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Article Info ABSTRACT
Article type: Background and Objectives: Vegetation cover type, particularly various
Research Full Paper tree species, plays a pivotal role in enhancing the physical and chemical

structure of soil through the production of litter and organic residues.

Article history: Differences in vegetation types, such as forests, wooded pastures, and non-

Received: 10.06.2024 wooded grasslands, lead to variations in organic matter content, nutrient
Revised: 12.23.2024 availability, and soil biological activities. Soil microorganisms and enzyme
Accepted: 04.16.2025 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

E:;/;Vrr?ggslactiviw, layers in areas with different vegetation covers iq the Gil-Kala summer
Land use, pasture region of Nowshahr, Mazandaran Province, Iran. The study
Microbial activity, focuses on four vegetation types: a forest dominated by Oriental beech
Physical and chemical (Fagus orientalis), a mixed shrub land of hawthorn and barberry
characteristics, (Crataegus microphylla and Berberis integerrima), a shrubland dominated

Waoody cover 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 x 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
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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 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 107/g soil) and fungi (1.72 x 107/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 Nowshahr, 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
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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.
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Table 1. ANOVA (Mean + standard error) for organic layer and physical characteristics in the studied habitats.

bl s iy
ANOVA Habitat
e S5 5 Sy el Y sl S
< - 1 - . .
Gbsme  F i AGrODVION s 4l Crataegus oL Organic properties
. gropy Prunus microphylla and Fagus
Sig. F value longiaristatum . . . . l
Boiss spinosa Berberis integerrima orientalis
Bunge
, Ty
0.07™ 2.56 20.84+1.14°  22.19+2.03° 26.2+3.58% 30.13+3.03% (Ae02) Jhad o8
Carbon (%)
) JT oY 035
0.014* 4087  1.03+0.16°  1.08+0.20 1.44+0.23" 1.9620.24° (A002) J ¥ 035 7
Nitrogen (%)
i NIRRT ) . .
0514™ 0778  2525+3.89°  26.64+4.56° 23.7645.53° 17,9263 P 4TI e oS
C/N ratio
St S slaeasiia
Physical characteristics
N
0.491™  0.821 1.5+0.08% 1.48+0.09° 1.45+0.06° 1.34+0.05° (na o Sl 5 p.5)
Bulk density (g cm™®)
i o a0
0.97™ 0.08 2.3740.07° 2.37+0.08° 2.3440.12° 2.32+0.06° (na o s 0,5
Particle density (g cm®)
0.643® 0562  36.32+388°  37.77+3.32° 36.81+3.81° 41.8842.19° (Ae02) Jlss
Porosity (%)
Sl
0.01* 4417 56+4.33°  58.44+4.02° 66.2+3.43% 72.34+1.89° (h232) oty
Stability (%)
0.087™  2.369 34.1+2.78° 28.3+3.05% 26.2+2.23° 25.4+1.99° (4222)
Sand (%)
3) e
0.535"™  0.741 37.4+3.76° 39.8+3° 34+4.67° 32.3+4.02° (A202)
Silt (%)
0.006*  4.862 28.5+2.88° 31.9+2.79™ 39.8+2.95% 42.3+3.13° (2232) o)
Clay (%)
13) S HELY P
0.002* 6 30.4+3.99° 31.4+2.49° 39.2+3.75° 52+5.48 (A202) 3 &
Macro-aggregate (%)
5 HEL e
0.003*  5.658 19.6+3.32° 22.4+3.83° 32.1+3.18° 35.8+2.49° (A202) 52 &
Micro-aggregate (%)
3) S o
0.018* 3.78 31.19+2.54°  36.05+3.91% 44.624551% 48.4+3.60° (4202) b
Moisture (%)
15 sle S gl
0.002* 592  30.2242.07*  2569+2.53% 22.56+3.33™ 164950 74° A ) Sbr sl

Temperature

™ non-significance, * significance at the 5% probability level

ay

1.6 Jlaz>| Cb’” 33 I3 pna * (Sl sme pls e
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Table 2. ANOVA (Meanz standard error) for soil chemicals characteristic in the studied habitats.

oobols s iy,
ANOVA Habitat
kS ile S Sl Sk gla S5
Sl F ol Agropyron sl Crataegus o Soil properties
Sig. Fvalue longiaristatum Pr_unus mlcrpp_hyllaan_d Eagus.
Boiss spinosa Berberis integerrima orientalis
Bunge
=z 5 . I
0.000*  17.405 21.83+1.68" 25+3.61° 40.71+2.32° 44,5542 8° S 2 eSS i
NH, (mg kg™)
Y Y Sl s
0.000*  26.258 30.55+1.82°  32.41#1.13° 46.07+1.64° 51.33+2.92° (G SAS 0.5 ) S
NO; (mg kg™)
* b b a a GME
0.000 17.895 4.45+0.07 4.69+0.13 5.15+0.1 5.41+0.09 (s el a0
P ‘
0.016* 3.882 6.02+0.287" 6.1+0.324° 6.51+0.224% 7.11+0.139% o=l
pH
- g Sl
0.01* 7.473 0.2+0.01° 0.21+0.01° 0.2+0.01° 02820018 ooy Sl
EC (ds/m)
0.009%*  4.415 2.5+0.41° 2.98+0.4™ 3.73+0.28% 4.21+0.32° (h232) (28
C (%)
T osle
0.000%  4.412 4.3240.7° 5.14+0.7™ 6.43+0.49% 7.26+0.56 e
OM ratio
0.000*  10.849 0.26+0.02° 0.29+0.03° 0.4+0.03° 0.5+0.02* (h222) 0357
Total N (%)
U 0 SIK0) 035 5 e
0.000* 7.734 3.89+0.29° 4.19+0.5° 5.86+0.71° 6.84+0.39° O 7 ¢ S5 03558
N sequestration (Mg ha™)
dolowe JT 035 2
b b a a _ _
0.000*  11.607 18.71+3.73 24.19+2.58 42.43+4.59 48.11+5.19 (0 53k 5t 0 5 )
Dissolved organic N (mg kg™)
0.587"™ 0.65 10.13+1.79° 11.72+2.22° 9.77+0.87° 8.64:+0.98° D307 4 S e
CIN ratio
T 0550 4 S S
0.363™ 1.094 2+0.87° 1.27+0.15° 0.98+0.16 0.99+0.13" e J 07 0 5 =

Dissolved organic C/N ratio

g
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Continue Table 2.

Sl 4 oKty
ANOVA Habitat
S il . } S35 Sy aieal ' Sl S
Solgme  Foluds Agropyron i Crataegus S Soil properties
Sig. F value longiaristatum Pr_unus mlcr(_)p_hylla an_d Eagus_
Boiss spinosa Berberis integerrima orientalis
Bunge
s 0508 0 5
0.729°  0.434 8.62+1.69° 8.5+2.99° 8.29+2.19° 57280920 S0 I OA S =
Particulate organic C/N ratio
0.000% 2115  24.79+2.48"  26.91+2.14° 39.81+1.31° 44.4622.24° (¢SS 2 05 o) s
Available P (mg kg?)
$ s L
0.000* 15947  224.6214.13°  289.2+24.82" 330.942553" 455.7+30.44° (¢S AS R 5 ) oty
Available K (mg kg™)
0.000* 12529  150.5+15.4°  188.8+14.71° 287.5+24.9 374.5+46.65° (¢SS 05 ) i
Available Ca (mg kg™)
0.003*  5.476 38.5+3.87° 46.3+4.63" 51.7+2.44® 61.2+4.89% (¢ 5 A £.5 ) e
Available Mg (mg kg™)
0.000* 13.3 43.934541"  50.37+3.12° 73.14%7.59° 85.99+4.33° (e 2 08) oz 02585
Fine root biomass (g m?)
3Tos sl as 1
0.000* 8612 13.36+1.01°  14.25+1.68% 18.67+1.2° 24.24+2 49 SR
Urease (ug NH*Ng™*2h™)
P |
0.01* 4375 168.1+15.9"  219.6+28.97° 253.8+22.21% 362.5+67.81° s el 23

Acid phosphatase (ug PNP g h™)

36 T sl
0.000x 8139  105.9+11.31°  118.7+15.03° 216.6+21.28° 209+29.41° e Jeol e
Arylsulphatase (ug PNP g h™Y)
0.013* 4057  112.3+15.18°  153.7+35.37" 232.7+50.61% 277.8+38.51° el
Invertase (ug Glucose g * 3h™)
7. 3Toy sl a5l s
0.819™  0.307 6.16+0.69% 6.98+2.21° 5.26+0.48" 6.21+0.88° S 4 Slesl il
Urease/OC
i 6l decd o ]
0.579®  0.664 76.33£9.55  90.81+17.2° 69.57+5.45 9153417080 o o 4 gl
Acid phosphatase/OC
[N CE JOR I U JE
0.879"  0.223 52.3+8.15°  51.25+10.81° 59.19+5.49 50.66:8.120 o MU ol el o
Arylsulfatase/OC
K 365 59 e 51
0.769"  0.377  57.05#11.05*°  57.26+13.39° 75.38+22.97° 7252413450 & o Rl el
Invertase/OC
03565 4 Slossl 5l o
ns a b ab ab
0.137 1.96 0.09+0.01 0.05+0.009 0.07+0.005 0.08+0.01 S o Sn
Urease/MBC
03555 4 3Blind dml o 5T s
ns a a a a
0.47 0.86 1.27+0.28 0.87+0.15 0.97+0.1 1.04+0.13 S o Sn

Acid phosphatase/MBC
@ 36 T 5l s

ns ab b a ab
0.145 1.912 0.76+0.15 0.44+0.05 0.85+0.12 0.7+0.14 S S 83555
Arylsulfatase/MBC
25685 % 305l il S
ns a a a a
0.588 0.649 0.83+0.19 0.61+0.15 0.94+0.24 1.01+0.25 S S
Invertase/MBC

1.0 Jlexl c]d.w 33 I3 na * (Sl e p s "
™ non-significance, * significance at the 5% probability level

Q0
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Table 3. ANOVA (Meanz standard error) for dynamics of climate, soil fauna and flora in the studied habitats.

bl s Ky,
ANOVA Habitat
oS ile Sy 5 S sl } &."‘ u’u;f“iﬁ
S F ol AGropvron s )l Crataegus o Soil properties
Sii F value Iongiar?ztatum Prunus spinosa microphylla and Fagus
9- gB . p Berberis orientalis
0ISS . .
integerrima Bunge
0.00*  28.97 0.8+0.2° 0.8+0.24° 2+0.29° 4.1%0.37° (e 2 ) S5 ibl}
Epigeic density (nm™)
W g K35 ol 639853
0.00*  12.95 8.85+2.86° 10.73+3.48° 27.744.76° 42.48+5 85 (i 2 0.5 k) SIS 255
Epigeic biomass (mgm™)
o 53 3ldw) Kandl Jll b
0.00*  11.65 1.120.31° 1.70.42™ 2.70.39" 1.240.41° (e 53 o) Sl S5
Anecic density (nm?)
ooy g ~_,<.‘~.jb 5S¢
0.00*  10.76 12.02+3.51° 20.94+5.54 4.66£5.24° 4.66£5.24° (i 2 05 ) Sl 255
Anecic biomass (mgm?)
0.229" 15 0.3£0.21° 0.4£0.22° 0.920.45° 1.240.41° (g 318) S0 o3
Endogeic density (nm?)
x $ o) S35l 03553
0.171™ 176 2.17+1.78° 4.14+2.50° 5.88+3.23° 11.18+3.73° (oo 2 0.5 o) S350 ”;”’
Endogeic biomass (mgm®)
2o 5 alw) Sk H
0.00*  26.38 2.2+0.416° 2.9+0.504° 5.6+0.819° 9.5+0.749° (g ) Sbte 5 S 2
Earthworm density (nm)
= 035560
0.00* 19.62 23.05+4.68° 35.83+35.83° 70.17£70.17° 100.98+9.01° S S5 s
Earthworm biomass (mg m™)
ca ys Sas) 3S &S g
000 806  204002:504817°  346663:679131"  5AS063+A0S806°  673433:744155 (o H) o
Acarina density (n m™)
&S olesly Sl 3
0.082" 241  20610.7+327444°  310105+445142°  34116.7+4624.33°  39796.7+7455.12° (e 53 5400)
Collembola density (n m?)
sl 1S ks
0.00* 8.09 334+28.87° 410.1+62.68" 465.8+82.67° 811+101.9° gisls Js v
Total nematode (in 100 gr soil)
S S5 e M
0.001*  7.45 261.9+17.44° 302.4+44.82° 428.2+66.24° 613.5+81.86° EIST SR S
Protozoa density (in 100 gr soil)
Sl $147 5 s b Cure
0.00* 11.01 1.44+0.3° 1.61+0.17° 1.98+0.4° 4.47+0.66° (St 123D St Some
Total bacteria (x107 g soil)
St a 1Y s 30m) = 6 Cones
0.00*  14.23 0.34+0.05° 0.7640.13° 1+0.11° 1.7240.24° (St 505234 6 o
Total fungi (x107 g soil)
Vo
000% 1811 0.15+0.01° 0.2+0.01° 0.370.03% 0.46+0.05 “% le )
BR (mg CO, g™ day™)
e <
0.12" 2.07 0.78+0.03° 0.85+0.04% 0.96+0.05® 1.01+0.12% R o o
SIR (mg co, g™ day™)
0.005%  4.97 166.6+20.51° 281.1+30.98° 281.1+35.23° 362.8+51.07° S S eSS
MBC (mg kg™)
0.00*  28.69 19.54+1.32° 24.26+1.67° 44.58+2.65° 58.28+5.81° DO oS 5SS
MBN (mg kg™)
U355 (23590 03585 Cams
0.12™  2.081 81.75+10.99° 92.81+9.49° 123.48+18.12° 117.33+14.64° S 03
MBN/Total N
0.08™ 2.43 22.8+1.99° 24.9+2.78° 35.3+3.82° 35.8+7.04° Snd 05 Sos 03555

MBP (mg kg

ay
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Continue Table 3.
ooy 42 o2y,
ANOVA Habitat
PR S5 K el ' S sl S
Solbgre F i Agronvron s 4l Crataegus A Soil properties
. gropy . microphylla and Fagus
Sig. F value longiaristatum Prunus spinosa y . .
. Berberis orientalis
Boiss . .
integerrima Bunge
S (523,550 05585 S
ns a a a a
0.686' 0.49 0.99+0.12 1.01+0.14 0.88+0.08 0.8140.15 S i
MBP/ P
S 255 03585 S
ns ab b b ab ) . .
0.078 2.46 9.42+1.85 12.22+1.77 6.35+0.69 7.62+1.86 U335 (135w 835555
MBC/MBN
@S (255 03583 S
ns a a a a
0.164 18 8.13+1.57 13.4+2.75 8.52+1.09 11.77+1.78 Sk 1y S 03555
MBC/MBP
OS82 5% 03 5 (8 S
b b b a
0.00* 7.75 0.89+0.07 1.09+0.13 1.33+0.08 2.240.37 id 3 San 03 5055
MBN/MBP
0.063™ 264 1.0820.24% 0.8+0.1° 1.46+0.15% 1.6520.35° (@ CO) S plis i
0.387™ 1.03 81.27+15.33° 112.45+18.01° 79.63+11.67° 90.76+13.5° (Microbial ratio) s S wer
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