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Background and Objectives: Soil is a reservoir of millions of
microorganisms, most of which. have beneficial effects on agriculture, soil
health, and protection against erosive forces. Some soil bacteria produce
the enzyme urease, which, by-altering the concentration of hydrogen ions
and producing bicarbonate ions in the presence of calcium, leads to the
precipitation of calcium carbonate. Biotechnological methods can be used
to increase soil resistance against wind forces. In this study, the ability of
two bacteria, Enterobacter cloacae and Corynebacterium glutamicum, to
produce. urease and their effectiveness in increasing soil resistance and
reducing wind erosion were investigated.

Materials and Methods: Sandy soil was collected from a critical wind
erosion area in southeast Ahvaz and placed in trays with dimensions
of -50x30x3 cm. Fresh cultures of each bacterium, E. cloacae and
C. glutamicum, were separately centrifuged, and the microbial cells were
formed into pellets. The supernatant was discarded, and the microbial cells
were re-suspended in physiological saline. The bacterial suspension was
sprayed onto the trays containing treated soil to achieve a bacterial
population of 5x10°% CFU/g. Different molar ratios of the chemical solution
(urea: calcium chloride, including 1:1, 1:2, and 1:3) were sprayed onto the
soil surface. The experiment was conducted in a factorial design within a
completely randomized design. The factors included different levels of
urea: calcium chloride (no urea and calcium chloride, 1:1 ratio, 1:2 ratio,
and 1:3 ratio) and bacterial inoculation (no bacteria, a mixture of the two
bacteria, E. cloacae, and C. glutamicum). The samples were maintained
under environmental conditions with 70-75% moisture content for 60 days.
Before measurements, the soil samples were dried at room temperature.
Some soil properties, including soil loss in a wind tunnel, erodible fraction,
mean weight diameter (MWD) of soil aggregates, penetration resistance,
and shear strength were measured.
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Results: Both bacteria were capable of producing urease. The results
showed that the interaction between bacteria and the urea: calcium chloride
ratio had a significant effect on the measured characteristics. The lowest
soil loss in the wind tunnel was observed in the treatment with the mixture
of both bacteria, followed by E. cloacae with the application of a urea to
calcium chloride ratio of 1:2. The highest soil loss was recorded in the
treatment without bacterial inoculation and without adding urea and
calcium chloride. The mean weight diameter (MWD) of soil aggregates in
the treatment without bacteria, with C. glutamicum, E. cloacae, and the
mixture of both bacteria at a 2:1 urea to calcium chloride ratio were 1.04,
3.79, 3.34, and 3.90 mm, respectively. The lowest erodible fraction in the
treatments without bacteria, with C. glutamicum, E. cloacae; and the
mixture of the two bacteria at a 2:1 urea to calcium chloride ratio were
98.7%, 82.68%, 86.92%, and 81.47%, respectively.

Conclusion: The results showed that using a mixture of the two bacteria or
using E. cloacae with a 1:2 ratio of the urea: calcium chloride cement
solution helped increase soil resistance against wind erosion. The increase
in soil penetration resistance and shear strength with the treatments is likely
due to the lower amount of the erosion-sensitive fraction and the larger
MWD in the soil.

Cite this article: Dehghanpour, Maryam, Enayatizamir, Naeimeh, Landi, Ahmad, Ghafari, Heidar.
2025. Using urease-producing bacteria Enterobacter cloacae and Corynebacterium
glutamicum for stabilizing sandy soil and reducing wind erosion. Journal of Soil
Management and Sustainable Production, 14.(4), 75-95.

©NOIES

BY NG

© The Author(s). DOI:
Publisher: Gorgan University of Agricultural Sciences and Natural Resources

\a'



Ml g g S Co e a5l

g YEYY-IYIV i gl LLS
Ol SB pghe o YYYY-VYVO i 0wl LLS

%&@db%ﬁa‘%;

g Enterobacter cloacae yTo ygl 00sS 903 o5 55 »5b 31 00t
SO Jwlv P pals g i S cudd sl » Corynebacterium glutamicum

ﬂ_;,u.& b ‘v‘_g..\.ﬂ o~ ‘VEEENL;QU.G dogsS s\)‘g.;&u.n: e

maryam.dehghanpoor. 1364@gmail.com :asbLl, .0l ) Sl sal Gl sal O e A oKl (63 55LES eaS il (Sl ¢ e oy S 655 Gmmiils
n.enayatzamir@scu.ac.ir :asbll; Ol 1 Gleal Gleal O e dgd o2l (53,55LaS 0SB SR ool 05 8 slil (gt 0diomy 55
landi@scu.ac.ir asblyly O 5l lsal Glpal Ol e A oKils ks 5,5LiS 2> (St pske 05,5 sland ¥

h.ghafari@scu.ac.ir :asbLl, 0Ll Glsal Glsal O sex dgd o515 (53,5 auSLiils (Sl pohe 05 8 Ll £

oS> Jle S|

O 53 3 gm 3o Slas S 2 oS ol il )15 Koo a0 s U5n St a5 il Alis ¢ 5
il eyl s sl il s Sl bl 5 St el (@35S e Sl sk Tele B G
O clile 53 i LS s Slossl il W5 qlls @lls Sb glag 5L 51 =
S Sl S S 4 e ol a5 Sl S glaln WS s Ot

. . ¢ . . VEY/Y/YA :C‘Jf‘d_)é é)u
B ol w\jﬁ] .>L.| ngﬁ" j"lj' BE) b S C,.AJLM Q‘jjéa L;:m_l) LQ)}L'J &.os “ -I\J}M‘JLSA
, g VENTV/Y il g GG
s Enterobacter cloacae ¢ SU 35 lawg oy mAl Mg Ul el s

_ VEY V04t sy é,u
Sals sl ¢L<>=:Ml ol e WOl LS 5 Corynebacterium  glutamicum

160 glasl

5 ad a5l B0 s s ool Shle i Sl ailen 5l 23 S ilady, g sl ST SBY
GSL s S a3l ClES S sy e Sl PxTexor sl b sls oos 050 )
_ (S5 Laaslie

s slads 5 el Sai mle SBlas 4ba Co glutamicum 5 E. cloacae ) i
‘Jﬁzﬂ@)w

53 sliss 2,5 Sladshe 5 A3 a5 s Jske e Lels o 3 s WS s il
Comnr oS (GolEs 4 (6L Opmmibon s LLeT53 O gl g D)0ty (S5 0 TR
LLE Gl 6L L shls e 4 35,5 (Vox) e CFU/g) Sl s (5 L
FEUHEFRHEFRR J»Lir.:wlf_xvlf:a)}\) boed Jsloee sl Jso lacons e
A5 il okl Sl b B s s opee (bl A wlsl Sl sl
) el (onedS LIS 5 o5l O5d) S LIS o) e gl el e S
53 bslse (65856 05) 8L Giale 5 (mdS LIS 5ol T el 5 oY)

\A4



Sk, ki U o Ll 55 badses sy (C glutamicum s E. cloacae (s ;S\
3 ey Sb slaai el idd (eSS 5o,V S w as e S b A3 ViVO U s
Soda bls S gla S5y (F o e tlAE S5 Lase los 3 ag Sl
5 Saosp Caslis adlisle B3 55y ke (le b g el e 0l S5 0 S

A g Sesll S s

S sl 0l s s STesl wpl g Gl sls eslizal 3,50 (5 SL s laaly
el Jlsgme ol Seill Gla Sy p peedS LS el Cad 5 (o SL blane
o 5 6L s bl Gl sles 4 bspe b Jig5 03 S i poda Olge (56
Sl 3 e o St 53 Y ) aedS WIS el s 3508 L E. cloacae O
A3 555 oSSl Ad (Sl S WIS 5 eyl 03558 Osk 5 6L mdls O
33 &S0 95 bdsws 5 E. cloacae ([C. glutamicum s\ (s ;SU 050 e 53 4lS=
S 2 s VAL SYINE IV 008 55 4 dS 1S @ ol Y s
E. cloacae (C. glutamicum !,)> (s SU 05 Slad 5o Sl b 4 ol e Hlids
3 AVAY AT QAN ity S IS 5 o0l Y2 o 53 680 5o bslse

A S el Lo s AV/EY

o 5 Bl cloacae ) eslial b 6 5L 53 bylses 5l eslinal 4S5l 0L s 1 S ot
sbedula 6,0 ol 5o S Cwglie (1581 4 V.:WISJUIS sl slages Jsloee Y2
035 5o s Ylamml bajles Jlasl L S 56 S oaslie 23l 3,5 SS

el S s 3 as ks 0le g5 S ATy il b el el

Joysl oanSads bl 5l eslitul O Y) a> (o lid el (o downs eesiube ye omoling 0l
i . ooh Gulwd mals g i S ooy 6l Corynebacterium glutamicum o Enterobacter cloacae

V-0 () VE Lol adsi 5 ST Cy ke

DOI:

O Sy © OB b i 5 (559l psle olSails 120

YA



OS2 g 591 58BS g o [ o 310,90 BT Mg 5SS 3 23Liw!

g ey (S Ry Sl eslinad Ay, 03
LS o KaS 2 LS e S s SIS
Sy gl Sl 5 plle Lls s Ll
V) ol amlgn osgdomn b ALS i anw s
sowl et Blus oled gbredise s
srind Sl (Sl a by e bias o8 s
-ty Cusgdoe b Ol Sl estizal pl by ool
s s p 0l pwdge sl iy, ((A) ol
Vo) Lol L ol I mle s Sl 65,
WL S e Gl ey ey S50
(reelS (S 5308 Ge b Sl S Sl S ey
ol slgily opsl S su o SL 5 oyl
(MICP) 'S 5 Koo ogmny sy ) ool
Sl o0 Sl gl s 25 e 0l
ol oslinul S gla S5s Cosls gl 5 (OY)
s Gl S & sy ol 00518 OY) el
O cdl sl anu g 50wy S gl oS
ool oS g sd (sl e SL Sl S
s Jsay 8 ol Sporosarcina pasteurii
U ol o oslinad S s s AL 5lessl
U S Obey Sl 5 1, ("‘""LS Sle S goly palie
el s OLS rassy (o () Aas s
S. pasteurii s ;SG g5 15 Gble & 55 S
Ll S 55 @l ST f s gy LS
s Soge s silesl sl S OA 5 W)
sTesbssl sl o O Hoda Cose ol
0 edkd Mg ol S slady s e Ol S
Crs S OlS Dose 4 dS sl
om0 b bl pedS SlS e, LS
5 Sb Aol sl 5 03,8 bl St ol

Sl 2S5 sl ws s O 5l bl

1- Microbially Induced Calcium Carbonate
Precipitation

va

dodde

3 S s e B b Rl b
Llge 5 20l Goslis Glagme) uaS Jals
Sistdas 5 it Gbla o 14n df;jﬂ&l.plcm
Jaslh 4 ol 4l 5 e 0/F Ce L glasly il
L (5,5liS Glages s o o0 slaag
e el Sl s (S0 13 b ()
Sidtaas 5 Sixt gble 5o ey cu 55 sl
s lasl 5 Olss slans Sle b 4 e g eld
Syd e 558

Bl w el sladle s e 5538 sl Uk
bt Ol 5 gmdigble s s So 4T e
5 Okl Jabha 55amme I3 (0l ol Liledd
53,5l Ol b e el Ll sl 03 g Ol O
Ghle @ sdas o ) o Slele ila Ik 5o L
ol SRl (V) despe DRl g 5 oS0
Sl sble olSLe gl lodsl 2 cdlSlin skl
g 0dl el 5 Ol Codl Lag s
Sy SousliS 5 ol slal glac e
N o3l e 555 .00 5 Y)
So o apde Jime Jld (b4 o8 dled
ol s Slsal OLSLe gl il S5 IS
St 5l cblim Gl bs, 55 ool il (8)
Sk eols e, sl ol Rl 3 Lals gl
Ol et bi 5 Jaean; Oy pde (S
s K gble pla s iomes 5 adkn pl s
el (G5 0 S ans

le b JES 5 S gl il by,
sl 5 o) e, Lle (gl o eslinal (g5l
S s Sl b 34 (ALS Ry
30) wdigr bt 5 lerd ol lan
0 ebaassie sl b gy, 3 L (3

A 5,58 55 Shes



V€Y & D)Low:} NE 5)9':‘),"‘1L-f~ J.JQSQJBW)JMQM

g, 9 dlge

33l s ks Sllas bl 1S &gel 4
oo bl Gl s ol b
EA Jsb o Jled aads VY s YV Ll e
Sl s 23 (YY) Al a3, 4ids 04 4o
s 5 b il il slaea S
e Y S Osls s 3l ey 5 A Ay
55 Sl (I ep S il ol b S
f}’ A L5j3§°)“’\"‘ pH B CLMZ\ e)w

Sl 0l eb))T \ d)u\} B Sk LSL“u;}i}
SASL s sl W L g SL ag
s Enterobacter cloacae strain sugR 1

Corynebacterium glutamicum strain 14B
MN220554 s KX262849 x> &S L s S

Logd ol wliiS L o5 S s Sen O penSUS
Gyl Cdles e Ldd Ol lsal Ol e
SBTesl dals S e sl Jilesl A o
GG g oo 4 lame SO i bl
s ol ags S (sl sl e s OLES
IS a5 S d leysl s D88 S
W A% e S V) mle i Lok Lags St
LS s S 0 casSialas A s e ST
J 055580 0a (YA w20 55 ¢J§\‘~ 5 (e
LSSl cel YE ke & e A =il
Cogw b ugmndar a3 Yo Glos s slaslSO
e ames pHY Sl L S 15 aids s s VY
S8l (aed S13) 2 pH L sl YE
3 e Slessl spam b ke 4 s S
s s (1 A S5 55 5 b jae L
wele Y8 i3S 5l 2 Joe 3 i ley sl ol
by () Jslee el Nee gy (g9 anidls L)

.,\.:-C‘AJ)Y)A \/\\ e))\ J‘}LN);:JL;L‘A A d)l"

A+

b Sl S e, (Y 51) sp5 e St
Slp b SL S plie s s 31 05 S0 Clad
Sl b 5 S o eslitad S Sl S S5
(V) &S o Jrame 0SS
s bt bug anls s VLAY LS
&Y S MICP SGsS Gb 5l oS slas J gl
@b mlesd Sl e S bl )G SHL
S ol ey b J ol b S e S S
ol 3 At LSS Ll Sl F Y s s
spdien ol psam 53 S A bl sl
Ui e (YY) das e Gl il s Jlazsl
S el NS e s MICP
Sl S Olgw, Y) 558 0 alol S Slaew
Sl s S il gl Sl s
hadslews ol glite o3I 5 (S5 5855
ol me..ks Ol g c('.:_..ls LS b pled
s L;\ﬁm“JSQUJSJKJM..\SQL:SY‘mAS
edS (¥8) ol et o3lizad MICP (gl oS
b Sl 5l Wl S ol ol e K
1l MICP (o, 5Lk oS mbis Ol e
(V8) Los ST sl odS sla g 8 o8s30
Sl Gl paes ey Sl edd e S
5 L0 sle ol sl o eslinl b glacslE
Lies Jpoms oolS Sland lad sl 51 5005
2L eedS LIS 5 5oslis b Loyl (YO
G 2 Ve L omb e Lol Jsse
S sl Liasn (Y1) 55 sslisd MICP
Sloosl sl Wy SU5 L e S b )
OBl eedS LIS el e e
L oo S gade als 5 sd S cwslis

ol e Cbu\ JL.:



OS2 g 591 58BS g o [ o 310,90 BT Mg 5SS 3 23Liw!

S e Oles @ 68k Oady slaaised 4 A2
Jslowe 31 s wlal o SU glyls sladsad (sl
Sy Cu S RN LS de s Y g
SSL 5 Sk s bl jlad ps s eslind
slE Comexr S LS byl s Lol Se
O ol g ol 515 3L Vox) " CFU/mI Jslee
Sl and g A3 eslita] S 4 (5l (6l s
redS LIS o5l pleed Jbone pline J e
A Gl S C]a.d a (7 5 5 Ll
CS o Sl edS LS 5 S S8 Sl eyl
Ll i s badigel A3 ag S35 08 ands b
S b Ao s VYo d s adsl by b e
sobiea LA IS S, T Sle &4
23 b O3 St (S sl S5 5,805l
s K b gles

Sl b Ol 2 booless 6 Ll sl 0k By
b Lok Sl culb sl by S5 sl
s e sies (3 Sy 5 e oY B 5 e A
AL eslizsl YOYo rpm 54 495 L ALAS
s 05051 GBI s St gladi sl sl sla il
S LB Oy pon plUS e i S L
2 V0L is sl ce l A S5 il
e o33l il gl L a0 Kl Lot
ol by cldcdmanmgs sl ol ce e 158
B (e Sy oty S Cla.‘ olyd S -
aopass S ol Ol 58S e 5 b 4B S
b ol AJL:MT;“J«JM Olye a4 Ls S ¢S >~
Sl S Sl gl s b S L s
A eslenwl TES-1341 Juw 8° et C}’ CMJL
b g St &0 ol o b3l 0L s
s O35 S e 5 s 035 Jlzes sl 5
ol JS ke Olgea oyl Oy a4 oo
A as Sl s (S (gs,,48)

M

sk 422 3 YO £ Y (glos 5 4833 0 Sdewy
o | EES TR NIE N UV RVRSIRT PR SO
s (YA) ws el s ,Seslul (Lews ST13)
i3> 53 edd sdoyden oyl Ve L) Slessl 05
o3l M) Slessl Sl s L (OD a5
3553 ODO00NM o (azds ;5 ol s 0
ol 5 gsdes ol e ((F0) el sy oL S
S Clia Slaie o ol SIGY 5e L)
ored (V) dal s VY o (mS em™)
3 eSSy Shas 3 Slessl cled e sl
ossl s Sl Lol (‘ﬁ'ﬁ"T Sldie A eslinal
B s & RISV PUSS  S
Bl &0l e £y s a1y Sa Yo
@»ina):oiy;\?)\m sy K 5l e s A
(Q‘)::’)AT s> S s s SOl 3 eyl EY0
V) 5550 255 Koy s Gpme 03538 51
sl Al S eslinal b skl o
(’ﬁf(ﬁ? 2 pSuke V50 o glackl

Y)W ag
by A Dde 4 (6 8L g3 030 ClS i S A
5 oekd Sa Sl agds g e e pM8 L
e AT53 o Do 0 S glad sl
oobs> 25,5 lad sl 5 b w0 Hslls
Lol 3 0 gy S0t S5 o
Skl ol S Ospeibi g (5508
e e 3 (Vox)Ve" CFU/MI) 4o
Fa b £V S5l e 5l e (pf}l:SV) S
¥ oGes 5 Trox 00 sl Lol slass b s
S ez s Gl e A s e Sl
IS Camez S (MR 4 (8L O gl s
Yool Jse 4 25 S V/ox)+ ' CFU/g Jsles

Sl S w5 Bl Sl i 2d e S

1- Optical density



V€Y & D)Low:} NE 5)9':‘),"‘1L-f~ J.JQSQJBW)JMQM

Andlas 590 LS Slasein & -V g

Table 1. Some characteristics of the studied soil.
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Figure 1. The urease production test by E. cloacae and C. glutamicum.
The color change from orange to pink indicates urease activity.
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Figure 2. Mean comparison of the interaction effect of bacteria and different ratios of urea: CacCl, on soil loss.
Columns with the same letters are not statistically different at the 5% level with Tukey's test.
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Figure 3. Mean comparison of the interaction effect of bacteria and different ratios of urea: CaCl, on
penetration resistance of soil:
Columns with the same letters are not statistically different at the 5% level with Tukey's test.
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Figure 4. Transmission Mean comparison of the interaction effect of bacteria and different ratios of urea:
CaC(l, on shear resistance of soil.
Columns with the same letters are not statistically different at the 5% level with Tukey's test.
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Figure 5. Mean comparison of the interaction effect of bacteria and different ratios of urea: CaCl, on mean
weight diameter of aggregates (MWD).
Columns with the same letters are not statistically different at the 5% level.
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Figure 6. Mean comparison of the interaction effect of bacteria and different ratios of urea: CaCl, on erodible
fraction (EF).
Columns with the same letters are not statistically different at the 5% level.
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