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Avrticle Info ABSTRACT

Article type: Background and Objectives: Pinus eldarica Medw. plantations influence
Full Length Research Paper  physical and chemical soil properties and soil quality indices, although
these effects vary with climate, plantation age, and soil depth. This study

Article history: aimed to investigate the short-term (20-year) and medium-term (30-year)

Received: 11.01.2025 impacts of P. eldarica afforestation on soil characteristics.
Revised: 12.14.2025 . . .
Accepted: 12.14.2025 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
Keywords: studied. Soil samples were collected in a completely randomized design

Climate, from two depths (0-10 cm and 10-20 cm) with five replicates per
Ilam Province, . . :

Plantation, treatment. Data were analyzed using three-way analysis of variance (GLM)
Soil depth, in a factorial arrangement to assess treatment effects and interactions on
Zagros forests 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 c¢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.
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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.
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Figure 1. The location of the study areas in Iran and Ilam Province.
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Table 1. Climatic, physiographic, and refforestation characteristics of the Study Sites.

s 18 1& 7 3
y2omE Ae 258 g
%8 3§ 3§ ME SE %Y g
D E =~ 8 3 8 3 £ = - £ = & ©
8 bE bg o33 b8 i oWy AL ds
3 5 3 g 3 e 3 & ol 3 8 v < ©
'7‘; g "-(3 = T‘f) S = — w 3 g —~
< wE wE 15 3 =<9
< N N g 2
g <
g > s
b s
17.2 37.7 1.2 654 1500 <10 28 (lelze) N
Semi-humid Sarab
(Mediterranean)
N ey
21.4 44.1 26 387 950 <10 15
Semi-arid Lomar
ol ey iy a8 Al Sl eslanad 5 pslhL &S (SKistans 5 alnde) Sglate alil aiks
Slas 863 O grlonS] Josy a0 S S (S 4500 S L ALY 5T adi S K 055 ilane a
b Sl IS iy 4 JS 030,50 Ol 25 5 ol 3 pMSa ps i bl s sy S
Luv\?-‘_}.:l:e Mtﬁ JFL&LZS/JJ dj:.w‘]:.:.’; (.)":1-5) {L.pl.‘!M)db)bcuﬂ)‘)\;gl?-dudu}wcueﬁj
ol 5 PH=V L o5 pol il b (6 S0 lae S0V Ges sn 5l sl O s (453 20 S
SSeslas L sl e, ol LB e 03« JosSb Cfb B s 5 e mle VoY
Ao PH L PH ey oSl 5 i Ol S S S sbadisal s S ag VEeE Okl
ﬂ)ﬁ‘@é,ﬁ‘ﬁg‘-’@)(gT\@Y ) 5 St lases glos o islesl & Jlal
L S eSS el (V) Lus 6, Se)lul s 03 g 6t des ¥ SISl 5 ko S e
e 55 5l (MDS) Laosls 8l a5 gazms sl Sk gLl cusb) (g e o) b S il
YUY Ly, sleslinal b 5 S pload 5 (S5 Soa o Sl plal S e 3 s b
A dle (V) Sdeds ;lde:JL.u a5 V00 gl oy sdla i
1 X<L
-|1-09%t ;
N(X)— UL B M)
0.1 X>U
0.1 X<L
MX)=[097=+01 L<X<U zp— 2oy (Y)
1 X>U

\4



VELE € o)l Y 0,90 (S 9 g (65918 9 pole (Sl gy & il

- 0.1 X<L 1
09%L 101 L<X<U
U-L
1-09%L L<X<U
U-L
L 0.1 X>U |

RS0 g Dseh Gl paised sl SQI
S

SQ|= Z?=1 Wi X Ni

s U mls S (S g S
I Sper S ob Ol S (S5 sl S5
D3 bl e bl ol Sbess b Sy
Olssa S Ges (Jol Jalse Ola 55 a0 S
ey Ol 5 M a5 8B S S5
Wl ol A gl S 5 St b
Slosg g 5 Sl by e adie g
DL e s olb JBs 5 b 1 s
(Y ) disls
Gos > & ol 0L LSl el b
S FeS o M 5 Sk (8 Ol S (ke
Ao Yo laes s s Ol pl ol 3 Ges
) 2 e Ol 5l S e
Yo/t 5 VAT 5 5 Sl doys TYIY 4 EY/
ol VoY 50V slaGas 3 oy gl Ao s
Gow s S T e s gl JBo s
ol OLE Gls e S adlis 53 6 g
A o glros g 53 01 e p 5t o gl S
S e Bl e S YN Jlde bl ke adle

L;\AJ\J:{J"‘ ﬁihw DL 6\? g_,_vjb) Q‘J?A LA sdalise

&:’. d‘_).: ol 6}.1§°)U‘" )U\La X AIL L_.:‘j) BLl
slial W a= U sl ol a> L oS S
skl gasslal wl M(X) 5 F(X) N(X) 5

j\%)yémijlﬁﬁpbélﬁ
£)

A Gle 0oy s ek aluld Slxel Wi 0T s &S
SU S Sl Shy e el Ni Sl S
Gl S5 s N 5 e Cosay st as il

el S
Laosls 035 Jlo 3 g2 Sz 0MT Jeboos g 328
or Slr 3 sl —5 S 5al S 0505l
oA A sl O Opesl 5l bl K
sl Gble d‘“ 53 Joosst 6)“
Yos ¥ e o s x (Slstaas 5 4l n)
0 x (el VomYo 5 +2)0) Gas 53 x (dla
S et skt e 8 S bl LSS
5 SLE Ges 5 IS K o cailate Jols Lol
& baw ubyly s 5l Wol blie Sl 50
S s Sns Sle amlis sl s (GLM)
o 53 OSSs lalsdtr 05a51 51 S gl
03lial Y 453 SPSS il 5 s A s 0 Jlazs|
Sl S Dt G B Gl prres A
baadlze SIUT 51 lajles Ol Jails) mns 5 St
2503 PC-ORD 33l 5 3l eslicu L (PCA) Lo

A3 S eslanal 0



O)Sed 5 Glseseild eaoly / ... (Pinus eldarica Medw.) oyl g8 iyl

trwg Al amI s 5 Ol et 5 348
Sloss e e 600 5p8 lan,
L Sk Cusb,y Ol ol ool 5 JKor
2565 PSSl mlaw il 4 Ol
ol sl s Ol Jsb s uﬂ slge 59,9 5 lads,
O IR PVINUEA PN T
(S slas S sl s ol i
el Lpd e glilmde B Ll d s ek se
£yls u.:b;-(,.é s b e sl glaasdl L oaS
Fi o g sl cpl (JS ke (MY Y 0Y)
A S (S sl S s 00 g8 K
S glofa KLyl H\,“SL? adles 3,40 mlﬁ\ 93
LS s Shes 5 letle GG S e Glaos s
A L s S a1 S okl

S oSS e 5 ol glaas

PP 3 35 P e Kitaa adke 4 Sl
WY s Al T glaes s s (s YAVE) Ol
Same bl b 5l S A salie St bk
(M)J \/\/Q') g:,.;jjé) )‘J\.E.ﬂ w“):vs ASLQKJ-)J Jﬁ
3> s St aas aabie dle Yo glres g 5o

(Y 9 Aol ezt
LS s (g5 gauaY ml S L S5
e Y Sl s sl el K
AV by s 568 sl S gl Ypens
s (T slge e S U el pl S dnes
f\'—lﬁ—w LEL"‘&-"‘ S J>J.>J u.:.alj.el 9 s, JJU':“.:‘
ol bl I mll Ky (0A) el
5 s ials s Sk (Seois Sl Ges

Codgdome o g0 Jd‘j.?do«gﬁ,wv\ @r.la_wj) sla 58l

(owsl Aoy 0 ck.w)é)‘}‘;'-m ) A P T | &s,,;;l.ul) S K5 b S @ baw Lully 4 - Jgd>

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).
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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).
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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, chemical and Quality Index. ** indicates significance at 0.01 level
and * indicates significance at 0.05 level, ™ means no significant difference.
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Figure 4. Principal component analysis (PCA) of soil physical, chemiacal and Quality Index. BD:Bulk Density,
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P: Phosphorus, K: Potassium, Lime: Calcium Carbonate, SQI: Soil Quality Index.
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