10.22092/ijrdr.2019.120677 (DOI) Jlizss anlis Ol ol 5 @ Olados e 4 i
98.1000/1735-0875.1398.4.824.77.26.1575.1603 {DOR) Jlzs anlis (\YAA) AYF-AYY amio F o,les Y8 sl

S (S sl P Hlgo 10 S ) S lug 21 b5

[ . . f Yoo . Yy . . 2 % Z
JL&?}L&)} Jx@})ycé)‘jl’rb&cdlﬁsalmﬁ5 b;‘w.?JOJLm
ol ‘u\fjfgv...«b CEL:JJ SoaslaS psle Lails (S ;.)T g 008l (S ohe 655 (5555 G omeiils (J gtne odiny 5 — %)
r.sarech@gmail.com : 5 S ey
Sl 088 e w5 (3,5L88 pske sl (Sl 5 O rtge saSCtils (S ke 0y 8 Ll Y
Ol g S 0528 O 5 S Sl A 3a (555 g Do Sy ol =Y
Ol ol 3000 s s Sl «lids plasle 0528 gl s b Slidisd ade Ul Slidss iy ltsls -F

o) GBS b bl s 35508 o ke Mty (S 5 Ol g s0Sils (S psle 05 5 olanl 0

AZARVAA SR I AN/ oY il e b

oS

5o s bl 5l S el Bl 5o ase cs s Gl o op s Sl eds el ool Gl 3 5 2okl ot sy
Olseay S Sl S 05 S o W18 SR nl 58 a0 e 305leS SBLI e 5 Il A
Sl eslial kil saz adlles S a5 6ol Gl Ll Gl cedbie LG 5 e Sle S
WL ao) sl cilise glacs w51 glansls 3 gy @b 3l eas Slam Gladise Gle 3 ol ol By 5o ileans
S5 aw 5s ol JolS 2 b L6 s sy (bl Sopon the s 2 cBl L S g e o (Cele kS
A s 53 S O3 e 23l L Kanlon Sl s a5 obs plas S @3 o8 abia] Co o puy 25 s
el 03 S G000 K S ES o u gors Cele kSN Ce e Lok Lo S ol g Sy el S
Sl 5L sl oLt gl e 53S0 S Sl shS AV e s O i s b sbd e slaises
Golsgre Sials sals ladse Lo anolis jo ol il G w5 s (2a) Lot Glaw Glaslas ol 5o S
Sl 3L YL Gl w53 anls s,k 5 an (Bos b e Gler ksl m o SB- Ol luda 5 ol aals
ol LS 4wl bl Hs S Sl ole cele 2 kS OV 5l i bt w3 Sosba s sSadis
55 2 SN0 53am 53 5 b Sl Sl Sl ol 5,5 b srt Sl sS85 508 ol ol slabiadle L
Sl Gloles 53 S mhae (5555 Canslin 5 ol S Sl S slie 450l plis S izen g Cele 53 e e
e pslie Y K JSas sammaplas ol enl oS casls )l (gols pas ssba dale sbasls 4 Cod gy 2es b eas
5 Bacillus infantis &S s 5Lz 55 Linss o) 53 exlizad 555 sl S o Al il 0dd s bR p 555
Sl o ) Lhas 4 0 Glaw &S sy e byl el ool bl 3 e o oYU LS Paenibacillus sp.
Al S (ool e b Ol 5l O3 S 6l S5e 2s)

S Sl s s o (S o STes) rsalS slaosls



AYO

LY oDl cwl anidlys sesslaoe s a5l
S ol 5 ple b Dlee ol ool olsen
ey b 5l ((Abu-Zreig et al., 2007) axl awls
Golbb 5 e 5 i sl Ll 5 s
(Stabnikov ef cal ooy, Sl 4 55 S Cla.d 5 gl
al., 2013; Epelde et al., 2013; Rezaie, 2009)

ol b J S Gl Jseme gy S 2 bl
ol saussime hls Liss cnl Ul el Sl
Aol el e s bl bl Sbaal .
R oo g T N EA VS S
ol 3 Sl ol oo om0 LS a2 ) =
. (Stabnikov er 33 8 o Sisans 5 S bl
al., 2013)

o b e e s celhs 4 SB Ak
(Microorganism) <ls s> g0 53, ] Joe e sl
g B s LSl NSt s 5l S
L oS el osls ol oWhs (Chamizo et al., 2012)
Glad anws 5 Ad) Gl ol lal o poga sl b
SB mhe bl e s s b Ol Olisase cal (g
5 Sl s Ssb es olml  gle Sb
(Chen et cuzls amla yule 3 00, 55 S ool
LS mhae ) atey 53 Olsszse i, al., 2006)
s d 3l ge s wwlea e bS50
SIS S p-wJS Ol S G Bl L
s S 5, ol g;"\"’"“""' S el 21 i
Ul S Sl g, st e o] ol L2l
a0 00 B Ve o sl 5 WY U Y anad jo cdle
Swis byl o Jess 5 (Fallah ef al., 2009) :\dez;u
(Hui Xia et al., 2007) 515 |, cusb, o s VO b

L L L850 ) ool 2 sadl s
(Microbial oS Ol S o Soo Csms U L
say S olsie 4 induced calcite precipitation)
S 51 8 S AL &Sl Bl ann 5 S 5lge
S S5y af e s SL el Sl eslaal L

Foolas Y2 ada 012l 0Ll 5 @0 Olados ade 4 s

doddo

Ce sy e s SLao) o onstege S S
S ol e el ol paule s 5 Lol
b 5l ol 5 S goilols saiSopame Jalse
i Al (ol S Gas L e ol
il ioslaS oLl cunae 5 Ll Wy Ll
53 s9)a (Santra et al., 2017; Eftekhari et al., 2013)
bl 5o anle 5 o olgb 55 855 e el bl
a2, I 5o Jame G Sloday 4 Sisans 5 S
asls Jn 1) Slsl 3 o me sl 3l &S el sas Jias
.(Saadoud et al., 2018; Zhang et al., 2018) .|
Cov s el sz Sl 2l 3 S ol bl
b o S5 ool Ll 2 alan Gl Julpe
deslealsls 5 S 5 S csl) S ol (Lo
S5 washy (I as) e e s Sis
o S8 5 (A sy 5 b Sealizas 51
(XueYong et al., 3,15 ;13 (68 > 5 ams (55,5l8)
2014)

@b Gl Ll 5o bl bl (5 )
o5 e 5o S b oY aplie (il 4 ol e
Sl bl cenll oS e lal ol b o s
Jo oo eolial 5,50 SB bl 3 J xS slais,
ol 53 el S s Cu g y o e S
S Wl Sada S wy 5S IS b,
Ay halS ol il 8

g8l sl eslaad L S Ol cus o)l
spiee pladl Gl eaiSEol 5 eaiSHlal
et oS 5l eslawal (Prats et al., 2014)
(Goodrich & Jacobi, 2012; Fattah et al., 2016; Han
(Zhang et al., 2005; S\ et al, 2007)
(Tisdall et _ws; 5 Azimzadeh & Fotouhi, 2013)
Lol sas 2ol i OlWae s all, 2012)
sl sl 5 beasSens 51 xS olinal semy
Sl s ol pas s 4 el o8 S s ablas



ST E S CS] W B CO TS B

aos L85l 4 ax g U, (Arami et al., 2014) e
sxlizal o35 ooladl 5 canilme U s slaslug
ol 5 S plas b 55 50 S Slasase ) )

2l o ) LS 23,50 ol e

o095 9 dlge

Gble Sl cal 5 eoliad 5,5 ool 5,
25 Glebaz e sl ool pale 3 Gl 5 Ses
Slossl w3l My QU5 s SIe sbossl Wl s
Michel & ) S 4 canslio o, {Chu et al., 2012)
el S G, Uy 5 (Kaufmann, 1973
ala V\ Colg)s 5 s bl (Stabnikov et al., 2013)
() Jam) a8 Ol ol omlesl sl

5 obed sl pans sl 1 s skt
ok b5 55 Sileand omlsl b S 55 ool Sl
2 s G ) s Sla bass e ol
2 kS AN G a0) ol il sbiie w5l lanals
Coso 4 e 5 b b LS pg e e (Cele
LSS e 5o ol JolS - b IG5 o, 86 ol

-Je.%f SO

AYS

ossl 0 cnl 5o osd e S e (058 s ol
Al s b st Sl easpms s 51l pe.;j Loy
O3t o5l 50 aedS OS5 dssae (Db s
0 SIS gy i 5 ey 58 e ST S
Cos el (S O3 e sas ) sl 5 i
Ul S Gl Kes e S e s O3
Sy el Wl e il wzls 1) Sloysl mpl i s
bl iz 4 lane (o S Nss el Ol S
(Stabnikov et al., 2013)x,s 1, GUlg ool A
sy o b (YY) o, 5 Schwantes-Cezari
Bacillus s 7S\ 48 %53 8 o)) F wedS Ol S 55 S
r..,,..,lS Sl S Csw, s YL LUl subtilis AP91
o 38 g p L (YN0) Wang rimen )0
O ats cpl e (EE 4 Cato 5o S O S 05 S
03 S o5l Lo S,
by oS plid 51 aes gl ST
T Sl o s ot 50l Laaiig
Sisaag aibie 3 ool 5 cul sns snlay
B S N Y L JR) SIS LA
i gy T B9k 255 Jb JSa 5o ols (55580505

(IIlM/mlIlNH4+) JT a_;_;‘ (".'.J"T ..\._Jj x:m}&}ﬁ UT'.‘ BL oalaial S0 6LkéJSSLi Olasin —) J}b

Molecular identification

Urease activity (mM/min NH4")

Chryseobacterium gleum
Bacillus halotolerans
Pseudomonas paralactis
Bacillus paralicheniformis
Paenibacillus spi
Paenibacillus sp>
Bacillus megaterium
Paenibacillus sps;
Bacillus pumilus
Bacillus infantis

Bacillus albus

F/AY
VE/NY
AAZAR
\NO/EA
ARVAY
ARVAR)
Y\/4VY

Y5/A¥

ARVAAS

/7Y




AYY

colos (pH) auusen) (Pansu & Gautheyrou, 2006)
oedS iy aud plie olie clile (EC) S S
<8l (Ehyaei and Behbahani Zadeh, 1993)
slasle olel 5 S ol ol mssSs
@ s ¢ Seslul (Kemper & Rosenau, 1986)
03 ol 5,50 S Hland 5 (S5 AN
53 LS ganaly goite 5 Y Joua 5o ey o)
Ll i 00l plas IS

Foolas Y2 ada 012l 0Ll 5 @0 Olados ade 4 s

5 e 3L L S g5 5o Gaisg cpl el 6l
el i olasia L oldS gl clbag 5 o
a3 YV ol aa Jsb 4ol VY 5 adds YV 5 4555 00
YO 5 42,0 0F 5 oldlan (oe 45U Yo 5 423500 5
5 43> ¥4 5 am 0 ¥ 5 LWl Jsb asli Y. 5 aids
A obal Gl djtea oWlas (o e 4l ¥
Sl Sl o Seslp S b o
(CCE) il » aedS &l S (Walkley & Black, 1934)

G o eslial 3550 S Sland 5 Kswd sb S 5l ST Jsix

Y Sk Yy Sk S

-=0 <=0 (essle) Ges
V/Y /8N gLl o ,Lae pH
</aF /YA (e 2 e soms) SO s
/vy /oY (42,5) S Ol S
A /A (2,5) I esla
A /4 (A2,3) 35
¥/Y- £/YA (0SS 3 p S he) i
\YA/Y V- (p S kS 3 0 S ) ey
/34 /<A (e jasile 50 5) 6 pb o saime 055

# \ . (h253) )

fa Vs (ho)s) cdew

fo \f (12,3) oo

S 8l (ho)3) S il

/YVA </YAA (e she) GMD dry
YARR! AT (e s) MWD dry
WAV A VAV

(WAS) S 5l Lasls

GMD: Geometric mean diameter
MWD: Mean weight diameter
WAS: Wet Aggregate stability

S e Sy s Blo WS b Gl ple (e
AV G 1815 L) (68U o sl e 1tk
pl oS b o) » odd 4g ol s 1) e

G gl e 5l S ol Sl oSl g,
O-x¥ex0 slal 4 @b Gl b e osaie
» S b i, 5l e s ezl zesl



ST E S CS] W B CO TS B

sl shiepay ad el 2 VP JGb L e sl
Sdady 5 i Il ala 5 e @b Sl sas Sl
b o) Gl Slace b sl ol e 5 48 O
035 S Ol ey HlE (el 5 ks AA
Ol Ol sb (osme 5o LS5 ) ey baises
Cele 53 mage 53 0SS e S Ol
Cuoslis cpizan (Movahedan ef al., 2013) sz avelw
o\&ews ) eslazal | (Penetration resistance) s, 5
ol S 5 (Ghaffari & zomorrodian, 2017) il s
(Pansu & sl b (gl 25 29,5 4 (CCE) Ll endS
5 saelcmsay @l s f s Gautheyrou, 2006)
bl Sl 54, 525 SPSS 153k 5 o sts (2053
2055 0 e 53 LSD gpe3l b oSl avslic
ol sl Sl Al e caless s el

s 8 plelis (ool s pdh il b

AYA

+ aedS 2, 1S) 2028 Sles S5l 5 (Nutrient Broth)
CE“ J"“u"\“‘ S Nlgn a8 as ol L;\AJ;@ (o]
A Joaz) a8 sl oS 5ha | w5l
b bl a6 f il Tl
Y¥ Odedy 9 eML JL‘> CL..—/ 2 w\)& C))}é
0 0iS Gl Jgone o azzli8 555 S 4 cele
NV 5ol Vs Scdle b () + vdS 0 JS)
» sl Jnlol s celi chle) s 5k
S alsl S b 4 (W en SB s
S 50l Jolt s e fs slass 53 i
Johos bons alyl S wpai y hdec] b sas all
W A..::Jf ij 0 wle bass laea susS dee.....u
b By aead St kS claslag ay 03 5 e
5o bl caslie 5 (bl 3 alen] s o) s Jize
Ol dww 3o o By 5l ol Cilisee s o Jilis

Aexhe oge3) Gl plaie o b ) 5iS &1 e b S

o w oL

Jode Loy
o

0.01 0.1 1

10 100 1000 10000

095300 O 33 shs

&;u.&}jg‘ DLl o:l.é:..J D4R 6[.&5515 6.)34'43“ J‘é}oﬁ—\ J&Jt



AYAQ

Foolas Y2 ada 012l 0Ll 5 @0 Olados ade 4 s

Sb R O'i‘ 23 sad ealanel b o 3 glaods - Jous

s Jsbons i i
Sk /0 _
MICP °))| '/YO 5)3‘ )\.1_7: &
S 55 AS /Y0 S 55 A N 5o S
Vsl e O \ -
o) +/0 o5l ¥ S
Y sels
;v:w-\s Jﬁ)‘s /0 ;vw-ks JJJJS J\jj“ S

adllas 3550 S oland 5 (S5 s S5
et 5 S duuis.\-ﬂ)'T c\w s b
BIY Jaam 53 oS Limgs ol o eslizad 550 S
shls s cpl oo solad 5,5 LS cul sus
a4 ol LS Sl &S ey sy e acsl
SL Ohd ao)n Ve ssus s izl o Gl b
] S35 AS W0y s S VO B Ve i s

. (Shao, 2008)(\ JSz) aeas 63b il 3 4

g s el 3,00 o S

A Sl 002N Y ssles Joam 3 &S 5boles
o sbeels i Ol Gl cal 5o ead saland lags S\,
Sl L o tage Sl skl i o Sl s
L ;J*S‘j s & amen STess) p—.’.}'T s IS 55
G S s eherd Jelse 4 cos Canlie 5 cand
(Stabnikov er 5, ol Bl Jae Ll 2
al., 2013)

5 Jame b p5 5 saiS CEl 5SS () Sl 4 o Sl et e ol SRl B an) B pll (ol eslial 5550 0L i Y IS
(Lilos] i

L (Air dried) Sasl,n SUs s o b olts mls i

RGPS IO K. NI SR O [CIVSY W W
Lg.)\.g).) J\.é- u\)S@“&.}\jﬁ J\.&- PL ASJL:-).)

Sld S o skl ce

son D3 ESm Chsa ol Py s base 5,18



ST E S CS] W B CO TS B

MICP éu)\.&u 64\&.0 PLl ASU’.’)}.& PLENT Vg g_,&\.w

CS o wocele 5 e kS AV Ce e Lol s o))

s Ji“) .¢\J.>J§J

AY -

B ,\;J;stbtjﬁ g_,&L-ujﬁj-LS\' Cs
C.;SJ.:- A\JLMT S JhuuTLbA“ wbuT L;ng_SLa-

2 kS VY 5 VY 4 C e s cuwls Ll Bl WS

B A B 28

813 S lwl Ge yw

e lu gy siegliSe

HLIH h'ﬁh"—.'—c'l—cl’qiﬂ

ﬁb-lﬁ\ifb-

(aie OT) dal

MICP , aali slayloss

.‘)J'J\w\s['h\édj‘b‘;:&d ol MJJ@CEM)JLSD Q,aﬂ).s sl e alie G S PBlas lols AS@UL)KJ\*A O A 53 ¥

MICP ;5 ol bl cov S @l a8 > alnd co o awlio -v S8

b S ol jle S cdl ga g0 5 s el
cbis w o blog sl cele ) 2 STV ce
S ol sl Bl ol olne 3L
Py S Sasp
wle 8L bl gl oo oo s S s
Sl Cele eSOV cew U S ol
OV 5l iy S 53 il Ku b ol gine
e SB o SB ool Gl cele s zellS
0> el s e e 5 p SASYOF 4 5 5 At
3l olas s crizad e Sl 5o e S AN Cs e
5 St Gl on 5o S ol i s oyl
e w5 (als gbasls) 8L oo sl
Sl o 3 Sosba s Sata Sl 5L SV
o S ol glhe cele S OV 51 i
Soso 5wl gl LB sl sals sl

S ol b

5ol (e S jlie Ol 4 by s
0o ol Al e w5 MICP 5 el sla s
LSt ol 53 48 6550k ol oas 41,10 5 F JSa
0 S Sl e ol co e (2l B3I L 0 s0 e s lin
o 3L S, 5bay il Ll B asls glak e
Gl 5o oob Ll b gl wele 5 el SVA L
39 2l s e S Sl g g0 p Saslee
o cele 5 e STV 4 VA Sl e e Gl G L
AV/Y e spae 4 NO/Y 51 S ol e e S
Aol il cele o mese e S50
2 ol &S e alin) e oo ol saasglas
Al i S s e LS

O S e, 8 Sl aas e ol gl Al
O¥se K (»45 09 AS 5 eysl) saS Sl Slee b



AT Foles Y ale o)l e 5 o8 Sliios ale 4

o 032 WG 5 SBl)d a8 > J xS s e L Olme 2L SL Gbase bosas Jly S s S
Al e gl o8 alel] 2 e AAS VO spam 55 s 52l b S ol

e & P

—o— s ule Lol

a\"ao - T TN o s s - Yo
3: ‘"oo T r"

3
37 va. Iovs
Yoo _ Y'o

e L S o la
e 2o
&

N N N
LI N R R B B B B B B B B

MICP S5 & Lals U
Lo lw 30 gase sda o psSelase

Lol )0 g

e lw 3 330l Se 3Ly S yw

&J}MICP).\EL&JL&JL&};JJ(“b)b@fﬁﬁj}r;%)ﬁow‘)uwm—fJg&

%

0. 3his olo dali

, T X0 uiS O law Jelrse da i - ¥
i‘ Yoo I or.
2 Yf. L rF

SEFTITS

Lo L
—
>
-

Jalo S alads HLb
Lo L

IO g0y 33
=

[l [l
rrrirrrrirrrrrrrrirrrrrrrro1

—

-t

MICP SLs oLl L

D, S e e e N AN

—
—
.

J0 &30 3ie 3

el s siosdaSe SLy Gs s

@i;.wJL‘.’JQMICPJML;du)w')é(ub)é@fﬂ)ér;%)&@w‘)uwa‘—aJ&&



ST E S CS] W B CO TS B

Cltse e Y 5o Sasle bils s miey b
PS5 F Joas s ol el S as g Seslal S

AYY

SB b (5555 Cueslis
el K olsea e aY (655 sl
Sastind U ool pmls iy s Sl e canslis

3 Sy b v S S LS 5 00 sl Slay e e Ls =¥ oo

Sla e 5:SKke
ST s e
S35 Caepli redS O S

A/ 6 YYY/ R \ Sk sl
¥oFO/ - vEE FO/AYN \Y < S
(A PA% T \7ARA \Y Sl calx g S

Y4/4%) /YN oY Uas

A/AF - Y/A¥ - ) & s o ,2CV (L

Al s’ Ol S
Sl S om0 LBk e sk
lolas 5o ol eedS Ol S Hliie (SB s ldS
skl VOIS s s oS as g Seslul MICP
Sl Jlel U S sl ol s ey
edS Ol S e (S csl 5 a5 MICP
Bacillus \as ;5 S5, 5ba coals ols gae il 53]
& Coms &S a2 sanlie ol o Oy i Infantis

sl Gl ass Ve ) i sl

**L*}HSJ\QL;.&AJ:..;}MJJ@}MJJQ&@Q&)QJ‘Q‘;:&A%)A{:

db Sheslatal &S sl glas uboly 4 e cu

Y u.zls“ u-i*f"’ oY sl u‘i\}‘*f JQ‘L )
L;)bd;;u )jLA.g MICP (L5 3l eolaal a5 sls olas
S csl g 9> B o L Goosp Cwslis Hlaie
Ssp Cwglie Hlade o i S sba ol il
Bacillus infantis s\» s :SG 5 5,8 U MICP & 55 5
Sd Sl 5o Caslis o 1S o Paenibacillus sps s
solaznl b a8 sly glas caL.; SR O Jha.auT L osuss
@5 u*’\ﬁ‘ é—u ijﬂA Q\J..a LY oa\.w Jj.k;u )\
slabasd bl ool sl o SL L S C"d‘ L s il
i e s s Gl s Sgssba s saalis



AYY Foles Y ale o)l e 5 o8 Sliios ale 4

N SLs B b SLs

j 9.
Al N
b &,. i
o Ve N N N NE
3. N S N N N
T 5 N N N
3 N N N N
¥. § | § % o \
2T N \ NI \
2 N \ N \
s T § e § N i \
N N \ N \
. N N N N
- & ¥ A ®
J o @®
g $¢$ gQ
) & é*\\\ $
. Qé‘. $$ é&\\
o

MICP s Lays
LSD {5050 b asg GMICP  (sloai a5 5 28Ls bl 53 (ISl 5hS) 305 cunslie S0l amlie -5 K2

(M‘)é@chujé

| N, low S B i S

: N
Yo + : N
21 N X \ \
3 va f % \ % %
- INE N \ \
N \ \
N N N N
% ] § § X N § §
3 Y & -«, » @ o #
50 & @\“** At q**“‘\w & v
3 ¢ W ,0»15 o &) ° éﬂi
' &M & e
.&“gw Q %é.@ ? ¥ Q&& A@bo“ . cn'o
o MICP ,Lais
e S LSD (5050 b sy ie) MICP 5o soi 5 aals b slad 53 (0 33) it oS Sl S 1ks 800 syl -y IS
(M_)b e._!_
ol s g;@"'fg}’b S ) Sl 2,8 &Sl ol s
YU e o 5o spsa oL (bl b 5l b olals 63‘\3\33 L ) cbslg 63‘\)\5 (xS ol o

SashS AN Co o U S Olis o) e aSg,0bay o)l CM}L&U:.;.\}\&\jd&j)o\};cA{mJSC)\J{;wJJ



ST E S CS] W B CO TS B

A aBl s pddel slee 53 s s Slesw anl 3
S 5 S s S (I gy L ol
JELLE 0 51 i & ol canslie (2l 3] e
Lo (Y-V) oL\Sas 5 Whiffin cpuses 258 o
r\.(;aw\ » Sporosarcina pasteurii s ;S\ 3| )
Cuaplia ¢ g CondS Dl sy gi a5 Wsls las S

sl sl (ks 4 cus YL

solasiwl 090 pubco

— Abu-Zreig, M., Al-Sharif, M. and Amayreh, J., 2007.
Erosion control of arid land in Jordan with two
anionic polyacrylamides. Journal of Arid land
research management, 21: 315-328.

— Arami, A. H., Ownegh, M. and Sheikh, V. B., 2014.
Assessment of desertification hazard by using the 9
criteria IMDPA model in Semi-arid Agh-Band
region, Golestan Province. Journal of Water and Soil
Conservation, 21 (2): 153-172.

— Azimzadeh, H. R. and Fotouhi, F., 2013. The study on
the effects of desert pavement on wind erodibility
(Case study: Yazd- Ardakan plain). Iranian journal
of Range and Desert Reseach, 20(4): 695-705.

— Chamizo, S., Cantén, Y., Miralles, I. and Domingo,
F., 2012. Biological soil crust development affects
physicochemical characteristics of soil surface in
semiarid ecosystems. Journal of Soil Biology and
Biochemistry, 49: 96-105.

— Chen, L. Z., Xie, Z. M., Hu, C. X,, Li, D. H., Wang,
G. H. and Liu, Y. D., 2006. Man-made desert algal
crusts as affected by environmental factors in Inner
Mongolia, China. Journal of Arid Environments, 67:
521-527.

— Chu, J., Stabnikov, V. 1. and Ivanov, V., 2012.
Microbially induced calcium carbonate precipitation
on surface or in the bulk of soil. Journal of
Geomicrobiology, 29:544-549.

— Douzali joushin, F., Badv, K., Barin, M. and Sultani
jige, H., 2018. Inhibition of wind erosion by SBR
polymer and Bacillus pasteurii microorganism (Case
study: Jabal Kandy region). Iranian Journal of Soil
and Water Research, 49 (4): 795-806.

— Eftekhari, R., Moghaddamnia, A. R., Ekhtesasi, M.
R., Basirani, N., Shahriari, A. R. and Khosravi, M.,
2013. Evaluation of desertification intensity using
ICD model in the southwest of Hirmand city, Iranian
Journal of Range and Desert Reseach, 20(4): 669-
678.

— Ehyaei, M. and Behbahani Zadeh, A. A., 1993.

AYY

Coslis il sy e B4 b s Sl
Sl s oleew boaa Jlas Gbakiga 5 i
L) S ol zalS ol s MICP ¢,
Ol &S a3 ssnlan oy ol Sl Jols S (o
s sl boas Dy bakisal 5o aedS O S
e b Soba cwl wals gladbadl LB 3l
e aedS Sl § S DS e o edS O S
Lo 53 s O3 n (Bl b osbl cel gla
Ao CS e 4 ol cuslie aalasls s )5l
Gl alie 31 Jole s el Ll sl ol
Sl 5o sl 5 8L L eas Sl Glakise 5555
o 03 eSOl S G JSis S Ll
Ko he wY K bl sl S sl
oIl am 5o S cl sas basel e 5 esle
Sl S el § by ZuSy 4 bals Jlas sluw
Sheslaza) b &S sls gl cLJ o b el
5ol S el 3 s Canslin 5l sme 008 e J sl
Sloosl 8L ol ea 4 suiS Sl Joloe 5 )8 Ll
4 o e Caslie o gl BBl e
e OB 0aim LS ¢ sbse ol 45 5 sad bl dal s
g Ceaslie Rl Bl g dS Ol S gy L3 o S
o) oo s wslamd oSG bl e Lol
i 5l peedS Ol S Dl op it (Gl
Bacillus L oas pedls (S 53 mhae (5555 5 sl
M5 @YU oUlg & Paenibacillus sps 4 infantis
2 prese ol & s saalas auals eyl gl
oS S S 5 5T 5T A 0l o Bl
St o sl Gl 5wl s el s 8L i
=2 4 5 (Y A) o, 8aa 5 Douzali joushin .S .
Bacillus Pasteurii s ;S\ o) o 4 s CJLA s 8
B 4 s oS Jer a0 ool pnle sl 5
Dl G s opl Al
5 eslizal adlas b 55 (Y- +0) o, 5 Kucharski
% iredlS Sk S0 5 055 5losl Wpe olails 3,



methods. Springer Science and Business Media,
Germany.

— Prats, S. A., Martins, M. A. D. S., Malvar, M. C.,

Ben, M. and Keizer, J. J., 2014. Polyacrylamide
application versus forest residue mulching for
reducing post-fire runoff and soil erosion. Journal of
Science of the total environment, 468-469(0): 464-
474.

— Rezaie, S. A., 2009. Comparison between Polylatice

polymer and petroleum mulch on seed germination
and plant establishment in sand dune fixation.
Iranian journal of Range and Desert Reseach, 16 (1):
124-136.

— Saadoud, D., Hassani, M., Martin Peinado, F. J. and

Guettouche, M. S., 2018. Application of fuzzy logic
approach for wind erosion hazard mapping in
Laghouat region (Algeria) using remote sensing and
GIS. journal of Aeolian Research, 32: 24-34.

— Santra, P., Moharana, P. C., Kumar, M., Soni, M. L.,

Pandey, C. B., Chaudhari, S. K. and Sikka, A. K.,
2017. Crop production and economic loss due to
wind erosion in hot arid ecosystem of India. Journal
of Aeolian Research, 28: 71-82.

— Schwantes-Cezari, N., Medeiros, L., De Oliveira J. R.

A., Kobayashi, R. and Toralles, B., 2017. Bio
precipitation of calcium carbonate induced by
Bacillus subtilis isolated in Brazil. International
Journal of Bio deterioration and Biodegradation,
123: 200-205.

— Shao, Y., 2008. Physics and modelling of wind

erosion. www.springer.com/series/5669, 575 p.

— Stabnikov, V., Chu, J., Naing Myo, A. and Ivanov,

V., 2013. Immobilization of sand dust and
associated pollutants using bio aggregation. Journal
of Water Air Soil Pollutant, 224:1631-1639.

— Tisdall, J. M., Nelson, S. M., Wilkinson, K. G,

Smith, S. E. and McKenzie, B. M., 2012.
Stabilization of soil against wind erosion by six
saprotrophic fungi. Journal of Soil Biology &
Biochemistry, 50:134-141.

— Walkley, A. and Black, 1. A., 1934. An examination

of the degtjareff method for determining soil organic
matter, and proposed modification of the chromic
acid titration method. Journal of Soil Science, 37:
29-38.

— Whiffin, V. S., Van Passen, L. A. and Harkes, M. P.,

2007. Microbial carbonate precipitation as a soil
improvement technique. Geo microbiology Journal,
24: 1-7.

— XueYong, Z., ChunLai, Z., Hong, C, LiQiang, K. and

YongQiu, W., 2014. Cogitation on developing a
dynamic model of soil wind erosion. journal of
Science china Earth Sciences, 58:462-473

Foolas Y2 ada 012l 0Ll 5 @0 Olados ade 4 s

Methods of soil chemical analysis. Tehran water and
soil research institute, Technical Journal, No 983.
150p.

— Epelde, L., Burges, A., Mijangos, 1. and Garbisu, C.,

2013. Microbial properties and attributes of
ecological relevance for soil quality monitoring
during a chemical stabilization field study. Journal
of Applied Soil Ecology, 75: 1-12.

— Fallah, A., Besharati, H., Khosravi, H., 2009. Soil

Microbiology, Ajir Publishing, 192p.

— Fattah, M. Y., Joni, H. H. And Al-Dulaimy, A., 2016.

Strength characteristics of dune sand stabilized with
lime-silica fume mix. International Journal of
Pavement Engineering, 19(10): 874-882.

— Ghaffari, H. and Zomorrodian, M., 2017. Evaluation

of shear strength of soil stabilized by microbiology.
Iranian Journal of Soil and Water Research, 48(4):
737-748.

— Goodrich, B. A. and Jacobi, W. R., 2012. Foliar

damage, ion content, and mortality rate of five
common roadside tree species treated with soil
applications of magnesium chloride. Journal of
Water Air Soil Pollutant, 223: 847-862.

— Han, Z., Wang, T., Dong, Y., Hu, Z. and Yao, Z,

2007. Chemical stabilization of mobile dune fields
along a highway in the Taklimakan Desert of China.
Journal of Arid Environments, 68: 260-270.

— Hui Xia, P., ZhengMing, C. H., XueMei, Z. H,,

ShuYong, M., XiaoLing, Q. and Fang, W., 2007. A
Study on an Oligotrophic Bacteria and its ecological
characteristics in an Arid Desert Area. Science in
China Series D: Journal of Earth Sciences, 50: 128-
134.

— Kemper, W. D. and Rosenau, R. C., 1986. Aggregate

stability and size distribution. In: Klute, A. (Ed.),
Methods of Soil Analysis. ASA and SSSA, Madison
(W1), pp. 425-442.

— Kucharski, E. S., Winchester, W., Leeming, W. A,

Cord-Ruwisch, R., Muir, C., Banjup, W. A,
Whiffin, V. S., Al-Thawadi, S. W. and Mutlaq, J.,
2005. Microbial biocementation, Patent Application.
WO0/2006/066326; International Application
No.PCT/ AU2005/001927.

— Michel, B. and Kaufmann, M. R., 1973. The Osmotic

potential of polyethylene glycol 6000. Journal of
Plant physiology, 51: 914-916.

— Movahedan, M., Abbasi, N. and Keramati Toroghi,

M., 2013. Experimental investigation of Polyvinyl
Acetat effect on wind erosion of different soils by
impacting sand particles. Journal of Water and Soil
Conservation, 20(1): 55-75.

— Pansu, M. and Gautheyrou, J., 2006. Handbook of soil

analysis: mineralogical, organic and inorganic



wd s sl 28 SL5

K. and Zhang, D. Y., 2005. The microstructure of
micro biotic crust and its influence on wind erosion
for a sandy soil surface in the Gurbantunggut Desert
of Northwestern China. journal of Geoderma, 132:
441-449.

AYF

— Zhang, C., Wang, X., Zou, X., Tian, J., Liu, B., Li, J.,
Kang, L., Chen, H. and Wu, Y., 2018. Estimation of
surface shear strength of undisturbed soils in the
eastern part of northern China’s wind erosion area.
journal of Soil and Tillage Research, 178: 1-10.

— Zhang, Y. M., Wang, H. L., Wang, X. Q., Yang, W.



837 Iranian Journal of Range and Desert Research, Vol. 26 No. (4)

Evaluation of the efficiency of biological reformer in controlling wind erosion

S. Rajabi Agereh'", F. Kiani?, K. Khavazi®, H. Rouhipour and F. Khormali’

1#- Corresponding author, Ph.D. Student, Department of Soil Science, Faculty of Soil and Water Engineering, Gorgan University of

Agricultural Sciences and Natural Resources, Iran, E-mail: r.sareh@gmail.com

2- Associate Professor, Department of Soil Science, Faculty of Soil and Water Engineering, Gorgan University of Agricultural
Sciences and Natural Resources, Gorgan, Iran

3- Professor, Department of Biology, Soil and Water Research Institute, Karaj, Iran

4- Associate Professor, Desert Research Division, Research Institute of Forests and Rangelands, Agricultural Research Education and
Extension Organization (AREEO), Tehran, Iran

5- Professor, Department of Soil Science, Faculty of Soil and Water Engineering, Gorgan University of Agricultural Sciences and
Natural Resources, Gorgan, Iran

Received:09/25/2018 Accepted:12/25/2018

Abstract

Nowadays, the destructive phenomenon of desertification and wind erosion is one of the
most important environmental crises in the world, which are serious challenges to sustainable
production and agricultural land management. In the present study, the effect of microbial
precipitation of calcium carbonate has been studied as a biological reformer and compatible for
controlling wind erosion and soil stabilization. For this purpose, erosion rate of bio-cemented
samples was investigated through ....in a wind tunnel under the condition of wind velocity of (0
to 98 km hr!) in two soil types with sandy and silty texture in a completely randomized design
in three replications. Investigation of the threshold velocity of soil particle movement revealed
that air dried soil particles begin to move at the velocity of 8 and 10 km hr! in the silty and
sandy soils respectively, however, in all biological samples (MICP) particles did not move at 97
km.hr!. The results also indicated that the weight loss of all MICP treatments at different wind
velocities were significantly reduced as compare to the control. The amount of the soil loss
among biological cemented samples and control treatments were dramatically different at higher
velocities. So that, at velocities more than 57 km/h, soil losses indicated significantly
enhancement in control, whereas in the soils which are treated by bacteria, soil losses were
insignificant and approximately 2.5 kg.m2.hr!. The results also showed that the equal's amount
of calcium carbonate and the penetration resistance of the soil surface increased significantly in
MICP treatments as compare to control treatments, this event indicated the formation of a
surface-resistant layer on bio-treated cement samples. In this study, the comparison of used
bacteria also showed that Bacillus infantis and Paenibacillus sps; have high efficiency in
controlling wind erosion. Therefore, it seems that cementation by biological methods could be

an effective way to stabilize surface particles and control soil erosion.

Keywords: Urease, soil stabilization, bio cement, soil loss flux.



