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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.

Keywords: Beech forests, Canopy, Mixed stand, Nutrient elements, Pure beech, Shast Kalateh,
Soil characteristics,
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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

&isuolodgs A....uj) aiSeolodgl diu L/‘:“SVCL LAl 355 didg, oallB 0358 A Uzl Gos SB Slogad
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 in W 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 paeolsy
44A.180.2428 + 204.1131 £.01A 85.2320 +.41Bb 56.1212 £.09Bb  20-10 Absorbable potassium

By lodds 03y ()l Sl S g8 By L SB- Gos t O?‘}i 2l g wdSSN S50 By b izl e lacundg o ‘_')99)"‘ b o Jods cpl

i Bog,S I gixe Ciglis pas dmedy Bgy> il g og)S Iy pixe wgles ,Sly calises
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
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Table 4. The comparison of means of soil properties in different canopy conditions of beech
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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.

i pole 4l cladal Liles bl (claasy,
U1 4y S gas (gl 38511, paeslsy § 05 o Jos S
(Renato et al., 2005) 45 o wis 295 ady, plas
2 b slayesls il Kooch ef al. (2010) « iz

B 2 Al Lg) (rgegn 4V Culis (lEI L
W58 @idsy w D 4 Wlg e &S Wb sdalie ol
A5b AVle Ol g SB o58 Jols Cundg (3
OBSlepg > (wgegn AV olewd 5 (3 Sl Shy
sl Dglite Gl Celbid g ogesn i 4 a2y b S
Y Neb o 4o Sl 4 &S oS, Y
&S i o JSis SB maw 3 1) I olge 3 s 5easus
Muscolo et al.,) Kb o Bub 55 Vb Cio @
(2017

2 S Y s &S Cosl oS cloaisS ales | L,
3 s Y Sl 3 & 2,5 0 plnl S
Shahini ) sas o JuSis i 0095y j0 |y S p oY
gty ST SpsY e (IS b 4 (et al., 2011
a & Jole ol 539550 e O @3 5 W o 0l
Jolss g (B> ks (S (S5 b cov 2
5l 5,3 sladieS (Shahini ef al., 2014) cowl o8]
S Sy 2 S Y Oglite (pleend liSlo g oS 25k
oyt b (Van et al., 2013) sz 550 SB o
SE lerd 5 (3 saaasuie 5 S slapailSe
Wilgi e S Glpde gl & SR (2815 5 easdy)
JSiz )3 G Waidy, Ui 1 | s ads Sl
(Abrary vajary et al., 2017) 15! Cunday

e ol St ) am aldg) IS lalpd IS g
Oyl g sy dlox Sl ol j 393 53 Clyess 9 A0k o0
05 Jole coplplo il dily Ho8 il 4 Wil 0 S
S Jlse lisy o9 4 K> cloa]d ) (lul 185
(Promis et al., 2012) > ls

Dehdashtifar et ) ,Sen g 13 cband Glidos guli
Cladiioy 0 yeS auiwl Hlide & sl lis (al., 2007
Gk ) hepolie (s I i > Gdgel
O Lol bawgle 5855 cpl 3 (Jlcnl b g 980
b ol dne Cglis dian Rdngl 9 Ll (sladid,
9 3k Jglome slagygsls pials cage (il ol LS
OY Db o S Al a0 ¢ Ht iy clale
2l Ll g ghadY (S5 4 ey L SB SBe
ol Jolge 3l oyt g ol

ROl 5 el Voo Gos 3 IS e
oy ol ol & ol ozl slaaidy) Iyt S
Dibogl pj SB 4 SpdY (e LB palie 39
2909 4 Wadidg) > I () (el (oo ol JS
il g Lo Llali8l aoms > 4o alisl g (I dlge yieS
(Prescott, 2000) cusl dusly sl

00 ORlPI L a5 Al samliie ¢ yiudgzl slaaidy) 5
Uialisl by a8 by il CN S @l ao )y olise I
(Abrary vajary et al., 2017) col aaiig, , JI o)
Cudlyy cledy il &2 )3 Wl o0 Drgl (sladid,
Prescott, ) %,gl dgmg |y (Slpuis JSin 035 13 )
2000

P SEGess 0pSd jule Cond & (ol 4 225 L
203 A LIS joboay 5 (Jgl 2Y) 0, 2929 SB JI i
3 osle Jlade a5 ol g dmd o S5 1y S50 50
09 e (el s el pgd Y 5l it cilye 0 Jgl 4
laaidy) ol (b pe2aY 4 Cond Jgl Y 53 ()59 55
site cpl jlade (plplh citus (595t (2980 (oyme 5
kooch er) cusl oS dius (idarzl 4 Cud jb zolaw 53
i) by S s yate oS bl I (al, 2010
i 5l (halisMe Ll 53] s oyl 15 eyl plis 3955 e
ol dbusgdy dbj jladedy muwlly (A odmlie jaud e
St ST SIS sl ety 5 9500 ol
G5 Ui 9 @B oyted Sl Slolyy J3s o L g e
Dexse Cuwd | Gueing ol S 4 ssol Iy


http://dx.doi.org/10.61186/ifej.2024.513
https://ifej.sanru.ac.ir/article-1-513-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.61186/if€}.2024.513 |

Yoy

Sowge Lacly daswo Ao g Lglls Spo> ¢ 52 adroduw ¢(5 )8 45U

VFe¥ /) a)\o.d} /pm.))».w JL.J ul).:‘ d‘@ﬂ J»L.wfy

dpwgty @l pole Cla il 4 gl )
Slge 4158 &5 el e polis (gl ( 2SSy
OBl g didg)y )3 Sosbye 5 gp)S lulps cos I
ol il 4 e o (6)adY Bk Sl () 92959
B G gdige (29)Sue 0555 gt gyt
bzl (S P cage baidy) JSuis Jlo mey
SE ol (238 polis a2 g (gwyid )3 £55 Sl

P9den el 9 piud (9 Jod ]

IS (5 5 oS
25 SB Slaogad (S oy 4 ddlas ol
SIS b aBby ilazl gladldy) g diw (Rlnzl
o glacasdgn 3 |y Sslite polie S5 Sluoguas
Oloj o 43 laaldg, a8 Ll Hlis S Gas g Libgpl
L blsyl o &5 1) SB clogad | Sy wlg oo olisS
S Cagby 9 )l dlwgay it (oS polis &>
i cge cJeloe cpl 36 L SR Jldgzl a8

References

Abrary vajary, K. (2017). Correlation between canopy clearances due to the implementation of single
selection method and humus layer thickness in beech forest (Case study: Al-Nandan Sari Rashistan).
Iranian Forest and Spruce Research Quarterly, 24(3), 541-548. [In Persian]

Asghari Sorkhi, A., Hojjati, S.M., Jalilund, H., & Experimental, M. (2015). The effect of canopy
composition on soil properties in pure and mixed beech stands (Case study: Alandan-Sari), Journal of
Renewable Natural Resources Research, 3(21), 1-10. [In Persian]

Daneshvar, A., Rahmani, R., & Habashi, H. (2007). The heterogeneity of structure in mixed beech forest
(Case Study: shastkalateh, Gorgan). Journal of Agricultural Sciences and Natural Resources, 14(2),
1-12. [In Persian]

Dehdashtifar, M., Jalali, S.Gh.A., Esmailzadeh, O., & Kahyani, S. (2007). Influence of canopy gaps size
and dead trees on natural regeneration in the Experimental Forest Station of Tarbiat Modares University.
Journal of Wood & Forest Science and Technology, 21(2), 149-168. [In Persian]

Kern, Ch. C., Montgomery, R. A., Reich, P. B., & Strong, T. F. (2014). Harvest-Created canopy gaps
increase species and functional trait diversity of the forest ground-layer community. Forest Science,
60(2), 335-344.

Kooch, Y., Hosseini, S.M., Akbarinia, M., Tabari, M., & Jalali, S. Gh. (2010). The role of dead tree in
regeneration density of mixed beech stand (case study: Sardabrood forests, Chalous, Mazindaran).
Iranian Journal of Forest, 2(2), 93-103. [In Persian]

Muscolo, A., Sidari, M., & Mercurio, R. (2007). Influence of gap size on organic matter decomposition,
microbial biomass and nutrient cycle in Calabrian pine (Pinus laricio, Poiret) stands. Forest Ecology
and Management, 242(2-3), 412-418.

Muscolo, A., Sidari, M., Bagnato, S., Mallamaci, C. & Mercuri, R., (2010). Gap size effects on above- and
below-ground processes in a silver fir stand. European Journal of Forest Research, 129, 355-365.

Prescott, C. (2000). The influence of the forest canopy on nutrient cycling. Tree Physiology, 22, 1193-1200.

Promis. A., Gértner, S., Reif, A., & Cruz, G. (2012). Effects of canopy gaps on forest floor vascular and
non-vascular plant species composition and diversity in an uneven-aged Nothofagusbetuloides forest in
Tierra del Fuego, Chile. Community Ecology, 13, 145-154.

Renato, A., & Ferreira, L. (2005). Gap size measurement: The proposal of a new field method. Forest
Ecology and Management, 214, 413-419.

Sefidi, K., Pour-Gholi, Z., Sagheb-Talebi, K., & Keivan-Behjo, F. (2016). Structural characteristics of
canopy gaps in the gap making phase in the evolution of beech stands in the Asalem forests-Guilan.
Ecology of Iranian Forest, 4(7), 43-50. [In Persian]

Sefidi, K., Marvi Mohajer, M., & Etemad, V. (2014). Dynamics of sprouts and regeneration of beech
seedlings in mixed beech forests, Conference of Tehran University Student Forestry Scientific
Association, 18 pages. [In Persian]

Shabani, S., Akbarinia, M., Jalali, G., & Aliarab, A.R. (2011). Relationship between Soil Characteristics
and Beech Regeneration Density in Canopy Gaps with Different Sizes. Journal of Wood & Forest
Science and Technology, 18(3), 63-77. [In Persian]

Sorkhi Lalelou, F., Dabbagh Mohammadi Nasab, A., Shafag Kolvanagh, J., & Fateh, M. (2012).
Assessment of intra- and inter-specific competition between wheat (Triticum aestivum) and wild oat
(Avena fatua) by reciprocal yield model and competition indices. Cereal Research, 2(2), 137-147. [In
Persian]

Van der Maarel, E., & Franklin, J. (2013). Vegetation Ecology, 2nd. ed. Wiley-Blackwell (John Wiley &
Sons, Ltd.), Chichester, UK, XVI.

Whittaker, H. (1972). Evolution and Measurement of cies Diversity Taxon 21(2/3), 213-225.

Yamamoto, S. I. (2000). Forest gap dynamics and tree regeneration. Journal of Forest Research, 5, 223-
229.


http://dx.doi.org/10.61186/ifej.2024.513
https://ifej.sanru.ac.ir/article-1-513-fa.html
http://www.tcpdf.org

