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Fig. 1. Location of the study area and sampling points in Mazandaran Province, Northern Iran zone39
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Table 2- ANOVA (Meanz standard error) for soil chemicals characteristic in the studied habitats

R, obols a4
habitat ANOVA
5 Sy
Sl S Crataegus <:,; oy S ile E i
Soil properties ol , e AQropvron 2 ol e
; ~microphylla and Prunus gropy = i
Fagus orientalis Berberis spinosa longiaristatum value Sig.
integerrima Boiss
Bunge
Z Z . I *
(6555 1 150 g 4455:28a  40.71#2.32a  25¢361b  21.83+168b 20 0000
NH4 (mg kg™ S
< Y ol s .
(GAAE RS )1 7 51.33+2.92a 46.07+1.64a  32.41+1.13b  30.55+1.82b 26.25 4000
NO3 (mg kg™ 8
s ks - SLIGME )
= ) 5.41+0.09a 5.15+0.1a 4.69+0.13b 4.45+0.07b 1789 4 000
(o 5! 5
& ‘ "
“’ﬁ’ 7.11+0.139 6.51+0.224ab  6.1+0.324b  6.02+0.287b 3.882 0.016
p
e ed) S S gl X
i 0.28+0.01a 0.2+0.01a 0.2130.01b  0.2+0.01b 7473 001
EC (ds/m) (=
C (%) (ass) o5 4.21+0.32a 3.73+0.28ab 2.98+0.4bc 2.5+0.41c 4.415  0.009
T osle *
e _ 7.26+0.56a 6.43+0.49ab 5.14+0.7bc 4.32+0.7c 4.412  0.009
OM ratio
(o) O 0.5£0.02a 0.4+0.03b 0.2940.03c  0.26+0.02¢ 10.84 \
Total N (%) 9  0.000
L’&A /L<A N S s *
LS 7 05180 25225 7 6.84x0.3% 5.86+0.71a 4.19+05b  3.89x0.29b 7.734  0.000
N sequestration ( Mg ha™)
208 o) dyloms JT 055 20
(¢S s 4811#519a  4243+459a 241942580  18.713.73b 11%60 0.000°
Dissolved organic N (mg
kg™)
CINTatios sz 4 S s 8.64+0.98a 9.77+0.87a 11.7242.22a  10.13+1.79a 0.65 0.587™
Jsbme 03555 & 515 S
Dissolved organic C/N 0.99+0.13a 0.98+0.16a 1.27+0.15a 2+0.87a 1.094 0.363™
ratio
Slosd 055,55 & S Comd
ratio
(655557 0.5 k) A 44.46+2.24a 39.81+1.31a  26.91%2.14b  24.79+2.48b 2115 0.000°
Available P (mg kg™)
/ / N )
(¢S AR 05 ) el 455.7+30.44a 339.9+25.53b 289'25024'82 224.6+14.13¢c 15%94 0.000

Available K ( mg kg™)
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Available Ca ( mg kg™) c 9
(f’_s HER 15 ) g ) 61.2+4.89a 51.7+2.44ab  46.3+4.63bc  38.5:3.87¢C 5476  0.003"
Available Mg ( mg kg™)
(e ) e 0 “S0 85.99+4.33a 73.144759a  50.37+43.12b  43.93+5.41b 133 0.000"
Fine root biomass (g m?)
)'To)j] v_l).ui
Urease (ugNH“N g 12 24241249 18676120 “*2%EL9%0 4336 0nc 8.612  0.000"
andenled 219.6+28.97
g'h?
36U e oo 5
Arylsulphatase (ugPNP  2002941a 216621282 070 qoseennab 8130 0.000°
g'h?
36,5
3h™ ¢
T . 4 'Ta | T Cons
S Sleosl sl = 6.21+0.88a 5.26+0.48a 6.98+2.21a  6.16+0.69a 0.307 0.819™
Urease/OC
S 4 3Bl Aol 3T
B 91.53+17.18a 69.57+5.45a  90.81+17.2a  76.33+9.55a 0.664 0.579™
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o S T 51.25+10.81
S 50.66+8.12a 59.19+5.49a B 52.3+8.15a 0.223 0.879™
Arylsulfatase/OC
TS & 56l wpl s
Sofe Al el et ) poi3a5a 7538422970 07 20%1839 5705411 05a 0377 0.769™
Invertase/OC a
03555 4 Slossl T i
oS s See 0.08+0.01ab 0.07+#0.005ab  0.05+0.009b  0.09+0.01a 1.96  0.137™
Urease/MBC
& 3Bl sl 5T
RS 5SS 025 1.04+0.13a 0.97+0.1a 0.87+#0.15a  1.27+0.28a 0.86  0.47™
Acid phosphatase/MBC
36U ol 5T
RS 85 025 0.7+0.14ab 0.85+0.12a 0.44+0.05b  0.76+0.15ab 1.912 0.145™
Arylsulfatase/MBC
23555 4 sl il s
oS s 1.01+0.25a 0.94+0.24a 0.61+0.15a  0.83+0.19a 0.649 0.588™
Invertase/MBC
10 Jlazmt mhas 53 (5 5leme 3 (5513 sms pde NS
ns: non-significance, *: significance at the 5% probability level
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Table 3- ANOVA (Meanz standard error) for dynamics of climate, soil fauna and flora in the studied

habitats.
Skl S iy, bl a2
Soil properties habitat ANOVA
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5 Sy avseal
; Crataegus <5 ... kS e Foe
w2 microphyllaand  prunus Agropyron g ST
Fagus orientalis Berberis spinosa longiaristatum value Sig.
integerrima Boiss
Bunge
S s ales) S35l Sl
(Gf’ 4.1+0.37a 2+0.29b 0.8+0.24c 0.8+0.2c 28.97 0.00"
Epigeic density (nm?)
o o3 08 ) S35l 02555
(e 42.48+5.85a 27.7+4.76b 10.73+3.48¢ 8.85+2.86¢ 12.95 0.00"
Epigeic biomass (mgm™)
(e 3 Sa) Sail sl b x
. . > 1.2+0.41a 2.7£0.39b 1.7+0.42bc 1.1+0.31c 11.65 0.00
Anecic density (nm™)
j;.ﬁ BL (:Jf‘;-_w) u<:.f...~j aéj.“vL;j
(e 4.66x5.24a 4.66x5.24a 20.94+5.54b 12.02+3.51b 10.76 0.00"
Anecic biomass (mgm?)
S 3 3l S5l Sl
(g 1.2+0.41a 0.9+£0.45a 0.4+0.22a 0.3+0.21a 15 0.229™
Endogeic density (nm?)
S 3 o8 k) S35l a3 585
(g 11.18+3.73a 5.88+3.23a 4.14+2.50a 2.17+1.78a 1.76  0.171™
Endogeic biomass (mgm?)
(e 9.5+0.749a 5.6+0.819b 2.9+0.504c 2.2+0.416¢C 26.38 0.00"
earthworm density(nm)
S S S esss
Earthwormm biomass 10098:9.01a  70.1757017b > 88 93054 68 1962 0.00°
(mg m?)
67343.3+7441.5 54506.3+4058.0 34666.3+67 29499.2+5948 8.06 0.00"
(@r 5a 6a 91.31b 17b ' '
Acarina density (n m?)
03 3la3) (3 S plasly Sl
39796.7+7455.1 34116.7+4624.3 31010.5+44  20610.7+3274 241 0.082"™
(pr 2a 3ab 51.42ab 44b ' '
Collembola density (n m?)
oS 410.1+62.68
Total nematode (in 100 gr 8111019 465.8£82.67b o 334+28.87b 809  0.00"
soil)
SIS Sa55sn Sl
Protozoa density (in 100 gr ~ 613.5:81.86a  428.2+66.24b 302'43“44'82 261.9+17.44b 745  0.001"
soil)
fjf VoY s slia) SASL Cumar
(sl 4.47+0.66a 1.98+0.4b 1.61+£0.17b 1.44+0.3b 11.01 0.00"
Total bacteria (x10 g soil)
05 V0 s slaa) £ e
(Sl 1.72+0.24a 1+0.11b 0.76+0.13c 0.34+0.05c 14.23 0.00"
Total fungi (x10’ g soil)
aly i 0.46+0.05a 0.37+0.03a 0.2+0.01b 0.15+0.01b 18.11 0.00"
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BR (mg CO? g™ day™)
S 55 S
SIR (mg co2 g™ day™)
B RETE RIS
MBC (mg kg™)
O35, (523,55 025555
MBN (mg kg™)
U535 (29,5 035583 e
(MBN/Total N) s u55 2 «
b 9 Sen 0358
MBP( mg kg™)
b 23550 03585 L
(MBP/P) s is «
S S 358D s
ETESREPES
(MBC/MBN) 555 =

G oS u'f)f{:" 63 556 S

23S 035555
(MBC/MBP) ;.

© 05555 SN 93585 L
ETE SRS
(MBN/MBP) s
@ CO2) S slee i
Microbial ratio) ;s S v
CAD S (oo s S
RSP RENCR{FL
H
QU 2 p S 008 o
C sequestration (Mg ha™)
(Ao ys) Cdps Alas s o S
C in Macro-aggregate (%)
(Aoy3) oy &Sl 5o 0 S
C in Micro-aggregate (%)
2 ¢S k) Jsboe S s
(¢S5
Dissolved organic C (mg
kg™)
(¢ SAS 205 sloss S s
Particulate organic C (mg
kg™)
(o 32) i pn ST 55 055 20
N in Macro-aggregate (g
kg™)
(s y3) 3, €IS 5o 055 %0
N in Micro-agl;gregate (g kg’
)

1.01+0.12a

362.8+51.07a

58.28+5.81a

117.33+14.64a

35.8+7.04a

0.81+0.15a

7.62+1.86ab

11.77+1.78a

2.2+0.37a

1.65+0.35a
90.76+13.5a
0.48+0.06a

0.1614+0.001b

56.85+5.33a

0.44+0.05a

0.4+0.05a

42.3+4.12a

4.23+0.33a

0.4+0.11a

0.26+0.06a

0.96+0.05ab

281.1+35.23a

44.58+2.65b

123.48+18.12a

35.3+3.82a

0.88+0.08a

6.35+0.69b

8.52+1.09a

1.33+0.08b

1.46+0.15ab
79.63+11.67a

0.39+0.03a

0.164+0.002ab

54.51+5.09a

0.38+0.05ab

0.3+0.03ab

39.55+7.08a

4.09+0.32a

0.36+0.09ab

0.19+0.02ab

1

0.85+0.04ab

281.1+30.98
a

24.26+1.67c

92.81+9.49a

24.9+2.78a

1.01+0.14a

12.22+1.77b

13.4+2.75a

1.09+0.13b

0.8+0.1b

112.45+18.0
la

0.24+0.02b

0.1612+0.00
2b

43.52+6.31a
b

0.33+0.03ab

0.24+0.04b

30.22+4.87a

3.95+0.55a

0.22+0.03ab

0.13+0.01b

0.78+0.03b

166.6+20.51b

19.54+1.32¢

81.75+10.99a

22.8+1.99a

0.99+0.12a

9.42+1.85ab

8.13+1.57a

0.89+0.07b

1.08+0.24ab
81.27+15.33a
0.2+0.03b

0.1686+0.001a

36.92+5.46b

0.28+0.04b

0.18+0.01b

24.62+7.07a

3.79+0.54a

0.15+0.03b

0.11+0.01b

207  0.12™
497  0.005
28.69  0.00"
2081 0.12™
243  0.08™
0.49  0.686™
246  0.078™
1.8  0.164™
7.75 0.00"
2.64  0.063™
1.03  0.387™
11.76  0.00
2.488 0.075™
2.829  0.052"™
1.983 0.133™
4.969 0.005
1.908  0.145™
0.171 0.914™
231  0.092™
3.604 0.022
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Abstract

Background and Objective: Vegetation cover type, particularly various tree species, plays a pivotal
role in enhancing the physical and chemical structure of soil through the production of litter and
organic residues. Differences in vegetation types, such as forests, wooded pastures, and non-wooded
grasslands, lead to variations in organic matter content, nutrient availability, and soil biological
activities. Soil microorganisms and enzyme activities, influenced by plant species, serve as critical
indicators for assessing soil quality, fertility, and sustainability. In this context, the present study
investigates the characteristics of organic and mineral soil layers in areas with different vegetation
covers in the Gil-Kala summer pasture region of Nowshahr, Mazandaran Province, Iran. The study
focuses on four vegetation types: a forest dominated by Oriental beech (Fagus orientalis), a mixed
shrub land of hawthorn and barberry (Crataegus microphylla and Berberis integerrima), a shrubland
dominated by blackthorn (Prunus spinosa), and a grassland dominated by wheatgrass (Agropyron
longiaristatum).

Materials and Methods: To evaluate the effects of different land covers on the properties of organic
and mineral soil layers, preliminary surveys and field visits were conducted to select contiguous areas
with minimal variations in elevation (1600—-1610 meters above sea level), slope gradient (5-8%), and
slope aspect. In each of the four vegetation types under study, two one-hectare plots (100 m x 100 m)
were selected, with a minimum distance of 500 meters between them. Within each plot, five samples
of the organic layer (litter or fine debris) and the mineral layer (30 cm % 30 cm to a depth of 10 cm)
were collected, resulting in a total of 10 litter samples and 10 soil samples per vegetation type for
laboratory analysis. One portion of the soil samples was air-dried and sieved through a 2-mm mesh for
physical and chemical analyses, while another portion was stored at 4°C for biological tests. The
nutrient content of the litter—including nitrogen (N), phosphorus (P), potassium (K), calcium (Ca),
and magnesium (Mg)—was measured through standard laboratory mineralization procedures.
Laboratory incubation methods were used to assess the activities of urease, phosphatase, arylsulfatase,
and invertase enzymes. Earthworms were manually separated from the soil, washed in water, and
preserved in alcohol-containing containers. They were identified based on morphological
characteristics such as size, body length, color, clitellum position and shape, and the location and type
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of reproductive organs. Soil mites and collembolans were counted using the Berlese funnel method,
soil nematodes were extracted using the Baermann funnel and centrifugation technique, and soil
protozoa were quantified under a microscope at 50x magnification. Bacterial and fungal populations
were recorded using culture-based methods.

Results: The results indicate that the highest nitrogen content in the organic layer (1.96%) was
observed in the beech forest(a), while the lowest (1.03%) was found in the wheatgrass grassland(b).
Similarly, the highest values for aggregate stability (72%), clay content (42%), coarse aggregates
(52%), and fine aggregates (35%) were recorded in the beech forest(a). In contrast, the lowest values
for these properties were 56%, 28%, 30%, and 19%, respectively, in the wheatgrass grassland(b). The
highest pH (7.11) and the lowest pH (6.02) was observed in the wheatgrass grassland Additionally,
characteristics such as total nitrogen, organic carbon, and available phosphorus were highest in the
beech forest and lowest in the wheatgrass grassland.

Furthermore, the beech forest (a) exhibited the highest abundance (4.1 individuals/m?) and biomass
(42.48 mg/m?) of epigeic earthworms, abundance (1.2 individuals/m?) and biomass (4.66 mg/m?) of
anecic earthworms, total earthworm abundance (9.5 individuals/m?), soil mite abundance (67,343.3
individuals/m?), soil nematode abundance (811 individuals/100 g soil), and soil protozoan abundance
(613 individuals/100 g soil). Additionally, the highest populations of bacteria (4.47 x 1001/g soil) and
fungi (1.72 x 1000/g soil), basal respiration (0.46 mg CO[]/g/day), microbial biomass carbon (362.8
mg/kg), microbial biomass nitrogen (58.28 mg/kg), and the microbial biomass nitrogen-to-phosphorus
ratio (2.2) were observed in the beech forest(a).

Conclusion: Overall, the findings of this study demonstrate that the conversion of herbaceous
vegetation to woody (tree and shrub) vegetation in the mountainous Gil-Kala region of Nowshabhr,
Mazandaran Province, significantly alters the properties of both organic and mineral soil layers.
Notable changes include variations in organic layer nitrogen content, aggregate stability, clay
percentage, and the proportions of coarse and fine aggregates, all of which showed significant
differences among vegetation types. Other parameters, such as ammonium, nitrate, geometric mean of
enzyme activities, soil pH, electrical conductivity, total carbon, carbon in fine aggregates, organic
matter, total nitrogen, fixed nitrogen, nitrogen in fine aggregates, dissolved organic nitrogen, nutrient
elements (phosphorus, potassium, calcium, and magnesium), fine root biomass, and the activities of
enzymes such as urease, acid phosphatase, arylsulfatase, and invertase, also exhibited significant
changes. Furthermore, attributes such as the abundance and biomass of epigeic, anecic, and endogeic
earthworms, as well as the populations of total earthworms, soil mites, nematodes, and protozoa,
displayed marked differences across the land cover types. These findings suggest that tree and shrub
covers, due to their longer persistence, ability to provide shade, reduce evaporation, and increase soil
moisture, play a significant role in improving soil structure and supporting the growth of earthworm
and microbial populations. These organisms are crucial for organic matter decomposition, nutrient
cycling, and the enhancement of soil’s physical, chemical, and biological properties, ultimately leading
to improved soil fertility and productivity. Consequently, the results indicate that expanding woody
vegetation cover can create more favorable conditions for optimal soil functioning and serve as an
effective strategy for restoring degraded lands. Therefore, in regions with similar semi-arid and
mountainous climates facing land degradation and land-use changes, the development of woody
vegetation, particularly beech, is recommended.

Keywords: Woody cover, enzymatic activity, microbial activity, land use, physical and chemical
characteristics.

Y¢



