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Pteridium 5 Phylitis scoloperdrium L. Hypericum Euphorbia ~ amygdaloides L.
Sy slees s 53 oS dea olea S aquilinum L. Mercurialis perennis L. androsaemum L
LS O ) 3550 ke 93 5 Sanicula europaea LSalvia glutinosa L.
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Table 1. Relative frequency of herbaceous species in managed and unmanaged areas under
investigation

Ob 3k Ol IS ol
Mazandaran Province Quilan province o5
IR T Lo P oG Lo IS T Lo S ot Je R
e <o ] <o Species
Unmanaged Managed Unmanaged Managed

4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1

Adiantum capillus

o o o ©0 0 O O 3 0 0 0 0 25 0 0 0 .
veneris
3 38 0 0 0 0 0 0 0 O 0 0 2 0 0 0 Alchemilla citrina
Frohner
100 100 100 67 O 100 100 100 0 O O O 18 48 9 10  AsperulaodorataL.
0 0 0 0 0 100 100 1200 100 0 0 0 10 0 77 13  Asplenium nidus L.
©o o o o0 0o 0o o0 o0 8 15 0 0 0 o o o Atyriumfilix-femina
(L) Roth
o o o ©0 0 O O O O0 oO0 10 0 19 0 o0 31 AtropabelladonnalL.
0 0 0 0 0 0 0 0 0 0 0 8 33 0 0 Circaea latetiana L.
50 100 75 67 0 O 0 0 65 8 35 0 0 0 0 Carex sylvatica Huds
0 0 0 0 0 O 0 0 4 5 51 44 0 0 0 0 Cardamine impatiens L.
0 0 0 0 0 O 0 0 0O 67 100 0 0 0 0 0 Clinopodium podium L.
0 0 0O O0 0O 0 O 0 3 3 6 0 0 0 0 0 CardaminbulbiferalL.
0 0 0 0 0 O 0 0 8 12 11 0 0 0 0 O Carex strigoa L.
50 0o 0 3 0 0O 0 3 0 0 0 0 2 0 0 0 Cephalanthera
caucasica Kraenzl.
o o o o0 0o 0 ©o o0 10 0 0 o o o o o Calstgiaslyaatica
(kit) Griseb
Clinopodium umbrosum
0o 0 o0 o0 0O 0O O ©0 11 12 5 3 0 0 0 0
(M. B) k.koch
0 0 0O o0 O 0 O ©0 9 3 7 0 0 0 0 0 CarexdivulsaStokes
o 0 O0 o0 O 0O O ©0 63 11 37 0 0O 0 0 0 CircaeaLutetianalL.
100 33 5 0 0 O 0 0 0 0 0 0 0 0 0 0 Cyclamencoum Miller
67 97 0 0 0 33 3 3 0 0 0 0 8 0 33 0 ConvolvulusarvensisL.
o 0o 0 0 0O 0O 0 O 0 33 0 0 0 0 0 0 Dryoptens offinis

(lowe) Fraser Jank
Dioscorea Communis
L.

0 0 0 0 0 0 0 0 53 14 47 0 0 0 0 0 Dryoptensraddeana L.
Dryoptens caucasica
Adans
Epimedium pinnatum
Fisch
Euphorbia
amygdaloides L.

0 0 0 0 0 O 0 0 9 11 8 0 0 0 0 0 EuphorbiamaculatelL.
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Festuca odoratum L.

50 0 25 33 0 O 0 0 0 0 0 0o 0 0 0

o

50 67 100 67 O 100 100 100 19 22 81 O 20 43 22

Were ) Sop sl iy, :\‘J(cf;:a Veer0ee) S5 ads, L(cfj:»(.)“—x’u) Lo gie aidig, ¥ c(cj»j;AYn >) S S wdiygy )
1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?)
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Continued table 1.
Ol 5k Ol IS Ol
Mazandaran Province Quilan province 68
(S SHGINGR V) RGNV S WHGNGR ] oy e Species
Unmanaged Managed Unmanaged Managed

4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1

Fragaria vesca

100 33 50 100 0 100 100 33 0 0 O 0 47 8 24 13 !
Festuca

o 0o 0 ©0 0 O O 0 0 33 38 63 0 0 0 0 drymeiaMert&
Koch

Galium

o 0 o0 ©0 0O 0 O 0 60 67 4 5 0 0 0 0 odoratum (L.)
Scop

Galium

o 0 o0 ©0 0 0 0 O 5 63 42 0 0 0 0 0 rotundifolium
L.

o o o ©0 0 0 O o0 3 16 48 16 0 0 o o  Geranium

robertianum L.

Hypericum

50 33 50 33 0 33 67 33 19 27 20 62 27 11 37 16  androsaemum
L.

Lamium

O 6 25 0 0 0 0 0 o0 ©0 0 O 0 o0 o0 o maculatum
L.

Lamium

0 0 0 0 0 ©O 0 0 0 11 51 49 0 0 O 0 galeobdolon

(L.) Crantz

00000000940600000Lam'”Talb“m

100 100 10 67 0 0o o0 ©O 10 0 ©o o o o o o Lathyrussativus
Kellogg

o 0 o ©0 0 0 0 0 o0 28 3B 63 0 0 0 0 Luzula forsteri
(sm)Dc

o o 0 ©0 0 0O o 0 0 O0 0 o0 2 2 0 43 Mentha

aquatica L.

Mentha piperta

O 0 25 33 0 67 33 100 0 0O 0 O 0 0 0 0 L.
50 67 0 O 0 67 33 67 43 32 24 33 32 18 17 32 Mercurialis
perennis L.
Moehringia
0 0 0 0 0 0 0 0 98 0 0 2 0 0 0 0 trinervia (1.)
Clairv
o 0o 0o o0 0 0o o ©0 73 4 2 25 20 o o 11 Rubushrycanus
L.
100 67 75 6 0 O 0 0 9 11 5 0 0 0 5 0 Rubus niveus
Thunb
Rumex
o o o0 ©0 0 33 3 33 0 0 0 0 8 4 49 4  conglcmeroma
L.
(Veee ) S sl sy 1 5 (mpjto Vom0 0) S sy I g pojte O =T o) o smo iy, oY (0 Yoo >) S S iy )

1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?)
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Continued table 1.
Ol 5k Ol IS Ol
Mazandaran Province Quilan province 68
[ SHGINGR V) IS RIGNGR Y S WHGNGR ] oy e Species
Unmanaged Managed Unmanaged Managed

4 3 2 1 4 3 2 1 4 3 2

-
~

3 2 1

o o 0 o0 0 100 100 100 63 37 3 o 1 o 2 94 Rubushyrcanus

Juz.
50 33 0 0 0 3 3 0 6 61 31 6 19 0 61 13 Salv'a%wt'msa
100 100 100 100 0 33 67 67 O 33 10 0 5 33 0 7 Sanicula
europaea L

Solanum

o 0 o0 ©0 0 0 O 0 27 28 73 0 28 0 22 0 kiesseritzkii
C.AMey

o 0 o ©0 0 0 O 0 9 12 4 0 12 0 5 34 Sambucus
ebulus L.

Sedum
O 0 o0 O o0 33 3 0 0 33 10 0 5 1 5 3  stolononifeium
S.G.Gmel

Phylitis
o 33 0 ©0 0 O 3 33 10 0O 0 0 25 0 0 0  scoloperdrium

L.

O 0 o0 O 0 33 6 0 3 10 9 0 0 5 0 0 Primula
heterophylla L.

O 0 25 0 0 0 0 0 10 11 8 4 25 0 0 0 Pastinaca
sativa L

0O 33 25 33 0 33 67 10 69 5 5 69 0 5 0 0 Pteridium
aquilinum L.

50 0 0 33 0 33 67 33 0 100 100 0 0 0 0 0 Tamus
communis L.

Tancetum

o 0 o ©0 0 0 O 0 o0 O 0 O 0 2 0 56 parahenium
(L.) Sch. Bip.

Poa

masencrana L.
Poa nemoralis
L.
Polysticum
0 0 0 0 0 0 0 0 100 0 0 0 100 O 0 0 aculeatum (L.)
Roth
Polygonatum
0 0 0 0 0 0 0 0 0 0 0 0 31 0 19 0 brevistylum
Baker
Polygonatum
vulgars L.
Potentilla
micrantha
Polygonatum
orientale L.
Primula
25 67 25 33 0 0 0 0 0 0 0 0 7 11 18 14 heterochroma
Stapf

0 0 0 0 0 0 0 0 100 O 0 0 0 0 25 25

(Yoos <)3)}3)[:”_34.'.;}):\‘j(ﬁjgl,:.ahu—()")f)).;ww :Y"‘(@,a,:s()“—\"').)a.w);»u}):\‘ ‘<@f’fhv“ >) S S adigy )
1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?)
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Continued table 1.

Ol 5k Ol IS Ol
Mazandaran Province Quilan province 68
e.L:.JC,:inJ.A aJ\.iC,J_ﬂJw oJ\.:..'nC,iﬂ.M GMC,J"J.LJ\A Species
Unmanaged Managed Unmanaged Managed
4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1
0 0 O 0 O 0 100 67 48 25 15 39 18 27 18 2 Urtica dioica L
o o o o0 0 0O o0 o0 10 0 0 o0 10 o 19 10 Vi Sglvat'ca
50 67 75 100 0 100 100 100 1 29 55 44 6 61 13 1 Viola Edorata
o 0o 0 o0 0 O ©0 ©0 8 6 13 o0 44 o 21 o Voa sllcheana
o o O OoO O O O 0O 0 0 0 1100 0 0 O 0 Viola hirta L.
o 0o o0 o0 0 O O ©0 24 o0 20 4 o o o 5o Violaignobilis
Ruper
Viola
o o O o0 O O O 0 3 5 5 6 0 0 O 0 richenbachyaha
Jord ex Borceau
0 0 0 0 0 © 0 0 85 15 15 0 0 0 © 0 Vicia cracca L.
o 0o O o0 O 3 3 0 9 0 0 20 0 0 O 0 Vicia sativa L.
Sloas CM
16 18 17 15 0 16 22 20 44 40 42 20 36 18 24 23 [ERFPL
Total number of
species
(Vore <) S sl iy 1F 5 (rpn e Vevn =00 0) S a3 (i m e 00 0=V 0 0) Loyt g oYy po 20 Yoo ) S8 iy 1)

1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?)
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Table 2. Soil properties and diversity indices of gaps with different sizes (Quilan Province)

k'»i:_g) o)'\.,\.':‘
Gap size
4 3 2 1
JL«M °L.‘:'“:’| . __/.L:‘.d JL«M °W| . "/.L:A JL..M °L.:":‘\ d“&/JL:.A JL,‘*A °L.‘:";" L}:ﬁtﬁ"
Standard Standard Standard Standard
Mean Mean Mean Mean
Error Error Error Error
1.01 4.95 38 5.47 64 4.95 .02 5.59 ST osks
Managed _
SLEy e Organic
74 5.72 .98 5.03 .35 5.19 A4 5.70 matter
Unmanaged
.01 5.71 17 5.25 14 5.43 A1 5.04 N
Managed o
s lio BV
.18 5.26 73 5.03 .19 5.33 .04 5.40 = pH
Unmanaged
°J“j"‘:"iji'u
.35 28.55 1.44 27.81 4.20 27.79 .04 26.33 o
Managed et
s lioC e
207 2053 89 1892 177 1850 346  17.59 =xxe Phosphorus
Unmanaged
o iy e
.07 .30 .03 .35 .04 31 0.00 .35 e )
Managed NRER=Y
s lio e i
04 34 04 41 02 33 02 39 = Nitrogen
Unmanaged
52.80 329.60 56.60 333.40 25.02 314.53 26.45 295.65
Managed ey
IR AT e i
9251 32773 4140 27500 5275 29644  37.93  267.00 = Potassium
Unmanaged
a.L:CAiJ.iJw
21.36 34.96 5.64 41.96 2.91 46.56 3.36 46.96
Managed
e i e s deo
159 3869 414 4760 272 4269 479 4021 =i o 2
Unmanaged  Sand (%)
eJ\.f.JC,...{J.i.,\A
.33 2.19a .02 2.17a 17 2.11a .10 1.79b
Unmanaged
Q0 e ) S sl iy ¥ 5 (et Von e =000) S gy (e 000 =Y 0e) Jas gt i) 1Y po i Voo >) S8 il o)

1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?)
Different letters indicate the significance differences (Tukey test, P<0.01)
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Continued table 2.

4.;;:}) a)'U.'o\
Gap size
4 3 2 1
Sl el el e
Standard Standard Standard Standard
Mean Mean Mean Mean
Error Error Error Error

eJ‘:/C,.._:‘)_i.,\A
17.92 39.76 6.08 27.76 1.52 23.22 2.72 20.40
Managed oo e

sliiypde  Clay (%)

2.35 19.25 6.12 28.96 1.08 16.88 4.44 19.31

Unmanaged
aJ\.::C,J_ﬁJA
3.44 25.28 44 30.28 1.50 30.22 6.08 32.64 Loy
Managed
P - -
ﬂu\.\:ngaiﬂnlﬁ
1.33 42.05 24 23.44 217 40.43 .95 40.48 Silt (%)
Unmanaged
eJJCuﬁ.,\.a
3.50 29.5a 2.00 22b 4.37 21.75b 1.50 20.5b ) L
Managed ]
L e S_pemes
3.00 35.00a 3.2 39.0a 1.79 28.00a 2.19 19.3b Richness
Unmanaged
aJ\.::C,J_ﬁJA
.01 0.70a .01 0.72a .02 0.67a .03 .59b
Managed SIS
P ST Je
13 70a 01 63a 05 6la 09 72 “erde Evenness
Unmanaged
IS Lo =L
06 2.26a 10 2.3% 16 2.23a 06 1.77b NG o
Managed o5l
P et Je
33 2.19 02 2.17a 17 2.11a 10 1.79b G Shannon
Unmanaged Index

5 ol e DMl o gline By, (Vo0 0 ) Sy Sl widsy ¥ 5 (mrpe i Voe e 00 0) S adsy (ot 000 =Y 0 e) oyt iy, oY (g pm e Yoo 2) S8 iy )
(P<0.01 « S5 Osa31) das o OLES

1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?). Different letters indicate the significance
differences (Tukey test, P<0.01)

(O30 Oliwl) Cilisus slao3lil b g 50al5 (glaacd sy o s g5 sbaarls s St gls S5 Y Js
Table 3. Soil properties and diversity indices of gaps with different sizes (Mazandran Province)

4.1.\2)) A)'UJ\
Gap size
4 3 2 1
Lxo oLl = Lxo oLl 2. Lxo ool ~. Lo oLl .
T ole T ole 2T obe 2T Sl
Standard Standard Standard Standard
Mean Mean Mean Mean
Error Error Error Error
a.)s..i/g;.:ﬁ.)m
- - 91 5.59 44 5.38 .84 5.30 el
Managed ]
L e Organic
1.79 471 .16 3.47 1.21 5.58 37 4.40 matter
Unmanaged

Sslee Gy = (Veer< )S)f)l.:..._.uj) :\‘J(cfju \~~~—0~~)5)J-.{ £y, Y ‘(GJA):.AD"—V">J¢.~A}ZA Kl Y L(cjﬁj‘:‘v" >) S S adgy )

(P<0.01 ¢ S 55 Osm3) das oo OLES 15 s jns Dz
1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?). Different letters indicate
the significance differences (Tukey test, P<0.01)
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Continued table 3.

£y o3l
Gap size
4 3 2 1
Sl ol LS Sl ol LS Sl ol LS Sl ol LS
Standard Standard Standard Standard
Mean Mean Mean Mean
Error Error Error Error
o.k.iﬁhlﬂ.lﬁ
- - 0.07 5.35 0.19 479 25 5.49
Managed el
A5 Je
0.18 5.58 168 5.00 0.20 5.43 0.22 5.43 R pH
Unmanaged
oo e
- - 163.74 694.37 89.40 737.07 271.45 807.57 e
Managed A
B p e
5.95 492.85 80.45 585.77 30.18 579.40 24.83 504.30 oA Phosphorus
Unmanaged
é-u\;ulﬂ-)\ﬂ
- - 0.29 1.86 0.64 1.86 0.33 1.68 )
Managed O35 7%
BT Je i
0.61 170 0.94 1.70 2.53 1.10 0.53 111 e Nitrogen
Unmanaged
olE g pde
- - 0.05 0.43 0.02 0.27 0.04 0.27
Managed ]
PRt e i
0.09 0.29 0.01 0.17 0.06 0.29 0.02 0.12 = Potassium
Unmanaged
é-u\;ulﬂ-)\ﬂ
- - 3.89 23.12 4.84 23.12 3.43 25.31
Managed S sy
BT Je 0,
0.72 34.88 3.8 26.64 173 28.02 3.90 3421 e Sand (%)
Unmanaged
c.LiCA.LJ.le
- - 2.31 36.40 2.56 41.31 0.43 35.55
Managed oo e
AESC Lo (v
3.36 23.76 1.99 3131 3.01 27.26 217 29.31 N Clay (%)
Unmanaged
o.,\,.»rwji.,\»
- - 5.96 40.48 3.47 35.57 3.22 39.15
Managed s Ao s
BT Je i 0
2.64 41.36 3.03 42.05 3.15 44.72 3.22 36.48 N Silt (%)
Unmanaged
c.LiCA.LJ.le
- - 2.08 15.0 2.00 19.0 33 16.3 L
Managed )
Ly e S_peues
1.50 20.5a 67 18.6a 1.73 17.0a 2.33 14.3b Richness
Unmanaged
o.a\.ﬁ\:,.i]i.)m
- - 05 0.73 0.04 0.74 0.05 71
Managed SIS
PR AT Je
0.06 0.73 0.04 0.70 0.02 0.71 0.11 64 =2 Evenness
Unmanaged
08 1.79 0.13 217 0.12 1.98 il
Managed 7o
N Shannon
0.23 2.21a 11 2.05a 0.09 2.00a 0.35 1.70b Index
Unmanaged

Soslene Gy .(\~~~<)S)f)g,.{uj):\‘)(@fju\~~~—a~~)3,»ﬁu” :Y'L(dfju(b“—\‘u)la_.«);nu_,):\‘ c(dszn\‘n >) S S adipy )
(P<0.01 ¢ S 55 Osm30) das oo OLES 15 s jns Dz

1- Small gap (<200m?), 2- medium gap (200-500 m?), 3- large gap (500-1000 m?) and 4- very large gap (>1000 m?). Different letters indicate
the significance differences (Tukey test, P<0.01)
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Abstract

Background and objectives: As complex and dynamic ecosystems, forests are influenced by natural
and human-induced changes. These changes can directly affect the structure of plant communities and
biodiversity. Gaps are one of the key factors in this context, arising from tree dieback, natural tree fall,
or tree harvesting. Gaps serve as spaces for light and precipitation to reach the understory, playing a
significant role in tree regeneration and changes in the diversity of understory species. This research
aims to address the following questions:
1- Does management affect the physical and chemical properties of soil and the diversity indices
of herbaceous plants in gaps of varying sizes?
2- Is there a difference in the trends of changes in the diversity of herbaceous plants and the
physical and chemical properties of soil within gaps of different sizes in managed stands using
selective logging compared to control stands in the provinces of Mazandaran and Gilan?

Methodology: This study was conducted in the beech forests of Mazandaran Province (Kelardasht
region) and Gilan Province (Shafaroud region). Two control plots and two managed plots using selective
logging were selected in each region. In both the managed and control stands, three gaps were randomly
identified across four size classes: small (less than 200 square meters), medium (200 to 500 square
meters), large (500 to 1000 square meters), and very large (more than 1000 square meters). The type of
species and the percentage of herbaceous cover were determined in five four-square-meter subplots at
the edges and center of each gap. Soil samples were collected from a depth of 0 to 25 centimeters from
the five subplots in each gap, and a composite sample was taken for analysis. Soil characteristics,
including texture (using the hydrometer method), pH (using an electric pH meter), total nitrogen (using
the Kjeldahl method), organic carbon (using the Walkley-Black method), available phosphorus (using
the Olsen method), and exchangeable potassium (using flame photometry), were measured. The species
richness index (number of species in the sample plot), Simpson diversity index, Shannon-Wiener
diversity index, and Shannon-Wiener evenness index for each sample were calculated using PC-ORD
version 5 software. The means of richness and diversity indices and soil characteristics for the managed
and control stands were compared using independent t-tests. Additionally, the means of these variables
in gaps of different sizes were compared using Tukey's test. All statistical analyses were performed
using SPSS version 18.

Results: A total of 32 herbaceous species were identified in the Kelardasht region and 66 species in the
Shafaroud region. The results indicated that, overall, with the increase in gap size, the diversity indices
showed no significant changes in both the managed and unmanaged sections of Mazandaran Province.
However, in Gilan Province, a different trend in the changes of these variables was observed with
increasing gap sizes. The size of the gap and the type of management had a significant impact on the
diversity of herbaceous species, with greater diversity found in larger gaps. In this study, the soil
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characteristics between regeneration gaps in both managed and unmanaged stands in Gilan and
Mazandaran provinces did not show significant differences.

Conclusion: This study demonstrated that the size of gaps and forest management do not significantly
affect soil characteristics in the studied areas; however, they do influence the diversity indices of
herbaceous plants in Gilan Province. Therefore, the ecological conditions of the region and the type of
management are key factors in the biodiversity of gaps. The results of this study can contribute to
improving forest management and preserving biodiversity in various regions.
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