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Extended Abstract

Introduction

Soil degradation is closely related to increased wind erosion. Wind erosion has multifaceted and widespread effects
on arid and semi-arid ecosystems. This phenomenon weakens soil structure and fertility by decreasing the soil's
physicochemical quality, reducing organic matter and nutrients, and causing significant biological changes, thereby
limiting the ecosystem's capacity. In the Sistan Plain, the occurrence of long and strong winds, known as the 120-
day winds, is a prominent example of this erosion that has numerous consequences for the environment and human
societies. These winds, by moving soil particles and reducing microbial activity, not only disrupt ecosystem
performance but also threaten people's physical health through the spread of polluted dust, leading to increased
respiratory problems, allergies, and chronic diseases. Moreover, continuous exposure to these conditions can create
psychological and social stress, reduce agricultural productivity and quality of life, and result in economic and
migration consequences. These conditions highlight the importance of carefully examining the impacts of wind
erosion on the physicochemical properties and microbial activities of the soil, as well as its broader implications
for ecosystem sustainability and regional challenges.

Materials and Methods

In the present study, the region was categorized into four levels of soil erosion intensity as the main treatment: no
erosion, low, moderate, and severe erosion. To investigate the effects of these treatments on changes in soil
properties, sampling was conducted based on a completely randomized design in the fall of 2023. At each erosion
level, five homogeneous areas with similar physiographic conditions were selected, and five soil samples were
collected from each area at a depth of 0 to 30 cm. The soil samples were combined using a composite sampling
method. Some samples were immediately transported to the laboratory in sealed containers and stored in a
refrigerator after collection to measure microbial characteristics while maintaining initial humidity. The remaining
samples were air-dried and passed through a 2 mm sieve to determine physical and chemical properties. Physical
characteristics assessed included soil texture, bulk density, and porosity; chemical characteristics included organic
carbon, total nitrogen, available phosphorus and potassium, acidity, electrical conductivity, calcium carbonate, and
sodium absorption ratio. Microbial characteristics were catalase enzyme activity, basal and stimulated microbial
respiration, microbial biomass carbon and nitrogen, and microbial contribution. Data were analyzed using one-
way analysis of variance (ANOVA) in SPSS software version 26, and means were compared using Duncan's test
at a 95% confidence level. Additionally, correlations among the studied characteristics were examined using R
software.

Results and Discussion

The results of this study demonstrated that the intensity of wind erosion had significant and widespread effects on
the physicochemical and microbial properties of the Sistan Plain soil. As erosion intensity increased, the levels of
organic carbon, total nitrogen, available phosphorus and potassium, as well as soil porosity, decreased significantly.
Conversely, bulk density, electrical conductivity, calcium carbonate, and sodium absorption ratio showed a
significant increase. This pattern indicated the removal of fine particles rich in organic matter and nutrients from
the soil surface, while coarser particles, richer in calcium carbonate and salts, remained as a result of wind erosion.
Changes in surface soil pH were not significant. Additionally, the results indicated a significant decline in microbial
activity and soil biological indicators. Catalase enzyme activity, basal and stimulated microbial respiration,
microbial biomass carbon and nitrogen, and microbial population all decreased progressively with increasing
erosion intensity. The highest values were observed in non-eroded soils, while the lowest values occurred in soils
subjected to severe erosion. The ratio of microbial biomass carbon to nitrogen exhibited significant changes but
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no clear trend. The relative contribution of microbial carbon to total organic carbon increased at high erosion
intensities, likely due to a sharp decline in total organic carbon. Correlations between erosion intensity and
microbial indices were strongly negative (-0.94 to -0.99), whereas the microbial C/N ratio showed a moderate
positive correlation, and the soil microbial contribution exhibited a weak negative correlation. These findings
highlight that wind erosion directly limits microbial activity, organic matter decomposition, and soil nutrient
cycling, posing a severe threat to the sustainability of soil fertility and ecosystem function in the Sistan Plain.
Implementing appropriate soil management practices is essential to reduce erosion, preserve soil microbiota, and
ensure ecosystem stability.

Conclusion

The present study indicates that wind erosion not only alters the physical and chemical properties of the soil but
also significantly impacts the activity and dynamics of the microbial community. The reduction of organic matter,
changes in bulk density, porosity, nutrient loss, and decreased microbial activity suggest that wind erosion limits
the ecosystem's capacity to maintain biological function and sustainability. These findings underscore the
importance of soil resource management and the development of conservation strategies in arid regions. They can
also inform the design of sustainable agricultural programs aimed at mitigating the adverse effects of wind erosion.
Future research should explore the interactions between soil physicochemical and microbial changes over extended
time scales, as well as the combined effects of climate change and wind erosion, to develop more effective
strategies for protecting dryland ecosystems.

Keywords: Wind erosion, Physical and chemical properties, Bulk density, Microbial diversity, Microbial biomass
carbon and nitrogen

Article Type: Research Article

Acknowledgement
The authors would like to acknowledge the financial support of the University of Zabol (Grant code: IR-UOZ-
GR-8721) for conducting this research.

Conflicts of interest
The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data Availability Statement:
The datasets are available upon a reasonable request to the corresponding author.

Authors’ contribution
Morteza Saberi: Writing - original draft preparation; Rasool Khatibi: Resources, Software, Manuscript editing;
Mohammad Reza Dahmardeh Ghaleno: Formal analysis and investigation
“Corresponding Author, E-mail: Morteza Saberi, Mortezasaberi@uoz.ac.ir

Citation: Saberi, M., Khatibi, R., & Dahmardeh, M.R. (2026). The effect of wind erosion on soil physicochemical properties
and microbial activity response in the sustainability of the Sistan Plain ecosystem. Water and Soil Management and Modeling,
6(1),149 -163.

doi: 10.22098/mmws.2025.18242.1664

Received: 02 September 2025, Received in revised form: 16 September 2025, Accepted: 16 September 2025,
Published online: 21 March 2026

Water and Soil Management and Modeling, Year 2026, Vol. 6, No. 1, pp. 149- 163.
BY NC

Publisher: University of Mohaghegh Ardabili © Author(s)




%% S g T o oo g g oo

SIF

FYAY-YoLl @ g w0l Ll

® (295590 Collad mwly g S (o buowigS jud (1 S 32 (3L (b8 55U
O bhmans Candd liamensS 1 (5 1y
o anld 03,000 Loy dezms T et Jou) Mg plo (80

Al e bl s olKissls (S 5 Ol 0l ¢ gyl a0l g @0 09,5 luily
Sl ol 3 el olSeisls (S5 g L dSeils s3] g gpe 095 okl

ERVCES
VY by pols ddllas )15 s €33 )3 SB 09 See llad ) (2B BB 8T (S o 55 Lol Jalse I (S e (o3 il b

5 coiloyd e aw sz 3 sl b b a8 pldl SB 09)Se 5 (oleend (38 Sl Shy 2 S Giale)d Gud Sl gw)p Saa b
@l 8 pbol alie (SS9 5:8 Lulyd b (Son dlate Yoz 3 S (g yia Bl To U jao oe jl (513 ptiged 9 A8 (Adiod 30 g Lawgie
PYID a4 \OV/F j Gl BB by duoyd +[oVY 4 o/+ 8N 51 S (5955 choyd </NF 4 o /OF 5 T )8 ¢ ol yd cons Liolisl b as sl oLis
S o 3 0 8l 2o TY 4 BOIY J) 15 S s 8 [nlS o S5kS 55 0,5 ke VIO & FIR J) i BB jind 5 5 S5S 15 0.5 ko
YUY Q] prlS Slo,S e i joowd M 4 V¥ 51 (G Sdl colia ccaSlo o by p)5 VIOF 4 VY 5l gpals ogase ()9
Shasls 15,8 Lais |y 33 25 s Cuple S 5 350 jline S5 PH iy izdl Ll 331 AMD & YA §) pude Gls adls 5 tops
O o p 5 b oS g So Cupmo 9 (955 0355C ) (35058 5 015 Al 5 4l oS VB il il ol (90
PR IS )3 p)Ssheo VIV 4 W Sl odgicumn )39y 9 £ 5ok )3 S o YUY 4 WA (09Sin 0355 ()5 &5 (pboty il a g L6
Ol YL glacad )0 SB 59y s phew 5 O LS astidio Wg)y Lol il joline yusd 09,500 8395w j C/N Cannd .l il
Lis )3 1) wiaswsS] olg 93k Glolujd a5 wimd oo L5 laaidly gy (698 Yl 5 e (90 Sloa3LE 5 Haleyd G (Siesen 28l
Slyice adllae () sl (6)908 S (SUgngySue bain 5 (lalwd (Al (sl SB Cuslio oo § S (00 dgd0e () 5yl 5 3Sdes

8l (K5 sl ) lis 5 (55l s (slaeolsy (b (slaia,

0395 Camrj (13955 9 (1S cs95en E955 «5ll pogatte (g s alend 5 (Soid sl Shy (b piuleyd 1 gulS ojly
950

g3 il goi

Mortezasaberi@uoz.ac.ir « s plo a3 yo 1 S S g (Ol giane”

s 5 53 ySon Sl ol S8 s Sln S 515 i (V0] Lo g i 3,0 3 gy s sy 5 23U
JEFRNFL N E SB g O e g (gl Jdo b a3

doi: 10.22098/mmws.2025.18242.1664
VO VN 5Ll g ls VFF/BIN 1y gyl VEFL YD 16 )53k gyl VFF SN el gl

—®@ VEY B VFA dscis o) o)led & 093 ¥ -0 Jlo oS 5 O Cu o 5 (gl J1d
@ BY NC B © byl 3azee oKl 1yl




A A VI A WL - 15 &\i'adt.w A b)l.o.».s A b)gb/slﬁsyi%ﬁwsd}w‘)u Qw/u‘)m$dfhp oy

(Qiu et al.,, 2021) 395 0 )] (cpulols Lials § S
b wlgi o U 93,5 gy 9 (3L iale B el 2 (1958
Oy 903, Jisee Iy SB 59yShe slie laasis 5)Slas 4
Zhao et al., ) aiule dgaome aabs (gilwil )0 1) piwuwsS]
By 0l lwy sdd Jite slapmdB)lg e yids (2025
2090 355 S i g ()5 03D csdke polie olond o
Acosta-Martinez et al., ) cul 43,5 )18 | S}y dogf
5 Sk L;ﬂ 05 ol Jols wyy diwly pem 4 (2015
olyor ()8 B MKLMT)B ol &S ol L ool il
ly Gialep & SB Colus Slge JI 8 ol 5 ol
St g ol o ulS i s w5 b cos
ok brasls Glhow) 10 (45 2ezd uined )b abS
Olysdr S (gilogslae 13 42 5 (pdga CS > 3 a2 0l bawy
Iturri and ) cuol oad plwlid 3,8 &8> )3 pho (Spome
sials &S ol o 5l (Sl o5 anlgs (Buschiazzo, 2023
Caild p a8l g g0 d9dme  rbaw (guiiand 4 s JI Bl
PpS 619:’“’ L B3 Lgl.izséé\ s ul)l&).: 9 Sk u_xlaw LY
Moradi et al., ) 3,l5 %9, opl > s Li s JI dlge
Sanchez-Moreno and Yuste, (2022) ¢ ol ;5ba; (2024
rolis g ol @l il L ol (halwyd &5 55,8 ()18
9 o0 (sdna dlge By yusd g () Cllad LSl Corge i gdna
el Lo dopusl)ly S Sgl8 5 £95 LEalS n ogMe
D5 35 53 la i, ol 3jlcsn 55 35y (g e
i ( LS Hidey ialS g ol ol iol58l a8 aes o
561 ol el o 5 82 ¢ 0Se udls Ailo
slasdlls (Mai et al., 2024) sad o (idlS wgws jobody
{Saberi et al., 2025) o, bl (6,Smd 5wl dogs
g bl cel Givle,d cud il a8 ob ol
5 095 B anslty IS 5ad o JT ()3 (S 059y g
Cluogad > who Olpusd ol 0ed 0 SB g cylad
38ke g g55 g oriine b SB gland 5 (S5
SK By 5, Slos jialS 4 e o 5y S sUgng,See
0l Bjg> owyp b Saberi et al., (2025) cpispn g o
Coge Livleyd ol a8 amslys laly byl oY e
555 5 i sty JS 50y (I )5 olie snlS
eSSl colan s dpol wile ol el blas 5o g 0ads S
Sy ol Sl Gl SE (6,0l (ogasio i 9 Sl
cdl g S glapadls (all 4 obesd 5 (o3

ool 0 poie S (09,50 Culld g () CundeS

doddo—)
il ) (Sl 5l obpes g (b alio Lais
I plysas SB sl ol glid )3 s jlasme (ol
ol 3 Sl (i (o) Slaptanss] izl o bel
(55 dlge (sl o wlall ¢ 2l38 Slge W55 0 ) S (5 )lk
o) b (Fathizad et al., 2020) s)b ) &5 ()05 5
3 2l S s G el o B alap Jlo
Oliwe LiplS (S sl o505 el wunl Sl B e
sials s SB ses ymals olie yolie i) cud 5l Jl 8ok
S ialS (Mandal et al., 2021) 545 0 )] 29,50 £455
Sl i G (Bl el Copde Jda (o
Mojls g LS oo dbul (SB slapiiwsS] 5)Sles g cunlS
Sl il B & G ST (1Sl (3:83 (b))l g petene ol
Qi ) cosl (59581 o)l i 5 (o pde ladeliyy g8
Canl oo Sloz diue S SB 0L il s (et al., 2021
okl g)l5e 51 Sy d)lle Y/OA dgus &Yl oS
b &S oo, ean],d (Yang etal., 2024) 1S o bals
gl Lol bug 5 oad lix (e s 1 S )b
Jsb ) 9 (Dehghanpour et al., 2025) xg 0 Jéio ol
{Zainuddin et al., 2024) SK cuas (ialS 4 e lo;
Tanner et ) 555 o pimwsS| Gl LialS 5 (guodols il
Hdle oy (SB Sopis fold Gile s @l il (al,, 2023
slapille &8 cunl (6y98 Il g (de dlge R85 alS
IS RSN S DS SRR
oy «Siddos g St 3bli (Zolfaghari et al., 2024)
Ok lyme 9 o5 (LS (hdgr (SBHlLLL 5 oSy LSl
Kheirabadi ) sus wlus (3L Giolo 3 4 cons ( J1 83k
355 lged b Cuid B39y VYe slasl (et al., 2018
SE oy Al pbals Coge a5 Kitwd LS (b iole,
loaSed > JHl g olie polie o)l el yals
dpoa ¥l ol )Le g 58 jliil Wgdie (9,5 i
oMo sl g g 03,5 Sl g isslen slacg S
oo srslon g il slacawlus 5 03,5 sbul !
O Slalllas (Miao et al., 2020) s> o Sil3dl 1) (s,
droly €95 5 Sy Slg o (3 Linlwyd oS Wlodly L
Sixe dlge 45 > o tuwj sl lad woald puwi 1y S 19,500
Oiaxs g oS BB 4 (Diallo et al., 2023) sa> il |,
(Iturri and Boshyazo., 2023) a3 )3 b cou 1, S
o5l L (ool Lisle,d cud a5 Klealy L cabisee cildllas
B3lo (yialS g (cogiguSTh £ SOl () Sen eSS (S
Ml sl Coge Cols jd yol (ol g Canl ol o SB I



YO e ST ‘;19)&.4 Q:Jw é’“bﬁ‘sl& ‘-;:‘“°“ ,9%.}:‘3 dlb‘;ﬁsﬁ(.s‘,b. W‘ijs ”)“3

DY g Jled oy adBd VY 9 a0 Y B adda 00 4
eyl oyl )13 8.5 Jobo adBd O+ 5 an 0 5V L adddo YV 4
S i g 039 by a5l yie FA- 390 adlaio bawgie
Cud dilaie ol @le () JS8) Cl Jlgan odes by
2 S s gele Mol op YU g dioyun SlB0g; a4 dunls
Sy90 Lials 5 Jgte sla Jlsiis 5t cov p3l slaans
Eta‘at and Varzesh, ) SlaSis od,iuS jobay @ildag,
3Sibe o sio e B0 3gis AVl SNl 5Sike (2012
A ol odd (5135 55 il d> p YO LYY aVlo (gled
08 5 oy g0 315 5l B2 ¥ (1 4y 005 Lol (cled
(H) Seiggipm oSl Mo (28I Hho S35 b (lie
aii 5 ol aaib lol (Ao T gl By
Gl 235 S5 05 Sl ks ol ) SloeS
ol 0dds 5155 50, YV 51 S 6Vl Sl slajg, dlass g
e gladl a8 e o ol bl St g oSius! slaosls
298 bl B3 Llgl 1059, 1V (sl 4 pguge dilaie
g GricEx g ez @ el g Jled Cww |l
o Ve B A 25 Colled )50 Jobo 5o ol opl ce o (1SSlo
Wby e Vel Gl sl o bajg) (S0 )3 9 0392 45U
Ol Juol Jole ol opl s g ) poital .l 00 € 35
Db 935 Jhjd w9 2980 Cgure Gl > (3L

Pede (Paw Slgw) HAd plrals 5 glawls (lapbsb

IS wad g GYsb sl gy (limn cudd
b oS cud SBoups 5 ool Gl Jelss ninre
2 e cage (Il dlse o) s gy Gl obale
Ped e (29,5 Scld Sl g (alendssd laShy
b SB lapiunwssT )lul 5 (idols ks Ol ol
SE6yed 9 )k 505 Gl B 5l Al S e S
OMde wlo (2 B bl g (Jarmelun ) sbasely
oyonds lal Gl plee 5 (S5 CudS B (il
Sleogad p b alod Cad Jl (o p daalpd ol 3850
Sr9r8 () 9 plowd ((So38) il ladia jl S
5w lanlp a8 el Wigie 1y cuwl
3 yols dadlas (gyolg amd &l ddlaie ) (lacgdgise
il grokans 31 ybimsms Cadd )3 s a6 (sl &Sl
2lossSad S Shg p Olojen soba (b ale b Ol
Slge o @l 5 esd b)) SB 5,50 lagasls
sl pals 5 S glis jlub Copie sl (ole ol
28l ol (U (elaial g (S5l

W yig; 9 dlgo =Y

axdlbo 3,90 athaio Y-V

oliwl Jlod 53 ol cabd I iso adllas 5y50 dilain
0 Ve o oldle Bagaoe ) oS Cawl line gl gl

Z SPQ0E  GFD0E GI00E 62°00°E 6300 64°00'E SFO0E S1I0W°E SI0E
= L n 1 I L n - L L
£
= Caspian Sea
£ £
s s
21 Fe
8 #
£ z
z z S s
= FE
s S | 5 T g
24 e = =
z z
z =
£ =
8 8
z z
=] z
£ 53
= =
2 2
z z
Fa £ = 2
£ £ B L2
=1 s = R
o o 01020  40Km
Lt
z z
& £ r T .
2 g 60°00E 61°00"E 62°00°E
z z L
£ £ egend
) ) :
=1 s g E a
& & B study area (Hirmand County) —
z - Sistan counties o
=
£
= T T T T T
“SC00E GF00E BI00E 6XDUE 6100 64°00E

Ol eyl gl 9 3l yluw! ¢yl dlllaio 40 andllas 350 839050 5 2Ll 2 CurBge - JSUS
Figure 1. Geographical location and study area in the Sistan region, Sistan and Baluchestan Province, Iran

gaw 2 lp 85 Pl VTV Gl )3 ()l pdiges g A
Skl (Bl S e Gl 5l (Nen ddbaie gy ¢ yiglo,d
algl b ud Cbal Sl oMdlse pae 5 BLS ide

Jog 3 kol Jale lgiod SB ol b s adlllas oyl 5
O b g bawogle 08 (ol ® ool ® (g ol o



A A VI A WL - 15 &\i'adt.w A b)l.o.».s A b)gb/slﬁsyi%ﬁwsd}w‘)u Qw/u‘)m$dfhp Yog

o ) yamolioSSl adds Yo 5l o S Mol (652 oo
014 £l ol poll Jolons 2 Lo S 01,5 o B2 YV
g 9y oo a3 jld w5 LA Lo
90 JeloS g 5o yiagll Y+ g0 Jsbo ) plogighy iSuu
St S 2 5,5 KMNOA o oo &)y o codled
ol sgl> B3l (e ¥ ptleil ol 53 5 ol
Yo jglateds Aald Bges lgicds el ojlac 18 AT,
b ool cddled e b ool yregidg Sl olimd (19,8
2 el p Yoo (oo VAN (9ol po 5l osliiul
L dewloee 42 (0 LSl ig)kd Bas Gy ol
(Veedde Doy

b (2355 by & (MBC) ) (09)See 03505 ()5
(Brookes et al., 1985) ai (55503l gzl scuwl 8,8
Sdody (9l 0 Sid SBp S V) b e S cladiges
b S, bl jo oS oolw dapd YO (slod o celw VY
2 0ig b IS Gladige g 50 (35 Sl (yg p 39,18
oo ¥o b odiis (1805 g ol (505 digad 93y LML (S5
(VF sl 4y S ) K2SO4 Yoo +/0 Jsloo 52
O AdBd (3 jed Voo Gy b dldd Ve ke 4 g gl sl
g &byl e Lo /¥ slie 5k il o)las L5 ool
Sewlons sl 5 (s Sedl IS T 8 SV 5 s
(Quetal., 2020) s oolazol V ]y | g j Cpoguas )]

MBC=Ec/K_Ec ")

oS 4 0ad 5305 I S glis 1B Jse b ol o
J o puo KEC 0940 o0 dnwlowe 00iis (p5 05 (sladiges JT
Quetal,) b a5 ,la +/¥0 & cwl MBC 4 Ec
59 (529550 03925 (1jgr Amelme gl Jseyd ol (2020
Oiar 5 odd 3 (I gy &5 ol (al b el B3l
Gy 5 dg Jaide Joob nl 3 0nli (3 sladiged I
OSays 85030l slys (Queetal., 2020) cusl +/0F Jas
5 Soua K2SO4 oo b op 35,lS b (55 51 g
S8 ol dayd ¥ Ly clod 13 (0 yuS0jln] gige b Lo jlas
B9y 4 (29550 039 ()79 5 Hle Colodyd aD ()l
5 6 Sojlil S oS )5 e o Jibgan]

Tl olass ke ) b leusB)lg, S cono
Oigy 5l eolatul b a6 S isledds (6l A dpwlee (MPN)
By gy b SB amsluogw (MPN)  Jlois] slass &y

2 Most Probable Number

2 d9b ey (daxe agli I it il
dalaio 38 50 40 diges S L Cubild pp S digad ) oy cditlaio
Jlod) ol ez ez 3 ol Bkl > K> Bsai ez 9
N3 S50 3l e Vom0 (o) alolB b g (038 5 38 i
S o Bged Su g a5 ¥ o b adlate po (sladigal i8S
Y+ legaone 5 o5 po Biges gy slad 8 sl ecnlpls 05 g
Sly biges I (a8 )5 Jdod 3)90 S pe Bged
Cugb) bais by S g (29,50 sl Sy xS0l
a8 Sl x> ¥ glod o g diuyd Byl > cadsl
Jizio L5 oSl S 5 Ul oSl _awlid ST olStles]
ladiges 505 (A .29 Lai (29,8 Colled Ul ()15
oMb St e i olerd g (Suid Slaogad e ol
b cpl 1 ol g yte e ¥ S pgue g 331 slom 5
g bl oy cslio Alols (Kan blie 5l b (5 )b pdiges
9039 by g po (Blg odipled oS o Diges ool
oSk » ol Sl Gd bl Jbs ol
Bastani et ) 1S o plyd 1) S 15,500 5 (olowd s jud

(al., 2023

SE bordgS 5ud (S S g Y=Y

b SB ol (Kb laShy (wop lp adle ol
59 -(Schuman et al., 2002) b (yusd (5yi0g, b g,
Gub Jl B (slad s gy 4 Sl jegate
Chenetal,, ) ud (5,505l0l azes JBs ol p il
53 b ] 50 slionts oot 65051 sl (2022
O JBS g, Sl eslil b JS (595 9 S g (Sl
el 9 oedsl ey b SB eped BB jaud s
Ly g zlyel 5 pasgel bl 5l edlatul b ywyiws B
oSl colam o pH jlide b (580310 odl il olitwd
5 sl gy 4 SB Sal e s ptosmmily (b, L
2 oy SBglusl oylae l ooliin] b i ol Caws
.(Bastani et al., 2023; Kamali et al., 2022)

S (950 sl S -£-
9 )kl (sba g, 5l S (9S00 Sl S bl sl
p SB Galed 5l Ldlas jglateds a5 odlitel x>y
Y s b SB YLK wpl (SB espl clacdls
Y a8l e e B () Ll L SB (o8
Voo bgse ol 4 5o (Al 598 Ol e B g a0

! Microbial Biomass Carbon



100 2 29,590 Cllad fwly 9 S o LowdsSo jud (B Sivg » 3L il s 5

b duwleo (¢ly .(Schinner et al., 2012) wi plool 4L

3y90 JS (I 0058 & (29,50 03955 (328 Conad 402950
{Chen et al., 2022) 8,5 )|, solazul

Lodld Julod g 4y o5 —0-Y

iilel )b 5l oolizl b SB cluogas | ol ool
Joli iy o 2 288 )5 0 390 35kt Sl
a8, wibyly &zl eolael Lol edly g ST D
6y wss oo Y8 &5ws SPSS idle, > (ANOVA)
(503 30 Jlais! s 13) oS3 cygnfl 1 Lo gl
adlan sba Shg om g (St Colog )3 b o3l
A5 wyp Rl58le 5 lase )3 0

oy g b -

5 (S BB Sy ok rleyd I Y
&‘l &

oilep 0ad (N Joio) ouibly 2525 Jge bt (wluly
S olordsSo3d (o Shy il p s)bliae 3L (ol
I oyS Lol yd s a3l b el dsls b cusd
SB J55 rze 5 ol BB maly 5 508 (JS Gy
Sobline jobds mdus Gl L g s Gl S (S Sl
b ool sl yd oS aad o ol o1l ol ol ilsél
9 Sy lyd il Bl Jdoay plojen g 03)5 i |, Sk
Al (Il S et waw 5 698 Jobre oSl
2L byl 5l (8L Wl oo &S 355 Jloline paw )3 PH yss
s ialisl ( IS jebas il adhie o ¢ Sal sl
Sbwl g ool a8 Glogad el L iole,d
Gl SB Slosd 9 (S Cundg yd wgllasl Ol
Lol Livloyd oS s o lis Wosly Llos 5 4y 50

Ol Sl ol dede o] Bl slul el
e 45 )l olenay |, SB sdsg g O (6l cud b
Zhao et ) 5 0 (29)Sue Callad g Ay Jy oy dgdone &
&S Cusl g5 s g S 50,8 Sl osdesaline
M o wbld 5ST g Ol 3985 (clp (eaclusl lalyd
4 yoxie Slgs o i ed Ol ol (Wang et al., 2021)

x4l ol 5 ds)See) e a5 b s Ol L eo)-
09 9 b Wl sl 5 BT chy g gl ot
V¥ 5l dw b oald )8 oS il &5y ¥e glod jo 55LeSS
ol sly Wb 03 yed g SL sla SIS sl celw
— Al ond ans sbed) Sl g Sie Ve lag )l e
J&ujy GopaSs gty (pasuie plie ol sl
slod 33 5Ll > ladiges b adlsl JBT 5y logis yial
B9y 9 B IR gy @y Gdeds 35 Bl dayd VO
Boed 93 4 (29)Sue S (WD 0dyed udiie ()led
Sl lg e h)led sl B> 6 3 (v cuiS
buen 15 S s ] 9 45 s €5 5 (5ot
SeaslBlySue (Biled lp gde o )3 cuts
Ali-Asghar Zad, ) s pldl o)lid] 5 s5lal (gilsp o
03yl dlie ! 1> panilS)lg,Suo g9 a0 bgyyo zulis (2006
ol 05

e b (6501l gl (9 L (029500 Doy S
LAl ot G g3 g S 5 1+ i
B 5 Jlogs Ol st yim Jgro il o)+ 0
25 0ol 5 (gl Bl (19,0 (e AD 450 (6 e
oald @yl oS il doyd YO (glod > cslis YA oo 4y
oo g by b el plesl 5l B
92 b Slgize 9 05 a5y plo )l (9)> mrwdsnSg)den
93 i 4L ] 4y g g 05 00l gt ylaio Ul | 4y
oy ¥ 1 L] Vaar /B s IS Jgbxe sid i ¥ ]
SolS sl b g ] e oy ol i Slules
Pl 515 93y Sy ol 1ol g sl 4 28 Jlyiol
duoles ¥ dlyly 5l (mg CO2.g-1.h-1) 4l i jlide .0
(Anderson, 1982) .
ssSee uis=(B-S) Nx 22 x 100/(SW % %dm)  (v)

oAb pan Syl Sl o ;0 S (Jge)8 cnl
Sl e Bl Bl i) deo s p S
039 SW ] (i o) dals &iges 13 008 o S0 IS
Olysd DM a0 (Lt 1) p)5 oy S diges &)
s 2l N i3y 53,5 i ik S8 s 55
G S dSlied (Vg ST gy o VY dae g
s ol | o5 e

5 (555 ) SIR SIS o ] 30 o
SB il g 5l s ol 3y &gl i S ol 4
9 595 %938 ey L (S95) iyl 9 )5 (Sl st b
oS e ¥ b doge S 25 Ve 3 i) ol
s 5 oy & 5 45 bl (13 +/F) 3505



A A VI A WL - 15 &\i'adt.w A b)l.o.».s A b)gb/slﬁsyi%ﬁwsd}w‘)“ Qw/u‘)m$dfhp Yot

asly amd o il ) aslSB g)lul b & asl ol ,d
Js a3 ) SB ol Glley 5 )l culia (iol5l
cod ly oy 4y olus 09,500 zoles 3 Slas Wilgh 0 a8 )l

(Guo etal., 2018) s> I3 ,5b

sl i plp ol Cowglie Lials g S Sunsls was
OS5 b glaadl (Gan et al., 2024) 548 Jae
L SB sl o)lub 5 balsSk cas > Jl sk oals
Gble , JI sl LialS' (Liang etal., 2018) wlodS Wb

SB o boninSa 5md S Sy » plalw 8 O (il ly 22505 - Jga

Table 1. Analysis of variance of erosion intensity on soil physicochemical properties

Soil Properties Source of Variation df Mean Squares F

Organic Carbon (%) Between Groups 3 0.08 136.80%*
Within Groups 16 0.00

Total Nitrogen (%) Between Groups 3 0.00 68.50%**
Within Groups 16 0.00

Available Potassium (mg kg™') Between Groups 3 5211.40 101.20%*
Within Groups 16 51.20

Available Phosphorus (mg kg ™) Between Groups 3 18.80 144.50%*
Within Groups 16 0.13

pH Between Groups 3 0.03 3.70™
Within Groups 16 0.00

EC (dSm™) Between Groups 3 24.40 98.90**
Within Groups 16 0.24

CaCo; Between Groups 3 58.30 43.70**
Within Groups 16 1.30

Sodium Adsorption Ratio Between Groups 3 11.30 54.05%*
Within Groups 16 0.20

Bulk Density (gem™) Between Groups 3 0.09 235.40%*
Within Groups 16 0.00

Porosity (%) Between Groups 3 183.50 84.70%*
Within Groups 16 2.10

** and ™ indicate significance at the 1% probability levels, and non-significance, respectively.
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Table 2. Comparison of mean effects of erosion on soil physical and chemical properties

Soil parameters

Erosion intensity

No erosion low Moderate intensity

Organic Carbon (%) 0.59° 0.47° 0.30° 0.16¢
Total Nitrogen (%) 0.063* 0.048° 0.023¢ 0.016°
Available Potassium (mg kg™') 161.3° 148.6° 96.5° 79.0¢
Available Phosphorus (mg kg ™) 8.32¢ 7.78b 4.55¢ 3.45¢
pH 7.68° 7.63* 7.69° 7.61°
EC (dSm™) 0.54¢ 0.60% 0.70° 0.93*
CaCo; 94 12° 15° 19.3°
Sodium Adsorption Ratio 3.9¢ 5.6° 6.9° 8.5°
Bulk Density (gem™) 1.36¢ 1.41¢ 1.49° 1.58
Porosity (%) 46.6° 42.5° 35.9¢ 33.2¢
Soil texture Loamy clay Loamy clay Loamy sand Sandy

Different letters in each row indicate a significant difference (p<0.05).
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Table 3. Results of Pearson correlation coefficients between soil physical and chemical properties

E oC TN AK AP PH EC CaCoO; SAR BD N
E 1
oC -0.99 1.00
TN -0.97" 0.97 1
AK -0.97 0.95 0.97 1
AP -0.97 0.96 0.95 0.99 1
PH 0.76 -0.77 -0.77 -0.75 -0.75 1
EC 0.97 -0.96 -0.91 -0.95 -0.96 0.69 1
CaCO; 0.97 -0.98 -0.93 -0.94 -0.96 0.68 0.97 1
SAR 0.98 -0.96 -0.94 -0.93 -0.93 0.81 0.91 0.91 1
BD 0.98 -0.97 -0.93 -0.90 -0.90 0.75 0.92 0.93 0.97 1.00
N -0.95 0.93 0.95 0.90 0.89 -0.68 -0.87 -0.89 -0.93 -0.96 1

Erosion (E), Organic Carbon (OC), Total Nitrogen (TN), Available Potassium (AK), Available Phosphorus (AP), Soil Acidity (pH),
Electrical Conductivity (EC), Calcium Carbonate (CaCOs), Sodium Adsorption Ratio (SAR), Bulk Density (BD), Porosity (N)

03958 & S Camd ¢ hlie ;5 058 Ll g joboay
P (o 55l S0l g bl (g bline glis 03 gy
Blae jlie diz o wul ialuyp Cilidee gslaw Gle C/N
a8 123 o i gl Cpl (fgazme jd il ol paic 90
9 SB (SKIPST O ) e 055 b o3k il b
S o d9iome (s> psbar |y (lie polie &2 ol cd b

2950 WS 39 2 5L Glulw B S1-Y-Y
&b Gisloyd us as ol lis (B Jads) bl 4358 ol
sl 23 ls s gyhblixe il b SO i mdaw )
5 ol callid (Lol oud LRl b oy S )
03] Gigpe 5 S nBd g Al Llalf Sdgbe
sodols slailssyy g JIolge oy cawd I 3150 09)Sea



A A VI A WL - 15 c\i’adt.w A b)l.o.».s:l b)gb/dl&,yi%ﬁ.\nsd)'w‘).\n Q)M/u')m$dflp YoA

>
¢
&
&
e
¢
¢
¢
=
(=

0.8

¢eee

' 6000 e
¢-C0CEe

| .

NN

-k
l:ccceeece
- 66606066
ecccLeece

-0.8

- B

SB bonissy 38 S S g Sl g (Nwmod pwt Jilo .Y S

Figure 2. Pearson correlation matrix for soil physicochemical properties
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Table 4. Analysis of variance of wind erosion intensity on soil microbial properties

Soil Properties Source of Variation df Mean Squares F
Catalase Enzyme (umol KMnOa g dry soil) B\)?]tivtv}ﬁinG(E (r)(:ll]l)p;s 136 221.421'15 87.9™
Basal Microbial Respiration (mgCo, 'gsoil.day) B&;min(;(i;?;zs 136 0'(())16 244,77
Basal respiration (mgCo,'gsoil.day) BV?;:}EEHGGr;?;zS 136 O'%69 163.17"
Microbial Biomass Carbon (mg kg™') B\:Jti\:}ﬁinG(:(r)?;gs 136 113168'8 2504
Microbial Biomass Nitrogen (mg kg™") B\;/tivtvlﬁin(g;z;gs 136 1?).86'9 2313™
B B i) mowGom 0B e
Microorganism Population (CFU %107 g~'dry soil) B\:]tivtv}fiinG(:;?:)Is,S 136 02.612 88.1™
Microbial Quotient (mgCmicg'Corg) B\;/tivtvlﬁin(g;z;gs 136 ?gg 6.5

** * and ™ indicate significance at the 1% and 5% probability levels, and non-significance, respectively.
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Table 5. Mean comparison of erosion effects on soil microbial properties

Soil parameters

Erosion intensity

No erosion low Moderate intensity
Catalase Enzyme (umol KMnOs g™ dry soil) 26.6° 21° 13° 7.6°
Basal Microbial Respiration (mgCo, 'gsoil.day) 0.22* 0.17° 0.11¢ 0.05¢
Basal respiration (mgCo, 'gsoil.day) 0.46° 0.37° 0.24° 0.11¢
Microbial Biomass Carbon (mg kg™) 179* 156.6° 106.3¢ 39.3¢
Microbial Biomass Nitrogen (mg kg™) 18.6* 13.7° 7.3¢ 3.2¢
MBC/ MBN (mg kg™) 9.6% 11.4% 14.5% 13%®
Microorganism Population (CFU x107 g™! dry soil) 2.9* 2.3% 1.5¢ 1.08¢
Microbial Quotient (mgCmicg™'Corg) 33.4% 33.09¢ 37.1* 39.1°

Different letters in each row indicate a significant difference (p <0.05).
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Table 6. Results of Pearson correlation coefficient analysis for soil microbial properties
E Ca MP SIR BR MBC MBN C/N MQ

E 1

Ca -0.98 1

MP -0.99 0.97 1

SIR -0.99 0.97 0.99 1

BR -0.98 0.98 0.96 0.95 1
MBC -0.97 0.96 0.98 0.98 0.94 1
MBN -0.99 0.97 0.99 0.99 0.97 0.96 1

C/N 0.58 -0.52 -0.59 -0.59 -0.59 -0.48 -0.65 1

MQ -0.41 0.45 0.44 0.48 0.39 0.59 0.39 0.03 1

Erosion (E), Catalase enzyme (Ca), Basal microbial respiration (MP), Induced Respiration (SIR), Microorganism population (BR),
Microbial Biomass Carbon (MBC), Microbial Biomass Nitrogen (MBN), Microbial Biomass C/N Ratio (C/N), Microbial Quotient (MQ)
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Figure 3. Pearson correlation matrix for soil microbial properties
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