different in the openings of the canopy less than those of the closed canopy. Among the
investigated variables in the organic layer, none of the measured properties, such as acidity,
organic carbon, total nitrogen, and absorbable phosphorus and potassium, were significant in
different situations of the canopy. The total nitrogen content in the mixed stand was 32% higher
than the pure stand, the total nitrogen in the 0-10 cm depth of the mixed stand (0. 28% =+ 0.03)
was significantly higher than the pure stand (0.19% + 0.02), and the potassium in the pure stand
was 33% higher. The absorbable potassium in the 10-20 cm depth of the pure stand (180 ppm =+
15) compared to the mixed stand (135 ppm =+ 12) showed a 33% increase. There was a 37%
decrease in the thickness of the organic layer, and the thickness of the organic layer in the open
spaces of the pure stand (3.2 cm + 0.4) was 37% lower than the under canopy (5.1 cm £ 0.6). A
phosphorus increase of 20% was seen in the gaps under the open canopy. The concentration of
absorbable phosphorus in the open spaces of the mixed stand was 20% higher than in the under-
canopy areas.
Conclusion: Over time, canopy lighting creates significant changes in the light and microclimate
conditions of the forest floor and changes the soil properties and the cycle of nutrients in the forest
soil. The formation of a canopy increases both the complexity of the canopy and the diversity in
the availability and cycle of tﬁe main nutrient elements in the soil, such as nitrogen, phosphorus,
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and potassium. These changes are very necessary for seed germination, survival, and growth of
forest floor plants. Openings accelerate nutrient cycling by increasing microbial activity and
canopy. The reduction of organic layering in these areas facilitates the establishment of canopy
species. Increased activity of decomposing microorganisms was observed in open gaps (due to
canopy and humidity). Litter accumulation and reduced mineralization were also observed under
the closed canopy. The formation of gaps increases both the complexity of the canopy and the
diversity in the availability and cycling of major soil nutrients, such as nitrogen, phosphorus, and
potassium. These changes are essential for seed germination, survival, and growth of forest floor
plants. Gaps accelerate nutrient cycling by increasing microbial activity and light transmission.
The reduction in organic layering in these areas facilitates the establishment of light-loving
species. Increased activity of decomposing microorganisms was observed in open gaps (due to
higher light and humidity). Litter accumulation and reduced mineralization were also observed
under the closed canopy. The formation of gaps accelerates the activity of decomposing
microorganisms and improves nutrient cycling (especially nitrogen and phosphorus) by
increasing light penetration by 30-40% and improving soil moisture. A 37% reduction in the
thickness of the organic layer in these areas creates optimal conditions for the germination of
li%ht—loving species, such as wild barberry (Berberis vulgaris).

The following management strategies are suggested based on the findings: Maintaining the natural
dynamics of open stands in mixed stands, 2) selective exploitation of pure stands with priority
given to areas with high regeneration density, and 3) five-year monitoring of nutrient
concentrations in open stands. These measures will contribute significantly to the preservation of
biodiversity and sustainability of Hyrcanian forest ecosystems.
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Table 1. Analysis of variances of chemical properties in different canopy conditions, including canopy gaps in pure
and mixed stands and closed canopy in pure and mixed stands
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Table 2. Comparison of the mean soil properties in the canopy gaps of pure and mixed beech stands and the closed
_canopy of pure and mixed beech stands
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Canopy gzggfmlxed Closed caélt(;gﬁ of mixed Canopy gap of pure stand Closed c:tr;(;%y of pure Depth Soil properties
6.89 .22 724 £.11Aa 6.81 .15 672 £.10  10-0 w o]

6.84 +.14 6.84 +.07b 7.01 +.12 6.83 .05 20-10 Acidity

3.93 +41a 3.41 t.16a 379 71 a 382+24a  10-0 JesS

1.59 +.15Ab 1.19 £.06Ab 0.72 £.12Bb 123 £2Ab  20-10 Organic carbon

0.37 +.05a 0.28 +.03a 0.35 £.07a 0.41 £.04a  10-0 S o5yt

0.19 £.01Ab 0.17 £.01Ab 0.11 £.02Cb 0.13 £.01Bb  20-10 Total nitrogen
15.429 +.34 18.215 +.86 24.054 *41a 12442 +.19  10-0 Cin LB jaud
51.7.481+ 8.932 +.25 4.1 £04.72b 6382 £31 20-10  Absorbable phosphorus
19.231.1815+ 300.5173 .04 234.1237 *.18a 224.0317 £.02a  10-0 il 5 paolss
44A.180.2428 + 204.1131 £.01A 85.2320 +.41Bb 56.1212 +.09Bb  20-10 Absorbable potassium
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In this table, the results of the post-hoc test for different canopy conditions are shown in uppercase English letters, and the results of the soil depth t-
test are shown in lowercase English letters. Different letters indicate a significant difference between the groups, and no letters mean no significant
difference between the groups.
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Table 3. One-way analysis of variance for the physical and chemical properties of the soil organic layer in different
canopy conditions

6ol sine s F i Clagpe ke iy Clayo g9aze aglie g5 s i
Significance level Value of F Mean of squares D fig;gisn?f Sum of squares Comparison type Sources of changes
0.052 3.387 2.958 3 8.964 B9Som il “ o5
Between groups f—Jl @Y b .
S croyd Thickness of organic
0.0793 12 10.381 SB9X 09 layer
Within groups
0.901 0.217 0.046 3 0.137 295 O
Between groups A Sl
0.201 12 2.221 29509, Acidity
Within groups
0.797 0.304 8.004 3 21.942 95 O -
Between groups SlewsS
25.113 12 294.431 29509 Organic carbon
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0.067 2.986 0.203 3 0.553 95 O
Between groups ol
0.066 12 0.637 29,5 09, Nitrogen
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0.718 0.428 448827.815 3 0.243 P95 On
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1028795.479 12 1.128 29509 Phosphorus
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0.368 1.118 3.741 3 1.142 P95 on
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3324 12 4114 295 09y Potassium
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Table 4. The comparison of means of soil properties in different canopy conditions of beech
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Canopy gap of mixed stand Closed casntgﬁé of mixed Canopyst%ie;%ofpure Closed cesitna(l)l%y of pure Soil properties
1.91 +.44AB 2.06 +83AB 0.79 +.19B 2.94 +34A Y Gee
Depth of organic layer
7.47 +26 7.46 +.12 741 +24 7.68 +21 0l
Ac_ldlty
37.953 .26 38.831 £.78 38.112 £.92 07.41.082+ e
- Organic carbon
137 +.15 1.64 +.11 1.54 +.13 1.89 .12 5,055)*5"
Total nitrogen
i JB i
2289.66680 .02 1653.99481 133 53.36712074.95 1588.3 1 448.78 Absorbable
phosphorus
69.200962463 854247023 +21 184672587 £.55 172243289 +.08 i BB paly

Abgorbable potassium
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In this table, the results of the post-hoc test for different canopy conditions are shown in uppercase English letters. Different letters indicate a
significant difference between the groups, and no letters mean no significant difference between the groups.
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