Journal of Water and Soil

https://jsw.um.ac.ir St

Research Article
Vol. 38, No. 1, Mar.-Apr. 2024, p. 105-126

The Effect of Different Land Uses on the Characteristics of the Organic and
Mineral Soil Layer in the West of Mazandaran

Y. Kooch', A. Shahpiri?, K. Haghverdi®

1 and 2- Associate Professor and Ph. D. Student, Department of Range Management, Faculty of Natural Resources,
Tarbiat Modares University, Noor, Iran, respectively.

3- Assistant Professor, Department of Wood and Paper Science and Technology, Karaj Branch, Islamic Azad University,
Karaj, Iran

(*- Corresponding Author Email: yahya.kooch@modares.ac.ir)

Received: 12-11-2023 How to cite this article:
Revised: 09-12-2023 Kooch, Y., Shahpiri, A., & Haghverdi, K. (2024). The effect of different land uses on

© 1919 the characteristics of the organic and mineral soil layer in the west of Mazandaran.
Availa e eted: 12-12-2023 Journal of Water and Soil, 38(1), 105-126. (In Persian with English abstract).
' https://doi.org/10.22067/jsw.2023.85316.1358

Introduction

Forests, encompassing approximately 30% of the Earth's land area, hold significant ecological importance due
to their rich biodiversity and the multitude of environmental services they provide. These ecosystems outperform
other terrestrial habitats, making them invaluable to all life forms on our planet. The destruction of forest habitats
and changes in land use patterns exert significant impacts on the variability of soil quality indicators. The
consequence of forest degradation encompass various adverse consequences, including the destruction of wildlife
habitats, climate change, global warming, diminishing plant and animal biodiversity, and reduced water
conservation capacity. Extensive research has been conducted to investigate soil quality in diverse land uses within
temperate regions. However, there is a noticeable scarcity of studies focusing on semi-arid regions. It is imperative
to note that a comprehensive and practical assessment of soil condition necessitates the simultaneous measurement
of physical, chemical, and biological indicators. Such an integrated approach ensures a thorough and effective
evaluation of soil quality. The primary objective of this study was to assess the impact of various land uses, namely
natural forest (C. betulus - P. persica), plantation (Q. castaneifolia), garden, rangeland, and agricultural lands
(rice), on the physical, chemical, and biological properties of the organic and mineral soil layers. Specifically, the
investigation focused on the evaluation of fauna and flora, microbial communities, and enzyme activities. The
study was conducted in the semi-arid region of Kajur Nowshahrmourd.

Materials and Methods

To achieve this objective, contiguous sections of the study area were carefully chosen, ensuring minimal
variations in height above sea level, percentage and direction of slope. Subsequently, three slice of one-hectare
dimension plots (100 x 100) were selected within each study habitat, with a minimum distance of 600 meters
between them. From each one-hectare plot, four leaf litter samples and four soil samples (30 cm x 30 cm, 10 cm
depth) were collected and transported to the laboratory for analysis. In total, 12 litter samples and 12 soil samples

were collected from each of the habitats. The soil samples were divided into two parts: one part was air-dried and

then passed through a 2 mm sieve for subsequent physical and chemical testing, while the other part was stored
at 4 degrees Celsius for biological assessments. One-way analysis of variance tests were employed to compare
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the characteristics of the organic layer and soil among the studied habitats. Furthermore, Duncan's test (P>0.05)
was utilized to compare the average parameters that exhibited significant differences among the different habitats.

Results and Discussion

The findings derived from this investigation underscore the substantial variability in organic layer
characteristics across different vegetation types. Natural forests emerged as the most prominent in terms of
thickness, nitrogen content, and calcium concentration, whereas agricultural areas exhibited the lowest values.
Grassland areas displayed the highest carbon content and carbon-to-nitrogen ratio, while agricultural and natural
forest areas demonstrated comparatively lower values. Agricultural lands demonstrated elevated bulk density and
sand content, whereas natural forests exhibited the lowest values. Notably, natural forests showcased the highest
porosity, aggregate stability, silt percentage, and macro- and micro-aggregate quantities, while agricultural areas
presented the lowest values. Chemical analysis of the soil indicated that natural forests recorded the highest values
for most chemical characteristics, while agricultural lands displayed the lowest values. Biological attributes
generally exhibited the highest levels in natural forests and the lowest levels in agricultural areas. Specifically, the
abundance and biomass of epigeic and endogeic fauna did not exhibit significant differences among different land
uses during the summer season. Managed forests demonstrated the highest values for moisture content, basal
respiration, substrate-induced respiration, and microbial biomass carbon. Conversely, agriculture exhibited the
lowest values in these regards. The microbial biomass carbon-to-nitrogen ratio was highest in agricultural areas,
while natural forests displayed the lowest value. Natural forests displayed the highest values for most nitrogen
transformation characteristics, whereas agricultural areas exhibited the lowest values. Nitrogen nitrification and
mineralization showed a decreasing trend across different land uses during the summer and autumn seasons. The
type of vegetation cover also significantly influenced the variability of soil ammonium and nitrate levels.

Conclusion

Based on the results obtained from this study, it can be inferred that the preservation and conservation of natural
forest cover should be given utmost importance. Additionally, in degraded areas, the establishment of woody
vegetation can serve as a viable approach for the restoration of ecosystems with similar ecological conditions.
Furthermore, the presence of tree covers, specifically C. betulus and P. persica, is of greater significance compared
to rangeland and agricultural land uses in enhancing soil fertility and creating favorable biological conditions. As
a result, this research provides valuable insights into the impact of different land uses on the characteristics of the
organic and mineral soil layers in mountainous habitats. The information obtained can be instrumental in guiding
natural resource managers and offering practical assistance in decision-making processes.
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A5 o3l (ygde dusS (b9 5l (1955 (MBS0 9 (gelSud i

.(Singh et al., 2009; Wang et al., 2010)

oty g ol &y 32

Jloy lnl daosly duslie pisred g Juoo 5 4jo0 jelaiedy
3ol b oy (San g Bgiyranlidy SoalsS igeil b el g2
e Golds pae b Opll awyp polateds W3S w9l
Sy ol Glajide L byl o adlas 3)50 sladasuine
DS ) ) 5 elosd (S SpdY slhdasie
0ol b ol ab oSy il ly 25 5l (a5 Ll Jgual
alS as 4B )5 )5 4 (pShe ANy awlie jslateds 55 (S
pLsl Y+ 45 SPSS (g )l38le 5 a3 (5ol (sl iloss g 42329
bLo)| s g opite diz U] plodl pslatody cpizmen 2l
2lond s 548 sladasuin o uﬂ Y polie b g sbacdld
L (PCA) Llol sloailse Julow ¢l el iy glsil 5 S
3590 WINdows cos PC-ORD aby; ,5 dlols il syl
85 )18 (s

A Y sladaidie

2 Y (o Shg sbne sled @glis 32y 5l (S s
Waolbus polie oy yidis biwly cpod )0 ] Calisee (slaolKiys,
Mo (pyiaS g oab SR Jidgy 1> Sl pudS g (790
S (2550 by eiomed (cudly 3l (5)9liS & ldaseie )]
S 9 Syl ioss 4 (S Ced )8 plie on il
Al b IR 5 (55)3liS )0 s baasiie (l ol
> gine OS] (G)s 5 1ot wosute 5 oseolty sladuasiie Ll
() Jsiz) wily oo o)l LS sloidyy oy

CubsS g Mo 2lS (Ldg £g iy slogiagh elaly
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Table 1- ANOVA (Mean * standard error) for organic layer characteristics in the studied habitats

oy, owlbyly 4500
Habitats ANOVA
I a¥ s S A N L omks
Organic layer properties b &) &Y &y p ) s sxe
Natur 2 Garde Rangel _ F S
al Planta n and  Agricu value 9
tion Iture
forest
Culies $963  £7.60 575 394  #3.30
Thickness (cm) 024a 034b 094c 053d 063d 19701 0.000
S 3008 E™h o6 5285 3631
o +59. 142, +52. +36.
Carbon (%) asab 2% aash 2192 350D 3874 0.008
OI9re +2.31 +1.98 +1.16 +1.18 +0.91
Nitrogen (%) 01la 032a 019b 02lb 022b 7493 0000
D395 % 01 S £1751 +28.82 $48.35 $50.10 +56.42
CIN ratio 170a 468a 731b 822b  847b 7543 0.000
S +411  $399 416 323 239
Phosphorus (%) 020a 036a 066a 039b 030b 3397 0015
ool 4267 227  £196 205  +165
Potassium (%) 033a 018a 049a 022a 027a lazr 0237
felS $303  +193 174 116  +108
Calcium (%) 046a 37.00b 04lb 022b 022b 4975 0002
e $084  $0.79 064 068  +051
Magnesium (%) 003a  004a 020a 006a 009a 1560 0.198

Psw) SB 8l pa (S j5bas gy led 4 SB 5l ST e bl @l onims olis byl 4 gl

Il 5 55 15k ieSTyie i S g gllas S plazsl
5oS SB s pls jogase pyx donl )3 w3 yide S GlSL
Wb odalie b K> )0 Wy, ol (Kooch, 2012) g5 o0
225 £ 19958 )b s (o) (S (b Ll o
(Silver et al., 2000) s s 5YL adol Mg &5 5 S s
S o8 g oy by polie (93505 B (aLS SdisS (iomen
slail L slae a5 (Jagadamma et al., 2014) xad o yuss
@ ) Meyd (el 35 300 (nl @l Ml pSl gk
O 5 ) Olgee O (siete dlaily 9 Sl 3l (b JSix doye
Ui 0 S lawliS g Slo oy .4 sanlive S g ,See
(Marcos et al., 2010) wib o K> o sblio 5 b aub
092 » Jl oS cblis coge balSBy S & bl
CbalS Ly Slo £ SUSS 1w ole Ky tin 5 o il
Six et al., 2002; Aminiyan et al., ) ol o Clus 4 SB
SB baliSE S 5 o 5 Lt Jsie BAISE 5L (2015
2l o 3aios ol gl oauS A4S o (Li et al., 2016) witws
A odmline K piaewsST 50 alaSB yoolde oy iy 4S5 okas
Gl Sily ciliseo (glacs )8 50 lassd sloyiolly o)

g hde xSl gy aub K 3 slowd sladnsuis (ST a8
b UK 0 (Y Jgin) adl e jlade JBlus (gl (g5y5liS

Sl oy 2j90 SoBllng) o > SB (b S
Py e cpyiin a5 o ol sl Camsa @l (Y Jeis)
g bl Bl (6)yoliS otag) SB 4 b 5 50l ogate
);“5l.x> Ao odblie b Ko lbaasuie O'.’.l Jldo u;/u.af
Al s g ) Mo WS gylul (s polde
3 o i (a8 5 18 6 So3la] b JSi2 3 3 5
oWing) > 0l pogasie p (¥ J9i2) 292 (55,9l oK)
h polie cpyide B SR 5 (b S 4 Cus (55)9liS
Cogume o Jol Jole (639)9 JT odle line g canl 03l L
SN sl osase gy (Schulp et al., 2008) 545 o
Xiao et al., 2021; Zhou et al., ) 5> S J S L oYL
SB 3 ol pogase p Gl (Gingh cnl ) (2015
Cudls Loy o5 (Jolo 4y g ) (50 Sy jl (6)le dilaie
Sk cdl 4> )31 .(Schulp et al., 2008; Wen-Jie et al., 2011)
Jb 52 5o Ll ogde (i S el Ly laaasete ) (S
{Meyfroidt et al., 2013) ,Ken 5§ Cugyime i)l L illae
S5 Mgiege Sasil 3 S (s 5 oo (33) Bl e
Dby s ly pimen 5 SOV gd davly 4 ]y ()b xe
@l il e il Simgd gl b Lly o &5 e Lt LalS



VWY sl oy 50 S Gare g JTaY o Sy » (ool il glag )l 51 oyl l%0n 5 z o5

Candld (b iz )3y 2bj po> 5 (2L Sidgy e 092
SB 59 0,30 Lhals )b il .(Sharrow & Ismail, 2004)
Oigr e 9 CusS (il Iy (65,5l g (o pe oKy 5
oS polie lyoms g oRilngy (pl Cod (£39)9 I dlge 40
o lod I 039 & S Camd g loyd I (59550 csleyd
Cundg Slasd SB S 0595 9 I S 0 e Jdda il
Jis cov Jglme JT 5955 ilsél ((Jiao et al., 2020130
ol o Gme g Y Gt VL ol b WIgie xbo
@l b (Fouché et al., 2020) asl bls) 55 Wolfiys,
ol LB m25e 5 pedS iy hud lie (3o g (i
b chle (Vb plie b ssmlie (6))sliS 5 b JSix
@ jhed @y &2 b ladye Sl (Sae 00d ()5 S (3bLa
WL yhud yide syiee b (oS pulY (gilo (Sane g 425 Sl
4 .(Chase & Singh, 2014) 545 0 S jaud Liul38l Coge oS
G398 oS Cals SladisS (LS lasye Lulyd > S b
A Ly 50> cladiss 4 cund |y a5l 03Vl jlie
—o 00 g sl dgvg JWd 4 S5 o 50 (Kooch et al., 2016)
SE e omb plie 4295 )3 Ol g Moo GRS )by
Chietal., ), o,lsl Jole cplay 5,0 (ide 5l (g)le ddlaio 4
(2016
S Sl Ao 0395055 GioR (nl @B b Blas
K > cupa 5ol QUi oy 3y90 Solitagy o 0 )
WS g9 > Sldscudly 1)l oy i £l g ()5 UK b
SrolRidng) 5> adyiy e Clywss LY> ) 2L ids g9
OS948 Gl (arnb S 85 (g pgbody .l (34855 3590
395 |y gy ddy)ny 039565 £l b duslie ) 055 slaady,
Gl a8l (ialS Gud & Ay i) 09976 (5550 srdisS 243
SR SB w0550 a3y 035555 odalidie 0> Y5 ]
2 @he polie jog 4 Gl > ady) (iSly Cusl (Sen (b
polis & Jdy (o piod S QLS sbadiy) o) &2 sl S
Wl Gopnd SB 3l gt g 3 38 5l 3y glie
Jobs ol 4l 55 (Sayer etal., 2006; Yuan & Chen, 2010)
P SE ghodols a4 gdaxie o jingh (g opl
L 4uslie 3 o 31 (Augusto et al., 2015; Qiu et al., 2015)
Copde g (RS by Ol 4 s SB Gl Shy ple
e Sl (padld plgisas gy cnl S (oo i iy (3]
Alkorta et al., 2003; ) $5,5 o )8 oolatwl 350 S s
dep Jl> pl b .(Guangming et al., 2017; Lee et al., 2020

sanlie (65)5liS o o] ko (a8 9 SB 1Sy ke o it
SNSRI a8 (53 Jdey g alate > STy e
Nsabimana 2008) )|,Kes g blegus! Glisios b gllee 5039 b
ool else G inte Sl ol e 5 IS oS et al,
i1y 5 N olge o bl ab ladoys > SB STy
Slae iuli8l b as ASs 4y 5yl dgng (g0 pixe e dlayly S
3 ol @3 51 (8L ) 3T (90 5 e S5 4 (53959 I
Sy g oad Sl b3l g Al )3 o 390 yide
Olyuss s opl o (Kooch et al., 2022) Ll . als S
B bl Slas 5 AUB L Sy e (oSl el
lord CLS 5 g9 4o (> (LS Gidg o (pl 4wt 5 230
S Ealin s S e s 55 ST S S olin 1L
P MBS sy bz 5y by cos S
sibo ol Spd¥ CudS g (15,0 Sy g glo slaaasuls
pas 5l S s opl sbadl (Haghdoost et al., 2011)
cod S oS 0 g JI ) slbdasude o ixe &t
P Glagiady duy oo slai 4 Bl e (Sl slagidy gl
(1]0m Sl & S (8 Lol o 1 S L 03,0 )
Lo oS Slgime s (o 390 SloolSiygy 5 s
2 e ()5 i dgug gl (g 53 AiBl oo (ol
2 Gl 0390 (550 (ladigS deg Jdody LB 4,500 4 9,5
@ dog b oS wlansh oldl ot Glagiagy dwl) Gues
2opd (pizmen g OJeyi g (1S Chgime ged SE plele
Wb glite o ool)) slagidg gl 1 LAl Sua g 9 S
Spdoms oy opl 5l (Lee et al., 2020; Zhao et al., 2021)
&b 5 039 yiite sl AL glial 3 (17905 5 (05 Clige
Kumari et al., ) cwl alS b jids g4 g olRisgy blys
N oke §1 age s3> S5 IS o355 -(2011; Sofo et all., 2020

Aol oMb (wgegn g 225 Gl 2 o3k 2> Uy cul S
OSayas opyieS g oy e J(Kooch et al., 2023) sl o wiglase
SR 53 0595 a5 g AL 980 9 9,51 ()9t (S JS
Cuto U (o3b5 lahagh oAb odalie (65)9liS g (amb
SB (5ot 003D Gl ) (95 oIS ClS sladigS g
Kimmins, 1997; Vogel & Gower, 1998; ) wlawsly o,Lal
Coge (Oieyws oYL clale L S sy (Rothe et al., 2002
Berg &) dpdie SB pfeis e ileid
solRisg; w45 (McClaugherty, 2008; Mao et al., 2010
oebaidlags al) (595 03 (VL b JKa (B0 )50
Oloj CubdS g MK ide i 50 odmd LS egi 4 aS b
Yo s @ plgice ) Gl cnl sl ST (g pis (Saalsl
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@ypbols polie (ol b ool cudS L JTolge 3959 S I
015 (5)5liS g (50 oy por 3l s led cdl el S
sla o)l ols s ) odel Cund 4 gl b Lwlyen ol
S5 s (or 5 S0 S 55 (Srnod 2 ive (tiie
S Jols g (Zhang etal., 2021) olesd g (S0 Slusgas
ol &3l calises slaol&iyg, 5> (Wenxiang et al., 2002) S

Ll

5503 b awslie )3 byl 5l (B ol (Sen g A8 oy >
(Wangetal., 2012) xms s |y (568 byt &l puis by 351
L;o))j el as sl olis yobs adllas ks Lol Cpo 3D
28 o3 DS iy g9 U o8 soine b SB
e dlge (IS 59,05 (Cheng et al., 2013) SB- STy jolie
5 slosd (I 0355 dmeie 9 melS oy Red) (oyid
15 sl 030y Il 1y ST slap 5T b ¢ Jglee T 5950

oy g 0lnl 6w LS idgr i il cov S slag 3]

addlbao 390 (SW0ung; 1> S (S S5g (Hlero slitcdl  (1SSlo) (uily g 42525 -F Jguo
Table 2- ANOVA (Meanz standard error) for soil characteristics in the studied habitats

8K "'“9) U”';li)'s 49‘)'9‘6
S b S Habitats ANOVA
Soil properties b S 50K & & S 509LiS Folae (gl
Natural forest Plantation Garden Rangeland Agriculture F value Sig.
@l pogats gy 1.06+0.02a  1.14+ 0.03a  1.30+0.08b 1.32+0.05b 1.45+0.05 b 9573 0.000
Bulk density (g cm™)
Gt pogate p 265:007a  260£007a  261£003a  270£005a  2.67+007a 0.376 0.824
Particle density (g cm®)
J"_d"“" 0.60+£0.01a 0.56+0.02b  0.50+0.03 bc 0.51+0.02bc  0.45+0.02¢c 5.997 0.000
Porosity (%)
‘%{'“‘ﬂli 7242+096a  65.62+417b  60.87+4.28b  55.02+4.17bc  45.10+3.33c 8.311 0.000
Stability (%)
o8 1758+1.18d  21.75+1.79d  24.00+1.30c 28.58+2.00b  38.58+248a 19.580 0.000
Sand (%)
S_“L‘“'I't ) 4217+1.80a  4183+247a  4325:133a  4467+2.10a  4550+256a 0.566 0.689
I (]
o 40.25+2.08a  36.42+189b  3275+1.12b 26.75+129¢  15.92+0/60 d 40.488 0.000
Clay (%)
Cad > Bl 34.75+4.39a  31.00+506a  2842+2.28a  2550+3.73ab  17.17+121b 3.368 0.016
Macro-aggregate (g kg?)
o s 57.75+4.63a  43.67£3.86b  41.17+500b 36.25+3.58h  22.33+4.10c 9.023 0.000
Micro-aggregate (g kg™)
Sy 4 Cudyd LS Cons
Macro/Micro-aggregate 0.65+0.09 a 1.03+0.42 a 0/94+0.22 a 0.85+0.21a 1.03+0.15a 0.427 0.788
ratio (g kg™)
u“if l 6.97+0.13a  6.82+0.16ab  6.32+0.14b 6.33+0.18 b 6.31+0.23 b 3418 0.014
p
S eeba 030+00la  026£004a  0.25+00la 024+002a  0.22+0.02a 1771 0.148
EC (dS/m)
Cvzgj | 4.44+0.26 a 4.43+0.40a 457+042a 4.96+053a 3.72+0.38a 1.208 0.318
0
o o 46.98+256a  50.27+424a  59.63+6.78a 64.01+6.08a  54.62+6.26a 1.615 0.183
C stock (Mg ha?)
Cudyd SlsE o oS
C in Macro-aggregate 454+031b  487+015ab  5.05+0.20ab 541+ 0.15a 3.66+0.33 ¢ 7.749 0.000
(gkg?)
Sop S 5 S
4.36+0.21a 4.39+0.21a 412+0.24a 4.16+0.35a 3.01£0.28 b 4.694 0.002

C in Micro-aggregate
(9kg™)
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by IS 8 Caa

BRS
Macro/Micro-aggregate
C ratio (g kg?)
Jobre J 08
Dissolved organic C
(mg kg™)
sl Jens
Particulate organic C
(mg kg™)
oS Capde sl
Carbon management
index
4 Jol Gos uJT odle s
P9
OM1/OM2 ratio
U395
Total N (%)
I9F S
N sequestration
(Mg ha)
by SISB s y5e 00
N in Macro-aggregate
(@kg?)

520 SIS 53 (559
N in Micro-aggregate
(9kg?)

Cadsyd S 59 5 Cnnd
BRS
Macro/Micro-aggregate
N ratio (g kg?)
Jobe I 3ot
Dissolved organic N
(mg kg™)
oy JI 3y
Particulate organic N
(mg kg™)
039558 4 (p)S Comd
C/IN ratio
I 39S 4 ) S
Jobe
Dissolved organic C/N
ratio
N O3 4 S S
&y
Particulate organic C/N
ratio
prom.
Available P (mg kg)
Available K ( mg kg™)
oS
Available Ca ( mg kg?)

3
Available Mg ( mg kg

1.08+0.10 a

38.37+5.52 a

3.94+0.49 a

732.90+77.49a 790.71+101.86a 956.85+181.86a

5.82+0.32 a

0.46+0.03 a

4.85+0.27 a

0.54+0.08 a

0.24+0.04 a

3.43+0.90 a

26.62+3.48 a

0.45+0.02 a

9.75+0.37d

1.85+0.41 a

8.98+1.22 a

39.95+1.98 a

404.67+23.50a 302.33+15.97b

291.25+ 13.52 a

72.58+4.06 a

1.14+0.08 a

35.9445.00 a

3.10+0.38 ab

5.96+0.50 b

0.38+0.02 b

4.36+0.26 ab

0.50+0.04 ab

0.23+0.03 a

4.95+2.57 a

18.20+2.88 a

0.33+0.02 b

11.48+0.52 cd

2.28+0.41 a

9.72+1.38 a

30.59+0.95 b

202.42+3.65 b

50.83+3.57 b

1.28+0.10 a

31.26+2.87 ab

2.62+0.34 b

4.68+£0.30 b

0.35+0.03 bc

4.51+0.45 ab

0.40+0.06 ab

0.22+0.04 a

5.55+3.11a

13.16+1.08 bc

0.24+0.03 ¢

13.41+0.90 ¢

2.58+0.35a

13.29+2.85

25.18+1.28 ¢

272.00£17.57 b

194.67+6.40 bc

40.08+2.13 ¢

1.43+0.15a

24.23+2.43 b

2.48+0.43 b

116.60+238.28 a 803.28+162.74a

5.05+0.18 b

0.29+0.03 ¢

3.78+0.31 bc

0.36+0.06 b

0.18+0.03 a

2.80+0.77 a

11.64+0.55 ¢

0.22+0.02

16.82+0.74 b

2.19+0.26 a

12.59+2.82 a

19.37+1.64d

204.25%17.30 ¢

171.58+7.67 ¢

32.17+2.45¢

1.32+0.16 a

15.98+1.01 ¢

0.94+0.07 ¢

1.9740.10 b

0.20+0.02 d

2.96+0.37 ¢

0.19+0.02 ¢

0.12+0.02 a

3.53+1.38a

7.07+£0.79 ¢

0.13+0.02 d

18.98+0.97 a

2.64+0.37 a

14.97+6.45 a

13.74x1.72e

137.50+6.24d

113.92+8.20d

20.92+2.78d

1.322

5.890

8.772

1.164

8.439

15.591

4.774

6.190

2.529

0.338

12.322

27.018

26.537

0.767

0.514

42.298

35.151

56.604

40.843

0.273

0.001

0.000

0.337

0.000

0.000

0.002

0.000

0.051

0.851

0.000

0.000

0.000

0.551

0.726

0.000

0.000

0.000

0.000



\f’f%)ﬂ—o.lé),)é‘\a)u“‘/\.\lq‘dlﬁjgi4.1}41‘..3 \\»

duil\.g.)ﬁa..ﬁ).\ 039.7‘5)'

Coarse root biomass ~ 1518.83+67.28a 72358+93.80b 80158+5310b  124.25:834c  50.42+1.00c 113.625 0.000
(kg he.)
M el 64.15:6.73a  46.39+6.92bc  48.54+6.19b  31.87+195cd  28.60+3.73d 6.844 0.000
Fine root biomass (g m?)
Sloysl o33l
Urease 26.62+1.57 a 20.30+1.21b 16.78+1.35¢c 11.66+0.75 d 7.92+0.62 ¢ 40.160 0.000
(Mg NH"-N g™ 2h™)
3blad Sl o )‘ﬁ
Acid phosphatase 406.08+25.47a 277.75+27.03b  210.92+22.44 c 181.67+£14.88 c 93.58+8.64 d 31.275 0.000
(Mg PNP g*h™)
g ol o 51
Arylsulphatase 107.25+£12.03 a 98.08+8.94 a 88.50+5.84 ab 69.831£5.89 b 47.1745.09 ¢ 9.001 0.000
(Mg PNP g*h™)
3Byg0! 31
Invertase 144.92¢15.63a 121.92+10.84ab  103.17+952b  9450+7.83b  42.92+3.65¢ 13.718 0.000
(ug Glucose g1 3h™)
Jas o K o yp0 diwly ol 52 .(2006; Sabrina et al., 2009 SB S sladediie

oSy slp ) aebual Hlw balis Sos ooy, @ o
St Ol CulsS Sl gk 53 Cuwl 03,8 3bul SB el
a8 )l (15 ials & e (2550 ol 45 (YL C/N)
Birkhofer et al., 2011; Lazarova et al., ) cuwl oss Sb
53 2 st 53 (o5 CIN) iy ki S o Jo 53 (2021
001 @y 1y LS cblas i g aish S > lbgsge (ST,
s Y 5l 668 Cuobus ¢ > (pen 4y (SONg et al., 2016)
e G (S35 sl il Conl o ool JSix ol 5
5 39 SB Chbsrse W15 g Sy ond alSll iww
@S 50 o zea LS sLl g4 .(Vohland & Schroth, 1999)
Wadud ) 545 S 55 Caliseo slapadl §,S00 syl el Llg o
255 » Sl e oS ((Khan et al., 2019; Heydari et al., 2020
(LS Gide 0,3 sl dilise balypd cov S sapuslS)
Sluogad 5 olS losladl g5y by oMo piisussS] 3
S5 b 55 S o) w815 5 Losiins Wilgs o S
pr) S (638 oled cuze ia (Brinkmann et al., 2019)
Fo )0l oezan 5 VL S S (s ogasie
W .(Asadu et al., 2015) 5,8 oLl g wS15 0 (Lo S
2 SB STy YL polie Cote il oIl pols Gubss
5 aS" (Korboulewsky et al., 2016) S5 S slap,S o515
5 (Matute, 2013) sl (Erdmann et al., 2012) sl
b oawlis o s olRiyg, 4o (Rgnn et al., 2001) 545595
slo b anglie 3 (> (Sl gjysliS 5 @lie Sid
28 & e &5 )l (6L (ol alS (sla iy ¢l

et al., 2019; Gharibreza et al., 2020; Arias-Ortiz et al.,
Oluogad (w9 ohesd Sluogas L awlis » (2020

sbdasuio » b e d)LJ Sl dgng 5l (S ls
@l Bk b (wyp 390 (S slagpidy » SB e
by b S oKingy 50 baastie ST Loy sdel covty
slie (ppeS s (gjyaliS anpe 3 &8 b 3 lade g it
» u_i.\j)s.b] 9 A_g;j)u.ﬁl 0.395‘_5) 9 LS"‘?‘)B .A.wl)L;a > diastio U"l
S re AN ey bl Lad jo calisee slas,l8 o
oSl dld Cogby yoolie oy il baidl illke Al
OpeS g Culy 3l (S US> 4 (S 29,50 03505 xSl
&S Jbpd il plaid] 5)0lis doye 4 dasuin (pl polis
4oy 2 Giar & S (955 039k Cumd e yiSh
(V' Jgaz) 4 osalio (gl K> )3 ol JBlas 9 (g5y5l8
SptugsS] 3los )3 (oo il (2L Slotdy ly]
oy ol 4 (Klimek & Niklinska, 2020) &)l calise
9 &8l & b (S | (LS SRS s & dad 0 L
s 90 hol 1515 0 (g JB alS 4 e (65)5liS
S (S S Sl 5 St (S5 al e i) SB
Sl el aad (g 5 st gigian Sl oladl
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Sl g b el Habitats ANOVA
Climate, soil fauns and flors  Jud P SIS & Sy Silss L ccodlPT oo
Seusan Natural forest Plantstion Garden Rangeland Agriculture nll,u e
S Cuds; Sumimer 25252100 ob 24650100 5 21124086 he 1B K064 ¢ 15.10:0.78 ¢ 17,789 1000
Moistire {%) Autusrn WET=1500 NA3:15w 2TH5:205 % 2195073 b 1797140 h 11755 0,000
N R Sumimer 21 8=1.12¢ 19892060 ¢ M4.05:40.73 % 2539:001 b 20621056 5 200 0000
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Table 4- ANOVA (Meanz standard error) Nitrogen transformation characteristics in the studied habitats

ISyt 2, oilyly 520
0595 : . _ Ha?ltats . : A“NOVA
Nitrogen Juas b S LN & & S39les Folade  biine
transformation  Season Natural forest Plantation Garden Rangeland Agriculture F value Sig.
g
o Summer  2657+208a  19.12+126b  17.46+098b  11.85+0.38c 6.52 +0.64 d 38.630 0.000
NO3 (mg kg?)
g0l
P59 Summer  11.02+058a  10.54 +0.43a 8.33+0.38 b 6.68 +0.65 C 4.01 +0.49 d 31.493  0.000
NH, (mg kg™)
Nitrification Summer 0.32+0.03¢c  019%005abc  0.27 £0.05 bc 0.16 +0.02 ab 0.10 0.03a 3.540 0.012
(mg NOs™ kgt)
O9elSaisigel
Ammonification Summer 0.36 #0.03 a 0.22 £0.04 b 0.23+0.05b 0.13 £0.03 bc 0.08 £0.03 ¢ 8.704 0.000
(mg NH4" kg?)
B
N mineralization ~ Summer 0.09+0.05a 0.07 £0.03a 0.06 £0.04 a 0.04 £0.03a 0.03£0.02a 0.360 0.836
(mg N kg soil™)
Ol s
e Autumn 1692+ 1.29a  1353%1.18b 8.86 £0.33 ¢ 4.78 £0.43d 2284020 e 53.982 0.000
NOs (mg kg™)
W
Poese Autumn  620%0.80a 3.29 020 b 2.22 £0.24 be 1.89 £0.12d 0.91 £0.05d 27.175  0.000
NH, (mg kg)
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(mg NOs™ kg?) '
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Ammonification ~ Autumn 0.22+ 0.05a 0.16 +0.01 ab 0.13+0.01 b 0.05 +0.01 ¢ 0.00 £0.00 ¢ 14.403 0.000
(mg NH4" kg '
OI9 P8 B FAxe
N mineralization ~ Autumn  0.06 + 0.02a 0.06 +0.04 a 0.07a+0.02a 0.05 +0.02 a 0.050.01a 0.891 0.278

(mg N kg soil?)
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Figure 2- The relationship between different land use: Natural forest (NF), Plantation (P), Garden (G), Rangeland (R) and
Agriculture (A). (a) with the characteristics of the organic, physical and chemecal soil, (b) and the biological characteritics of
the soil in principal component analysis
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