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QwBU= |w=L |QDm =@ R= 'Q[=L VywSB QO "CU= xOW |}xU=t |=yl =N |m} Swrw}@

w Ctw=kt QO �|rwRv w C@=F� j} QRD ẁv w xD} Qqwt Q}F-=D 'u; ltm x@ =D CU= xOW xO=iDU=
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xtOkt "1
w |}=R?wUQ C}Y=N xm 'OwW|t xO=iDU= QwR}r=D=m u=wva x@ w Vvm =w CaQU
VwQ [1]%OQ=O OwHw VwQ wO '|R=Uy@ |=Q@ |QDm =@ R= xO=iDU= CyH "OQ=O |R;xQw=
CyH R=}vOQwt |Pet O=wt xm 'CU= 1|QDm =@ |m} Swrw}@ wQm}tl} QLD |x}=B Q@ 'pw=
l =N pN=O QO OWQ w CWm pL=Qt s=tD w OwW|t xO=O l =N x@ |QDm =@ OWQ
pL=Qt |x}rm w CU= 2l =N x@ |QDm =@ uOwRi= |x}=B Q@ 'swO VwQ "OQ}o|t CQwY
"OQ}o|t CQwY xOW pQDvm CWm x=oDUO R= xO=iDU= =@ 'x=oW}=tR; QO OWQ w CWm
CyH sRq O=wt Q}=U w |QDm =@ uOv=t xOvR |=Q@ sRq |Pet O=wt O}=@ 'Q}N= VwQ QO
&OvwW xi=[= Q_vOQwt l =N x@ s}UrmO} Qrm w xQw= p}@k R= '|}=}t}W Vvm =w O=H}=
|=yxv=O uO}@UJ Ea=@ xm OwW|t p}mWD C=v@ Qms}Urm |=y?wUQ 'xH}Dv QO xm

[1]"OyO|t V}=Ri= =Q l =N |UOvyt X=wN w OwW|t Qo}Om} x@ l =N
xOW xO=iDU= |}xU=t l =N |R=Uy@ CyH swO VwQ R= 'Q[=L VywSB QO
C}Y=N O}=@ 'OvwW|t xO=iDU= C}Urm ?wUQ O=H}= |=Q@ xm |}=y|QDm =@ "CU=
|xDUO %OvwW|t s}UkD xDUO 2 x@ =y|QDm =@ R= xvwou}= "OvW=@ xDW=O |}=R?wUQ
?@U w Ov=|R=wy |=y|QDm =@ xm OvDUy 3Tq}U=@ |xO=wv=N |=y|QDm =@ 'pw=
|=y|QDm =@ R= xO=iDU= |x}=B Q@ R}v 4 MICP VwQ "OvwW|t C}Urm ?wUQ O}rwD
OvDUy =RuSwQD}v |=y|QDm =@ 'swO |xDUO "CU= xOW |L=Q] Tq}U=@ |xO=wv=N

|=yR=U w CN=U VQDUo x@ R=}v V}=Ri= ?@U u=yH C}atH uwRi=RwQ V}=Ri=
&CU= ?U=vt |m =N QDU@ OwHw sRrDUt =yR=U w CN=U u}= "CU= xOW |QyW
Qw_vt u}= |=Q@ |irDNt |=yVwQ "OQ=O |Q=}U@ C}ty= 'QDU@ l =N Ow@y@ 'u}=Q@=v@
|=y|oOwr; 'q=@ |SQv= hQYt p}rO x@ xm OvrDQB u=t}U j} QRD %p=Ft Qw]x@ 'OQ=O OwHw
&OvQ=Ov |O=YDk= |xiQY xm |Qo}O |=yVwQ w OQ=O x=Qty x@ |OH |]}LtCU} R
Q=oR=U|WwQ =D Ov=xOQm VqD |Q=}U@ u=QoWywSB 'Q}N= |xyO OvJ QO p}rO u}ty x@
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CQwY x@ QwmPt Ov}=Qi w OwW|t O=H}= l =N QO s}Urm `@vt l} w xQw= Vvm =w R= xm
s}UrmC=v@ Qm |=y?wUQ p}mWD Ov}=Qi "OQ}o|t CQwY l =N pN=O QO |a}@]
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QQ@|xR=Ov= QF= |UQQ@ x@ w OvO=O xt=O= =Q MICP =@ \@DQt C=ar=]t R}v '�2020�
xO=iDU= SM w SP l =N ẁv wO R= u=W}= "OvDN=OQB MICP VwQ QO l =N C=QP
l =N Ctw=kt xm OvDi=} QO l =N wO Qy |wQ |Dtw=kt |=yV}=tR; s=Hv= =@ w OvOQm
|oDU@ R}v l =N Q=DN=U x@ xmr@ 'CU}v xOW O=H}= C}Urm Q=Okt x@ xDU@=w \ki
CU= |}xU=t |=yl =N QO |}xOW xDN=vW |xH}Dv 'Ctw=kt QO Q=DN=U Q}F-=D "OQ=O
|xt=O= QO [17]"Ovm|t x}HwD =Q MICP VwQ QO l =N |Ov@xv=O x@ xHwD swRr w
u=Q=mty w 11wJ C=ar=]t x@ u=wD|t '2020 p=U QO xDiQo CQwY |=yVywSB
|QwLtxU V}=tR; R= xO=iDU= =@ xOW xDv=t}U |=yxvwtv |UQQ@ x@ xm OQm xQ=W=
p=mU=B wr}m 300 w 200 '100 |x@v=Hxty Q=Wi QO xOW |WmyR |xDi=}s}mLD
V}=Ri= =yxvwtv QO Ctw=kt 'uw}U=Dv=t}U K]U V}=Ri= =@ xm Ov=xDi=} QO w xDN=OQB
VywSB Ovv=t 'CU= xDW=O xt=O= RwQt= x@ =D Q}N= ẁ[wt pwL =yVywSB [18]"O@=}|t
|=yl =N `=wv= |wQ Q@ MICP VwQ OQmrta xm '�2021� u=Q=mty w |Q=w}D
|=yl =N QO sQwD Vy=m %uwJty '|@ wr]t G}=Dv w xOQm |UQQ@ =Q |UQ w |}xU=t
[19]"Ov=xOQw; CUOx@ |}xU=t w |UQ l =N ẁv wO Qy QO Ctw=kt V}=Ri= w |UQ
|xv=NOwQh=Q]=h}a[l =NC} wkDCyH|WywSB R}v '�2021� 12Q}t w|v=w
|=yC_re =@ Bacillus Subtilis |QDm =@ R= w OvO=O s=Hv= Ovy QO 13=ov=o OwO
w OvOQm xO=iDU= 1 w 0=5 |=yxD} Qqwt =@ uw}U=Dv=t}U pwrLt w 1=5 w 1=3 '1
\@DQt |=yV}=tR; s=Hv= CyH =Q xOW Q=t}D |=yxvwtv 'RwQ 14 w 7 CWPo R= Oa@
?} Q[ xm O=O u=Wv u=W}= |xar=]t G}=Dv "OvO=O Q=Qk s}kDUt VQ@ x=oDUO QO
R= Qqwt 1 O=wt C_re w 1 |QDm =@ C_re =@ xOW xDv=t}U |xvwtv QO |oOv@UJ
41 x@ xHQO 35 R= l =N l =m]Y= ?} Q[ w 57 (kN=m2) x@ 38 (kN=m2)
Q@ XRD w SEM V}=tR; R= pY=L G}=Dv |UQQ@ =@ u}vJty "CU= xO}UQ xHQO
w prN uOW QB ?@U =yxvwtv QO xOW O=H}= C}Urm xm OvOQm xOy=Wt =yxvwtv |wQ
Ctw=kt xH}Dv QO w xOW l =N |=yxv=O |oOv@UJ V}=Ri= w l =N QO OwHwt GQi
O}}-=D =Q s}kDUt VQ@ V}=tR; R= pY=L G}=Dv Qt= u}= xm CU= xDi=} V}=Ri= =yxvwtv

[20]"Ovm|t
uw}U=Dv=t}U QF= |UQQ@ x@ �2021� p=U u=ty QO |Qo}O |xar=]t QO u=W}=
14|QwDU=B =v}UQ=UQwBU= |QDm =@ R= xO=iDU= =@|@ wQ}q |=yl =N Ow@y@ QO|m} Swrw}@
xOW Q=t}D |=yxvwtv w OvDN=OQB Qqwt 1 w 0=5 '0=1 C_re w 1=5 C_re =@
"OvO=O Q=Qk xHQO 18�23 w 5�10 Cw=iDt |=tO wO QO RwQ 14 =D 7 COt x@ =Q
xOWv OwOLt |Q=Wi Ctw=kt V}=tR; R= =yxvwtv Ctw=kt |UQQ@ CyH u}vJty
xDv=t}U |xvwtv QO xOWv OwOLt |Q=Wi Ctw=kt Q=Okt xm OvDi=} QO w OvOQm xO=iDU=
V}=Ri= OYQO 310 'xRwQ 7 |Qw;pta COt QO w Qqwt 0=5 O=wt C_re =@ xOW
|Q}PBPwiv 'u=tQO |xQwO w xD} Qqwt V}=Ri= =@ xm OvOQm xOy=Wt R}v w CU= xDi=}
'CU= xOw@ xv}y@ |=tO 'xHQO 18�23 |=tO 'Q}N= VywSB QO "CU= xDi=} Vy=m
s=Hv= C=ar=]t |UQQ@ =@ [21]"OwW|t sm |QDm =@ C}r=ai 'u}}=B |=tO QO xm =QJ
O}rwD |xwLv |@=} RQ= x@ xDiQo CQwY |=yVywSB QDW}@ QO xm Ci=} QO u=wD|t xOW
xDN=OQB C=QP u}@ p=YD= QO u; R= |W=v |oOv@UJ Q}F-=D w C=v@ Qms}Urm ?wUQ
|Q}opmW QO |rwRv j} QRD Q}F-=D =@ x]@=Q QO |OwOLt C=ar=]t =t= 'CU= xOW
"CU= xDiQo CQwY |}xU=t |=yl =N |m} Swrw}@ uw}U=Dv=t}U QO C}Urm |=yQwr@
hOy "CU= xOW xDN=OQB Q}N= OQwt |UQQ@ x@ Q[=L VywSB QO CyH u}ty x@
QF= |UQQ@ w |rwRv w C@=F j} QRD VwQ wO |xU}=kt 'Q[=L VywSB QO |rY=
VwQ "CU= xOw@ =yxvwtv |Q}PBPwiv w Ctw=kt w xOW O=H}= C}Urm QO xD} Qqwt
uw}U=Dv=t}U pwrLt QO OwHwt O=wt |xD} Qqwt xm CU=vat u}= x@ |rwRv C_re
Q=DWwv QO ',qFt &CU= |rwRv u; OvwQ w CU}v u=Um} j} QRD hrDNt C=aiO QO

OvDUy |R=wy|@ w Ovvm|t O=R; uSwQD}v R=o 'l =N QO Vvm =w s=Hv= |] QO xm
R= 'Q[=L VywSB QO [2]"OvQ=O ?wUQ O=H}= C}r@=k R}v `=@W= l =N \}=QW QO w
'|QDm =@ ẁv %uwJty '|irDNt pt=wa "CU= xOW xO=iDU= pw= |xDUO |=y|QDm =@
w =yp=DU} Qm ẁv w MICP OvwQ QO l =N C=YNWt w PH '=tO '|QDm =@ C_re
|xyO wO QO =D CU= xOW ?@U Qt= u}ty xm 'OvQ=O Q}F-=D xOW O=H}= C}Urm Q=Okt
|Q=}U@ |=yVywSB w Ovvm QwmPt VwQ |wQ Q@ xar=]t x@ s=Ok= u=QoWywSB 'Q}N=
[3]"OQ}o CQwY l =N KqY= |=Q@ |y=oW}=tR; \}Lt QO Ov}=Qi |UQQ@ Qw_vt x@
'l =N |WQ@ Ctw=kt V}=Ri= QO |@ wN |y=oW}=tR; G}=Dv 'uOW C}Urm Ov}=Qi
Vy=m '=yxv=NOwQ w |rL=U j]=vt QO l =N V}=UQi pQDvm w uD@ lQD |R=UR=@
[4]"CU= xDW=O l =N |Q}PBPwivVy=m u}vJty wC}@rY w|DNUV}=Ri= 'CUWv
l =N |=y|oOwr; KqY= x@ 'uOW C}Urm Ov}=Qi R= xO=iDU= =@ u=QoWywSB R= |}xOa
s}tQD w uD@ Ctw=kt C} wkD CyH xOW QmP O=wt R= R}v Qo}O |NQ@ [6�4]"Ov=xDN=OQB
QF= |UQQ@ hOy =@ |}=yVywSB 'u}vJty [8w7]"Ov=xOQm xO=iDU= xO}O?}U; |=yuD@
u}= QO "CU= xDiQo CQwY =yl =N |UOvyt X=wN Ow@y@ QO s}UrmC=v@ Qm ?wUQ
|m} Swrw}@ wQm}t ?wUQ u=wva =@ |D=ar=]t '�1999� u=Q=mty w 5QW}i 'XwYN
\UwD s}UrmC=v@ Qm |=y?wUQ O=H}= |xwLv x@ xm Ov=xO=O s=Hv= s}UrmC=v@ Qm
Gwt Q@=Q@ QO l =NCtw=kt w |}xU=t l =N QO u; QF= R}v w |QwDU=B Twr}U=@ |QDm =@
V}=Ri= x@ u=wD|t u; G}=Dv u} QDsyt R= xm Ov=xDN=OQB Tm}= |xaW= \UwD |WQ@
Qw_vt x@ R}v |Q=}U@ C=ar=]t [9]"OQm xQ=W= xOW xDv=t}U |=yxvwtv QO Ctw=kt
VQ@ V}=tR; R= xO=iDU= =@ l =N |Dtw=kt C=YNWt QO MICP VwQ Q=F; |UQQ@
xDv=t}U l =NCtw=ktV}=Ri= Qov=Wv xOt;CUOx@ G}=Dv xmCU= xOW s=Hv= s}kDUt
QDxOQDUo Qw]x@ u=QoWywSB '2010 p=U QO [11w10]"CU= xOw@ MICP VwQ =@ xOW
VwQ C}ty= x@ pY=L G}=Dv xm OvOQm R=e; MICP VwQ pwL =Q OwN C=ar=]t
[12]"CU= xDW=O xQ=W= l =N X=wN Ow@y@ w C}@FD QO |Swrw}@ wQm}t j} QRD u} wv
RwQt= x@ =D MICP VwQ =@ x]@=Q QO xDiQo CQwY |=yVywSB w C=ar=]t
'OQm xQ=W= �2018� 6|mQ=W C=ar=]t x@ u=wD|t u}@ u}= R= xm CU= xDW=O xt=O=
|m} R}i X=wN Ow@y@ |=Q@ |Swrw}@ wQm}t |SwrwvmD R= xO=iDU= u=wva =@ |WywSB xm
h=Q]= sQv l =N R= xO=iDU= =@ u=W}= "CU= xO=O s=Hv= |}xU=t l =N |m}t=v}O w
\UwD l =N X=wN Ow@y@ |UQQ@ x@ |QwDU=B Twr}U=@ |QDm =@ w QYt QO p}v OwQ
w xDN=OQB C}@FD uwO@ w C}@FD =@ x=Qty j} QRD pt=W 'hrDNt u=tQO |=yVwQ
pwrLt uwO@ VwQ x@ C@Uv C}@FD pwrLt VwQ =@ |QDm =@ j} QRD xm CU= xDi=} QO
uwO@ OWQ \}Lt R= xO=iDU= 'u}= Q@ xwqa "CU= QDQF-wt 'x@=Wt \}=QW QO C}@FD

[13]"CU= QDxiQY x@ Ca=U 12 QO uw}U=@ wmv= w Sw}i} QDv=U |xUwQB
|my; |xU=t |}=Qov=wQ Ctw=kt |UQQ@ QO R}v �2018� u=Q=mty w 7w=}W
xm Ov=xDi=} QO |rm}U |QwLtxU V}=tR; R= xO=iDU= =@ |m} Swrw}@ |xOW xDv=t}U
[14]"CU= xDi=} Ow@y@ xOW xDv=t}U |=yxvwtv QO |my; |xU=t |}=Qov=wQ Ctw=kt
l =N |R=UQ=O}=B QO MICP VwQ Q}F-=D |UQQ@ QO R}v '�2019� u}y=W w 8nvJ
CNU R}v w =yxv=O u}@ |r=N |=[i uOW QB ?@U C}Urm |=y?wUQ xm OvDi=} QO
QO Ov=wD|t MICP 'l =N Ow@y@ Q@ xwqa u}vJty "OvwW|t l =N |Q=O}=B w uOW
`tHD 'Q=@e w OQo w |O=@ V}=UQi pQDvm � u=Qta |UOvyt p�=Ut R= Qo}O |Q=}U@
xO=iDU= �|rN=O V}=UQi pQDvm w xDUmW |xQNY |Q}PBPwiv Vy=m |=Q@ |DU} R
xm OwW|t C=QP CmQL Ea=@ 'Q=O}=B=v |}xv=O |=yl =N QO ?; CWv [15]"OwW
'�2018� u=Q=mty w 9|Rw�=L "CU= u}tR |=yCN=UQ} R CUmW p}qO R= |m}
Q=O}=B=v l =N QO |Q}PBl}miD R= |Q}owrH QO MICP VwQ |}=v=wD |@=} RQ= QO
u=Q=mty w 10wUwOQ=m [16]"Ovm|tC}@FD =Q Q=O}=B=v l =N 'MICP VwQ xm OvDi=} QO
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|QDm =@ "2"2
C=v@ Qms}Urm |}=R?wUQ x@ ltm w xQw= R}rwQO}y Vvm =w `} QUD QO |QDm =@ Vkv
xar=]t |R=wy|@ w |R=wy |=yxDUO R= |irDNt |=y|QDm =@ OQwt QO uwvm =D "CU=
Pararhodobacter |QDm =@ R= '�2019� 15uwmQ=t; VywSB QO ,qFt "CU= xOW
Pseudomonas 
urescens |QDm =@ R= '�2007� 16=D=@ Q VywSB QO w [25] sp.

xO=iDU= '[23]CU}v =yQwBU= |xO=wv=N R= w CU= Mesophilic |QDm =@ l} xm
R= '=yVywSB ?re= QO xm CU= xOW xOy=Wt QDW}@ |=y|UQQ@ =@ =t= &CU= xOW
xO=iDU= 'CU= xO=O u=Wv OwN R= =Q OQmrta u} QDy@ xm 17|QwDU=B Tq}U=@ |QDm =@
|Q=DN=U =@ w =yp}U=@ |xO=wv=N R= |QwDU=B Tq}U=@ |QDm =@ [26]"CU= xOW
OwW|t xDN=vW R}v |QwDU=B =v}UQ=UQwBU= s=v =@ w CU=R |Q=t}@ Q}e w pmW|w[}@
Ctw=kt u}vJty w OwW|t Ci=} Qwiw x@ Ca}@] QO w OQ=O |R;xQw= C}r@=k w
xO=iDU= |=Q@ Cra u}ty x@ 'OQ=O \}Lt |}=}t}W w |m} R}i pt=wa Q@=Q@ QO |}q=@
|R=wy \}=QW QO |QwDU=B Tq}U=@ |QDm =@ [26]"CU= ?U=vt O=R; |=y\}Lt QO
|QDm =@ R= R}v Q[=L VywSB QO [27]"Ovm|t OWQ O=Qo|Dv=U |xHQO 30 |=tO w

"CU= xOW xO=iDU= |QwDU=B Tq}U=@

O}=Qrms}Urm "3"2
C@ w]Q COW x@ xm CU= |}=}t}W ?}mQD l} CaCl2 |}=}t}W O=tv =@ O}=Qrms}Urm
?U=vt |a@vt u=wva x@ u}=Q@=v@ "OQ=O |}q=@ Q=}U@ |Q}PBpqLv= w Ovm|t ?PH =Q
u} Ro}=H |v=U; x@ w xO=iDU= |v}Wv=H |=yVvm =w QO 'CU= s}Urm |w=L xm
|rwt sQH =@ xD=QO}y|O O}=Qrms}Urm R= 'Q[=L VywSB QO "OwW|t Qo}O uw}D=m
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1. Bio-stimulation
2. Bio-augmentation
3. Bacillus
4. microbial induced calcite precipitation (MICP)
5. Fischer
6. Sharaky
7. Xiao
8. Cheng
9. Haouzi
10. Cardoso
11. Cui
12. Wani & Mir
13. Doodh Ganga
14. Sprosarsina Pasteurii
15. Amarakoon
16. Rebata
17. Bacillus Pasteurii
18. Nutrient broth

19. Nutrient agar
20. Mini Tab
21. consolidated undrained (CU)
22. descending concentration
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