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Figure 1. Geographical location of the study area
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Table 1. Tree and shrub species identified in the study area
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1 Quercus brantii LindL Fagaceae
2 Cerasus microcarpa (C.A.Mey.) K.Koch Rosaceae
3 Crataegus azarolus L. Rosaceae
4 Lonicera nummulariifolia Jaub. & Spach Caprifoliaceae
5 Pistacia atlantica Desf. Anacardiaceae
6 Acer monspessulanum L. Aceraceae
7 Amygdalus orientalis Mill. Rosaceae
8 Daphne mucronata Royle. Thymelaeaceae
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Table 2. Descriptive and average statistics of the biometric characteristics of the studied stands
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Table 3. Analysis of variance of Iranian oak stands based on biological attributes
(s Doy Sl o Egoine solil a0 Sl po p2Kile &)l g
Biological Sum of Squares df Mean Square F Si
attributes d d &
RS o
Between 30.001 2 15.000 61.409 000
) T oS Groups
, 9550950 20.274 87 244
Organic carbon Within Groups
(%)
F 50.275 89
Total
L P35 O
o3 o3 Between 176 2 .088 17.604 .000
sl Groups
R3S 095
: 416 87 .005
Bulkfmeiilty (& Within Groups
F 592 89
Total
TN
8¢5 55 xS Between 5245.686 2 2622.843 9.729 .000
295w Gro/ups
_Microbial 95 09° 223760.018 87 269.591
biomass carbon ~ Within Groups
(mg Ckg™ dry s
soil) 27621.704 89
Total
R3S o
5395 (S (y39r Between 65664.389 2 32832.194 315.269 .000
295w Gro/ups
Microbial 29 090 8643.653 87 104.140
biomass Within Groups
Nitrogen(mg C
kg™ dry soil) F 74308.042 89
Total
TR
8955 (55 yhud Between 603.786 2 301.893 287.541 .000
s See GroPPs
Microbial 2957 090 87.143 87 10.050
biomass Within Groups
Phosphorus (mg &
i ! 690.929 89
C kg™ dry soil) Total
EITIRY
- Between 0.051 2 .026 10.031 .000
9,50 bl Groups
Microbial 29,5590
irati e 213 87 .003
respiration (mg Within Groups
CO, kg™
F 264 89
Total
P95 o
" Between 362 2 181 10.466 .000
DS Groups
Carbon s.
295 0950
sequestration Within (;)r (ju S 1.436 87 0.017
(ton C ha!) P
s 1.798 89

Total




AW sljasls sogi b anglae ;0 90 ;0 Jg sl
Jlaie coaioly | jo s o lis o s
g dlyalo—aslid 895 95 50 (0,5 (29,50 839555
o=l Ll sl 009 lo o WS g0y Sljasls
oljas Ll 80g5 L 009 90 oyl dslae o el
3,18 g)lo sre g axgi LB BN

720 (29,50 839565 (s el polie
(et 320 oo L 1) (6 )lo cine OS] 00g5 A
SLoodgs 13 (9,50 835555 Hud (eSikee DL
3l 3als 8395 ay S Sl jaslo—as i g oljas Ll
23S ey e qmls Galal g s e
Ao o slid 1y (gl gae WS 004 A

(Sols B ais slvawslie fygesl 5l ooliwl b
Sl ) A_JL.»&W L}“’l”" > Lmay' 6&&309}?
OtS S yd 5eSiles oS ol (L mls 28,5 plox]
Solas oljasilo—asli g oljasly glassg ,o
aolie jo 0095 90 ,» Lol wilas 0SS b (g lo sine
B oo slid |y g slo sme S| oljasls sogs b
g ol3axls slaosgy ;o S 09,500 il Hlade
30 el Hlo e BWST 08B 55 oljaslo—as Ly
oljasls soss L auslie )0 0095 g0 ) a S J>
i o s yge;] i 40 (5l cire IS
sloosys ;0 SIS (5oLl (ogase (y35 lade
SRS b gyl gime Dglas oljaslo—asly g oljasLs

odb(ow)yp Slrodgs 10 S (wy Sloogad (Sl =¥ Jour
Table 4. Average biological attributes in the studied stands
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Table 5. Correlation of soil biological properties with structural characteristics in the oak coppice stand
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Table 6. Correlation of soil biological properties with structural characteristics in the oak high-coppice stand
Sl cloo S s | L

T T Diameter at the Basal Area Crown Area o S8 2

Soil biological properties Height (m)  Hegye Index

breast (Cm) (m2/ha) (m2/ha)
o -0.062" 0.033"s -0303" 0.503" 0.032"
organic carbon
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bulk density
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microbial biomass carbon
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microbial biomass Nitrogen
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microbial biomass Phosphorus
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Microbial respiration
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Carbon sequestration
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Table 7. Correlation of soil biological properties with structural characteristics in the oak high stand
S o) Sloogas . A il ,lad ais o zb e oy Sep ey
Soil biological properties Diameter at the Basal Area Crown Area Height (m) Hegye
breast (Cm) (m2/ha) (m2/ha) Index
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Abstract

Introduction: The study of forest soils in ecology and silviculture is particularly important due to the critical role of soil in
the biological, physical, and chemical processes of forest ecosystems. Soil, as the primary substrate for the growth of trees
and other plants, greatly influences forest health, biodiversity, and sustainability. Detailed investigation of forest soil
characteristics can enhance understanding of the interactions between soil, plants, and other living organisms, providing
guidelines for more effective forest management.

This research aimed to investigate some key properties influencing soil biological processes, to identify differences and
similarities among them in Persian oak stands, and to examine the relationships of these important properties with the
structural characteristics of protected forests in the Ghalajeh mountainous region of Kermanshah Province.

Materials and Methods: Three types of forest Coppice stand, Coppice — High stand, and High stand—were randomly
selected. In each stand, three one-hectare plots were sampled. Within each plot, structural characteristics of all trees and
sprout clump were recorded, including species name, growth form, and number of shoots, diameter at breast height (DBH),
tree height, dominant shoot height, and two perpendicular crown diameters. “Then, in order to examine the effects of
competition, in each sample plot, 10 target trees and adjacent trees with the minimum distance between them were selected,
and all their structural attributes were recorded. To obtain soil characteristics, four soil samples were taken from the four
cardinal directions of each competing tree up to a depth of 15 cm, and then combined. Accordingly, 30 composite samples
were prepared for each stand and a total of 90 samples for all stands, which were then transferred to the laboratory. The
competition index for the target and neighboring trees was calculated using the Hegyi method. Organic carbon was measured
using the Walkley and Black method, bulk density using the cylinder method, microbial respiration using the closed-jar
method, and microbial biomass carbon, nitrogen, and phosphorus were determined using the fumigation method. To compare
the stands in terms of soil biological properties, one-way analysis of variance (ANOVA) was applied. The relationships
between variables were eated using Pearson’s correlation coefficient, and Duncan’s multiple range test at the 5% significance
level was used for grouping the stands.

Results: The results showed that soil organic carbon in the Coppice stand stand (3.28%) was significantly higher than in other
stand types. The mean bulk density in Coppice, Coppice — High stand, and High stands was 1.31, 1.4, and 1.41 g/cm?,
respectively. The amounts of microbial biomass carbon (MBC) were 169.3, 176, and 158.9 mg C/kg soil, microbial biomass
nitrogen (MBN) was 44.18, 113, and 83.37 mg N/kg soil, and microbial biomass phosphorus (MBP) was 12.7, 15, and 8.82
mg P/kg soil, respectively. Soil microbial respiration was 0.172, 0.16, and 0.129 mg CO-/g soil, and soil carbon sequestration
was 643, 468.01, and 391.8 kg/ha for them, respectively. ANOVA results indicated significant differences among Persian oak
stands. Analysis of correlations between key forest structural parameters and soil biological properties showed that their
interactions varied among stands.

Conclusion: The results of this study indicated that the biological properties of soil in Persian oak forest stands show
significant differences. These differences may arise from variations in stand characteristics, including tree morphology,
sprout-group structure, and differing silvicultural systems. The assessment of structural attributes further revealed that the
influence of these factors varies according to the ecological nature of each stand. For example, in seed-origin and seed—
sprout-origin stands, soil organic carbon was significantly affected by tree crown area, whereas in coppice stands, no
significant relationship was observed between these variables.

Keywords: Hegyi competition index, Persian oak, Soil biological properties, Stand structure, Zagros forest.
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