10.22034/ijf.2025.556563.2082 «(DOI) Jluzus awles ol pl S ozl o)l JKiz dloxe
ﬂ @® ccBY4.0 Voo sy oV 8 ,lads qepocme Jlo

VAY-134 o

ol .,ij:_—* et ‘5‘“"@’)‘4 4”.&0

SLIKS CusliCuwd ((redgs (duejpj ()5 2D )0 S g Sisg (ommd pew Jalod
S pp

A 1 .n.wsf‘sm"\»l"#\’gf ... w‘\...“l &?u

Ol sl sl rmb i 5 (55,5l pole olSils (JSiz iz g pole 05,8 0l (wlid S (ggzeils’
Il el )l (sxenb i 5 55,5LAS pole olStils Rz puige 5 pole 09,8 Sl
Oledl ((Fa555 (S5 sS olStils calaine 3blio slo JSiz ulidpg 5 olid Kz 09,5 (ot Sigy”
Il el )l (sxenbs i 5 55,5laS pole olKtils Stz udige 5 pole 09,8 okl

OF S QYT 5y g, OV FF/ ANY il &)

RN

e 5 S aleerd 5 (Su5d oSy S5 4 0 S Gl 5 Sl (S5 GlaptacnsST 10 ) O (e nte i S idesdio
oy slagSllogls 18 SLuil odlBlas g aigS ol )..;L o il o Sloe 5 il o cilSass Gloodgs ;o al aluly 25,0 il g4
Sl 5 e yobie L5 ) S S B 9 Sl 5o | il lodisT a8l ar sl S b Sglite el (s 5
Sl (Rl g ass 1 (e S e sl laslis ol (plelid gyl sl aisS (oo lml S S ol 53 (Solite sl BTg5le «Su3ls 85T
S g BlS s 8355 s SUS (1, 6,058 5 S s 5 (Sab (sla Sy comed o oo s b 520 gy s Conmt 15
JX> o (Cupressus sempervirens L.) -3 o (Quercus castaneifolia C.AMey.) g3loaly (dlnus subcordata C.A.Mey.) o
28 ol olple il WS (s - o5

=Y G 5l S ladsgas 5 ol ool Slei Bolas (g, 4 e VoxTe slal b digas aslad Ve o 51 S 0 50 b gigy g g
Colaa PH Jolds pleors sla Shg 5 ool S8z 5 S il slizl aoys wtugh) aoyo Jold (K58 slo Shg b cloy o il
b e st 6o pyial 5 Sl ClE S i BB anliy e BB i (S 555 4y 1 T ()5 00 o2 55
54 Sy (il ls Ay ool (slacygesT 5l ool b Loosls . drslons (6,15 ptigad Gos 5 6,0l IS o ST S doys ol 5 SB S
ol Jelowigds ;28 R 130 3 ) (oond ot Jelows

D g 8355 0 SLa Cash, o)l 052y alizes sloosss o S o Ty o p olee ) sire Dl a5 ols ol s asdly
Frogilas yo )8 VIAY) Jlade o iy (5 8055 50 5,0l (JBa a5 Il y0 (000 FYIFY (1 55lo) 05y ;500 8355 98 5l L (610 Gine jsboas
5 e P2 VY sy oSS 5 n V4 IFT) St 7t polin ) (5 5055 SIS lmrds (slasing 3 5 ol | (cans
9 ST (T 025 i ol i 1y polin i iy (s engs 83559 pasisel 5 JS i o Jloyo o3t eamlS 5 0,555
L OV Y 5 5 LS )5 sy ki (ppizmad -t odnlice osgs oo 6,be] o sino Sislis Lol ey e duoys PIAA B Y/EY oy Lnosys
i iilye g a8 ol oLt Lol sloailge Lo gl ot ssalive baoss (oo s ybel Sl sine sl Lol ccedls i i o o3 VY/YY
i gla S5s (asls s Jgl dilge 000, Cpuwsd |, Wools US il ly 5l aoys VYIAA (T 0518 5 oSyl gl ety e pind Lol
0175 sty 8 (st Sl 5 Sl 85 CBIS St Fhaerad pasisal 5 (595 sl b ol pgs Al b lolid (25 5l 5
O 1y S e Sl 000 A0 Sgu 5 Sl LI plerd (1o e o (D (S5 8395 50 (oo ot Sl il Sl
55 giloasl 535 55l a5 LD i (S e G5 Lol (o A0 ) 05,508 51 i liss (sl e 5355 59 S
WIS 2 o G 53 (oot (Sl piite 4y S (30,0 0F) (i (ooF i (S5 Sloeiie o5 (5 9k 1390 oo oaline Jglite
2 Gl G Sl 5 58 000 5 (Sl cbie (IS psiisel sz 2l T o Sl Gl aige pl gl (slaasdly 1 S Az
SLaS g 5 e Gk 5ol oo 0t SRz 4555 g9 45 olo Lt gy ul bl )l S (05 (s5lwe 35 5 (sl (Al
= Sabiie slagjlw b calidis slaaiss ol (nl p iy 03, S 005 833 9 b o 1) (Sglite (slojmne S (S5 5 (oloosd
Gl e 58], Wl o wublS Cass slaoog 1o S alitadisn ko § calio 155 S 5 DRIl iy )58 o 5B S 5>
il G5 e laKiz 5 eldl i Sl Sl g 08 858 Sod b (sl

S ol 5 (S5 G Sy (wbly (o moew ol i (JKiz S 05 obg 1gudS sWroly

s_m_hodjati@yahoo.com : J.«! SVYYAARTNY :oles 3 L Jginno b g *



VAY VAR B VAT i VPO il Y 5l iz Jlo ol SIS ezl () i e

s Sl i 2 0SS o bl 5 S
Pl 5 yaS ey Ly T 0lgo 8525 5 (29,500
SLs 51 COz s3lwslyl aylyd ass 10 90,5
Smboe Gl S 8,38 Cndyl g LS
ises b w51y glaSls i o (Gerke, 2022)
FE A5 48 oS (e bl s aed
Pl ez o oS i jlasl coles e JTolge
sle Sis 0958l (Kooch et al., 2012) s )ls o
5 S Ay s gl S kg S
Jedodss G i gladisS .l L3S 51 S oS
5 I s dyjo sy (S Y CohS s Sl
S 8BS ln (Folite Ll sl slagSdl
L S slaosy (S joban oS o0 ol p
(AT olgms g s A 5 5558 S Y Wy
O 9 (1 Bols Gralidl gl (g it b b
Jdoan S gigw rosg a5 Jb o wijls S
U StV & S 5 S 38 sl
Sl 8,53 5 S kS Spugy 5 5
Kooch et al., 2012; Asghari et ) a2 o lis
.@al., 2023

® @i Sloiagh Eadge Cuenl 4 dzgi b
S 0S5 8238 1 S o S Sl (ogas
48,5 Lol CilS e 5 xpeb clrosgs yo S
ol Patou et al. (2025) yiogim Jlio gl .ol
i S sl S (6,15 oo laosgs jo as ol
PH casilog ) bl o5 103,10 12,5 8033 )0 sogee
ool s lanly 5 o (Jare Ceps 2 aS EC
Yaghoubi sis et al. (2025) slbadl .a5,1a5 3
S olerd 5 (o5 la Ty & wasoe Gl
2 oS Sl 5053 s p s pSetir 3L
i, <ol s a1 45 g sbay wils S
SIS 3 i OleS s (o 5 (v iibe
S 83 (6lp syt oyl (ST olsa g Cogh,
RO AP PRIV RS
5 S Csb) 35 L 5 adlate e Bl S50

doddo
sl Ml (=585 5l el s
clale iolidl g cul ol )8 aorecu
D9l g0 (o) Slod Lioli8l g slaillS 3 apais
Smith et al., 2016; Legg, 2021; Osabohien et )
S 59 Heed olaasly als, pl .., 2019
5 ol o ool 595 2lsme] slass
, (Zhang et al., 2025) s Js g g ; s o]
5 iz 00> wols 0,5, L b K> (b (5l
GalS )0 (rb Slaadlie (n Frete 5l )5 8>S
99 g 4O 6‘4_;19}.15 (_gl.fb)’lf cdale u....mlf 6‘)‘.’
Gk ol el el ST ls sgg Jal 0, S5,
Slasspl dawgi 9 655 Brman ;0 p9rad o
L S ol cdib Gl Sl g pdmaaas
S S slaylSg5l g Lags jslid 5l (65050 e
aS wlosls ylis o e .(Sheikh et al., 2009)
Gl A s Jgona jbds (2)S (e Cugls
algs oo g 04l (6,eS A e bl Lil ki
dga> L |, o8l Slex Blanl 4 olows 45
Olee yo (Gren et al., 2016) s jals a0 e
2 8o i Lo 5oz (( Sis lapiusS]
S Ll SLs g assS o Linl ()5 85 2
$ilwo g3 o938l g oo aSLL (05 (5P
39 (et e S ) B,k 5l S S
Lao gl p aS s sbas ol Ha il 4 CO, cissb
o S slaco o A LY. sgas aas oo ol
5 —md sl S5y .(Naderi et al., 2022)
S soke PH 2l cush, aox 5l S olaords
Slm S oy o uuls 2 5,0l JBs
Ghimirey et al., 2025;) &,lo 0,5 Lasl b o 3
S i polie a5 olaSs (Das et al., 2025

Lo ol Pl e Wyl Cugby g ‘5” solo



@Sﬁméﬁduﬁwwwbd&oogwjﬁ}w;éﬁé)osjb6&§k5w&w&§lyﬁ YAD

Obzren (il s slaodgs )56 ,50 Cud,b

s s 5,150 380 SleMbl 3g0S ] dgaxe
Cdyb o S oler i 5 b sla Sy
Crbae ot (—igh N Sy Ajeds oS 850
S S pre—al 5 Lo ol <8 Wil oo a5 cul
I8 U cou | 6,08 slaaslp e oo
Slogas ol mpw ol (o) (plplo amo
S 9= (=S (Silwomd ]80S
5 Syl Glp olive Wlg oo oS Cul AL
RS e (g )0yl Jegh (oelal aen
g S oloni g (S5 IS S sla S5
S 8y 0 Ll e ot el imen
= g cgileaidy cillcws slaosys S
o=l o .b)"éﬁs‘s S e sl Ko 0 )i g
Trbe g o=l Gl ool a8 g0 b,
55U ol 5l cslS s aliste glaaisS ) g o
slasSI S ol 5 So5d sla Shs
ol_>r_>1 U")—f Lg)‘..\_.{lg: 9 Lg)’Lua).::}.S e ‘S:SLM
A o (5 yiion 51 (posigal g (359, ¢ T
P (eplh J&s 5 cdl wil) (S5d sla Sy
.qj)lo il grodgy S )8 8,50 s

o 09, 9 olge
$3y9iS pole olSsils iy, — g0l JSix
Ol 53 @Bly ISl - (g5l (b molio
Ohgiy ddhie Glaisan (lhuijle pliwl 55,505k
o Sy b S ol () JS0) ol ol
Loy bdlm> Job 80gume ;o LS YPVY
vEOYY L vl YA bl oc °aY 't
AVA 5 VYA cyes by pelans 51 ailate lis )| ol 1,3
ol ;xe 200 00 BVY o ool o 5 e
359l yio o VO L Ve a¥le Swi)l (Xl

o5 it cmnlin lagonn s el p 2alS
(2025) iz o 03,5 81,5 008 (5l 5
5 UKz (90,5 6,33 8,L,0 995 umgh ,o Xu et al.
S 0los S 0SS e dl ,ss L2alS slas ol
2 oot b K sl LS s S sla g
S s Lmodss 3 WDl (S 53 oS
b 2 1y 3 et JT sole jlaia 5 S5 il
S mite 5 medS (97 s polie cdale g i)l ()5
Ol e Game — N olS 5 LSas 5
SLe s, 9 PH Sl 05800 (025 6,880k
AU il 35 Gy 5 b (e Sy p
5,0, Suwethaasri et al. (2025) .o ls pudi s
SLadSaz 0,5 5,35 5 035555 » bl i 5T
oyl g Lo Dl ot jmyg38l a5 30 7 155 i
)l 518 6olwb 3 (ee 5l 58 S la S
bl il s cLmodsi o 45 ol oLt gl
1y g ilo i ool b T soke o 5 S
T S cagb, pH a5 Jb 0 s oo SO
S (oo S5 ) (28t Blge A5 2 g ad Jass
aS adlesls Hlis gousin sl yiogh u—icred
o550 58 sla Sy 9 (pLS by LSle
sile (2legsls Hma> 5 PH ol of9a) S
Sz 07 )k 0 ot H (ke g S
Pan et al., ) & lo 2,5 8,33 polas g b Kz (2,5
.(2024; Nobakht et al., 2011
=S plpsa— Loz (IS jsba
3 O Ll b oo 85 Sl slap 5 jlups
Slysti hoss )3 (oot e o025 S3lwo S
Olee o=l 5o a0l ey e gl 5 (ool
15 e lS s sl mosgs sl 5 g L_SiKix
5 Slanwgi (solaidl Glaal b SIS o sl >
ol 6l aeT) 5 g Sal) Gl e |, JSo 5L
Ceanl 3925 b ol 15 Liide 55 S5 5,8 6,5
it 8150 a8 Salnil slaimgh cggog0 (pl oL
PSS ler by b sla Shy e 9



CilS s (LS 809 A idgi— )
345 (o5 9 (B $Bwss g5leatds (slaaiss)
(PSS QeSS bl b e g 5000 &gl
Syl 5o @8ly i dls H8 (b pae 5 el
L g ,LSe 0 sga> 00g8 o . 2dals bl £ g Ve
VWWPOVYEP sl Jlw jo (2 ¥V x ¥V culls alols

(Asadi et al, 2021) &loa——& a_alS

Gloss lass Jols el S (o g ond

G0 (e Sapmdty CEL b (A gy 5 oniians
Balue) ¢l o5 (62333985 9 o g8l YV VY-
Sl ailaie g ie B b (et al., 2023
—ol3T el yoe = ezl Jod 5 omb Aol =y
3 ity = (S il bl
b Sla o5 ol L]y =098 8 5 Glidiox]
3l oz Gl (Slados oy iy g (S

N

W

S

7 I0 . 706090 . 710090

(=] o
o 2 o
<k re
~ ~
< L
(=] =]
< <
o’ o
(= o
Q] re
[ )
< | | <
Q =}
< <
o’ o
(=] =3
=& re
(2] T T T T T [<2]
S 702000 706000 710000 8
< <
0 9 2 4 6 8
Kilometers

g dilae L5k 1) US4
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Table 1. Values (mean + standard error) of soil properties in the studied stands (Different lowercase letters
indicate significant differences at the 5% level based on Tukey’s test)

0l oy 2 LgLasoo}';

S b S &bl  Ddle Studied Stands
Soil properties Abbreviation ) Sl swss glecly
Italian cypress Caucasian alder  Chestnut-Leaved oak
Moisture (%) - 31.4+1.18° 42.47+2.1°2 35.17+0.96°
Bulk density (g cm™) BD 1.87+0.06* 1.64+0.04° 1.66+0.07°
Clay (%) - 19.79+1.828 22.08+1.622 22.29+1.012
Sand (%) - 41.61+£3.42 32.45+3.192 32.94+2.912
Silt (%) - 38.61+£2.392 45.47+2.02* 44.76+2.48°
Soil reaction pH 6.27+0.1° 6.21+0.13% 5.74+0.07°
Electrical conductivity (ds.m™) EC 0.54+0.04* 0.41£0.01° 0.36+0.02°
Ca (mg kg™") Ca 2.35+0.74* 0.75+0.26° 1.15+0.42%
OC (%) oC 3.88+0.54° 3.5+0.25° 3.47+0.27
N (%) N 0.26+0.01° 0.32+0.01° 0.24+0.01b
P (mg kg'!) P 10.42+1.7° 3.32+0.39° 3.08+0.29°
K (mg kg™ K 608.7+41.02° 402.18+£19.94° 405.7+£19.65°
Nitrate (mg kg™) Nit 182.73+38.01° 196.45+12.59? 69.43+17.72°
Ammonium (mg kg™!) Ammo 0.56+0.03° 1.84+0.522 0.66+0.04°
C.Seq (tCha™) C.Seq 72.27+10.7% 57.07+3.852 57.4544.65*

odd o) S sla Sy ol slaadlie (uib)ls g oy (5] polie - ¥ oo
Table 2. The Eigenvalues and explained variance for each principal component of soil properties

adlge 59 83l AL obly ey oS ilyly do )y
Components Eigenvalues % of Variance Cumulative %
1 5.33 35.52 35.52
2 2.42 16.16 51.68
3 1.99 13.27 64.95
4 1.34 8.93 73.88
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Table 3. Correlation coefficients of the studied variables with the principal components
. c. ladlze
SE gl s
. . Components
Soil properties I 3
Moisture (%) -0.241ms 0.805%*
BD (g cm-3) 0.436* -0.155™
Clay (%) -0.626%* -0.289 ™
Sand (%) 0.796** 0.076™
Silt (%) -0.705%* 0.075
pH 0.178 "¢ 0.377*
EC (ds.m-1) 0.785%* 0.089
Ca (mgkg™) 0.635%* -0.024 s
0C (%) 0.726%* 0.263™
N (%) -0.197m 0.757%*
P (mg kg™) 0.847%* 0.175"
K (mg kg 0.716%* -0.084
Nit (mg kg™ 0.1381 0.290™
Ammo (mg kg'!) -0.074 s 0.844%*
C.Seq (tCha™) 0.827** 0.171ns
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Figure 2. Principal component analysis (PCA) results of soil properties in the studied stands
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Figure 3. Relative importance of variables in explaining changes in soil carbon sequestration in the studied
populations
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Abstract

Introduction: Forest soils are among the most important carbon reservoirs in terrestrial ecosystems, and their carbon storage
is influenced by soil physical and chemical properties as well as tree species composition. In planted forests, where stand
structure and function are influenced by species selection and management practices, soil carbon dynamics may differ from
those in natural forests. Different tree species influence soil carbon dynamics through variations in litter production, root
quality, nutrient cycling, and ecophysiological processes. Understanding these differences is important for species-based
management and improving soil carbon storage. This study aimed to analyze the relative contributions of physical and
chemical soil properties to soil carbon sequestration in stands of Caucasian alder (Alnus subcordata C.A.Mey.), chestnut-
leaved oak (Quercus castaneifolia C.A.Mey.), and Mediterranean cypress (Cupressus sempervirens L.) in the Darabkola
educational-research forest, Mazandaran Province, northern Iran.

Materials and Methods: In each stand, ten 20 x 20 m plots were established using a systematic random sampling design.
Soil samples were collected from a depth of 020 cm. Physical soil properties included moisture content, texture, and bulk
density, while chemical soil properties included pH, electrical conductivity (EC), organic carbon, total nitrogen, phosphorus,
potassium, calcium, nitrate, and ammonium. Soil carbon sequestration was calculated based on soil organic carbon content,
bulk density, and sampling depth. The data were analyzed using analysis of variance (ANOVA), principal component
analysis (PCA), variance partitioning with the rdacca.hp package, and partial least squares regression (PLSR) in R.

Results: The results revealed significant differences in several soil properties among the three forest stands. Soil moisture was
significantly higher in the A. subcordata stand (mean: 42.47%) than in the other two stands, whereas bulk density was highest in
the C. sempervirens stand (1.87 g cm™). Regarding chemical properties, the soil in the cypress stand had higher phosphorus
(10.42 mg kg™), potassium (608.7 mg kg™"), and calcium levels, whereas total nitrogen and ammonium concentrations were
highest in the Caucasian alder stand. Soil organic carbon (SOC) content ranged from 3.47% to 3.88%, with no significant
differences among stands, while soil carbon sequestration estimates ranged from 57.07 to 72.27 t ha™'. The first four principal
components explained 73.88% of the total variance. The first principal component (PC1) was strongly associated with
phosphorus, potassium, EC, and SOC, whereas the second component (PC2) was associated with soil moisture, nitrogen, and
ammonium. Variance partitioning indicated that chemical variables accounted for approximately 95% of the explained variation
in soil carbon sequestration in the A. subcordata stand. In the C. sempervirens stand, chemical variables accounted for 80% of
the variation, although physical properties also contributed. In contrast, the Q. castaneifolia stand exhibited a different pattern,
with physical variables accounting for a slightly greater proportion (56%) of the variation in soil carbon sequestration than
chemical variables. PLSR identified ammonium, SOC, and EC as the most influential variables in the 4. subcordata stand; sand,
SOC, and silt in the Q. castaneifolia stand; and SOC, EC, and phosphorus in the C. sempervirens stand.

Conclusion: The findings highlight differences in the relative contributions of soil physical and chemical properties to soil
carbon sequestration among the three planted forest stands. Soil properties, including ammonium, SOC, EC, and soil texture,
were among the variables most strongly associated with variation in carbon sequestration, although their relative importance
differed among stands. These findings further suggest that planted tree species may influence soil carbon storage through
their associations with soil properties. Considering species-specific soil characteristics in forest management, alongside
further research on biological processes, mixed-species stands, deeper soil layers, and temporal changes, may help improve
understanding of soil carbon dynamics and support strategies to enhance soil carbon storage in the Hyrcanian forests.

Keywords: Climate change, Forest soil carbon dynamics, Soil physical and chemical properties, Variance partitioning.
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