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ABSTRACT

Article Info

Article type: Background and Obijectives: Biological indicators, including enzyme
Full Length Research Paper  activity, microbial diversity, and organic carbon, play a key role in the
health and functioning of soil ecosystems. Land-use changes can
significantly affect soil structure, biological indicators, and quality.

Avrticle history:

Received: 04.07.2025 Therefore, the present study aimed to investigate the effects of different
Revised: 10.17.2025 land uses with forest and pasture backgrounds on soil biological indicators
Accepted: 10.20.2025 in eastern Mazandaran.

Materials and Methods: The different characteristics were studied for

Eﬁ;’w ords: the litter (nitrogen, carbon, and carbon-to-nitrogen ratio) and physical,
yme activity, . > . . . . .

Land use change chemical, and biological characteristics of soil covered with different land
Litter, uses (forest with a predominance of Quercus castaneifolia, garden use with
Soil fertility, a background of forest, garden use with a background of pasture,
Soil microorganisms agriculture with a background of forest, and agriculture with a background

of pasture). For this purpose, in each of the Uses studied, 3 sample plots of
one hectare were selected with at least 600 meters distance, and in each
sample plot, 5 samples of litter and soil were collected, and a total of 15
samples of litter and 15 samples of soil were collected from each Use.

Results: The results showed significant effects of different land uses on
most physical, chemical, and biological properties of soil and litter
characteristics; therefore, the highest carbon and nitrogen in litter were
found in forest land use with a predominance of Quercus castaneifolia.
The highest characteristics of porosity, soil stability, clay, moisture
content, pH, Ec, carbon and organic matter, storage of carbon and
nitrogen, nitrogen, potassium, calcium, magnesium, mineralization of
nitrogen, ammonium, nitrate, particulate organic C and N, dissolved
organic C and N, activity of enzymes (Urease, invertase, arylsulfatase, and
acid phosphatase), soil organisms (Fungi, bacteria, Acarina, nematodes,
Collembola, earthworms and protozoa), basic respiration, microbial
biomass of carbon and nitrogen, microbial contribution, urease to organic

)
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carbon ratio, acid phosphatase to organic carbon ratio, and microbial
biomass nitrogen to total nitrogen ratio were observed in the forest land
use. The results of principal component analysis (PCA) showed a clear
pattern of separation between different land uses. Habitats with high soil
fertility, nutrient accumulation, and biological activity were associated
with forest land use. Meanwhile, agriculture with a background of forest
and pasture was associated with apparent specific gravity and soil
temperature, and had lower quality and nutrients.

Conclusion: The results of this study indicate that land-use changes from
forest to pasture and agriculture cause a significant decline in soil quality
and health, negatively affecting soil biological indicators, including
microbial diversity, enzyme activity, and organic carbon storage. These
findings underscore the importance of maintaining forest cover as a vital
component of a sustainable ecosystem. Therefore, conservation programs
for these natural areas should receive greater attention than before.
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0.000 17.711  28.78+1.22°  2643+0.95°  24.66+0.89° 21.25+0.57°  18.35+1.15
Soil temperature (°C)
0.012" 3466  623+017° 6424011  6.66£0.25™  6.93+0.19% 7.02+0.15% (1:2.5 H,0) pH
00007 8791  019+001°  0244002°  026+001°  033+003°  0.39+0.04° (dsm™) EC
- 7.
0.004 4155  135+025°  16740.14% 189017  2174023°  253+0.30° (“_’”J o
Organic carbon (%)
- Tosle
0.004 4151  233+043°  2.87+023®  327+030™  3.75+0.39% 4.37+051° (heo2) Sl

Organic matter (%)
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2 . ) 3 Qj 3 Y - E s B%
2 5 2 3 8§ 2858
2 < =
. mgh™) 5.
0.041 2642 1870+2.81° 2373+1.94% 26254242  28.18+282°  29.76+3.22° M) S et ’1
Carbon storage (mg h™)
00007 21314  013+002°  014+001°  019+001°  023+001°  0.30+0.02° (e02) 0357
Nitrogen (%)
v Mg h™) 055 25 0 s
0.000 11006 1830270 2050099  263+0.16™  30£021®  356+0.27° _( O 83570 0 .
Nitrogen storage (mg h™)
Sl 5t a6 S e
0.111"™  0.668  1542+321*° 11.76£0.98°  10.77+1.34°  9.93+1.20° 9.01+1.10° N ‘“‘f’*’s “‘
Carbon /Nitrogen
*k ma ke -1 . G oA
0.000 18541  974+044°  1476£129°  17.04+142° 19.02+1.89°  27.49+2.02° R e .
Absorbable phosphorus (mg kg™)
= mg kgh) Cix LG el
0.000 23665  60.13+6.407  93.047.29°  107474513°  14947HI007  19540+18.94° Mg kg )*J"_&‘ ==
Absorbable potassium (mg kg™)
- Mg kg™h) i L5 oS
0.000 36595  77.80+4.587 99474599  104604540° 13653+651°  198.00+13.05° 0K ; S .
Absorbable calcium (mg kg™)
- mg kg?) _J By e
0000 6947 1653147 20204333  3193+4.02° 33674331°  40.0+452° MOKGT) e S st
Absorbable magnesium (mg kg™)
35 oAl D3 Gae 1
0000 24458  816+051°  929+048%  1107+106° 14.85+141°  3258+4.13° ~ (mg Kg™ day™)
Nitrogen mineralization
(mg Kg™* day™)
* mg k L 5 gal
00007 6375  540+069°  7.65£063°  854£116°  1047+077°  11.24+121° MIKG™) £ .
Ammonium (mg kg™)
* mg ki 1 - (IS
0.000 10469  410£036°  517+054°  7.19+0.75°  7.89£0.75°  9.64+0.83 <_ 9% )"f‘f
Nitrate (mg kg™)
ok k B ’10 3 T'v’
0000 15097  020£007°  0.78+022%  113+027°  164£026°  293+037 ORTD sl Jlew? .
Particulate organic carbon (g kg™)
o kgHsle,s J 03 %
0000 14547  003:001°  003001°  006+001%  013+002°  0.32+0.07° GG Ishs? S .
Particulate organic nitrogen (g kg™)
0355 4 lod Jiop S i
0019" 3164  13.14+3.83° 2696+627°  4814+1611° 14.69+295°  15.74+354° Nl
Particulate organic carbon/
Particulate organic nitrogen
- mgkg * .
0.000 24379 695+1.30°  11.44+140°  14.96+141° 32514647°  56.02+6.00° ) makg _J’l’“ s .
Dissolved organic carbon (mg kg )
. Mgk ") don JT 055 23
0.000 32763 3314043"  808+123°  0174091°  1661+097° 21504213 Dissolved organic nitragen
—1;
(mgkg™)
05375 4 e e S o
0.361"™  1.105  240+054*  192+040° 200034  196+0.39"  2.96+039° sl i
Dissolved organic carbon/
Dissolved organic nitrogen
sasolss ™ oys 485 A0 mlaw s (b ekasols s 4T el [(1310) £ jlas slas] o SKke sdiasolis esls
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Table 3. soil biological properties under the studied uses.
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S 8 - . 2]
i 5 g - s g J £z
= 3 3 ¢ 3 b 2 8 =8 > 35
ve 2 3 ¢ )5 L2 L 3 9% ke
27 w 5 2 3 08 \\23 B 7 8
) . > 5 (=] ° = 3 o
3 V2 \\23 = 3 < o =@
? 2 U} U] S g e
-2 .
ok m oy R 03 68 s )
0.000 59618  10.08+0.77%  16.07+1.42%  19.13+1.63°  34.08+2.17°  60.65+4.95% R
Fine root biomass (g m™)
-2
nm (B La | x5
0470° 0898  007:007  013:01F  020:014°  033:021° 0470248 ) SHosrsbes o
Epigeic density (n m™)
2
(BN s S 63 §ens
0265° 1338 075:075  0.82:082° 1526105  365:228°  5ilpsx (0T STncbefesio
Epigeic biomass (mg m?)
-2 .
* nm b cla (KoY
00477 2543 0.13:009°  013:009°  02040.11°  040+0.13°  0.60+0.19° MO e slae 5 ’“2‘“
Anecic density (n m™)
-2 .
« mgm > gla 03¢5 Cnns )
0.017 3248 1.08+0.74° 1.60+1.09" 173:100° 5214188 74082260 9 ?)_ S5 oS L
Anecic biomass (mg m™)
-2
ok L= ¢ la |5
0000" 14111  060:0211°  1.07£036™  127:045%  2.00:045°  407:028" M) S oo slans s
Endogeic density (n m?)
2
- 20955 Sda S 03 )
0000" 17002  877:337°  1034:356°  1426:485° 223304640  4g50:207 O ) SHensseSes >
Endogeic biomass (mg m™)
2
ok mgm L= cla 03§ 3
0.000 14743 1060+354° 12.76+4.78° 1751504 311047010 071504t (MO S sheS B
Earthworm biomass (mg m?)
0000" 11654 1935.93+ 4815.73+ 678587+ 8379.40+ 1043553+ (nm?) s
A 3 C C al a
278.42 1170.67 911.10 870.84 1245.15 Acarina density (n m?)
0001 5455 801.80+ 1702.87+ 222307+ 3706.60+ 4114.40+ nm?) olesy
. . [ C C al a
58.32 403.49 666.21 709.27 801.11 Collembola density (n m-Z)
(Sl p S V0r 43) Wl W51 5
0000 17757 3500:4.38° 4567+454°  5380:351° 822045.46°  10+80F 2100 2908 57
. . X . . . . . . X 12.20 Nematodes density
(In 100 gr soil)
- x10%g soil?) ;454
0.000 6489  4513+1327° 57.73+1243°  8153:988°  103.73:901*°  106.13+7.72° (A07g sl 55555,

Protozoa (x102 g soil™®)
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3 Ve = 8 5 358
o x107 g soil) s U
0000" 15480  0.70+0.14° 1.04+0.20° 1.3240.22° 2.41+0.36° 354+0.44% ¢A07gsob ¢ =L
Bacteria (x10 g soil)
™ e B (x107 g soil) ~
0.000 5994 0.49+0.14° 0.64+0.17° 0.87+0.14 1.13+0.12 1.29+0.11° &
Fungi (x10 g soil)
MgNHA+-Ng2h™) 5,
ok d od bc b
0000" 14336  4.91+045 7.11+059 10.53+1.40 11.65+0.95 17.19+2.08° Urease (g NH4 +
-Ng'2h?h
MGPNP g h ™) guul sblis
ok b b b
0.000 8511 62674545 66.33+5.23 98.07+6.40 204.3345367°  300.07+57.42° Acid Phosphatase
(ugPNP g *h™?)
. PNPg th™d) 6l ,m Lo
0025° 14336 50.73:1752° 6527+1372°  8580+14.84%  9573+12.92% 11.4749.77° (HgPNPg ) e
Arylsulfatase (ug PNP g *h™ 2
(ug Glucose g™ ' 3h™") 5, 5l
u b ] ab ab
0.035 8511  5393+1533°  68.87+12.73 84.40+14.08 10587+11.01®  15580+46.17° Invertase (1g Glucose
g '3h)
A d od b a hﬁy‘ = s N
0000 16360  3.48+0.15 3.74+0.10 407+0.07° 439+0.16 481+0.15 Geometric mean of enzyme
activity
ST oals asls
0467 0903 0.14+0.00° 0.15+0.00° 0.15+0.00° 0.15+0.00° 0.15+0.00° ke
Shannon enzyme index
(mg CO, g™ day™) w is
el b b b
0.000 9553  0.09+0.02°  0.11+0.01% 0.14+0.03% 0.18+0.02" 0.29+0.04° Basal Respiration (BR)
(mg CO, g™ day™)
aS ﬁ-"‘ﬁ oS
o -1 -1
0.000 19.134  0.13+0.04° 0.17+0.01° 1.06£0.17% 1.1140.15° 1.23+0.15° (mg CO, g™ day™)
substarte induced respiration
(SIR) (mg CO, g day™®
, ; . ; MIKGY) 5 s Som 03 5
o .
0.000" 27399  5158+8.17%  96.40+10.28 117.60+9.67 168.67+16.33°  300.20+33.63 Microbial biomass carbon
(MBC) (mg kg™)
SIS 03 F 3 O S
- -1
0000" 44571  6.17+0.66° 11.07+1.85% 16.29+2.07° 24.63+1.79° 43224352 (mg kg™)
Microbial biomass nitrogen
(MBN) (mg kg™)
X X . MGG s Sor 03 5 i
o a a
0.000 6.883  9.04+1.35 9.43+0.90 28.35+8.31 38.40+8.66 47.47+8.23 Microbial biomass
phosphorus (MBP) (mg kg™)
Sstbs 2
* 1 -1
0013° 3445 2572065 1.30+0.25" 1.10+0.21° 1.23+0.19 101009 (kg CO2-Cmg™ MBC day™)
Metabolic quotient
(ng CO»-C mg™ MBC day™)
SIS e
sk . -1
0.000 6.186  50.41+9.14°  63.34+9.02% 71.23+9.27% 92.85+15.60°  13455+19.57° (mg Cmic g™ Corg)

Microbial contribution
(ug CO,-C mg™* MBC day™)
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Carbon availability index
(mg CO, g™ day™)
7. 3oy s)
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Urease/Organic carbon
o e ab M on S 4 Sbldtd s
o C a
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carbon
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carbon
7. 365 50l G
0.755™ 0.476 49.11+12.19% 44.87+9.18" 54.69+11.95° 52.58+6.23" 69.43+22.42° oS ”f“ '
Invertase/Organic carbon
03 553 45 o3l S
0.005™ 4.105 0.14+0.02° 0.08+0.01° 0.10+0.01% 0.08+0.01° 0.06+0.01° S L. K
P I
Urease/MBC
03 35 T 3 4y SBland ol i
0.050" 2.498 1.76+0.33° 0.79+0.09° 0.91+0.09° 1.28+0.34% 1.10+0.22% S S
Acid Phosphatase/MBC
S 3B T e
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0.162 1.690 0.96+0.22 0.68+0.13 0.85+0.18 0.65+0.10 0.45+0.08 St 03 5§
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O % el s
ns a a a a a _ .
0.167 1670 1474057 0.75+0.10 0.79+0.14 0.73+0.09 0.56+0.12 3 S 835t
Invertase/MBC
03 F 3 O3 5 ) S
¥ be b b
0.000 6.346 67.33+12.45°  81.91+16.72 88.14+11.00 112.02+9.44 149.85+13.16° JS 0555 4 s Ses
MBN/N
03§ jd.‘..é S
o bc abc ab
0.013 3.435 0.9440.14 0.72+0.11° 1.45+0.33 2.28+0.59% 1.79+0.30 b 4 3 S
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SIS 035 3 2 S e
0.388™ 1.051 7.94+1.67% 12.04+2.44° 8.00+1.22% 7.66+1.37% 8.87+1.90% 3Sn 8355 St h 4
MBC/MBP
23 038 o3 (2,5 S
ns a a a a a .
0.354 1.120 9.40+1.66 10.77+1.37 8.71+1.25 7.39+0.85 7.69+1.21 S 835 S O35 4
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(35 035 w3 O35 b S
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Figure 1. Litter and soil properties under the studied uses.
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Table 4. Correlation coefficient of the variables under study with the first and second axes of PCA.
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Correlation Correlation Correlation
0.678%* RS oS 0.565%* S 3N 05558 0.876%* 4l o e Sl
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