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Table 1. Climatic, physiographic, and refforestation characteristics of the Study Sites
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Figure 1. The location of the study areas in Iran and Ilam Province
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Table 2- Result of the three- way General Linear Model (GLM) of soil physical properties (Bold numbers

indicate a significant difference at the 5% level)

o o
Sand Clay
Gl sne o F Sl o Sl Gl smn o F Sl e xSl 4> kS e
P-value Mean squares P-value Mean squares sslsl
df
1.000 0.000 0.000 1.000 0.000 0.000 1 ailae
Region
0.307 1.078 19.600 0.119 2.560 36.100 1 o
Age
0.007 8.369 152.100 0.002 11.348 160.000 1 St Ges
Soil Depth
0.342 0.930 16.900 0.247 1.390 19.600 1 e X adlate
Region x Age
0.464 0.550 10.000 0.933 0.007 0.100 1 S Ges x dikise
Region x Soil Depth
0.380 0.792 14.400 0.406 0.709 10.000 1 S Gas X
Age x Soil Depth
0.825 0.050 0.900 0.282 1.199 16.900 1 S Gas Xy X aibaie
Region x Age % Soil Depth
18.175 14.100 32 Lo
Error
s AL J& e
Bulk density (BD) Silt
o3 mn o F Sl Sl o3 nn el F Sl Sl >3
P-value Mean squares P-value Mean squares sslsl
df
0.524 0.414 0.041 1.000 0.000 0.000 1 dilaa
Region
0.003 10.686 1.056 0.092 3.016 12.100 1 o
Age
0.000 27.990 2.767 0.639 0.224 0.900 1 Sl Ges
Soil Depth
0.720 0.131 0.013 0.165 2.019 8.100 1 oy X aibate
Region x Age
0.544 0.376 0.37 0.165 2.019 8.100 1 St Gas x aikise

Region x Soil Depth



0.550

0.364 0.036

0.067 3.589 14.400 1 St Ges X
Age x Soil Depth
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Region x Age x Soil Depth
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df
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Age
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Soil Depth
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Region x Age
0.219 1.571 20.306 1 S Ges x dikis
Region x Soil Depth
0.289 1.161 15.006 1 S Ges X
Age x Soil Depth
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Region x Age x Soil Depth
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Figure 2. Compare mean = standard error of soil physical properties
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Table 3- Result of the three- way General Linear Model (GLM) of soil chemical properties and Soil Quality
Index (SQI) (Bold numbers indicate a significant difference at the 5% level)

S el pH
Electrical Conductivity (EC)
I3 sne o F Sl o SKle Gl re plan F Sl e Sl a3 S kS e
P-value Mean squares P-value Mean squares  csl;i
df
0.227 1.515 250.000 0.272 1.248 0.031 1 aikaie
Region
0.000 52.742 8702.500 0.544 0.377 0.009 1 o
Age
0.000 52.742 8702.500 0.000 70.933 1.751 1 Sl Ges
Soil Depth
0.395 0.742 122.500 0.281 1.203 0.030 1 o X ailaie
Region x Age
0.714 0.136 22.500 0.107 2.757 0.068 1 S Ges x dikie
Region x Soil Depth
0.149 2.182 360.000 0.377 0.802 0.020 1 St Ges X
Age x Soil Depth
0.227 1.515 250.000 0.075 3.391 0.084 1 St Ges Xy x adkaie
Region x Age x Soil Depth
165.000 0.025 32 o
Error
U 053 S T e
Total Nitrogen Soil Organic Carbon (SOC)
Sols e o F Slupe pSKle (Gl xe mlan F Sla o ke wrd
P-value Mean squares P-value Mean squares  csl;i
df
0.013 6.840 0.132 0.678 0.176 0.043 1 aibaie
Region
0.000 45.624 0.882 0.000 185.050 45.135 1 o
Age
0.000 22.163 0.428 0.000 46.546 11.353 1 S Ges
Soil Depth
0.116 2.607 0.050 0.773 0.085 0.021 1 o X dilate
Region x Age
0.605 0.274 0.005 0.450 0.585 0.143 1 Sbt Ges x aikie
Region x Soil Depth
0.003 10.577 0.204 0.000 24.530 5.983 1 S Ges X
Age x Soil Depth
0.382 0.787 0.015 0.701 0.150 0.37 1 S Ges Xy x adbaie
Region x Age x Soil Depth
0.019 0.244 32 last
Error
o 6 sy o s
Available potassium (K) Available phosphorus (P)
Sol> s Ck—“ F Sl e Sle Sols gae c’ﬁw F Sla e Kl s
P-value Mean squares P-value Mean squares  csl;i
df
0.003 9.943 74822.500 0.000 19.831 406.406 1 dilaa
Region
0.000 60.574 455822.500 0.167 2.001 41.006 1 -
Age
0.000 108.699  817960.000 0.000 17.420 357.006 1 S Ges
Soil Depth
0.398 0.734 5522.500 0.036 4.765 97.656 1 o X adlate
Region x Age
0.267 1.277 9610.000 0.081 3.235 66.306 1 Sbt Ges x aidaie
Region x Soil Depth
0.005 9.155 68890.000 0.076 3.362 68.906 1 St Ges X
Age x Soil Depth
0.745 0.108 810.000 0.000 16.842 345.156 1 S Ges Xy X adbaie

Region x Age x Soil Depth



7525.000 20.494 32 Uas

Error
Skt ciS arls Sal
Soil Quality Index (SQI) Lime
o3 e o F Slae 5Sle ol e e F o
P-value Mean squares P-value Mean squares  ¢l;i
df
0.001 12.322 0.019 0.168 1.987 16.577 1 dilaa
Region
0.000 22.856 0.035 0.000 19.016 158.603 1 o
Age
0.000 51.740 0.078 0.413 0.688 5.738 1 S Ges
Soil Depth
0.653 0.206 0.000 0.425 0.652 5.439 1 o X dilte
Region x Age
0.082 3.226 0.005 0.205 1.676 13.983 1 S Ges x aibie
Region x Soil Depth
0.003 10.602 0.016 0.980 0.001 0.005 1 S Gas X
Age x Soil Depth
0.324 1.005 0.002 0.647 0214 1.785 1 S Gas Xy X aibaie
Region x Age x Soil Depth
0.002 8.341 32 e
Error
E0-10cm B10-20 cm 8 - BE0-10cm BA10-20 cm
200 -
a a
ab
% 180 | ER
T
_ R 160 - g &
E 7 71
s3I f 2
2 8140 1 f -
O . = F
% &
3 120 ~ ;’ 2
,'{0 ». E‘ﬁ
4, 3 & 23 3 S
~ 100 +—= — — == 6
20 Years
alysoe Slis-deonss @l e S douss
Mediterranean Semi-arid Mediterranean Semi-arid
1 A B0-10 cm @10-20 cm 5 - @0-10cm @10-20 cm
a a a
i J wr
b : ;
| l % g
1 0.6 . %3 i %
EN e ue ‘= o o
z 3 4 g0 5 i
X 204 - K F A D | 525 &
Ay ;§ R N Vv 2 ag _%
3 cd & F S 3 c ¥
~ & & > )
cd 3 % 3 ‘¢ 13 g
0.2 - - § 1 - B
o 2 £ =
O - | S . S I S5 | S 0 - | oo i =
20 Years ‘ 30 Years | 20 Years ‘ 30 Years 20 Years | 30 Years | 20 Years ‘ 30 Years
@l e Slis-deonss al e S dons
Mediterranean Semi-arid Mediterranean Semi-arid




#0-10 cm B10-20 cm B0-10cm @10-20 cm

W
(=)
]

900 - a

]
[«
(]
|
N
o
L
o

~

P (mg kg)
o

(0 F5hS 0 o5 Shoo) i

K (mg kg')
(PSS & ei&w oy
(e}

o

(%)

(=3

S
I

e

B

- |
100 +—* = = = 0 = ‘ — A1
20 Years | 30 Years | 20 Years | 30 Years 20 Years | 30 Years | 20 Years | 30 Years
PHCORW Sidoss alhoe S dos
Mediterranean Semi-arid Mediterranean Semi-arid
1 - E0-10 cm @10-20 cm 16 - a @0-10 cm @10-20 cm
a abc
0.8 [-
b 1 2 _

~
o
o

(0o,0) Sal
o
|

% Lime

B R 1

i
S
.§:
5..
%
2
%
%

B e o PR LR 1Y

&
;3
&

B

g 3

e o
s *
2 3
5 3

: =

R

o

o=

o

o

5

’n'q

&

e

=

-,

0 Bl | 4 =

. o 0 B ,:.f: = \ S | - - \ -'_Z: X
20 Years ‘ 30 Years | 20 Years | 30 Years

20 Years | 30 Years | 20 Years | 30 Years

alyiae S deys alyae S deys

Mediterranean Semi-arid Mediterranean Semi-arid

S kS 5 plerd G S50 sl ot Sl dmlin - ¥ IS

Figure 3. Compare mean + standard error of soil chemical properties and Soil Quality Index
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Table 4- Pearson correlation of soil physical, chemiacal and Quality Index. ** indicates significance at

0.01 level and * indicates significance at 0.05 level, ns means no significant difference.
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Figure 4: Principal component analysis (PCA) of soil physical, chemiacal and Quality Index. BD: Bulk

Density, WC: Water Content, EC: Electrical Conductivity, SOC: Soil Organic Carbon, N:Total nitrogen, P:
Phosphorus, K: Potassium, Lime: Calcium Carbonate, SQI: Soil Quality Index.
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Abstract
Background and Objective:

Pinus eldarica Medw. plantations influence physical and chemical soil properties and soil quality indices,
although these effects vary with climate, plantation age, and soil depth. This study aimed to investigate the
short-term (20-year) and medium-term (30-year) impacts of P. eldarica afforestation on soil characteristics.

Materials and Methods:

Based on the Demarton index, representative semi-arid and Mediterranean climate zones in Ilam Province
were selected. Within each zone, 20- and 30-year-old P. eldarica plantations were studied. Soil samples
were collected in a completely randomized design from two depths (0—10 cm and 10-20 cm) with five
replicates per treatment. Data were analyzed using three-way analysis of variance (GLM) in a factorial
arrangement to assess treatment effects and interactions on physical (soil texture, bulk density, moisture)
and chemical (pH, electrical conductivity, organic carbon, total nitrogen, available phosphorus, available
potassium, lime) properties and the soil quality index. Mean comparisons were performed using Duncan’s
test at P < 0.05. Principal component analysis (PCA) was used to examine relationships among soil
variables and patterns of variation across treatments.

Results:

Soil depth significantly influenced clay, sand, moisture, and bulk density. Climate significantly affected
soil moisture, while plantation age significantly affected moisture and bulk density, with moisture in 30-
year-old stands being approximately 1.5 times higher than in 20-year-old stands. Climate also significantly
affected total nitrogen, available phosphorus, available potassium, and the soil quality index. Stand age and
soil depth significantly influenced most chemical properties. The age x depth interaction significantly
affected organic carbon, total nitrogen, available potassium, and the soil quality index. In the surface layer
(0-10 cm), 30-year-old stands exhibited 3.0-3.5 times higher organic carbon, 2.5-3.0 times higher total
nitrogen, 1.5-1.8 times higher available potassium, and 1.14—1.15 times higher soil quality index, along
with lower electrical conductivity compared to 20-year-old stands, with differences evident in both semi-
arid and Mediterranean zones.

Conclusion:

Afforestation with the non-native Pinus eldarica in degraded lands can contribute to soil conservation,
water retention, carbon storage, and landscape rehabilitation. Although soil quality improved more
significantly under Mediterranean conditions, due to higher organic inputs, favorable climate, and greater
water-holding capacity, older stands in semi-arid regions also showed gradual improvement in key
properties. These stands enhanced soil stability under water-limited conditions by increasing carbon and
nitrogen content and reducing salinity. Continued afforestation programs using non-native pines should be
accompanied by long-term monitoring and rigorous comparison with native species to ensure meaningful
contributions to sustainable natural resource management and the restoration of ecological balance in
vulnerable ecosystems.

Keywords: Climate, [lam Province, Plantation, Soil depth, Zagros forests.
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