pd""“"

U/)’({ ' U/t w)/.‘. S329 l-f 3
) 4

gl éj;f‘)/.fr{;«;;; il

y

YAA-Y-YA L

Ay
I i ST

OB lwee S (29,50 g (ol s S 39 » (5L Gl s sbruely Judxi
QLW*-’" 31; 9 QL«M’ ” Ol:h»d‘ ,.Q.w" ’|J.3‘| 39 WS

T ko Jgmoy U giaztBos ponrd Lo oo U g wlo (i po
Ol el e bly olils (S5 g Ol oaslidls «s o sul &0 09,5 Liils =Y g\
Ol ety ol olfiils oS5 g T oaSiiails «g o sl § &5 50 05,5 ,Loliwl =Y

b gunno 5S>

Gud g doddlo

b jo a5l SO gol iale 3 ogls eob iuleyd iolEl b (Shoy bLs )l S g0l
SSle 5 ) (oS S LS Gbln (ol )0 dp) ol o] Siddes § Sis 3blie ;0 o590 5 o>
w.n.,.f W“J‘S‘ 6;}[: L)M:LAJ.B OOJ.......S u‘f‘ » L}BJ‘S‘ bj’“(ﬁ‘ odsd oajlf J.iu.»cb ‘Sﬁbuwy 9 Sl LML)LJ Le)‘
ot 5 oablraly oany ol Aty S gl s s5230 ST 2, Sy ez olbie 5 ol el 5
) 9 S Sl ol 5 rlols falS (sdie dlge plBS 4z i LB AalS cage anl B (nl 09y o0
ol jge idi g sliwaol o linaw bl o il ] dalaie Sis 0Bl byl d 4y axgi b 0gd 0 S
3,10 slopg Cuonl S GL“’L;}:‘.B A JUUES S 033y u;‘ sloasly R (ool ol s u..u‘;ﬁ‘ PR YW
SE 29500 5 pleed (Sopd G SRy 2 ook lep slassly (owyn Boa b gk (nl w)cnl)]
gy 5 0lge

S ole s o dahie (ol 3 gbbass 5 ol e sbosslin « glawe asoil (wlul o iegs ol o
Sl 1 o Syt 0 Sinsirs a5 Brgio S aloyd oinlsd g o oz 5o ol Jlast ey
olo >y Bolas Sals b olal el sblcws, sl jo (5 paiges « S sle Sy Olyss oyl
A plsl VE-Y ols

shogy il g9

mortezasaberi@uoz.ac.ir :lilSo Jgiumo®

5 @loed Gy 2 ool b slaasly Julow AFF L ol e paalBos ens e s plo ol
FE-AY (OY o oyl sla g . oliaagh 5 Gl liwl il pl o Sis 5 5lupg S 09,500
10.22092/wmrj.2025.370497.1630 : Jluz s dwlis

(AT RRVRR IS P+ PN AR 2% TR /) SEAOR VP TN IR 8 RF TR REPPSC S5 NP PN FIR R 28 Y R RO PR PN
AY G 2F gloamio VF0 lo A0 olo 5,led ) 5,lads 12 5,50 N F0 Jlo (s b psu] sl iags

Oy © ol bl prmbalio 5 (55,5LaS 90l 5 Dlidos 3 e 1 gl

(©MOoM



0000-0003-1596-9714
0000-0003-1596-9714
0000-0003-1596-9714
0009-0007-3549-7511
0000-0001-6216-1692
mailto:mortezasaberi@uoz.ac.ir

16D 5l IO by 3yl ) Loy FA 5,90 ‘;/!Z"‘.T‘;t‘k,}'

Kyod gy aibie o 5l g os bl aline Loyi alialeS Lylys b Ko dilaie o (iulo b wlaw 50 5
ot ALl Ladigas 51 i W oS 55 oSy by, b Wadiged s il jie il ¥o b ho g5 5l S
5 28l Jaml oliglel 4 adsl Cughy Laao b g dnnys Byl 0 s Slo Sy oS3l sl el
Ot Slp Grteshe YOS SH pae g ol slsr jo ol Sas Gl ey Ko iy iad 6l sy e
(S 5 ool ogase oz (S il ol (Sond glaShy b eslel lierd 5 (Sond sl S
5 S colan g el uytes BB pely 5 paed (S5 55 oI oS els aberd la S
2955w 035 e} (39 5 (S estg S A5Gl 5 Al il GYBL 3T cdled Jols 09,Se sla S
Y# a5 SPSS J58ls 5 50 (ANOVA) a8,b Sy 2S5 a5 5l solatwl b bosls .o ol (09,5 ot 9
Ko e X50S dalie 720 Jloi| mlaw 10 oSSl fygesl 5l eolatul b 5 oy Sl ¢ 2ol Julos
A gy RJ5 5 L ssdsanlllas glo Shg lee

Dy logiae SB (09500 g (alierd (S o TRy 2 ol plep Sud Sl plis Jragh slaail
S Bl el st BB jsbar U5 035 s I S il B oad Gl L a ol (la beesls Ll
il b gblie 5 7o/ V8 a4y [+ 8Y 51 US (59, 9 Lo IVF a4 ialosd ey blie 5o 70004 51 S JT
el 45 (S ygbds g0 0l (S Gl B ay (o s BB Haud 5 el Colus (pizmen (8L 1alS iyl
a5 widly el )5 okS e S e YIFO 4 AIFY Gl i LB and g 0 SolS 2 0,5 oo VA 4 VYY)
Sad Gl L S (Sopsdl colan g ol Abwgay g3se dlge Sl (8 5y S glralz A6 Vi
b b blio )3 e p uiesjiows AT & ale B g bl ;o je p eieaj o 10T ) iale b
s g Bl S e ile )8 VOA L AITF Sl 15 S1 6,0l ogase o .ol Al wad
o] Cdled als g balaSl Jlils copl 5 ST iy oST5 saimolis a5 ol Lzals 7 YY/Y 4 ¥5/7
Ghalop b I3 L laeadlS g Son Conmaz 5 03580 03555 Sl 5 Al 9,50 i3 YIS
s g WamnlSlg oo Silpilio colled (2alS 5 Llié sl Cosgamme ,Sily laazdly ol g (p<0.01) lo_ins
Al a8l cnl 0925 (PO.05) Jls gime ST (09,0 e § 0355 Cumms 39550 4 ()5 S St (Jlo 00
Chabeyd ols Glas gl Gl @mls g wad Gialed lld o (o a8 sbaanld (S s 0k
SB See colled g ,lls g5, ob g ol Lials |, S T osle 5 ol yolie CoanS 5 CuiS ob ool
5 ol Ghle S b)) cwlie slalne lgear lopasls cnl 5l Gl oo g,0nlil g HIS,50 Caday
p A S Gl g plas ol plis Ses Jdow 0,5 solaul cpislpl jo ohgas «Sis slo ) 85leps
0355 Cmyy =+ 18) (23,50 ek o= 1A7) YL o 5T Colad (Staron 09y e o (029,00 o s
g e 5 3k s Ghaleyd Dal b 1 AA) lapenl s Se Comaz 5 (1 1AA) (3905 9 (0/R0) (S
2950 e b 039Sy (59558 4 () Cuend Bl a5 (5 9bay W335 Jes dilnly jobds () slaas Ll
g1 il b el o S g S 4K 0, Shas ol 50 apnl ezl cpl og (+/2Y) Cato s

woleide 9 (5 5 doms
O Dl 4 bgipe S 098 5 pleerd (i llyd cnye o5 Sl ol etilpl po hagh @l
Colad i 5 9l NS Sl (nyiin (RS Guiia (68l (ogatie pr (keSS Ghale )b
g bty S St wuad B o8 5 Lisloyd @od Gl b g 00,mel Jlad 4y bgyye S s S
9 el (B9 oon)S Rl (S LSl 30l (o i sl ale B lulpd 0 oS (5 gk 23l als
5 Lo ang ol a5 sg o LSle boasily cpl os somlie S Sl culin bl g eyius LB i



wb,f‘,n";t‘k;}

S (29550 9 (2l S (S w50 il yd ol Julxs

el el bl LB 0gzg b am ¢y Linleyd cuieS & dmld o Sis gloplSileps o Sles
gy 5l cbla> (ol b 4 iy ol 4 S 095 5l 6 xSslx slp Lregh ol @S bl p g0l
Dg oo Sl JToole iulial g Sieseis (2olS ol i gl malS ¢ als

Sols o 5lg

T S SO 5T cellad (g0l Gl 8 (SiS GSB ((029,500 £955

ol 2093l Wl dgzenr slitps Jobs
5 ke 5 35 SRSISL el o o glee o)
wols mals 1) wo aS wed o S slolsb
0ag |y el Codls 5 08,5 eogll 1, LT mulie
(V10 plea 5 giledy g 93¥s5) WS
oelSl 2 a8 (slos S SIS g3 ol Siale B
s)s Sz lidie 5 sl Eaodls 5 Iy kS
5 ealr cow (VY e 5 pe)S)
30 SB e 0 ogzse JI 5, OS2 0m)l
wzge il ol (VTY GhSen 5 glbs) 098 oo
Gl isdne olge plBS arg LB alS
SE G g Sepd Sl o0l g lol>
ol ab, (T-YY oLSes 5 59) ogd e
Ay SRl 4 e Az 0 g WIS e Sgame
S il b (YT 5gl) 05 e S (650 02
SEle oo alS pdg SRl 5 ok iole
oS5 mo g 09doe (55 (99,50 dnal>
5 OIS 452 we9See S abe (oege
OlBee 5 o) b Rl (o3l slaJles
Oielo g it glasaly 4 azgi b og,cnlil (VY
Gl (55glaS g Sl bl n ook
S gble jo Gble sl ol Lale )
5 95 Liogh wmls wll p ool ol coenl
ool coge S gmled (V-TY)) ) Sen
oSt g985 (Rl (29,500 sloaSed Sz
GelS L A al 09,5 drel> CuS S m g
colled ol dgame g S alBas o Shee
Ol B i Ol baaidl cpl 09 ol e 99,50

doddo
szl ik 5K Yl S
Glaul o ewlel 2B ey sl Bileps:
R Loyls st g5 Jad> g oliandre il
cledls 5l it baee a5 S mle s
s s 2l yolie o JT ool Lials (Sl Ll
5 b))l hie il (o5, See 555 1 g 00l S
IRy .\.».:—\)3 4 el s C)Ua..a‘ AR R SR JILON:Y
30 &S Wl e €aS o) b u>_f.\.‘..lm 5 o5l
o dele Alsay 5 ondlaz gl 5l Sl )3
sl a4 ol slagba b ook gezmen (b
O (VYY) g 5b) wisd oo JEie 500
cgolaidl gladsly 5 3950 (B 5laps Ol (2alS
3l olpendy 42 B ol S 5 sloixl
Jols olo,d SISl (Y-YF Lee 5 (pawl)
Slal als (S Lsle gopl (S S,
s ylanme 5 (SSLlpgie; Gl ede
o5l (Y- VY )L, 5en ¢ (5,2a153) ..x:ﬂsa Sladsa
el L e ol Uil b ialidl b ade S
Shr Ghemedan; e SO0l Gl
LSl &5 Sidded § Sis Gblo ,0 opga
0uiSly (oLS ibg g b LSle (o (Sois
(VA S 5 oobl 13 sl o ey as)ls
Sb ol Sy ool (i gla b o
6\).3 |) ‘5)@).; M e 9 oo;‘..\? |) 67:.‘4..4



VPl jlp e oabey 5ylois o) & ylacs Y9 5,90

5 S «5” DS Gy pp g IS oo al> |, S
b )0 S 4> g S CiaS poams o
JU K SR PR T SRCSUNR KT GO | R TE RN
G902 5 Syl canSaag sladele oy et
il 5ezge (golaiil L;Lcao)ﬂﬁ R SR
oeals dax 5l ey cpl e ulr,b
Lo B 5lupgs o Slae jo Pl g S g £95
Sl )lg Ko ol 32 H958) 05,5 sod Jas o,
P ot o Le g o8 gy callral>
‘LJ"; G)L.uo)».}o ad.}.x.o O‘j,c GL.MUAA)M)
T SB o oo bS5 how 5 SB g
Coot] s ozl oyl (Y10 55 ,le 5 LsST) il
odlitinl &j958 9 ook ialwr b () SISl (o)
$losSag; b S i 5 e o,
Sid ool bl 4 am g b iyl aST o s
OB 5 Olizsly 5 Gl Ll 55 42l ] ddlate
o 6ol ol Gl s wald slasl S5
bt 5 e sl Sy »ony (nl Glaasly
6ol ialu 3 ol Glog Comenl (S 09,500 9
@l g @l polie o JI ole 2alS czge oo
Gloanld )0 i b oob 5 250 S Lo
h e sollees ilul (olosdinn;
Gl 1) (G E95 9 Sig0se 9 WS M
5 ole ol vsaS S0 sgw w0 e
bl )3 ohgts wisy (nl )3 Slawe slaom)
ol bl S50 il 9z Slond gy S
bl b pae b, Kal) (ol il 3 ol )l
9 Sk ‘5‘>L~.w!a54 LQLQQ;)L{ lhas 6‘)‘3 ..\,J)lf

ols &1 e ailie gl

L g, g dlge
suuvd)bwo ddkio G.é,.u
Ol s S @l 5l (idu sabanlllas ddlais

2Ll x> 035 09 bl vl o il

4z, 0 YA L aib VY 54880 0F gaz 0 VY )l ol

GIIRATSY

SE B lepg codle 5 (29,500 3, Shes g9
G (VoY) S p g Jules S e ML‘ !
bbb als el ol d Gad ulislas Wi S
5 as S Joske 5 lié yolic o slS Jols
Seals ol s el S jlsle ams o
Sapls sl o 58 (Y-VF) o), K g (g0l .8l
os o ggdincd oL bais S T eole
ol ol ST 5 e S cls,y 5l aSly
2 s e b Jlesle S Slyime b lnnj
5 9l Sagh mll Sisded ¢ Sis (2l
ool Gl ol slas (YeY0) o) en
Sl s 5l 59,5 ()T gy 9 0l g3luvdns
el el o Slae 5 LSl 5 0295 LB
oy slrale b banld ol as SB g S
5 SN (g5 anelr S5 el jsboay
crge LplS s Koo g0, Slas £55 pals |
Wghge S sy slaoSles gyl als
e bl bbb e el s Seo
go p 393 b b g Wl e GBS il b
Gialo b Colls (S laadss gl 5 JT ook
Snde Gty o cnll s e el ) S
Slgoe (S 29,500 005 ) ialidl dely oS
S sle oguge 0 wigd ol g5l w3 g )5
g LwgST aisS o S iole 3 collB oS 4
2 093 ol pule B (IS jbar (VN0 55 le
2 IS g i obend 5 (Sopd slaaely
gl o Sles g oad S ) sleosls
95 0 WS o0 g ) (SB sl ileps
ok aboyd ol Jolss (VYY) g5kedse 5 (5 o
il b a8l 0 5 8o S gy |, S TS
ohRa@gs ol (uimrer g IS I S pess
99 b ok dhewgay oud Jitie Slgw) )0 (0,5 e
sy ohd Gileglee 5 (piar oS > anlid
w2 ool Giuloyd ols las gy opl @ls ads,S



‘pi{"‘.‘n";t‘k;}

OSile g wad a8 Gbly il o3l o)yl
9 .699,3) el 39, VIV 4Vl Slis slajg, oloas
wded oSl glaosls wlul o (Y-YF ], Ken
oyt o Ceams 5l Boes dilane I ol o gl
2 ol GhlE st s Ssee Grderr
Sl Ll sabid e B oo, sleole
5 0ab 5,155 adl e O/ sgu ob Ve Cae s
Fo Vel G @ ol S (B35 gl slaeyge 5
oo Jé Lol Jele ol oSl (pl o) 0 4l
@ oaxg byl jleday ddlhie o ool Lislu,s
Ol B ol glasl (s 5SS pedlll Ly
@b @ g Sl Jd jlen aibie cpl o (ool
els 5 Jolge tals (o sloSL 2,08
G g Wy, (nl Sedse e &l CodS
5 ol sl cedb el me elS iy
Sebse O lepn b bl ol elS

O JSs)

S (29,50 9 (b b gy 0L Sl B by Sl

42,0 0% Gl g Jlod oye 4l 00 g4 Bo V)
YE g aids + ga>,0 Fe b asl YV o aids YO 4
Joboe aibie ) Colue Sg 5,0 Job 4l
GraskS VY alols 3 5 mpe jeskS VVFA
5o Jolts aihaie @il ol Gl eh (28 Jlod
2 Baee & Lugte S L e ol o
(Lo mhaw 5 e YYVA B VSYY ) iy slagals
5 Salsola rigida Jels o] i slaaisS
o &S a8 ale g ol Atriplex canescens
(U0 o 5 5 VEYY B AAY) JiaS sla sl
9 Peganum harmala Jols ol JJ slaassS 4
S¥,L avle .Sk .ol Haloxylon persicum
a0 YV Lo aVle oShe o e VeTIY
S S (ReS g (r e el el Bl S L
Gl a5 oL il ax e VAF 5 Y
JURNC VR P UN IPSPRPR JOL BNV SINL SO )

gamaih g olpl i owlibeddl s Ll

=
¢
Iran

" Sistan
( and ™

Baluchestan

..... 2 LTS

0N 27

IRWON

T S
e 3 T

Y Y Y
WU S WOE ot

o I:n | ol 1:\1‘) ol .:m"
oY
Legend D lranshaly boondary
Poor Rangeland
Moderate rangelaad |

| Stdy wca
Sub-banss boundary

awgio ol 3 (o Sl 3 Glulw,d (g 1)) suubasilias WolKsl g obT cuos ) jususl CaxBge —) S

(ol pwlw,d:F
Figure 1- Location of the Rahmat Abad watershed and the study sites (1: no erosion,
2: low erosion, 3: moderate erosion, 4: severe erosion).
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Table 1- Analysis of variance of erosion intensity on soil physicochemical properties.

Soil parameters df Mean Squares F

Organic Carbon (%) Between Groups 3 0.1 298.3"
Within Groups 16 000

Total Nitrogen (%) Between Groups 3 0.001 52.16™
Within Groups 16 000

Auvailable Potassium (mg/kg) ~ Between Groups 3 47476 575.4™
Within Groups 16 8.25

Auvailable Phosphorus (mg/kg)  Between Groups 3 17.12 217.2
Within Groups 16 0.07

pH Between Groups 3 0.004 0.51m
Within Groups 16 0.008

EC (dS/m) Between Groups 3 0.09 29.9™
Within Groups 16 0.003

Bulk Density (g/cm®) Between Groups 3 0.03 34.65™
Within Groups 16 0.001

Porosity (%) Between Groups 3 107.4 30.69™
Within Groups 16 3.5

**: significance at the 1% probability level, ns: non- significant.
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Table 2 — Comparison of mean values showing the effect of erosion on soil physicochemical

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) 8.322 7.78b 4.55¢ 3.45¢
pH 7.682 7.63% 7.69? 7.61%
EC (dS/m) 0.54¢ 0.60%¢ 0.70° 0.93?
Bulk Density(g/cmd) 1.36° 1.41° 1.49° 1.582
Porosity (%) 46.6° 42.5° 35.9¢ 33.2¢
Soil texture Loamy clay Loamy clay Loamy sand Sandy

(P<0.05) coul o smo glas samoylid cays )y o 10 gl by >

Different letters in each row indicate significant differences (p < 0.05).
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Table 3 — Pearson correlation coefficients among soil physicochemical properties.
E BD N oC TN AK AP PH EC
E 1
BD 0.94™ 1
N -0.94™ -0.87 1
oc -0.99™ -0.97" 0.94™ 1
TN  -0.95™ -0.91™ 0.93" 0.95™ 1
AK -0.96™ -0.95™ 0.94™ 0.97" 0.97" 1
AP -0.95™ -0.94™ 0.95" 0.96™ 0.95™ 0.99™ 1
PH -0.20 -0.12" 0.28"™ 0.18™ 0.04™ 0.91™ 0.12™ 1
EC 0.91™ 0.91™ -0.84" -0.92" -0.79" -0.87" -0.87" -0.34" 1
el (AP) iz B 5aud (AK) iz BB pealy «(TN) S (555555 «OC) JT 02,8 (N) 555 «(BD) (g 0lls (ogass pyz (B) Giule 2
(05 5l sixe NS 5720 zhaw )5 o sme s LA o [0 lo gine ) (EC) oSl colas o(pH)
Erosion (E), Bulk Density (BD), Porosity (N) Organic Carbon (OC), Total Nitrogen (TN), Available Potassium (AK), Available

Phosphorus (AP), Soil Acidity (pH), Electrical Conductivity (EC), (**: significant at the 99% confidence level, *: significant at the
95% confidence level, and ns: not significant).
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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 parameters

Catalase ~ Enzyme
KMnOs g dry soil)
Basal Microbial Respiration
(mg CO2/g soil-day)

Basal respiration (mg CO./g
soil-day)
Microbial
(mg/kg)

Microbial Biomass Nitrogen
(mg/kg)

MBC/ MBN (mg/kg)

(nmol

Biomass Carbon

Microorganism Population
(CFU x107 g! dry soil)
Microbial Quotient (mg Cmic
/ g Corg)

Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups

Between Groups
Within Groups

df Mean Squares F

3 146.7 83.8™
16 1.75

3 0.06 3447
16 000

3 0.18 283.2™
16 0.001

3 8587.7 165.4™
16 51.9

3 42.7 333.7"
16 0.12

3 3.44 3.13™
16 1.10

3 2.86 522.2™
16 0.005

3 25.3 3.28"M
16 7.71

**: significance at the 1% probability level, ns: non- significant.
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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 gt dry soil) 332 312 23° 18°¢

Basal Microbial Respiration (mg CO-/g soil-day) 0.422 0.40° 0.23¢ 0.12¢
Basal respiration (mg CO-/g soil-day) 0.732 0.69? 0.42° 0.20°¢
Microbial Biomass Carbon (mg/kg) 163.62 1552 102.6° 48.0°
Microbial Biomass Nitrogen (mg/kg) 12.12 10.3° 6.7¢ 3.7

MBC/ MBN (mg/kg) 13.42 14.9° 15.12 13.0°
Microorganism Population (CFU x107 g™ dry soil) 3.432 2.99° 1.87¢ 1.31¢
Microbial Quotient (mg Cmic / g Corg) 27.5%® 33.0%® 33.4% 29.0%

(P<0.05) el ls cire gl oaumaylias s, ;o 40 Dglate g,
Different letters in each row indicate significant differences (p < 0.05).
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Table 6- Results of Pearson correlation analysis for soil microbial properties.
E Ca MP SIR MBC MBN C/N BR MQ
E 1
Ca -0.96™ 1
MP -0.96™ 0.98™ 1
SIR -0.96™ 0.98™ 0.99™ 1
MBC -0.95™ 0.96™ 0.98" 0.99™ 1
MBN -0.98" 0.97™ 0.98™ 0.98™ 0.98™ 1
C/N  -0.95™ 0.47™ 0.17™ 0.23" 031" 0.14" 1
BR -0.98™ 0.97™ 0.98™ 0.97" 0.95™ 0.98" 0.09™ 1
MQ 0.16"™ -0.06™ -0.05" -0.005" 0.06™ -0.10™ 0.92™ -0.13™ 1
(MBN) 25,50 03555 55358 (MBC) 9,500 08555 02,5 «SIR) il 5 w5 (MP) a0l 9,50 miis ((CA) 5YBIS o 351 (B tolos b
gl 53 Jloiine s [0} o o ls gne ) (MQ) (5,0 oes {BR) LagoiilS g o oz (CIN) (05,0 035205 035755 & ) Somd
(09,0 gixe NS g7 2[4 0
Erosion (E), Catalase enzyme (Ca), Basal microbial respiration (MP), Induced Respiration (SIR), Microbial Biomass Carbon

(MBC), Microbial Biomass Nitrogen (MBN), Microbial Biomass C/N Ratio (C/N), Microorganism population (BR), Microbial
Quotient (MQ), (**: significant at the 99% confidence level, *: significant at the 95% confidence level, and ns: not significant).
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Figure 3- Pearson correlation matrix for soil microbial properties.
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Extended Abstract

Introduction and Goal

Soil degradation is closely related to the increased wind erosion, which is a major
environmental challenge worldwide, especially in arid and semi-arid regions. Because, in these
areas, soils have low cohesion and their structure is unstable and vegetation cover is sparse. In
addition to the widespread effects of wind erosion on climate, air quality, and human health on a
global scale, fine organic particles present on the soil surface are displaced and destroyed by this
phenomenon. This process leads to a significantly reduces nutrient reserves, reduces fertility,
and destroys the physical and biological structure of the soil. Considering the arid climatic
conditions of the Iranshahr region in Sistan and Baluchestan Province and the effective role of
strong winds in increasing wind erosion, investigating the consequences of this phenomenon on
changes in soil properties is of particular importance. Therefore, this study aimed to investigate
the consequences of wind erosion on the physical, chemical, and microbial properties of the soil
of arid ecosystems in Iranshahr.

Materials and Methods

In the present study, based on field visits, field observations, and erosion maps of the region, the
intensity of soil erosion as the main treatment was categorized into four levels: no erosion, low,
moderate, and severe erosion. To investigate the effects of these treatments on soil property
variations, sampling was conducted in the Rahmatabad watershed of Iranshahr using a
completely randomized design in June 2023. At each erosion level, four homogeneous sites with
approximately similar physiographic conditions were selected, and five soil samples were
collected from each site at a depth of 0—30 cm. The samples were combined using a composite
method. Some of the samples were transported to the laboratory immediately after harvest in
sealed containers to measure biological properties, while maintaining the initial humidity, and
stored in a refrigerator.
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The other part was prepared for determination of physical and chemical properties after drying
in the open air and passing through a 2 mm sieve. Physical properties including soil texture,
bulk density, and porosity; chemical properties included organic carbon, total nitrogen, available
phosphorus and potassium, pH, and electrical conductivity; and microbial properties included
catalase enzyme activity, basal and induced microbial respiration, microbial biomass carbon and
nitrogen, and microbial contribution were evaluated. Data were analyzed using one-way
analysis of variance (ANOVA) in SPSS version 26, and mean comparisons were performed
using Duncan’s multiple range test at a 95% confidence level. Additionally, correlations among
the studied properties were evaluated using R software.

Results and Discussion

The research findings showed that the effect of wind erosion intensity on the physical, chemical,
and microbial properties of the soil was significant. Data analysis revealed that as erosion
intensity increased, organic carbon and total nitrogen decreased significantly. Soil organic
carbon decreased from 0.59% in non-eroded areas to 0.16% and total nitrogen decreased from
0.063 to 0.016% in severely eroded areas. Also, the sensitivity of available potassium and
phosphorus to erosion was very high, with potassium decreasing from 161.3 to 79 mg/kg and
available phosphorus decreasing from 8.32 mg/kg to 3.45 mg/kg, which was probably due to the
movement of fine, nutrient-rich particles by the wind. Soil electrical conductivity of the soil
increased with increasing erosion intensity from 0.54 dS/m in areas without erosion to 0.93
dS/m in severely eroded areas. Soil bulk density also increased from 1.36 to 1.58 g/cm3 and the
porosity decreased from 46.6% to 33.2%, indicating greater soil compaction and degradation of
soil aggregate structure. The decrease in catalase enzyme activity, basal and stimulated
microbial respiration, biomass nitrogen, and microbial population was significant (p< 0.01) with
increasing erosion intensity. These findings indicated limited food resources and reduced
metabolic activity of microorganisms. However, change in biomass carbon to nitrogen ratio and
soil microbial contribution were not significant (p < 0.05). This finding indicated the relative
stability of some microbial processes even under severe erosion conditions. The results of this
study showed that wind erosion reduced both the quality and quantity of soil nutrients and
organic matter, and had a severe impact on soil structure and microbial activity. Therefore, these
indices can be used as appropriate criteria for evaluating the effects of wind erosion in arid
ecosystems, especially in Iranshahr. Correlation analysis showed that the effect of soil erosion
on microbial characteristics was very negative. The correlation of catalase enzyme activity
(—0.96), microbial respiration (—0.96), microbial carbon biomass (—0.95) and nitrogen (—0.98),
and microorganism population (—0.98) with erosion intensity was very high and negative.
Biological indicators functioned in a dependent manner, such that the relationship between the
biomass carbon to nitrogen ratio and the microbial contribution was highly positive (0.92).
These findings confirmed the reduction in the performance of the soil microbial network under
the influence of erosion.

Conclusion and Suggestions

The results of the study in Iranshahr indicated that the best physical, chemical, and microbial
soil conditions were observed in the treatment without erosion. The lowest specific gravity,
highest porosity, highest water retention capacity, and highest soil microbial activity were
related to the aforementioned treatment. As erosion intensity increased from low to high, soil
quality steadily decreased; so that under conditions of high erosion, the greatest destruction of
soil structure, reduction of available carbon, nitrogen, potassium, and phosphorus, and increase
in electrical conductivity were observed. These findings indicated that optimal stability of the
structure and function of dryland ecosystems is possible under conditions where minimal or no
erosion occurs. Therefore, based on the results of this study, it is recommended to protect
vegetation cover, reduce overgrazing, reduce plowing, and increase organic matter to prevent
soil from entering advanced stages of erosion.
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