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Introduction

Vegetation, as a key factor in ecosystems, has significant impacts on soil properties through multiple ecological
processes. Vegetative cover enhances soil structure and composition by stabilizing organic matter, reducing
erosion, regulating moisture levels, promoting nutrient cycling, and supporting microbial activity. While extensive
research has elucidated the effects of various vegetation types on the physical and chemical properties of soil, the
biological attributes of soil under different vegetation covers, particularly tree and shrub species, remain
underexplored. This study aims to comprehensively evaluate the characteristics of the organic and mineral soil
layers in areas dominated by Quercus macranthera tree cover, Crataegus microphylla shrub cover, Berberis
integerrima shrub cover, and a mixed Crataegus microphylla and Berberis integerrima shrub cover in Rudbar
County, Guilan Province, Iran. By examining these diverse vegetation types, the study seeks to elucidate their
differential impacts on soil health and ecosystem functionality, providing insights for sustainable land
management.

Materials and Methods

To investigate the influence of vegetation cover on soil properties, a rigorous site selection process was
employed. Following preliminary field assessments, study areas were chosen to ensure continuity of vegetation
cover and minimal variations in topographic factors, including elevation above sea level, slope gradient, and
aspect. This approach minimized confounding variables, allowing for accurate comparisons across vegetation
types. In each habitat, two 100 m x 100 m plots were implemented, with a minimum separation of 500 meters to
account for spatial variability. Within each one-hectare plot, five soil samples (30 cm x 30 cm surface area, 10 cm
depth) were collected from the organic and mineral layers at the four corners and the center of the plot. In total,
10 litter samples and 10 soil samples were collected from each vegetation type and transported to the laboratory
for detailed analysis. Laboratory assays evaluated a suite of physical, chemical, and biological parameters,
including soil aggregate stability, nutrient content, enzymatic activities, and microbial community dynamics, to
provide a comprehensive understanding of soil responses to vegetation cover.

Results and Discussion

The findings revealed marked differences in soil properties across the studied vegetation types. The Q.
macranthera tree cover exhibited the highest amount of essential nutrients in the organic layer, including nitrogen,
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phosphorus, potassium, calcium, and magnesium, reflecting its capacity to enhance nutrient cycling. In contrast,
the B. integerrima shrub cover consistently exhibited the lowest nutrient concentrations, indicating minimal
contribution to soil fertility. Analysis of soil physical and chemical properties further highlighted these differences.
The Q. macranthera cover demonstrated significantly greater soil aggregate stability, higher clay content,
increased proportions of coarse and fine aggregates, more favorable pH levels, and elevated concentrations of total
nitrogen, ammonium, nitrate, phosphorus, potassium, calcium, as well as greater fine root biomass. Enzymatic
activities, including urease, acid phosphatase, arylsulfatase, and invertase, were also significantly higher under Q.
macranthera, indicating robust microbial and biochemical processes. Conversely, B. integerrima cover recorded
the lowest values for these parameters, highlighting its limited impact on soil structure and function. Particulate
and dissolved organic nitrogen levels were similarly highest under Q. macranthera, reinforcing its role in organic
matter dynamics. Biological soil properties mirrored these trends. The Q. macranthera cover supported the highest
densities of soil microfauna, including Acarina, Collembola, and nematodes, as well as abundant protozoa, fungal,
and bacterial populations. Metrics of microbial activity, such as basal respiration, substrate-induced respiration,
microbial biomass nitrogen, and microbial biomass phosphorus, were also maximized under this tree cover,
reflecting a thriving soil microbial community. In contrast, B. integerrima cover exhibited the lowest values for
these biological indicators, suggesting a less supportive environment for soil biota. Temporal analysis of carbon
mineralization revealed significant variations at weeks 2, 4, 5, 8, and 12, with no notable changes at weeks 1 and
17. The highest carbon mineralization rates were observed under Q. macranthera, while B. integerrima showed
the lowest. Nitrogen mineralization followed a similar pattern, with significant changes on days 7, 14, 21, 28, and
35, and the highest rates under Q. macranthera. These results collectively indicate that vegetation type, combined
with topographic factors like elevation, significantly shapes the physical, chemical, and biological characteristics
of soil in Rudbar County.

Conclusion

This study demonstrates that Q. macranthera tree cover significantly enhances soil quality compared to C.
microphylla, B. integerrima, and their mixed shrub covers. The superior physical, chemical, and biological
properties observed under Q. macranthera highlight its critical role in fostering soil microbial communities,
improving nutrient cycling, and maintaining soil fertility. Enhanced carbon and nitrogen mineralization rates
further underscore the importance of this tree species in driving biogeochemical processes essential for ecosystem
health. These findings have important implications for land-use planning, forest management, and ecological
restoration in Rudbar County. By prioritizing Q. macranthera in reforestation and conservation strategies, land
managers can optimize soil productivity and ecosystem resilience. Future research should focus on long-term
monitoring of these soil-vegetation interactions and explore additional environmental factors, such as climate and
land-use history, to further refine management practices. The integration of such data will support the development
of sustainable strategies that balance ecological health with agricultural and forestry objectives, ensuring the long-
term vitality of Rudbar County’s ecosystems.

Keywords: Carbon and nitrogen mineralization, Soil fertility, enzymatic activity, Soil physical and chemical
properties
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s 9 S slb Shy dawlea, (Quercus macranthera)

bl SB JT Y Cundg 30 5 (a8 09> clads,
oS 5 b 5l Quercus macranthera 45 (slaS .ol 03
S B Slis LS plu b 35550 olie 50 ot slbiand
ol & wmen 3e 5l VL polie ool LSl
ol 39y il SB > S wp ssies | gl (Shy
&Sy 005 o (29,50 ol Wl Coge «SB4 Sy
23y 9 5Pl e plyea ojers ClS 5l by S
Sl ) @y 4 e (095 Cllad Gl L0 00
ORI 03958 ot 53 29500 T dlse o g (b e
SB 3 Fgrs clale lil cage ggecme ) sl b (ol b
o ok b SB s el ulyd g osd 895 cnl Gidgnj
(Kim, 2007; Jordan, Ponder, Jr, & Hubbard, 2003) 1.z
S olS 5 @iy L Quercus macranthera (gladiy, wisxen
Lyl SB (olie polis a3 2 3500 ) S (285 b Jgid o5
2 0B el s S S8 Bkl S 5 ol S o
15 dor ) (s el I Coage Ghugiy 4l

adllle 3550 (SO g, 53 (JT Y (S Sy (slme Blyouil £ (Sile) (Sle Aunlilo Y Jga
Table 1- Compare Mean for organic layer characteristics in the studied habitats

ol Ry . -
299 ol ly 4350
Habitat
; - ANOVA
SV gl Sy
Organic Quercus ; . . Si
properties macranthera Crataegus_m_lcrophyl_la and Crataegus ) Berber_ls F 9
| Berberis integerrima microphylla integerrima value b
69 S5 9 Sy dieel Sy S5 Fojlol 5 lkae
S ol 6.16 +0.83¢ 7.01+0.53bc 27.78 + 0.49ab 845+07a 4038 0014
Thickness (cm)
Say s
i 28.55 + 3.05a 27.69 + 2.6a 27.78 £ 2.46a 31.78 + 2.96a 0.479 0.698
(/.) Carbon
Sy e
- 2.53 +0.16a 1.69 £ 0.13b 158 +0.17b 1.26 +0.1b 7.408 0.005
(/.) Nitrogen
OF9r 4 ()5 S
Sy 14.69 + 4.01b 18.21 + 3.48ab 18.97 + 2.03ab 26.69 + 3.29a 2.358 0.087
C/N ratio
S 3.88 £ 0.16a 3.18+0.17b 3.13+0.25b 3.15+£0.19b 3.274 0.032
Phosphorus (%)
’W)L) 2.31+0.33a 1.75+0.12ab 1.6+0.11b 1.43+0.2b 3.077 0.039
Potassium (%)
°;‘ 2.73+0.42a 1.86 £ 0.12b 1.82 +0.21b 1.48 £ 0.16b 4.28 0.011
Calcium (%)
e 0.69 +0.05a 0.65 + 0.05a 0.56 + 0.06ab 0.43 £ 0.06b 3.483 0.025

Magnesium (%)
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o syby (pScas il (s)4l) Quercus macranthera
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o3 oo b plo jl gl (b o ol Sz 3 Glojon
ol 5853 Uiy sulS 1 ey s PCA ol ol
Wy N polie (onld g SB olerd o Shy Cosli
ol 3 ity o ol ol wge Jb s 5 9 S0
A (5 yieS 2 Ao

0iar Sl YL zohw gl CEp by (olerd a5 ]
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Sl e L alesd s asls ol 3 ]y (gyieS olie
oS (529,50 axely Sy ouimd Ui o (nl 3 el e lad
9 @B polie (39 wyiwd > jidy ialS cel o cul 1
Dhugosz, Degbska, &) s4i 0 SB N (shdJol>
DB lade wans 5 ks s (Piotrowska-Diugosz, 2024
U g o5 | g &5 WS (o0 g5 |y SpedY g
sl s o5l el e anl s ey il S s
Job 3 1, SBPH il o 4 3945 oo o jute 9 S Ailo (sl
ady, .(Bélanger & Chaput-Richard, 2023) s yiol38l ;s
SaS N olge ot 9 SB b,y bis 4 3y 55,5 26
Ry 0395 oRlPl g ady 43 ly paslue e § WS (e
Toca, Morrison, Artz, Gimona, &) LS . pald ads,
.(Quaife, 2022

AW gLl () 3590 S S g plo & sl S5 4 p5Y

(7 giz) 395 adlllas 3590 slaolRiag) (e 5> )bt
rad des jl Qs LB plie olie PCA zls b sillas
Sl 855 4 bype LB b VU (Stsad sl 5 sl
g B Lide o Cute bl snias i gl cpl slacsls
o s opizmen PCA Lo .l S plie polie ]38l
b bl ) balss lul toy i (Sjd sl Sy o
Lily K5 5 S (ladisS 4 Cad (5500 Cumdy 59l Lidsy
Sagl > Liabgy Al sy (5L bl 3L Ll e oS
Cond i Bras Ay whow 9 (ologe 4 &5 w300 LIS 1) 1) 9
osls 5 SB i xeo cel adyy Gldle opl g 0 edb
sSE 0gd 0 LS g5l dams 4 e &S oud Lislu 8
oials dles ) S laslo p b Jbsa gls )y ie coo
(00 J) Pt o sl (San (N Dlse al331 5 ol b
£9 & Ygoro SB Loy olime a5 b 3 il 4l b ¢ ebow
S (S5 5 (sl slaslp p il b g eudtes pé oo
Zhou, Luukkanen, Tokola, & Nieminen, 2008;)
Quercus 3,0 g4s5 (Mohammad & Adam, 2010
Berberis  (glaxs s 45 L awlie > macranthera
whe yolic dd s 5 SB cuiS o pcue 5l dntegerrima
Pourbabaei, Salehi, ) ,Ken g (oblyg (owyp Bk )b
o gds d,ﬁ ol > b e  Ebrahimi, & Khodaparasrt, 2020
age b g JE SpdY giluealp b olels))
S Sesl8 ol cad )b 5 PH 90 (0 I S ol
sbedls gy u.,.whp Z9E98 Ot lisyd Oi‘ Dgud oo
O»L»I 2 45‘_5Jl> 0 ..\Mgu.a &ml)ﬁ Sk 0355 s GLOJ)l 9 649)1‘4::
Lle olaassS (Kooch & Noghre, 2020) o,a 5 zoS yingl
JyiS s S cblis o ope i 4> S1Berberis integerrima
Bgiote g 9 Fomb SRSy &5 e bl iyl Hlale)d
Egeoe 2 Wy SB 5 (alowd SaSLE 2 (g yieS 6
Sk 390 )3 9l e hunjpd 9 Cueld il (B> 550
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Table 2- Compare Mean for soil physical and chemicals characteristic in the studied habitats

oy, oilyly 4528
B Habitat ANOVA
;l} ‘-"m ‘5“‘;}{9 Quercus _Crataegus Crataegus Berberis Sig.
Soil mineral properties microphylla and : . ) F-value
prop macranthera s - microphylla integerrima ) aw
| Berberis integerrima < P F o,
(T3] ] &w)) 9 ‘S‘..JS c\bv*oi *9 2 d)‘bl}.&c
J.u Casb) 44.39 + 1.54a 39.7 £ 3.28ab 33.34 £ 2.68hc 26.79 + 2.05c 9.54 0.00
Moisture (%)
S gl 2214+ 1.2a 26.3+2.2bc 29.88 + 1.95ab 32.45 + 2.49c 4.908 0.005
Temperature (°C)
Gl g p2 1.4+0.08a 1.52+0.07a 1.54 £ 0.06a 1.57 +0.06a 1.153 0.34
Bulk density (g cm™)
G gogate £ 2.31+0.08a 2.36+0.09 2.38+0.08a 2.39+0.06a 0.177 0.911
Particle density (g cm™)
< 37.73+£5.22a 34.66 + 3.57a 34.36 + 3.35a 33.33+3.83a 0.216 0.884
Porosity (%)
‘5.).@[{' 74.67 +2.51a 67.53 £ 2.13ab 60.96 + 4.48b 59.79 £ 2.29b 5.192 0.004
Stability (%)
o 24.6 + 1.66a 28.1+4.22a 27.7+2.78a 295+ 4.7a 0.337 0.798
Sand (%)
ULW 32.3+4.47a 31.1 + 6.66a 43 +3.5% 39.6 +4.78a 1.312 0.285
Silt (%)
il 43.1+4.42a 40.8 + 4.83ab 29.3+ 1.62c 30.9 + 2.99bc 3.526 0.024
Clay (%)
€y sl 53.4 +2.95a 43.2 +£3.31ab 37.7+6.81bc 26.8 + 2.65¢ 6.722 0.001
Macro-aggregate (g kg-1)
cdp At 033+0.05a 0.28 +0.03ab 0.22 +0,02ab 02+0.02b 2181 0407
C in Macro-aggregate (g kg™)
i }')')_ SSB 5> 0 0.22 +0.04a 0.18 £ 0.01a 0.17 £ 0.02a 0.14 £ 0.02a 1.348 0.274
C in Micro-aggregate (%)
. S 38.3+6.52a 32.1+2.22ab 24.4 +2.16hc 19.5+2.24c 4.82 0.006
Micro-aggregate (%)
N 0.28+0.04a 0.26 + 0.04ab 0.120.03b 0.15 + 0.05ab 2.83 0.052
N in Macro-aggregate (g kg™)
R et 0.21+0.04a 0.14 + 0.05a 0.11%0.02a 0.1+0.02a 1569 0.213
N in Micro-aggregate (g kg™)
wp“; b 7.02+0.11a 6.89  0.14a 6.19.+0.11 6.03 £ 0.26D 8.36 0.00
) el 0.37 £ 0.03a 0.35 + 0.03ab 0.29 + 0.03ab 0.26 + 0,03 2.442 0.079
EC (dS m?)
C")Egj) 3.08 +0.21a 2.65 +0.33a 2.38 +0.34a 2.31+0.4a 1.098 0.362
(1]
039 0.44 +0.03a 0.28 +0.04b 0.22 +0.03b 0.21 +0.06b 5.504 0.003
Total N (%)
o Y Ol & 008 Cod 7.44+0.81b 10.13 + 1.37ab 11.21 + 1.49ab 15.34 + 3.08a 3.021 0.042
C/N ratio
posisel 9 37.85+2.29% 33.2+3.45a 19.83 £ 0.92b 16.72 + 1.58b 20.26 0.00
NH4 (mg kg™)
el 44.29 + 2.85a 38.91 + 4.06a 27.41+4.03b 24.75+ 1.85b 7.776 0.00
NO3 (mg kg-1)
i s i 28.85 + 1.65a 20.65+ 1.78b 15.48 + 1.24b 14.89 + 2.85b 10.703 0.00
Available P (mg kg™)
. el 3 392.1 +19.88a 329.8 £ 27.02a 252.5 + 30.02b 204.1+£27.87b 9.845 0.00
Available K (mg kg?)
i 5 267.1 + 18.85a 229.1 +£21.95a 122.4+12b 121.4 +19.64b 16.235 0.00
Available Ca (mg kg%
44.6 £ 5.62a 37.8+5.3a 34 +2.37a 31.8+4.8la 1421 0.252

o2 e
Available Mg (mg kg
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Table 3- Compare Mean for Biology characteristic in the studied habitats

oy, ilyly 4 5o
B Habitat ANOVA
Jb '”5 du";}ﬁ? Quercus macranthera Crataaer?; SBr:rltfgzzhylla Crataegus Berberis integerrima k- Sig
Soil biological properties & integerrima microphylla o g value s
. 2 i .
S § Sy Aol Sy Fojlel  g)lsline
i ;—g:;;@?\ F;l,l)s 1.9+0.348a 1.2 £0.326a 1+0.365a 0.8 + 0.46a 1.583 0.21
Epigeic density (n m?2)
) Jw)"’l 29 24.74 + 4.88a 14.27 £+ 4.03ab 9.73 £ 3.58b 9.48 £5.41b 2.476 0.077
Epigeic biomass (mg m?)
Skl gl 2.4+0.65 1.5+05a 1.2+05la 0.8+ 055 1485 0234
Anecic density (n m?)
sl P
[ 295 27.92 + 8.66a 20.3+6.7% 15.41 + 6.51a 10.06 + 6.94a 1.086 0.367
Anecic biomass (mg m?)
5390 gl
il Syl2 0.9 +0.34a 0.6 +0.26a 0.5+0.26a 0.2+0.13a 1.181 0.33
Endogeic density (n m?)
L_S:j;?&‘ 2P 12.07 £ 5.02a 8.23 £ 3.83a 7.25+3.77a 214+ 1452 1.187 0.328
Endogeic biomass (mg m?)
(E8 gl 8
Stes S ‘_51”5 5.2+0.86a 3.3+ 0.36ab 2.7 £0.95ab 1.8+ 0.98b 2.987 0.043
Earthworm density (n m2)
S oS IS 0505
Earthworm biomass (mg m" 64.74 £ 14.14a 42.81 + 6.01ab 32.4+11.61ab 21.69+11.72b 2.654 0.063
9
TR
‘5.)JL> A‘S o 61974.5 + 8971.15a 43521.1 + 8302.21ab 31328.9 + 5191.73bc 20463.5 +2448.67¢ 6.948 0.00
Acarina density (n m?)
Sk gl
@3S gt ,‘f 9 32908.4 + 6339.69a 21936.2 + 2294.95b 17626.7 + 1283.15b 12149.5 + 1471.7b 6.286 0.001
Collembola density (n m?)
&5SE IS sl
Total nematode (in 100 gr 753.4 £ 32.23a 464.3 + 28.22b 346.3 + 62.24bc 302.5 + 65.76¢ 16.43 0.00
soil)
SISB Seigen Sl
Protozoa density (in 100 gr 453.7 + 47.14a 312.8 + 33.86b 209.3 £ 14.36¢ 206.6 £ 21.21c 13.465 0.00
soil)
@b. e ) 3.4+0.19 1.59 £ 0.23b 1.01 £ 0.05c 0.59 + 0.06¢c 59.355 0.00
Total fungi (x107 g soil)
@A ez 6.449 + 0.49 2.4%0.21b 2.22+0.34b 1.91+0.21b 40983 0.00
Total bacteria (x107 g soil)
i 0.55 £ 0.03a 0.41 £ 0.03a 0.26 + 0.02c 0.23 +£0.01c 23.746 0.00
BR (mg coz g* day™)
S
Sl e b 1.28 +0.12a 1.09 + 0.08ab 0.84 + 0.14c 0.82 +0.07¢ 3.954 0.015
SIR (mg coz g day?)
S S 2395 441.1 +82.06a 308.2 +57.3ab 318.7 + 75.68ab 201.4 + 22.35b 2.367 0.086
MBC (mg kg™)
CiaFS e 039S 54.25+6.77a 33.29 + 4.56b 271244130 23.59 +3.75h 7.6 0.00
MBN (mg kg™)
& (OJ95 (529,50 03858
JS o595 129.73 + 18a 139.7 + 29.42a 122.1+9.47a 167.07 + 25.28a 0.804 0.499
MBN/Total N
b 2350 039855 67 +7.3a 49.2 +6.82b 31.4 £ 2.56¢ 26.7 +1.49c 12.418 0.00
MBP (mg kgl)
4 yhud (029)Su0 039365 s
S yiud 2.38 £ 0.32a 2.4+0.3a 2.11+0.22a 2.44 + 0.45a 0.202 0.893
MBP/ P
@ 005 (29550 03P8) Capmd
e ySa 0353053 10.65 + 2.91a 9.6+ 1.14a 12.93 + 2.30a 9.85+ 149 0202 0893
MBC/MBN ratio
4 50 (295w 03555 G
Saud (950 0355 6.81+0.98a 7.81+ 1.96a 10.9 £ 2.60a 7.65+0.81a 0.529 0.664
MBC/MBP
A (590 (5295550 03558 Capmd
Jinsh g S0 9355 0.94+0.17a 0.76 +0.12a 083+0.11a 093+0.18a 1.049 0382
MBN/MBP
Sobe e 1.87 £ 0.39a 1.67 £ 0.28a 1.08 + 0.2a 1.08 +0.12a 1.786 0.167

q CO2
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%*”i?" bt 145.91 + 27.61a 133.73 + 28.55a
Microbial ratio
05 (e S 0.45 + 0.04a 0.4 £0.04a
CAl
o MRl 7358 +10.73a 68.24 + 4.7a
Fine root biomass (g m?)
20l el 5 317.3+13.84a 222.7 +32.92b

Acid phosphatase (ug PNP g* h'%)

Flalgus ol 51
Arylsulphatase (ug PNP g*
h)

206.4 +31.29a

178.3 + 23.44ab

Lol w3 212.7 + 28.95a 162.7 + 30.76ab
Invertase (ug Glucose g1 3 h?)
H oS & jlossl el s 7.74+1.73 7.81+5.12a
Urease/OC
I oS Bl sl 5] o 109 + 35.28a 103.72 + 74.31a
Acid phosphatase/OC
T 008 4 5ges ol ol s
I oS 4 B ol il e 68.63+35.11a 73.79 + 35.78a
Arylsulfatase/OC
1008 4 93] o3l s
oS @ gl ml e 73.02 + 37.24a 66.17 + 39.75a
Invertase/OC
0 9,5 039355 4 Slosgl ] Cod 0.07 +0.03a 0.06 +0.03a
Urease/MBC
(29,50 039555 41 JBland Sl o 3l Capus
o 1.04 £0.73a 1.01+0.8a
Acid phosphatase/MBC
035565 4 JBlgu Jo)l ol s
oS 29,Sen 0.52+0.14a 0.69 +0.39
Arylsulfatase/MBC
0 9 35 & gl 5l Cand 0.61+0.32a 0.57+0.27a
Invertase/MBC
el Sl puin o Se 147 +0.25a 1.47 +0.25a
GME
sl 3.27+0.6a 2.65+0.32a
Particulate organic C (mg kg?)
loyd I -taig
kAo 0.66 £ 0.05a 0.59 £ 0.08a
Particulate organic N (mg kg™)
o> I 0igs & o5 o 5.08 +0.97a 5.81+156a
Particulate organic C/N ratio
] Jre 3,‘ o 23.03 + 4.5a 20.27 + 6.49
Dissolved organic C (mg kg™)
o el 33.50 + 4.78a 28.24 + 3.34a
Dissolved organic N (mg kg?)
Jobome 0o 4 05 S 0.87 +0.22a 0.74 +0.19

Dissolved organic C/N ratio

155.15 + 34.63a 108.7 £ 18.72a 0.672

0.43 +0.09a 0.32 +0.05a 0.494

40.22 £ 2.49b 37.55 +5.24b 8.129 0.00

213 +31.51b 157 £ 16.2b 6.987 0.00
126.4 £ 7.33b 108.2 £ 4.97b 0.004
119.7 £ 9b 100.1 +3.79b 5.313 0.003

7+3.35 7.03+3.07a 0.925
113.3 £79.75a 81.15+ 32.4a 0.577 0.633
63.44 + 29.64a 58.6 + 25.99a 0.422 0.738
60.31 + 32.81a 53.96 + 24.29a 0.572 0.637
0.05 + 0.04a 0.07 £ 0.03a 0.292 0.83
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Table 4- Compare Mean of soil C and N mineralization in the studied habitats
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Figure 2- Relationship between the studied Vegetation covers: Quercus macranthera (A), Berberis integerrima and Crataegus

microphylla (B), Berberis integerrima (C) and Crataegus microphylla (D) with the characteristics of the organic, physical and
chemecal, and the biological characteritics soil of the soil in principal component analysis
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