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Introduction

Shrub covers play a pivotal role in pasture ecosystems, exerting considerable influence on various
biochemical processes that occur within the habitat and surface layers of the soil. Despite their significance, there
is a scarcity of research exploring the impact of different types of shrubs covers on soil properties within pasture
ecosystems. Consequently, this present study was undertaken to address this gap in knowledge and investigate the
effects of shrub cover on soil characteristics specifically within a semi-arid climate, which is known for its delicate
and vulnerable habitats.

Materials and Methods

The implementation of this research involved the consideration of the mountainous region of Kiakola,
Nowshahr city. The current investigation focused on assessing the impact of various shrubs, namely Carpinus
orientalis Miller, Crataegus microphylla C. Koch, Berberis integerrima Bunge, Prunus spinosa L., and Rhamnus
pallasii Fisch. and C. A. Mey, on specific soil properies within the mountainous area of Kiakla, Nowshahr city.
To carry out this research, 15 sites were selected for each of the aforementioned shrub species. Soil samples were
collected from under the canopy of these species, specifically at a depth of 0-10 cm and a surface area of 30 cm x
30 cm. A total of 75 soil samples were then taken to the laboratory for analysis. The samples were divided into
two parts: one part underwent physical and chemical tests after air-drying and passing through a 2 mm sieve, while
the other part was stored at 4 degrees Celsius for biological tests. The presence or absence of significant differences
in soil properties related to the type of shrub cover under investigation was determined using a one-way analysis
of variance test. Principal component analysis (PCA) was utilized to establish the relationship between different
soil characteristics within the studied shrub covers.

Results and Discussion

According to the findings of this investigation, alterations in the shrub species present in the examined pasture
habitat resulted in modifications to the majority of soil quality properties. Nevertheless, no statistically significant
disparity was observed in the quantity of soil organic matter. However, it is worth noting that the quantity of
organic matter in the subsoil of Carpinus species exceeded that of the other examined shrubs. Carpinus and
Crataegus shrubs were associated with the lowest values of bulk density, while the shrubs under investigation had
no significant impact on soil particle density. Furthermore, the subsoil of the Carpinus shrub cover exhibited the
highest values of soil porosity. In the studied area, the most stable soil aggregates were observed beneath the
Carpinus and Rhamnus shrubs. The subsoil of Rhamnus and Carpinus shrubs exhibited the highest and lowest
quantities of sand, respectively. Similarly, the subsoil of Carpinus and Rhamnus displayed the highest and lowest
quantities of clay, respectively. The soil under Rhamnus displayed the highest ratio of CR and MCR indices,
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whereas the subsoil of Carpinus exhibited the lowest values of these indices. Fulvic and humic acids demonstrated
the greatest values beneath the Carpinus, Crataegus, Berberis, Prunus, and Rhamnus shrubs, respectively,
following a comparable pattern. Additionally, the subsoil of Carpinus exhibited the greatest quantity of microbial
ratio, while the soil under Rhamnus displayed the lowest quantity of this characteristic. The outcomes of the
principal component analysis (PCA) revealed that the quantity of organic matter, clay content, fulvic and humic
acids, porosity, and stability of soil aggregate in the soil beneath Carpinus played a significant role in enhancing
the soil microbial ratio of this shrub in comparison to the other shrubs.

Conclusion

The findings of this investigation validate the capability of Carpinus foliage to ensure the conservation of soil
quality indicators on the hilly grasslands of northern Iran. Therefore, it is proposed that restoration efforts be
conducted in the designated region and other areas with similar ecological conditions. Additionally, it is
recommended that special attention be given to the implementation of Carpinus and other indigenous shrub species
to protect soil integrity.
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Figure 1- Location of the studied area in Mazandaran province, North of Iran

S Mg ogy 4 T ey spSoilulcdly Janl olStlel
oy b Jlosle ylude s o (Nelson & Sommers, 1996)
(Alison, 1965; Tan, 2005) YYY¥ 2oy > JI op)S lhade
a55l8 yogy a gyl ogate pi (65503l 5l ol Gy
55 ¢Sy gy 4 ui> ogate py> g (Plaster, 1985)
W dowloee (s g gl jogate py pilie 4 dag L S
5 S gy bl alass ¢l (Blake & Hartge, 1986)
Gee &) jiogyiad gy 5l eolitwl L S cél (Yoder, 1936)

4- Rhamnus pallasii Fisch. and C. A. Mey.
5- Van Bemmelen factor

A dala )T 41323 g (55l el ga g
655 51 G a5l b VA ol bl ¢ iaet opl plodl jalaied
SB sladiges cusldy sly ab Gbesl odd o)lsl (glasus o sl
b yho Gos | SB sladiges @b glad (chas) V2 dold ;5 o
S ylez ) plagle Vo x Yo gaw G 33 5 (st sl Ve
@b 2 gl pj )0 0dd by Sladiges b iy (Wged slez)
g Cadldyy S diges YO gaazme 0 &S gysbods 13 )3 pleal i

1- Crataegus microphylla C. Koch.
2- Berberis integerrima Bunge.
3- Prunus spinosa L.



VoY i olo,5 Y oyled FA als S g T 4,55 YYA

aslllae 3590 (glasss > gla yiibg cov S I odle @l s

opl polie oyt b ja > ols Gl |y ()l dme (glel cglis
b byl 3 a3 g pSojlul j g5 bzl 5 SB- 53 (Shy
@S 15,5 4l (Lai et al., 2016) ;) Ken 5 J S Joske
Iolge lise p (Solie ol 3l Algs o (glamuis y> Caliseo (sladseS
gy psls iagh b galles ax ST cliwly ok 5o a5l atih S
odlo pdlie Lol s ssmline S T osle liue y3 (55l e (5Ll
aalllas 350 (slaas ) o | it o) 655 g6 05 SB > I
Shahpiri, ) (smmas 5,55 L @llae (Y 5V Jgis) Conl odg
Jled yomiio @ilye (glaid 3 sladisS LI b awslis jd (2022
SIS 2 Ol 9 039 (5 50318 (2L Ll slls yg) 455 L
L',,{I S iy &S ol ansly oyl 89 ed R NP P W
e polie wlol cped y.Cuwl BuiSa 50 ¢ ol)les 0 5
Sl jiig plo jl yiio Ho) (glaos )y Giie cos S Jl el
P dasuie pdlie (p oS il 0dgy ddllas 3yge (glasis o

Slgas p g y9) aoxdyd Gzl 5 SB el jogase
Aladlae 550 glas > slaidy &S Jb ) dawy < 4
Rl (p ey MBS SB (Ads jogate pr p ()3
2 cadly 3l ol sy Gl pj SB o4 58 SB Sl
9 oSG b gU 5 S > dasulie ol plie o yieS &S >
wogase p (Y 5 Y Joi) Wb edalie oy dgll
Sy s et 3 iy o0 S S Gl 5 sl
T 3lse lsse s cadly 15 ol B T oole ljee b bl 5
s 3 1y, SB %5 el Shs 51 6yl Sl oo S5 4 5399
oialS 4 e N dlge il @38 dily e 53 Iy b

e ¢ (Wulanningtyas et al., 2021) ¢,all jogase p >
g4 o0 (Schwendenmann et al., 2003) S Jzdoo i3l

Oiwiey ot el gy bl o 5ilub cdllas 5yg0 ddlaie jo
WL baliSs gyl ey cod &) Sy 4y g 55) (glases
Boudjabi &) il S I dlge 5 Ly e 5 ko
(a5 oyl 55 kel Cunds @l 4 495 L (Chenchouni, 2022
o yd gzl pj S e wy g Sl dlge sy Jdoa
SB ol atily (o)l gz il 50 S gyl l5ee o)
SB g bl oy gty (g )55 ol s > (bl 2
Cww) 639 S dasuin L’)ﬁ] )]..\.bl,o u.,)...gf dl)b )91 d&; Cod
Slyide on 1) @b bl Cls SB el ggixe
o Jslis 5 ST oS o 4 ciolss ol ddllan 3,90 (gl >
ol 9 35 s> (idgzl nj SB 4 Blie cuiya o)

(V5 Y Jsiz) 92 055

da, U (CR) Lo G pa3ls Lupes 5 (25050 (OIT, 2002
ol gl s lis ¢ (Bouyoucos, 1962) (wy / cdow + (i)
Kumar) (JTosle + o, / clow + :35) abasly b (MCR) oy Cna
Ll S T elbil oy yslaiods 1 dnles (€t al., 1995
i58)5 )5 oy oV sl S 550 slod cod S sladiges
o /) S 5)0m mpes idislen B0 b ST £y50 s yupes
bl oylas 1S5 )l dus 5 5 bl Ve /) Slad g 5
blsto il gl VPH B ¢ Jlo i Vsl S )18950 Loy o3
BB clod p> el YF Coteds g b 0dj0b (295 4 odal Cawday
dela (150l Slgd Al Jouds yil Sl 02latl b o 2855 )1,8
b Somiytlo 5 i ulp ad L (Shogen aul @)
Vorobeichik, ) ai 55 Seoged sl 5w (ows (gl yalls
$3503l8) 51 Ly « S 9,500 wiaw (1997 Neher et al., 2005;
Brookes ) gl gl oy 5 gy & ()5 (29,50 039555 e
039565 o dbasly 5l o3kl JI opyS s ¢ (et al., 1985
Parkinson & Coleman, ) us asle JI 1,8 4 95 09,

(1991
Woal> (g lof Juloxi g 4y 3205

~B9,55al5 (g3l Algay Loodls (392 Jloyi calpo iyl 1o

5350 ) oo 1 e2lizal b laools uily ly 339 K g g psons
@ doosly (g Jloy Jl plisebl Jgas Lty 285 )15
SB Glisee shdasuio pilie cgles pac b Coles dalllas jolaie
455 oge3l 5l adlles )50 (slazeis > (slaidy e b bl 5
Caz 35 (P < +100) oS3 el adb eolitl 48 by il
46lS" ) lel Julo g 5 5 485 )5y o Sile 5y e
siztan s e Ve 450 SPSS 5ol 5 5l aslizsl | Laosls
Gilises (gladuasetio e blo,| oy 5 opeiio Az 30T plosil (gl
kol glaadie oo dlllae 3)90 (glais ) (sla by > S
cos PC - ORD asby 5 dsls uyle sbyl | (PCA)

8)S 8wy 350 Windows

(Sepd S Shy Loy slol cloasls @l ) Jos
«Sgad p yg) (leid > lapidg cov ST i) g (olewd
Ol adllas 590 ddlate (> 1) o, Kol g iy 4l ()5

AR 0

Sl St S G Shy pb)ly 425§ Jeob @l
S Shy jl ol p Sl (LS Gbgids g9 e
(7 Jgaz) ailioe S5 adllae 3)50



AAR

St ol S 50 S g T By slazis s s U (@eS 9 0903 Sl e

axdllee 590 alhiin 13 S ilisee B Sy oyl Hlof -Y Joua
Table 1- Descriptive statistics of different soil properties in the study area
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95% Confidence Interval for

SB b S Maw Sl e Blpdl Lo ol Moan Jilss JePN
Soil properties Number  Mean Std. Deviation  Std. Error ol ol YU olS Minimum Maximum
Lower Bound  Upper Bound
_“;I ol 75 7.38 3.07 0.35 6.67 8.09 3.68 16.84
Organic matter (%)
$plb ogase p 75 1.29 0.15 0.02 1.25 1.32 1.01 1.65
Bulk density (g cm™3)
R (ogaTe P2 75 2.40 0.23 0.03 2.35 2.45 115 2.88
Particle density (g cm?)
Jbs 75 0.46 0.10 0.01 0.43 0.48 0.15 0.62
Porosity (%)
RPN
T 75 58.49 12.32 1.42 55.65 61.32 33.46 80.74
Aggregate stability (%)
o 75 26.80 6.86 0.79 25.22 28.38 17 41
Sand (%)
ulw 75 40.03 7.71 0.89 38.25 41.80 21 57
Silt (%)
o 75 33.17 6.68 0.77 31.64 34,71 19 48
Clay (%)
CR oasls 75 2.15 0.71 0.08 1.99 2.31 1.08 4.26
CR Index
MCR jasls 75 1.75 0.54 0.06 1.62 1.87 0.91 3.51
MCR Index
o [ 2318 75 072 0.31 0.04 0.65 0.79 0.33 1.62
Sand/Silt Index
‘*’"_’)/ oo 33 75 1.29 0.47 0.05 1.18 1.40 0.47 2.75
Silt/Clay Index
EEPPLIWY
Fulvic acid (mg 100 g™ 75 11523 65.50 7.56 100.16 130.30 6 425
soil)
Seogu dpuol
Humic acid (mg 100 g'l 75 61.08 58.49 6.75 47.62 7454 3 303
soil)
RETYVN W
Microbial ratio 75 60.86 34.40 3.97 52.95 68.78 18.19 210.54

(MBC/Corg)
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Table 2- Variance analysis of different soil properties under the studied shrub cover

SR Oyt 2o Olrspo gg050 R Olupo (uiibe F lase Sid e
Properties Source of Variation ~ Sum of square ddf) Mean square  Fvalue  Significance
oo t2o5,5 19.06 4 4.76 0.491 0.742"
Organic matter (%) Between groups
2055 092 679.42 70 9.70
Within groups
S 698.48 74
Total
2lb opaza vz L2055 0.69 4 0.17 13.754 0.000"*
Bulk density (g cm?) Between groups
12055 0522 0.88 70 0.01
Within groups
o 157 74
Total
> ooyt 2255 O 0.03 4 0.01 0.013 1.000™
Particle density (g cm®) Between groups
12055 0522 4.03 70 0.05
Within groups
S 4.04 74
Total
S 12055 O 0.15 4 0.04 4.427 0.003™
Porosity (%) Between groups
12055 0522 0.62 70 0.09
Within groups
5 0.78 74
Total
b ol 12055 4135.90 4 1033.97 10.197 0.000"
Aggregate stability (%) Between groups
_LM?’S 092> 7097.98 70 101.40
Within groups
o 11233.89 74
Total
o 203 O 1740.26 4 435.06 17.445  0.000™
Sand (%) Between groups
12055 0522 1745.73 70 24.93
Within groups
S 3486.00 74
Total
e 203 O 107.81 4 26.95 0.439 0.780"
Silt (%) Between groups
12055 0522 4296.13 70 61.37
Within groups
S 4403.94 74
Total
o oy )5 o 1928.08 4 482.02 24.545 0.000™
Clay (%) Between groups
12055 0522 1374.66 70 19.63

Within groups
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CR Index Between groups
2055 092 1533 70 0.21
Within groups
S 37.01 74
Total
MCR jasls L2055 12.15 4 3.04 27.702 0.000"*
MCR Index Between groups
12055 0522 9.37 70 0.13
Within groups
o 21.53 74
Total
e 53 2313 12055 O 1.24 4 0.31 3.972 0.009™
Sand/Silt Index Between groups
12055 0522 5.94 70 0.08
Within groups
S 7.19 74
Total
o) s 2313 2255 3.96 4 0.99 5.492 0.001"*
Silt/Clay Index Between groups
2055 092 12,62 70 0.18
Within groups
o 16.58 74
Total
. _;g"’]’s ! . ogS o 149785.28 4 37446.32 15.635 0.000™
Fulvic acid (mg 100 g* soil) Between groups
_LM?’S 092 167653.86 70 2395.05
Within groups
o 317439.14 74
Total
Sl (25,5 0 120701.38 4 3242534 18391  0.000™
Humic acid (mg 100 g soil) Between groups
_LM?’S 092> 123420.13 70 1763.14
Within groups
S 253121.52 74
Total
et (25,5 20151.83 4 5037.95 5.230 0.001™
Microbial ratio (MBC/Corg) Between groups
12055 0522 67428.16 70 963.36
Within groups
S 87579.99 74
Total
o3 B g ) Jlein] o )3 (610 me (g3 xe pie i Ay T g #H S
ms, ™" and ": non-significant, significant at »<0.01 and p<0.05, respectively.
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Table 3- Mean (+ standard error) of soil properties in relation to the studied shrub covers

Solg 4 s

S5 )

Slads ;> iy Carm ot Berbor g dagll OS5 ol
Shrub cover arpinus -rataégus _ berberis Prunus spinosa Rhamnus pallasii
orientalis microphylla integerrima
S S oSile ol il ol il olius! e alus! e olas!
509 o o o LSl
Soil properties Mean sl Mean sl Mean Sl Mean S Mean S
+SE +SE +SE +SE +SE
_"*H ol 8.09 0.79 7.85 0.88 7.04 0.86 7.12 0.58 6.78 0.84
Organic matter (%)
spl o9 P 1.13b 0.03 121b 0.02 13la 0.02 1.38a 0.02 137a 0.02
Bulk density (g cm™)
< o7 P 2.39 0.03 2.40 0.03 240 0.04 240 0.04 2.39 0.10
Particle density (g cm™®)
S 5220a 001  4947ab 001  4467bc 001 4213c 001 30.73¢ 0.04
Porosity (%)
FUR{EpR NN
o 68.64 a 2.24 64.11 ab 3.09 58.49 bc 212 53.44cd 247 47.73d 2.92
Aggregate stability (%)
o 21.73d 1.09 23.20cd 1.23 25.73 bc 125 27.86b 1.37 35.46 a 1.45
Sand (%)
s
o 38.46 1.99 39.86 1.75 40.66 2.02 4191 2.06 39.20 2.24
Silt (%)
o 39.80a 141 36.93a 1.00 33.60 b 0.97 30.20c 1.01 25.33d 1.25
Clay (%)
CR asls
1.56 d 0.10 1.73 cd 0.06 201c 0.10 235b 0.10 3.08a 0.19
CR Index
MCR (L3 1.29d 0.07 1.43 cd 0.05 1.66 bc 0.07 191b 0.08 2.43a 0.15
MCR Index
e [ 55 gl 061 007  062b 007  067b 006 07lb 007 0.96a 0.07
Sand/Silt Index
o [ edow a3l 1.00c 0.08 1.10c 0.06 1.25bc 0.010 1.43ab 0.10 164a 0.15
Silt/Clay Index
Saglgb dl
Fulvicacid (mg 100 g 189.60a 2257  14146b  9.29 97.46c  9.68 76.80c  6.70 70.80 ¢ 6.59
soil)
Sogep g
Humic acid (mg 100 g*  136.06a 1652  73.46b 978  4373bc 356 33.73c 432 18.40 ¢ 2,57
soil)
19,50 e
Microbial ratio 83.82a 331  6535ab 485 67.83ab 570 52.45bc  4.02 34.84¢ 3.12
(MBC/Corg)

Al oo andllan 3yg0 (laod > (slaiubgr s )3 I dme (g)lel Ciglds 3g3g Silo Cglite mndSSl g >

Different English letters indicate significant differences between the studied shrub covers.
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Figure 2- Relationship between the studied shrub cover and soil properties in principal component analysis (PC1;
Eigenvalue= 5.60, Percentage of Variance= 37.38, Cumulative Percentage of Variance= 37.38 and PC2; Eigenvalue= 3.55,
Percentage of Variance= 23.72, Cumulative Percentage of Variance= 61.11). A; Carpinus orientalis Miller., B; Crataegus

microphylla C. Koch., C; Berberis integerrima Bunge.
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