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Extended Abstract

Background and Objective: Understanding the functional role of woody species in natural
ecosystems is essential for evaluating ecosystem service production and achieving sustainable
management. In forest ecosystems, there is a dynamic interaction between two key components:
trees and soil. While tree growth and productivity are influenced by soil characteristics, the type
and quantity of organic matter and nutrients returned by trees also play a significant role in shaping
soil properties. This study examined three species—Montpellier maple (Acer monspessulanum),
azarole hawthorn (Crataegus azarollus), and wild pistachio (Pistacia atlantica)—with respect to
their quantitative traits (diameter at breast height, collar diameter, height, and number of shoots),
qualitative traits (health status and origin), and their effects on selected soil properties (pH and
electrical conductivity), as well as key regulatory (soil carbon sequestration, soil water holding
capacity) and supporting (soil nutrient content) ecosystem services.

Material and Methods: In the study area, 30 individuals of each species were selected using fixed-
count plot sampling. Selected trees were required to have a single, distinct main trunk, crowns
isolated from neighboring trees, and be in healthy condition with no visible signs of disease,
wounds, or decline. If the required number of individuals was not achieved along a sampling
transect, an additional randomly oriented transect was established 50 meters away, following the
dominant slope direction. For each selected tree, quantitative traits—including diameter at breast
height, collar diameter, tree height, number of shoots, and crown diameter—along with qualitative
traits such as origin, health condition, and stem angle, were measured and recorded. Soil samples
were collected from beneath the canopy of 10 randomly selected trees per species, taken from a
depth of 0-20 cm. Additionally, an undisturbed soil core was extracted from the same depth to
determine soil water holding capacity. The analyzed soil parameters included pH, electrical
conductivity (EC), available phosphorus, available nitrogen, available potassium, and organic
carbon.

Results: Analysis of the quantitative characteristics revealed significant differences in the mean
number of shoots (P = 0.04), crown diameter (P = 0.00), and tree height (P = 0.00) among the three
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studied species. Additionally, soil properties beneath the tree canopies showed significant
differences in pH (P = 0.01) and EC (P = 0.00). Regarding regulatory services, soil carbon
sequestration and water holding capacity differed significantly among the species. Likewise, for
supporting services, significant differences were observed in the mean concentrations of available
nitrogen and potassium. The highest average organic carbon content was recorded in the soil
beneath A. monspessulanum, while the greatest water holding capacity was observed in the soil
beneath P. atlantica. Furthermore, the soils under 4. monspessulanum had the highest levels of
available nitrogen and potassium.

Conclusion: The results of this study highlight that different tree species exert distinct and
significant influences on litter quality and the physical, chemical, and biological properties of the
soil. Among the species studied, 4. monspessulanum, with its higher average quantitative values
(number of shoots, crown diameter, and height), contributed most to ecosystem services related to
nutrient cycling and soil carbon sequestration. Meanwhile, Pistacia atlantica demonstrated the
highest soil water holding capacity. Overall, species ranking indicated that 4. monspessulanum was
better adapted to the environmental conditions of the study area and provided superior ecosystem
services compared to the other two species.

Keywords: ranking, quantitative indicators, regulating services, supporting services, ordination
analysis.
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Figure 1. Geographical location of the study area (Iran, West Azarbaijan Province, Nejhdareh
Reservoir)
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*: Significant difference at one percent confidence level, **: Significant difference at 5% confidence level, ns: no significant
difference.
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Table 4. One-way variance analysis of studied soil indices between the three studied species

Slay o Sl o Sl o ¢ paes e
Si F , & Clets ae
1g. Mean of 305! Sum of L
Source of variation
square df squares
oy S
0.01%* 5.0 0.06 2 0.13 Between
groups \
_ &£ e
[ - "
0.01 27 036 o g oH
Within groups
29 0.49 JS
Total

Slagre Sl e NS (o3 0 Oloabl s 55 s pms sl FE oy S Ol gl 3 sl e sl *

*: Significant difference at one percent confidence level, **: Significant difference at 5% confidence level, ns: no significant
difference.
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Continued Table 4.
Sla e ke 2 Slas o § oo o st
Si F R . Dl S pe
g Mean of 30! Sum of -
Source of variation
square df squares
oy S o
0.00**  14.14 0.21 2 0.42
Between
oo ) S laa
groups i) e
Loy S | (= »
0.01 27 0.40 25 db U
Within groups EC (Deci-Siemens per
meter)
29 0.83 JS
Total
oy S oy
0.04* 3.18 2.03 2 4.06 Between
groups GESs 3 59) el
0.63 27 17.20 Loy 5 g1 Potassium (Tons per
Within groups hectare)
29 21.27 JS
Total
oy S o
0.00 6.19 181.20 2 362.41 Between
groups S s o) 0555
29.23 27 789.37 es S Nitrogen (Tons per
Within groups hectare)
29 1151.79 JS
Total
Lma}jf O
0.27"s 1.36 0.004 2 0.009 Between
groups a3 o) i
0.003 27 0.085 es st e Phosphorus (Tons per
Within groups hectare)
29 0.094 JS
Total
Lma}jf O
0.01%* 5.15 11601.80 2 23203.61 Between
groups N
[ S - " -
225113 27 60780.51 . ’fs g5 Gl 53 05
Within groups  Carbon (Tons per hectare)
29 83984.13 JS
Total

Slagre Sl e NS (o3 0 Oloabl s 55 s pms sl FE oy S Ol gl 3 sl e sl *

*: Significant difference at one percent confidence level, **: Significant difference at 5% confidence level, ns: no significant

difference.
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Continued Table 4.
. e S Sl i e
Sig. F Mean of &3l Sum of .y
Source of variation
square df squares
ooy S o
0.00%** 16.53 592.87 2 1185.75
Between T Zoo e
sroups Sl ;'J‘ L;)U.@_{' gﬁ;ﬁ)ﬂ
Lo S | (123)
35.86 27 968.26 S , . _
Within groups  Soil water holding capacity
(Percent)
29 2154.01 JS
Total

Slsme S e NS 0 Olabl el 3 s e sl T 3 S Oluabl i 53 13 e sl

*: Significant difference at one percent confidence level, **: Significant difference at 5% confidence level, ns: no significant
difference.
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Table 5. The results of the comparison of average soil indices between the three studied species

(o p ima o) (S AU olis | €5
EC (dS/m) pH Species
|3l
0.56° 7.380 4
Acer monspessulanum
Lo
0.35% 7.542 ’
Pistacia atlantica
Sl
0.63 7.50° A

Crataegus azarollus

2230 pluabl o 53l pme gl 5 5m 5 s olas &yline Gy >
Different letters indicate a significant difference at the 5% confidence level
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Table 6. The results of comparing the average indicators of regulating and supporting services
between the three studied species

J"gba- Cleds

Supporting services

godes led

Regulation services

22 ) ety

2 ) S S s S

P s SOl S o b
(s SER (o) (s %55
Potassium Nitrogen (tons Soil water holding Soil carbon Species
(tons per er hectare) capacity (Percent) sequestration (tons per
hectare) P pactty hectare)
13l
a a b a
1.91 13.57 65.51 124.55 Acer
monspessulanum
a“
1.11° 5.39b 73.88* 56.96° '
Pistacia atlantica
Sl
1.87* 7.43% 58.50¢ 83.37% A3

Crataegus azarollus

2253 48 pliaabl e 3 Jls e Sl 3 gy s (a5 Doglize By

Different letters indicate a significant difference at the 5% confidence level.
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sgon 33 Sle y (DCA) ol 1S g3 ks LT s =V s

Table 7. Results of DCA based on two axes

s bl o) oy ol okl S sk BY
Cumulative variance percentage  Special amount Gradient length  Axe
56.56 0.0010 0.38 1
77.29 0.0036 0.22 2
81.71 0.0008 0.15 3
83.79 0.0004 0.14 4

03 g e s S RS Y IS s
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Ll ol 81,1 0Lt ys oS glaaasiin 5 08 5L
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Table 8. The results of the redundancy analysis (RDA) on the indicators of ecosystem services and the
characteristics of the studied species

o bl e o2 ok am 55 bl o5y sl PR
Cumulative variance explanation percentage  Justified variance Eigen value Axe
83.82 83.82 0.1308 1
97.77 13.95 0.0218 2
99.33 1.56 0.0024 3
99.90 0.57 0.0009 4
Q |
Ao .
Crataegus azarilus L.
Canopy Diameter
oC
________________________________________________ 3
Trunk Sprout
Diameter
Acer monspessulanum L. DBH
Fistacia atlantica Desf
© WHC
A
-1.0 1.0

(a2 ks Trunk diameter ct k3 «Canopy diameter W, Height (oo sluas Sptout s il

Figure 2. Distribution chart of ecosystem service indicators in relation to the quantitative
characteristics of the studied species. (DBH: diameter at breast height, Sptout: number of banches,
Height: tree height, Canopy diameter: crown diameter and Trunk diameter: trunk collar diameter)
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