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Avrticle type: Background and Objectives: Reforestation stands can affect the diversity
Full Length Research Paper  of plant species and soil characteristics of an area. In this study, the
effects of 25-year-old reforestation stands with Acer velutinum Bioss.,
Alnus subcordata C. A. M. and Cupressus sempervirens species on plant
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Revised: 02.05.2022 properties were studied compared with natural forest (Carpinus betulus and
Accepted: 02.06.2022 Fagus orientalis) in the Kolet forests of Mazandaran province.

Materials and Methods: In each reforested stand and natural forest, ten
Keywords: _ plots (20x20 meters) were selectively sampled in transects which were
Cupressus sempervirens, 100-m stretches systematically. Then, the list of all herbaceous species and
DCA analysis, their abundance (cover percentage) was recorded. Also, in each sample
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properties,

Species diversity,
Vegetation restoration

plot, a soil sample was taken from the four corners and its center at a depth
of 0-15 cm, then these samples were mixed and a composite sample was
taken to study the physic-chemical characteristics of the soil (bulk density,
soil texture, acidity, electrical conductivity, organic carbon, total nitrogen,
absorbable phosphorus, and potassium). The indices of richness (Margalf
and Menhenic), evenness (Shannon-Wiener), and diversity (Simpson and
Shannon-Wiener) were also studied.

Results: The results showed that reforested stands were significantly
different from the natural forest (control) in terms of soil reaction rate
(P<0.05), potassium, clay, and relative soil moisture (P<0.01). Also, the
amount of acidity and absorbable potassium reaction in Acer velutinum
Bioss mass (6.99, 904.51 mg kg™) was the highest and lowest in natural
mass (6.18, 557.57 mg/kg). It was observed that the highest percentage of
clay in natural mass (43.57%) and the lowest percentage in Alnus
subcordata mass (39.32%) and the relative moisture in Acer velutinum
Bioss mass (40.78%) was the highest and It has the lowest value in
Cupressus sempervirens mass (20.12%). But other soil variables did not
show significant differences with natural forests. Margalf and Manhenic
richness in the four reforestation stands was significantly different
(P<0.05). The diversity indices (Simpson, 0.58 and Shannon-Wiener, 1.26)
and the richness (Margalf, 2.00 and Mannick, 1.57) were higher in the
natural forest than four reforestation stands and the evenness index
(Shannon-Wiener, 0.82) showed the highest value in the Cupressus
sempervirens stand. Multiple regression of soil variables with the first and
second axes of DCA analysis indicates that only potassium has been
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effective in the separation and differentiation of vegetation in the area and
the four studied stands can be distinguished in terms of understory
vegetation.

Conclusion: In general, the results of the present study showed that the
richness indices of understory vegetation species, as well as the
characteristics of moisture, soil reaction and absorbable potassium,
changed under the influence of reforestation and according to DCA
analysis is the most important component in mass segregation. Potassium is
an absorbable plant. Also, the study of biodiversity indices showed that the
diversity and richness indices were higher due to the fusion of species in
the natural massif (Carpinus betulus and Fagus orientalis) compared to the
reforested massifs of conifers (Cupressus sempervirens). In other words,
the results show a greater protective role of broadleaf stands (Acer
velutinum Bioss and Alnus subcordata C.A.M) and natural stands
(Carpinus betulus and Fagus orientalis) than needle stands (Cupressus
sempervirens) for richness and diversity of understory vegetation species
and sustainable maintenance of communities the underside is in the
Kolet area.
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Figure 1. Geographical location of the study area (Neka- Zalemrood forestry plan).
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Table 1. Indices of richness, uniformity, and diversity of species.

Source Equation index
36) R = (5 — 1) Sl gl Larls
LnN Margalf richness index
@n Re > S gl el
VN Mannic richness index
@7 1=1— Z pi2 Ospogms § 55 y2Ld
' Simpson diversity index
(45) H =— P, In o) SR TORN T R
Z. ! ( ') Shannon-Wiener diversity index
@35) E= o A0S S el
LnS

Shannon-Wiener uniformity index

Lo s sl Pi 0 gerar g5 arls AogJS Sl Nt ad o LN e S S slas S ela S sle Lals R

a8 Sy gl Ao wsaze el 1 65 2500

R, species richness index; S, total number of species; LnN, natural logarithm; N, total number; A, Simpson diversity
index; pi, the ratio of the percentage of canopy cover of the i species to the percentage of canopy cover of the species.
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Nasturtium officinale Cirsium sp. Miller
Primula heterochroma Stapf L.R.Br.
Sambucus Ebulus L. Sanicula europaea L.

Euphorbia  Geranium robertianum L.
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1. GLM : General linear mode

2. SNK : Student- Neuman- Keuls

3. DCA: Detrended correspondence analysis
4. SAS: Statistical analysis system
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Table 2. List of plant speacies in the study area.

b el PR o I = o) b

Persian name scientific name Family sulﬁ: Igrudsata velﬁ (t:iirum ngggﬁ\fﬁgs Natural
s Cirsium sp. Miller Compositae - v
o ol Nasturtium officinale (L.) R. Br. Cruciferae - v
Il Jlmaly Primula heterochroma Stapf Primulaceae - 4
B Sanicula europaea L. Umbelliferae - v
ksl Sambucus Ebulus L. Caprifoliaceae - v
sl S arvensis L. Convolvulus Convolvulacoae v v
Sl Plantago major L. Plantaginaceae - v
oA O Ojpm Geranium robertianum L. Geraniaceae - v
O3 2 Euphorbia helioscopia L. Euphorbiaceae - v
S ile Oplismenus undulatifolius (Ard). P. Gramineae - v
wligd st Pteris cretica L Pteridaceae - -
s &g Mentha pulegium L. Labiatae - -
o b Prunella vulgaris L. Labiatae - -
ST e Plagiomnium cupidatum Mniaceae - -
S5 Froriepia subpinnata Baill. Umbelliferae - -
Ao HAd Trifolium repens L. Papilionaceae - -
cbw Polypodium vulgare L. Polypodiaceae - -
S S5 Oxalis acetosella L. Oxalidaceae - -
G Sed Rubus hyrcanus Juz. Rosaceae v v
oS8 Carex digitata L. Cyperaceae v v
alss 655 Urtica dioica L. Urticaceae 4 4
SISl e Poa bulbosa L. Geramineae v 4
=S Woron. Ruscus hyrcanus Liliaceae v v
S eme Sl Veronica arvensis L. Scrophulariaceae v v
Spos Fragaria vesca L. Rosaceae v v
sls e Pteridium aquilinum (L.) Kuhn.  Hypolepidaceae v -
Ol sl Chelidonium majus L. Papaveraceae v -

andlas 3550 0355 3 &S g phe sl o) 5 45 sl sl V)
(v") of species presence and (-) of species absence in the studied population.
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Continue Table 2.

PRPENE PRI Sy <k o) b
Persian name scientific name sulﬁ: Igrudsata velﬁ (t:iirum sf;ggf\fﬁizs Natural
Sal gl S i Nonnea persica Boiss. Boraginaceae v - - -
S anay Viola Sylvestris Lam. Violaceaee v v v v
O Cyclamen coum Miller. Primulaceae v v v v
s K5 (Phylitis scolopendrium L) Newm. ~ Aspleniaceae - v v v
Skl Smilax excelsa L. Liliaceae - v v v

.AAJUG-A)))Ac)):))‘\.;)g_))»é}r”éuﬂ(—)ji;ﬁ)jﬁb}-)uc(‘/)

(v') of species presence and (-) of species absence in the studied population.
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Table 3. Statistical characteristics (mean + standard error) and the level of significance of indices of diversity,
richness and uniformity of grass species in the four studied population.

Sol3 s da.w Sl F e sl P b i} s
The significance  Computational Cupregsus Alnus Aqer Natural Characteristics
level F value sempervirens subcordata velutinum
b b b N I8 L ke
0.008 421 1.36"+0.15 1.18°+0.15 1.07°+0.17 2.00°+0.16 .
Margalf Richness
0.001 5.74 132003  110°+003  1.04°+£004  157°+003 e
Menhenick Richness
4 .
0.385 1.03 0.55*+0.01 0.44° +0.01 0.44° +0.02 0.58°+0.01 e _@“ .
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0 ols 5
0295 1.26 107°4009  087°4009  093°4010 126°z009 2 07
diversity of Shannon Wiener
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Shannon evenness
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The English letters were different in the line, the difference was significant and the letters were the same, indicating
no significant difference between the means.
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Table 4. Descriptive statistics of soil properties in four populations of Acer velutinum, Alnus subcordata,
Cupressus sempervirens and natural forest.

Gols e éa.u Sl F ol ) Jf.p R3S S ol s s
The significance ~ Computational Cupressus : P
level Fvalue Natural Fore sempervirens Alnus subcordata Acer velutinum Specifications
<l
0.93 0.01 0.27+0.02% 0.26 +£0.02* 0.26 +0.01% 0.28 +0.03 g
N (%)
"
0.001 1.74 557.52£77.86° 589.33+5557%  726.25+ 200.84°  90451+219.31° == 3
K (mg.kg™)
0.67 0.18 714+1.72° 9.34+2.62 5.81+1.02 12.20 +4.15° s 3
P (mg.kg™)
S eslas
0.79 0.07 0.46 + 0.02° 0.55 + 0.03° 0.56 + 0.04° 0.62 +0.08° Electrical
conductivity
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a a a a 6ﬁu¢ U" . f)}
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I
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The different English letters in the line show a significant difference between the means at the 5% level.
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Table 5. Correlation between DCA axes and soil variables.

BT ¥ e AT Ve S sla e
Axis 4 Axis 3 Axis 2 Axis 1 Soil Variables
0.54 0.72 1.02 177 Eigen values o5 5 sl
1.47 1.86 2.85 2.94 Gradient length oL>1 5 J b
0.08 0.10 0.15 0.26 VE (%) (lils s s
0.61 0.53 0.42 0.26 (S-SVCOrY sb= jaze 4,8 Soan
- - - 6.66 (Total variance) s ,-,ls

1- Variance explanation 2- Species-Soil variable correlation

DCA2
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Figure 2. Results of DCA analysis in four populations (1 natural, 2 alder, 3 Acer velutinum,
4 Cupressus sempervirens).
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Figure 3. Distribution of reagent species according to DCA analysis.
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Table 6. Multiple regression of soil factors with the first two axes of DCA analysis.

rz o (et g Y Vg la i
P value ) oo e o o e
Variance explanation coefficient AXxis 2 Axis 1 Variables
- o
0.04 0.11 -0.99 0.07 e
K (mg.kg™)
0.13"™ 0.10 -0.13 0.99 o
Clay (%)
Sl s
0.10™ 0.10 -0.87 0.48 s
Soil reaction (pH)
0.81™ 0.01 063 0.77 el
N (%)
0.61™ 0.02 -0.48 -0.87 o
Sand (%)
ns S
0.61 0.02 0.84 -0.48
Silt (%)
0.28™ 0.06 -0.60 0.79 o sk
Moisture (%)
031" 0.06 0.50 0.86 s
P (mg.kg™)
S e
0.92™ 0.005 -0.88 -0.47 A el
Electrical conductivity (ds.m™)
" 4
0.89™ 0.005 0.80 0.58 AL po e £
Bulk density (gr.cm®)
1.
0.90™ 0.006 -0.63 0.86 Hos
OC (%)

e I3 ne ns ls gme 0 /) Cla..w)z
** Significant at the level of 0.01; ™ is not significant.
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