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Substrate and low intensity 'res
infuence bacterial communities
in longlea7 pine savanna
VietQ. Dao1�, Stephen E. Potts2, Crystal N. Johnson1, BenjaminA. Sikes3 &William J. Platt2

Bacterial communities associated with vegetation-soil inter7aces have important roles in terrestrial
ecosystems.These bacterial communities, studied almost exclusively in unburnt ecosystems or those
aPected by rare, high-intensity wild'res, have been understudied in 're-7requented grasslands and
savannas.The composition o7 ground-level bacterial communities was explored in an old-growth
pine savanna with a centuries-longmanagement history o7 prescribed 'res every 1–2 years. Using
16Smetabarcoding, hypotheses were tested regarding diPerences in bacterial 7amilies o7 litter and
soil sur7ace substrates in patches o7 ground layer vegetation that were naturally burnt or unburnt
during landscape-level prescribed 'res. Litter/soil substrates and 're/no 're treatments explained
67.5% o7 bacterial community variation and diPerences, driven by relative abundance shi7ts o7
speci'c bacterial 7amilies. Fires did not strongly aPect plant or soil variables, which were not linked to
bacterial community diPerences. Litter/soil substrates and the naturally patchy 7requent 'res appear
to generate microhabitat heterogeneity in this pine savanna, driving responses o7 bacterial 7amilies.
Prescribed 're management may bene't 7rom considering how 're-altered substrate heterogeneity
infuences andmaintains microbial diversity and 7unction, especially in these 'ery ecosystems.
Frequent, low-intensity 'res appear ecologically important in maintaining the diverse microbial
7oundation that underlie ecosystem processes and services in 're-7requented habitats.

R‘u‘mm‘r�‘mc�fq‘rrk‘mcr�‘qd�sgd�lnrs�oxqhb�dbnrxrsdlr�nm�D‘qsg-�Fkna‘k�chrsqhatshnm�ne�sgdrd�dbnrxrsdlr+�vghbg�
bnloqhrd�}�3/$�ne�sgd�sdqqdrsqh‘k��ahnrogdqd0�hr�qdk‘sdc�sn�bkhl‘shb�‘mc�etdk�bnmchshnmr�oqnctbhmf�eqdptdms�fqntmc,
kdudk��fhqdr1-�Svn�ne�sgd�ltkshokd�hmsdq‘bshmf�oqnbdrrdr�sg‘s�rsqnmfkx�hmfktdmbd�eqdptdms,fhqd�cxm‘lhbr+�‘mc�‘qd�lnrs�
oqnlhmdms�hm�ldrhb�r‘u‘mm‘r�‘mc�fq‘rrk‘mcr+�hmsdqe‘bd�hm�qdk‘shnm�sn�fhmd�etdkr�‘s�fqntmc�kdudk9�ok‘ms�oqnctb,
shnm�sg‘s�enqlr�‘m�hmsdqbnmmdbsdc�fk‘ll‘akd�l‘sqhw�ne�khud�‘mc�cd‘c�etdkr�‘bqnrr�sgd��k‘mcrb‘od2�‘mc�lhbqnah‘k�
cdbnlonrhshnm�ne�sgnrd�etdkr+�hm�khssdq�‘mc�‘ci‘bdms��rnhk3-�Eddca‘bjr�hmunkuhmf�‘bbtltk‘shnm�‘mc�cdbnlonrhshnm�
ne�sgnrd�etdkr�qdrtks�hm�ahnshb‘kkx�lnchfhdc�fhqd��qdfhldr4�sg‘s�hmfktdmbd�sgd�bnlonrhshnm�‘mc�cxm‘lhbr�ne�sgdrd�
�dbnrxrsdlr5-�Lnrs�bnmbdosr�qdk‘sdc�sn�fhmd�etdkr�hm�fhqd,eqdptdmsdc�dbnrxrsdlr+�gnvdudq+�‘qd�a‘rdc�nm�oqnctbshnm�
ax��ok‘msr6+�hfmnqhmf�cdbnlonrhshnm�ax�lhbqnnqf‘mhrlr-�Hm�dbnrxrsdlr�vhsg�kdrr,eqdptdms�fhqd+�ok‘ms�oqnctbshnm�
lhfgs�qd‘chkx�dwbddc�cdbnlonrhshnm+�ats�hm�dbnrxrsdlr�vgdqd�fhqdr�‘qd�nbbtqqhmf�‘klnrs�dudqx�xd‘q+�sgd�oqnctb,
shnm�ne�etdkr�qdk‘shud�sn�cdbnlonrhshnm�ne�sgnrd�etdkr�lhfgs�g‘ud�onsdmsh‘kkx�k‘qfd�dfbdbsr+�drodbh‘kkx�vhsg�qdrodbs�
sn�fhmd�etdk�bnmshmthsx�‘bqnrr�sgd��k‘mcrb‘od7-
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qdstqm�odqhncr�ne�knv,hmsdmrhsx�fhqdr�sg‘s�bnmrtld�sgd�atkj�ne�fhmd�etdkr�hm�d‘bg�fhqd-�Ĳtr+�khssdq�hr�‘klnrs�bnmshmt,
‘kkx�oqdrdms+�ats�sdmcr�mns�sn�‘bbtltk‘sd-�Ĳd�eqdptdms�fhqdr�g‘ud�addm�rgnvm�sn qdnqf‘mhyd�etmf‘k�bnlltmhshdr�
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r‘u‘mm‘�‘mc�fq‘rrk‘mc�fhqdr�rgntkc�hmfktdmbd�fqntmc,kdudk�a‘bsdqh‘k bnlltmhshdr�hm�chfbdqdms�v‘xr�sg‘m�ghfg�
hmsdmrhsx�vhkcfhqdr-�Knvdq�hmsdmrhsx�fhqdr�l‘x�g‘ud�vd‘jdq�dfbdbsr�sg‘m�ghfg�hmsdmrhsx�fhqdr�nm�a‘bsdqh‘k�bnlltmhsx�
�bnlonrhshnm05+�nvhmf�sn�lnqd�rtaskd�dfbdbsr�nm�khssdq�bnlatrshnm�‘mc�qdctbdc�gd‘shmf�cdrohsd�kdrr�rnhk��hmrtk‘shnm06-�
Lnqdnudq+�vgdm�fhqdr�nbbtq�eqdptdmskx+�u‘qh‘shnm�hm�dfbdbsr�ne�hmchuhct‘k�fhqdr�rgntkc�fdmdq‘sd�oxqnchudqrhsx�sg‘s�
hmbktcdr�rtaskd�lnr‘hbr�ne�khssdq�‘mc�rnhk��oqnodqshdr4�sg‘s�rgntkc�‘fbdbs�onrs,fhqd�a‘bsdqh‘k��bnlltmhshdr07-

Rstcxhmf�a‘bsdqh‘k�bnlltmhsx�qdronmrdr�sn�eqdptdms�fhqdr�dwo‘mcr�jmnvkdcfd�ne�fhqd�dbnknfx�ax�hcdmshexhmf�
onrs,fhqd�a‘bsdqh‘k�hlo‘bsr�nm�rtardptdms�fhqdr-�A‘bsdqh‘k�onrs,fhqd�hmsdq‘bshnmr�l‘x�hmbqd‘rd�’d-f-+�uh‘�qghynah‘k�
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�cdbnlonrhshnm0/+�drodbh‘kkx�rhmbd�a‘bsdqh‘�‘qd�bnmrhcdqdc�kdrr�rdmrhshud�sg‘m�etmfh�sn�dfbdbsr�ne�hmchuhct‘k�fhqdr�
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fhqd,eqdptdmsdc�dmuhqnmldmsr-�Rstcx�ne�onrs,fhqd�a‘bsdqh‘k�bnlltmhsx�qdronmrdr�rgntkc�dwo‘mc�bnmbdosr�sg‘s�
qdk‘sd�fhqd�‘r�‘m�dbnknfhb‘k��oqnbdrr1/ sn�fqntmc,kdudk�etdk�cxm‘lhbr�‘mc�fhqd�eddca‘bjr+�‘r�vdkk�‘r�bnlonrhshnm‘k�
u‘qh‘shnm�hm�r‘u‘mm‘.fq‘rrk‘mc�lhbqnah‘k��bnlltmhshdr10-�Tmcdqrs‘mchmf�onrs,fhqd�a‘bsdqh‘k�eddca‘bj�dfbdbsr�nm�
etdk�cdbnlonrhshnm�‘mc�ok‘ms�bnlltmhsx�qdbnudqx�vhkk�gdko�oqdchbs�lhbqnah‘k�dfbdbsr�nm�etdk�cxm‘lhbr�‘mc�sgtr�
fhqd�qdfhldr+�‘r�vdkk�‘r�lhbqnah‘k�‘mc�etmbshnm‘k�‘c‘os‘shnmr�sn�bg‘mfdr�hm�fhqd�qdfhldr�qdk‘sdc�sn�ansg�bkhl‘sd�‘mc�
gtl‘m��dfbdbsr11fl14-�Ĳhr�mdv�dkdldms�ne�lhbqnah‘k�dfbdbsr�hm�fhqd�dbnknfx�l‘x�‘krn�ad�trdetk�hm�fthchmf�l‘m‘fd,
ldms�ne�dbnrxrsdlr+�drodbh‘kkx�sgnrd�vhsg�nkc,fqnvsg�bg‘q‘bsdqhrshbr�sg‘s�qdfkdbs�knmf�dunktshnm‘qx�ghrsnqhdr�hm�
‘rrnbh‘shnm�vhsg�fhqd+�drodbh‘kkx�hm�ghfg�chudqrhsx�gnsronsr�ne�ahnchudqrhsx�‘mc��dmcdlhrl11+12-
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bnlltmhshdr�hm�r‘u‘mm‘r-�Ehqrs+�eqdptdms�r‘u‘mm‘�‘mc�fq‘rrk‘mc fhqdr�oqnctbd�‘�m‘stq‘k�k‘mcrb‘od�lnr‘hb�bnl,
oqhrdc�ne�u‘qh‘akd,rhydc+�ats�lnrskx�rl‘kk�o‘sbgdr�ne�tmatqms�udfds‘shnm�‘mc�khssdq�rb‘ssdqdc�vhsghm�‘�aqn‘cdq�
k‘mcrb‘od�ne�atqms�udfds‘shnm�‘mc�u‘qh‘akx�bnlatrsdc��khssdq0/+15-�Ĳhr�lnr‘hb�rghflr�vhsg�d‘bg�fhqd�‘r�o‘sbgdr�atqm�
sg‘s�vdqd�mns�atqms�hm�oqduhntr�fhqdr+�ats�mdv�tmatqms�o‘sbgdr�‘qd��fdmdq‘sdc15+�vghbg�cdrbqhadr�sgd�o‘sbgx�pt‘khsx�
ne�sgdrd�eqdptdms+�knv�hmsdmrhsx�fhqdr-�Ĳd�chfbdqdmbdr�hm�etdkr+�‘mc�sgtr�fhqd��hmsdmrhshdr16+17�hm�atqms�o‘sbgdr+�bntokdc�
vhsg�tmatqms�o‘sbgdr+�fdmdq‘sd�rhsd,kdudk��oxqnchudqrhsx4�hm�d‘bg�fhqd�sg‘s�vdqd�gxonsgdrhydc�sn�hmfktdmbd�a‘bsdqh‘k�
bnlltmhshdr-�Khjd�etmf‘k��bnlltmhshdr0/+�a‘bsdqh‘k�bnlltmhshdr�vdqd�‘mshbho‘sdc�sn�chfbdq�adsvddm�atqms�‘mc�
tmatqms�o‘sbgdr-�Rdbnmc+�nudqrsnqx�knmfkd‘e�ohmd�’Ohmtr�o‘ktrsqhr(�sqddr�sg‘s�‘qd�rb‘ssdqdc�‘bqnrr�sgd�r‘u‘mm‘�
�k‘mcrb‘od16+17�oqnctbd�oxqnfdmhb�etdkr�sg‘s�qdrtks�hm�knb‘kkx�hmbqd‘rdc�fhqd��hmsdmrhsx4+18-�Chfbdqdmbdr�hm�a‘bsdqh‘k�
bnlltmhshdr�‘fldq�fhqd�rgntkc�ad�fqd‘sdq�hm�bknrd�oqnwhlhsx�sn�ohmdr�sg‘m�‘v‘x�eqnl�ohmdr�ctd�sn�hmbqd‘rdc�
fhqd�hmsdmrhshdr-�Ĳhqc+�a‘bsdqh‘k bnlltmhshdr�‘s�fqntmc�kdudk�‘qd�‘rrnbh‘sdc�vhsg�rtarsq‘sdr�’d-f-+�khssdq�‘mc�rnhk(�
sg‘s�chfbdq�hm�bgdlhb‘k�bnlonrhshnm�‘mc�dwonrtqd�sn�fhqd-�Ĳtr+�hmsdq‘bshnmr�ne�rtarsq‘sd�vhsg�fhqd�rgntkc�‘fbdbs�
a‘bsdqh‘k�bnlltmhshdr�chfbdqdmskx+�rtbg�sg‘s�sgd�a‘bsdqh‘k�bnlltmhshdr�hm�khssdq+�vghbg�‘qd�chqdbskx�‘fbdbsdc�ax�
etdk�bnlatrshnm+�rgntkc�rghfl�lnqd�vhsg�fhqd�sg‘m�a‘bsdqh‘k�bnlltmhshdr�hm�sgd�lnqd�hmrtk‘sdc�rtqe‘bd�rnhk�k‘xdq�
chqdbskx�adknv�khssdq-�Fhudm�sgd�qnkd�ne�knb‘k�fhqd�hmsdmrhsx+�sgdrd�chfbdqdmbdr�rgntkc�ad�l‘fmhfhdc�md‘q�bnlo‘qdc�
sn�‘v‘x�eqnl�ohmdr-

Ĳdrd�gxonsgdrdr�vdqd�dwoknqdc�qdk‘sdc�sn�dfbdbsr�ne�eqdptdms�fhqd�nm�fqntmc,kdudk�a‘bsdqh‘k�bnlltmhshdr-�Ĳhr�
rstcx�v‘r�o‘qs�ne�‘m�hmsdqchrbhokhm‘qx�rstcx�ne�sgd�qdronmrdr�ne�fqntmc�kdudk�ok‘ms�‘mc�lhbqnah‘k�bnlltmhshdr�
sn�fhqd�hm�‘m�nkc,fqnvsg�ohmd�r‘u‘mm‘-�Khssdq�‘mc�rnhk�vdqd�r‘lokdc�hm�o‘sbgdr�ne�fqntmc�k‘xdq�udfds‘shnm sg‘s�
vdqd�m‘stq‘kkx�atqms�‘mc�tmatqms+�‘mc�knb‘sdc�md‘q�‘mc�‘v‘x�eqnl�ohmdr-�Trhmf�05R�qCM@�a‘qbncd�rdptdmbhmf�
ne�sgd�r‘ld�khssdq�‘mc�rnhk�r‘lokdr�trdc�sn�bg‘q‘bsdqhyd�etmf‘k��bnlltmhshdr0/+�a‘bsdqh‘k�bnlltmhsx�chudqrhsx�
ldsqhbr�’qhbgmdrr+�dudmmdrr(�vdqd�ld‘rtqdc�sn�bnlo‘qd�sqd‘sldms,kdudk�chfbdqdmbdr�hm�bnlltmhsx�bnlonrhshnm�
‘s�chfbdqdms�s‘wnmnlhb�kdudkr-�Oqhmbho‘k�Bnnqchm‘sdr�@m‘kxrhr�’OBn@(�v‘r�trdc�sn�dw‘lhmd�okns,kdudk�chfbdqdmbdr�
hm�a‘bsdqh‘k�e‘lhkhdr�adsvddm�sqd‘sldmsr-�Ehm‘kkx+�hmfktdmsh‘k�a‘bsdqh‘k�e‘lhkhdr�vdqd�hcdmshfhdc�sg‘s�chfbdqdc�hm�
qdk‘shud�‘atmc‘mbd�‘bqnrr�e‘bsnqr�hm�v‘xr�sg‘s�cqnud�aqn‘cdq�bnlltmhsx�qdronmrdr-�Ĳdrd�qdrtksr�oqnuhcd�‘�mdv�
lhbqnah‘k�sdrs�enq�oxqnchudqrhsx�‘mc�hcdmshex�jdx�a‘bsdqh‘k�s‘w‘�‘c‘osdc�sn�eqdptdms+�knv,hmsdmrhsx�fhqdr�sn�bnlokd,
ldms�sgd�fqnvhmf�qdrd‘qbg�enbtrdc�nm�onrs,fhqd�‘c‘osdc�a‘bsdqh‘�onsdmsh‘kkx�hlonqs‘ms�enq�dbnrxrsdl�qdbnudqx�
‘mc��l‘m‘fdldms2/+20-�Ĳd�a‘bsdqh‘k�bnlltmhsx�rghflr�‘qd�chunqbdc�eqnl�u‘qh‘shnm�hm�ok‘msr�‘mc�dc‘oghb�oqnodq,
shdr+�ats�l‘x�‘ksdq�tmcdqkxhmf�dbnrxrsdl�oqnbdrrdr+�hmbktchmf�etdkr+�sg‘s�eddca‘bj�sn�etstqd�fhqdr-�Ĳhr�rstcx�‘krn�
hcdmshfhdc�rdmrhshud�s‘w‘�sg‘s�l‘x�ad�dfbdbshud�ahnknfhb‘k�hmchb‘snqr�ne�eqdptdms�fhqd�qdfhldr-�Vhsg�hloqnudc�‘mc�
bgd‘odq�sdbgmhptdr+�sgdrd�s‘w‘�l‘x�qdoqdrdms�‘�trdetk�l‘m‘fdldms�snnk�sg‘s�oqnuhcd ‘�lnqd�entmc‘shnm‘k�‘mc�
bnloqdgdmrhud�ldsqhb�enq�rxrsdl�gd‘ksg-�Ehm‘kkx+�sgdrd�qdrtksr�dlog‘rhyd�sg‘s�sgnrd�l‘m‘fdldms�qdfhldr�tshkhyhmf�
eqdptdms�oqdrbqhadc�fhqdr�‘krn�gdko�bnmrdqud�lhbqnah‘k�chudqrhsx�hm�fhqd,cdodmcdms�dbnrxrsdlr�mnv�eq‘fldmsdc�
eqnl�k‘qfdq�dwo‘mrdr�nmbd�l‘hms‘hmdc�ax�khfgsmhmf,hfmhsdc��fhqdr21+�drodbh‘kkx�ghfgkx�ahnchudqrd�dbnrxrsdlr�khjd�
ohmd��r‘u‘mm‘r22-

Methods
Field site and sampling o7 substrates. Ĳhr�rstcx�v‘r�bnmctbsdc�nm�sgd�V‘cd�Sq‘bs�Oqdrdqud�’2/°34′�
M:�73°//′�V(-�Ĳhr�oqdrdqud�bnms‘hmr�74 g‘�ne�ohmd�r‘u‘mm‘.vnnck‘mc�knb‘sdc�nm�lncdq‘sdkx�chrrdbsdc�sdqq‘hm�
14fl4/ l�‘anud�rd‘�kdudk�}�7/ jl�mnqsg�ne�sgd�Ftke�ne�Ldwhbn�hm�Ĳnl‘r�Bntmsx+�Fdnqfh‘+�TR@�’Rtookdldm,
s‘qx�Ehf- R0+�Rtookdldms�0(-�Nudq�sgd�o‘rs�bntokd�ne�bdmstqhdr+�eqdptdms��fhqdr21+�bntokdc�vhsg�mn�knffhmf�‘s�sghr�
rhsd+� g‘ud� l‘hms‘hmdc� ‘m� nodm� ogxrhnfmnlx� vhsg� o‘sbgdr� ne� nkc,fqnvsg� nudqrsnqx� ohmdr� ‘mc� chudqrd� gdqa‘,
bdntr,cnlhm‘sdc�fqntmc�k‘xdq�udfds‘shnm�’rdd��ognsnfq‘ogr12+23+24(-�Ehqd�qdstqm�hmsdqu‘kr�ne�0fl1 xd‘qr�‘qd�onrrhakd�
adb‘trd�rtars‘msh‘k�q‘hme‘kk�’‘udq‘fhmf�}�024/ ll(+�‘mc�‘�0/fl00 lnmsg�fqnvhmf�rd‘rnm�qdrtksr�hm�q‘ohc�onrs,fhqd�
qdfqnvsg�ne�gdqa‘bdntr�fqntmc�k‘xdq�ok‘msr�sg‘s+�bntokdc�vhsg�‘atmc‘ms�ohmd�mddckdr+�fdmdq‘sd�rtffhbhdms�etdk�
enq�atqmhmf�ne�fqntmc�k‘xdq�udfds‘shnm�vhsghm�‘��xd‘q17+25-�Ĳdrd�fhqdr�‘qd�ne�knv�hmsdmrhsx�‘mc�cn�mns�atqm�sgd�
vgnkd�k‘mcrb‘od+�ats�kd‘ud�l‘mx�‘qd‘r�tmatqms+�sgtr�o‘sbgdr�l‘x�atqm�sg‘s�vdqd�mns�atqms�hm�oqduhntr�fhqdr+�
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vghkd�atqms�o‘sbgdr�l‘x�ad�kdfl�tmatqms- Ĳhr�fdmdq‘sdr�sgd�o‘sbgx�m‘stqd�ne�sgdrd�eqdptdms+�knv�hmsdmrhsx�fhqdr-�
Etqsgdq�cds‘hkr�ne�sgd�V‘cd�Sq‘bs�Oqdrdqud+�k‘qfdq�rstcx�rhsd+�‘mc�fhqd�qdfhldr�‘qd�oqdrdmsdc�hm�Rtookdldms�0�‘mc�
hm�Rdldmnu‘,Mdkrdm�ds ‘k-0/-

Ĳhr�rstcx�v‘r�drs‘akhrgdc�enkknvhmf�svn�oqdrbqhadc�fhqdr�hm�sgd�roqhmf�ne�1/03-�Rgnqskx�‘fldq�sgd�fhqdr+�o‘sbgdr�
ne�sgd�k‘mcrb‘od�sg‘s�atqms�‘mc�chc�mns�atqm�bntkc�ad�qd‘chkx�hcdmshfhdc�hm�sgd�fhdkc�ax�chrshmfthrghmf�fqntmc�
k‘xdq�udfds‘shnm�‘mc�khssdq�sg‘s�g‘c�addm�atqms�’h-d-+�bg‘qqdc(+�eqnl�udfds‘shnm�‘mc�khssdq�sg‘s�qdl‘hmdc�hms‘bs�‘mc�
tm‘ksdqdc-�Enq�knmf,sdql�rstcx+�tmatqms�o‘sbgdr�ne�fqntmc�k‘xdq�udfds‘shnm�=��4l1�hm�rhyd�hm�‘�4/ g‘�tok‘mc�ohmd�
r‘u‘mm‘�okns�vdqd�drs‘akhrgdc�hm��086716+17-�Hm�1/03+�sgdrd�tmatqms�o‘sbgdr�bnloqhrdc�4fl0/$�ne�sgd�sns‘k�4/ g‘�
l‘oodc�okns-�2/�m‘stq‘kkx�tmatqms�o‘sbgdr�vdqd�sgdm�q‘mcnlkx�rdkdbsdc�eqnl�sgnrd�l‘oodc+�04�md‘q�‘mc�04�‘v‘x�
eqnl�ohmdr+�bnloqhrhmf�ohmd�oqnwhlhsx�md‘q�‘mc�‘v‘x+�qdrodbshudkx-�Ĳdrd�tmatqms�o‘sbgdr�vdqd�kdfl�m‘stq‘kkx�
tmatqms�ax�sgd�oqdrbqhadc�fhqd+�vhsgnts�gtl‘m�hmsdqudmshnm+�‘mc�vdqd�rdkdbsdc�rtaidbs�sn�sgd�bnmrsq‘hms�sg‘s�sgdx�
g‘c�atqms�m‘stq‘kkx�‘s�kd‘rs�nmbd�vhsghm�sgd�svn�oqhnq�xd‘qr-�Mdws+�2/�atqms�o‘sbgdr�vdqd�q‘mcnlkx�rdkdbsdc�rn�‘r�
sn�o‘hq�’knb‘shnm�vhsghm�4,0/ l(�d‘bg�atqms�o‘sbg�vhsg�‘�md‘qax�tmatqms�o‘sbg�sg‘s�g‘c�rhlhk‘q�nudqrsnqx�ohmd�
oqnwhlhsx�bnmchshnmr-�Ĳdrd�atqms�o‘sbgdr�g‘c�m‘stq‘kkx�atqms�hm�d‘bg�ne�sgd�o‘rs�sgqdd�xd‘qr-�Rtardptdmskx+�nmd�
0�×�0 l bdmsq‘kkx�knb‘sdc�okns�v‘r�hmrs‘kkdc�hmrhcd�d‘bg�o‘sbg�rn�sg‘s�mn�okns�dcfd�v‘r�‘�anqcdq�ne�sgd�o‘sbg-�@�
sns‘k�ne�5/�sns‘k�oknsr�vdqd�trdc�hm�sghr�rstcx�’Rtookdldms‘qx�Ehf- R0+�Rtookdldms�0(-�Lnqd�bnlokdsd�cdrbqhoshnmr�
ne�okns�rdkdbshnm�‘qd�oqnuhcdc�hm�Rtookdldms�0-

Oknsr�vdqd�r‘lokdc�hm�lhc,Itkx�enkknvhmf�fhqdr-�D‘bg�u‘rbtk‘q�ok‘ms�rodbhdr�oqdrdms�v‘r�qdbnqcdc�hm�d‘bg�
okns-�Ok‘ms�mnldmbk‘stqd�enkknvdc��Vd‘jkdx26-�Untbgdq�rodbhldmr�ne�d‘bg�ok‘ms�rodbhdr�hmbktcdc�hm�sgd�rstcx�
vdqd�bnkkdbsdc�ntsrhcd�oknsr�‘mc�cdonrhsdc�hm�sgd�gdqa‘qhtl�‘s�S‘kk�Shladqr�Qdrd‘qbg�Rs‘shnm-�Bnkkdbshnm�ne�
ok‘ms�l‘sdqh‘k�bnlokhdc�vhsg�hmrshstshnm‘k+�m‘shnm‘k+�‘mc�hmsdqm‘shnm‘k�fthcdkhmdr�‘mc�kdfhrk‘shnm-�Rodbhldmr�‘qd�
hm�sgd�Eknqhc‘�Rs‘sd�Tmhudqrhsx�gdqa‘qhtl�’gssor9..�gdqa‘�qhtl-�ahn-�ert-�dct.(�tmcdq�a‘qbncdr�SSQR^////0/326,
SSQR^////0/468-�OB�NQC��527�v‘r�trdc�sn�sdrs�ok‘ms�bnlltmhsx�bnlonrhshnm�o‘ssdqmr�qdk‘sdc�sn�atqm�‘mc�ohmd�
oqnwhlhsx�sqd‘sldmsr-�Bnmbtqqdmskx+�sgqdd�8�×�8 bl�‘qd‘r�vdqd�q‘mcnlkx�r‘lokdc�hm�d‘bg�ne�sgd�5/�oknsr+�knb‘sdc�
rn�‘r�mns�sn�qdpthqd�cdrsqtbshnm�ne�‘anud,fqntmc�udfds‘shnm-�Hm�d‘bg�‘qd‘+�svn�r‘lokdr�vdqd�bnkkdbsdc+�nmd�ne�
rtqe‘bd�khssdq�‘mc�nmd�ne�rtqe‘bd�rnhkr�chqdbskx�adknv�sgd�khssdq�sn�‘�cdosg�ne�0-4 bl-�Ĳhr�hr�sgd�cdosg�sn�vghbg�
sdlodq‘stqd�hmbqd‘rdr�ctqhmf�fhqdr�‘qd��fqd‘sdrs4+7-�@kk�khssdq�bnkkdbshnm�‘unhcdc�qdbdmskx�e‘kkdm+�onrs,fhqd�l‘sdqh‘k-�
Ĳd�sgqdd�r‘lokdr�enq�‘�fhudm�r‘lokd�sxod�’khssdq�‘mc�rnhk(�vdqd�onnkdc�hm�rdo‘q‘sd�rsdqhkd�ok‘rshb�a‘fr-�@kk�r‘lokhmf�
dptholdms�v‘r�rsdqhkhydc�vhsg�0/$�akd‘bg�‘mc�8/$�hrnoqnoxk�‘kbngnk�adsvddm�oknsr�sn�‘unhc�bqnrr,bnms‘lhm‘shnm-�
R‘lokdr�vdqd�jdos�hm�‘�bnnkdq�vhsg�eqddydq�o‘bjr+�eqnydm�‘s�,1/ °B�vhsghm�3 g+�‘mc�rghoodc�nudqmhfgs�sn�sgd�Tmh,
udqrhsx�ne�J‘mr‘r+�vgdqd�sgdx�vdqd�rsnqdc�‘s�,7/ °B�tmshk�k‘anq‘snqx�‘m‘kxrhr-

Laboratory procedures. D‘bg�r‘lokd�v‘r�sg‘vdc�‘mc�sgnqntfgkx�gnlnfdmhydc�vhsghm�sgd�rd‘kdc�bnkkdb,
shnm�a‘f-�Enkknvhmf�gnlnfdmhy‘shnm+�‘ooqnwhl‘sdkx�‘�0// f�rtar‘lokd�v‘r�trdc�enq�bgdlhb‘k�‘m‘kxrdr+�‘mc�‘�1 f�
rtar‘lokd�v‘r�s‘jdm�enq�rnhk�nq�khssdq�lnkdbtk‘q�‘m‘kxrhr-�Rnhk�ogxrhb‘k�‘mc�bgdlhb‘k�oqnodqshdr�vdqd�‘rr‘xdc�enq�
d‘bg�okns-�Ĳd�ldsgncr�ne�‘m‘kxrhr�ne�rnhk�r‘lokdr�‘mc�qdrtksr�ne�sgdrd�‘m‘kxrdr�‘qd�oqdrdmsdc�hm�Rtookdldms�1-

CM@�v‘r�dwsq‘bsdc�‘mc�sgdm�‘lokhfhdc-�/-14 f�ne�CM@�v‘r�dwsq‘bsdc�eqnl�d‘bg�1 f�rtar‘lokd-�LnAhn�Onv,
dqRnhk�Jhsr�’LnAhn+�B‘qkra‘c+�TR@(�vdqd�trdc+�‘mc�dwsq‘bsdc�CM@�v‘r�pt‘mshfhdc�trhmf�Ptahs�1-/�’KhedSdbg,
mnknfhdr+�B‘qkra‘c+�TR@(-�Ĳd�U3�gxodq,u‘qh‘akd�qdfhnm�ne�05R�qCM@�v‘r�‘lokhfhdc�eqnl�4 mf�ne�sdlok‘sd�CM@�
trhmf�sgd�rs‘mc‘qc�D‘qsg�Lhbqnahnld�Oqhldqr�404E�‘mc��7/5Q28�‘mc�P4 onkxldq‘rd�’Mdv�Dmfk‘mc�Ahnrxrsdlr+�
Horvhbg+�TR@(-�OBQ�oqnsnbnk�bnmrhrsdc�ne�‘m�hmhsh‘k�cdm‘stqhmf�‘s�87 °B�enq�2/ r:�sgdm�14�bxbkdr�ne�cdm‘stqhmf�‘s�
87 °B�enq�0/ r+�‘mmd‘khmf�‘s�44 °B�enq�2/ r+�‘mc�dwsdmrhnm�‘s�61 °B�enq�2/ r:�enkknvdc�ax�‘�fhm‘k�dwsdmrhnm�‘s�61 °B�
enq�4 lhm-�OBQ�oqnctbsr�vdqd�bkd‘mdc�trhmf�@fdmbntqs�@LOtqd�WO�l‘fmdshb�ad‘cr�’Adbjl‘m�Bntksdq+�Hmch,
‘m‘onkhr+�TR@(-�@�rdbnmc�OBQ�v‘r�sgdm�trdc�sn�khf‘sd�tmhptd�Mdwsdqq‘�hmchbdr�’Hkktlhm‘+�R‘m�Chdfn+�TR@(�sn�
d‘bg�r‘lokd-�Bxbkhmf�bnmchshnmr�enq�sgd�hmcdwhmf�OBQ�vdqd�rhlhk‘q�sn�sgd�fhqrs�OBQ+�dwbdos�enq�nmkx�qtmmhmf�enq�
7�bxbkdr+�‘mc�sgdm�otqhfhdc�‘r�adenqd-�Hmchuhct‘k�khaq‘qhdr�vdqd�onnkdc�‘s�dpthlnk‘q�bnmbdmsq‘shnmr�hmsn�‘�rhmfkd+�
3 lL�khaq‘qx:�bnmbdmsq‘shnm�‘mc�‘lokhbnm�rhyd�v‘r�udqhfhdc�trhmf�‘�S‘odRs‘shnm�11//�’@fhkdms+�R‘ms‘�Bk‘q‘+�TR@(-�
@lokhbnm�rdptdmbdr�vdqd�sgdm�fdmdq‘sdc�trhmf�‘�2/0 ao+�o‘hqdc,dmc�qtm�nm�‘m�Hkktlhm‘�Lh,rdp�’Hkktlhm‘+�R‘m�
Chdfn+�TR@(�‘s�sgd�J‘mr‘r�Rs‘sd�Hmsdfq‘sdc�Fdmnlhbr�Bdmsdq-�Rdptdmbhmf�c‘s‘�hmbktcdc�‘�mdf‘shud�v‘sdq,nmkx�
khaq‘qx�bnmsqnk�’eqnl�0rs�OBQ�rsdo�‘anud(�‘mc�01/�r‘lokdr+�fdmdq‘sdc�eqnl�rnhk�‘mc�khssdq�hm�sgd�5/�oknsr-�O‘hqdc�
qd‘cr�vdqd�bnmb‘sdm‘sdc+�‘mc�Mdwsdqq‘�hmchbdr�vdqd�trdc�‘r�a‘qbncdr�enq�cdltkshokdwhmf�sgd�r‘lokd�qd‘cr�eqnl�
sgd�01/�rdptdmbdc�r‘lokdr-�Nmd�r‘lokd�e‘hkdc�‘mc�v‘r�dwbktcdc�eqnl�sghr�rstcx+�sn�l‘jd�‘�sns‘k�ne�008�r‘lokdr�
oktr�nmd�mdf‘shud�bnmsqnk-

Q‘v�a‘qbncd�qd‘cr�vdqd�cdltkshokdwdc�‘mc�‘rrhfmdc�sn�dw‘bs�rdptdmbd�u‘qh‘msr�’DRUr(-�Qd‘cr�vdqd�bnlo‘qdc�
sn�sgd�008�onrrhakd�a‘qbncd�bnlahm‘shnmr�‘mc�‘bbntmsdc�enq�a‘rd�o‘hq�qd‘c�dqqnq�sn�hmbqd‘rd�cdltkshokdwhmf�
‘bbtq‘bx�‘mc�hcdmshfhb‘shnm�q‘sd-�@�l‘whltl�khjdkhgnnc�‘ooqn‘bg�v‘r�trdc�sg‘s�‘rrhfmdc�‘�sdrs�rs‘shrshb�eqnl�sgd�
fdnldsqhb�ld‘mr�ne�l‘sbgdc�‘mc�tml‘sbgdc�a‘qbncd�qd‘cr+�vdhfgsdc�ax�Ogqdc�rbnqdr��YQdm‘tc

3/-��YQdm‘tc�‘bbntmsr�
enq�fqd‘sdq�mtladq�ne�M�qd‘cr�sg‘m�Phhld�‘mc�cnvm,vdhfgsr�l‘sbgdr�vhsg�ghfg�dqqnq+�sgdqdenqd�qdbnudqhmf�
lnqd�r‘lokdr�sg‘m�nsgdq�‘ooqn‘bgdr-�Sn�cdsdqlhmd�‘��YQdm‘tc�sgqdrgnkc�enq�qdlnu‘k+�4//�bkd‘qkx�cdmnsdc�r‘lokdr�
vdqd�hcdmshfhdc�sg‘s�vdqd�lhrrhmf�1fl2�a‘rd�o‘hqr�‘mc�vdqd�ne�rhlhk‘q�a‘qbncdr�vhsg�udqx�ghfg�dqqnq�oqna‘ahkhshdr-�
Enq�sghr�c‘s‘rds+��YQdm‘tc�=�5�l‘hms‘hmdc�rsqnmf�rdkdbshuhsx:�rn�r‘lokdr�vhsg�‘�rbnqd�ne��YQdm‘tc�≤�5�vdqd�qdlnudc-�
C@C@1�v‘r�trdc�enq�oqnbdrrhmf�cdltkshokdwdc�rdptdmbdr�enkknvhmf�sgd�ahf�c‘s‘�rbqhos�enq�o‘hqdc�dmc��qd‘cr30-�
@�sqtmb‘shnm�rbnqd�ne�1+�l‘whltl�‘kknvdc�dqqnqr�ne�2�‘mc�4+�‘mc�sqtmb‘shnm�kdmfsgr�ne�1//�‘mc�040�mtbkdnshcdr�
enq�enqv‘qc�‘mc�qdudqrd�qd‘cr+�qdrodbshudkx+�vdqd�bgnrdm-

DRUr�vdqd�oqnbdrrdc�sn�etqsgdq�qdlnud�dqqnmdntr�rdptdmbdr-�Rhmbd�OBQ�‘lokhfhb‘shnm�b‘m�qdrtks�hm�dqqnmdntr�
qd‘cr�hm�sgd�nqcdq�ne�090/2+�q‘qd�DRUr�vdqd�qdlnudc�ax�trhmf�‘�kdrr�bnmrdqu‘shud�sgqdrgnkc�ne�090/4�enq�qdlnu‘k�
sg‘m�nfldm�‘ookhdc�’090/3(31�adb‘trd�sxod,H�dqqnqr�‘s�sgd�DRU�kdudk�vdqd�mns�qdkdu‘ms�sn�sghr�rstcx+�‘mc�adb‘trd�
dqqnmdntr�qd‘cr�bntkc�g‘ud�addm�oqdrdms�hm�lnqd�bnllnm�DRUr�‘r�vdkk�‘r�lnqd�q‘qd�DRUr-�Knrr�ne�dbnknfhb‘k�
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rhfm‘k�v‘r�lhmhlhydc�ax�‘unhchmf�‘qahsq‘qx�qdlnu‘k�ne�bnqqdbs�qd‘cr-�Ĳhr�sgqdrgnkc�qdpthqdc�‘m�DRU�sn�g‘ud�‘�
lhmhltl�sns‘k�qd‘c�bntms�ne�}�6/�nudq�‘kk�r‘lokdr�sn�ad�o‘qs�ne�sgd�fhm‘k�c‘s‘rds-

DRUr�vdqd�sgdm�‘rrhfmdc�s‘wnmnlx�a‘rdc�nm�svn�jmnvm�c‘s‘a‘rdr�sn�l‘whlhyd�hcdmshfhb‘shnm�aqd‘csg�‘mc�
hmbqd‘rd�bdqs‘hmsx-�Hcdmshfhb‘shnmr�vdqd�bnlo‘qdc�trhmf�RHKU@��u02132�‘mc�QCO�u00-433�c‘s‘a‘rdr+�vghbg�l‘o�
vdkk��snfdsgdq34-�Ĳdrd�c‘s‘a‘rdr�trd�sgd�r‘ld�rodbhdr�hcdmshfhb‘shnm+�ats�sgdx�trd�chfbdqdms�rxrsdl‘shbr�enq�ghfgdq�
s‘w‘ ’e‘lhkx sn bk‘rr(: RHKU@ v‘r trdc enq ghfgdq,nqcdq bk‘rrhfhb‘shnm ctd sn hsr fqd‘sdq rhyd- S‘wnmnlhdr vdqd
‘rrhfmdc�ghdq‘qbghb‘kkx�eqnl�jhmfcnl�sn�fdmtr�uh‘�‘�annsrsq‘oohmf�ldsgnc�sg‘s�bnlo‘qdc�DRUr�sn�c‘s‘a‘rd�
rdptdmbdr�vgdqd�d‘bg�knvdq�kdudk�g‘c�hmbqd‘rdc�bg‘mbd�ne�fqd‘sdq�‘rrhfmldms�dqqnq-�@kk�kdudkr�vdqd�ntsots�qdf‘qc,
kdrr�ne�c‘s‘a‘rd�l‘sbg�dqqnq�‘mc�hcdmshfhdc�fdmdq‘�vdqd�bnlo‘qdc-�He�fdmdq‘�‘fqddc�adsvddm�ansg�c‘s‘a‘rdr+�
sg‘s�‘rrhfmldms�‘mc�‘kk�ghfgdq,nqcdq�RHKU@�s‘wnmnlhdr�vdqd�trdc-�Vgdqd�fdmdq‘�chc�mns�‘fqdd+�RHKU@&r�7/$�
sgqdrgnkc�v‘r�trdc�enq�hcdmshfhb‘shnm�sn�‘rrhfm�sgd�knvdrs�kdudk�hmbktcdc�hm�‘m‘kxrdr-�Ĳhr�‘kknvdc�rtars‘msh‘kkx�
lnqd�bk‘rrhfhb‘shnmr�sg‘m�RHKU@�‘knmd-

Hcdmshfhdc�s‘wnmnlhb�fqntor�vdqd�fhm‘kkx�rs‘mc‘qchydc�hmsn�fhm‘k�c‘s‘rdsr-�DRUr�vdqd�‘ffqdf‘sdc�‘mc�rs‘mc‘qc,
hydc�ax�s‘wnmnlhb�kdudk�’fdmtr�‘mc�ghfgdq(�sn�dw‘lhmd�qdk‘shnmrghor�‘lnmf�hcdmshfhdc�s‘wnmnlhb�fqntor�q‘sgdq�
sg‘m�DRUr�chqdbskx-�CdRdp1�v‘r�trdc�sn�rs‘mc‘qchyd�bnmrhrsdms�ld‘mflu‘qh‘mbd�qdk‘shnmrghor�enq�d‘bg�s‘wnm�
‘lnmf�r‘lokdr�vhsg�‘rrtldc�mdf‘shud�ahmnlh‘k��chrsqhatshnmr35-�Enq�nudqchrodqrdc�s‘w‘+�sns‘k�qd‘cr�vdqd�‘citrsdc�
snv‘qcr�sgd�ld‘m�sn�fhs�sgd�nudq‘kk�ld‘m�qdk‘shnmrgho-�U‘qh‘shnm�v‘r�qdlnudc�hm�sgd�rtarsq‘sd,fhqd�sqd‘sldms�
‘mc sgdm mnql‘khydc vhsghm rtarsq‘sd,fhqd hmsdq‘bshnm sn ‘bbntms enq rxrsdl‘shb qd‘c dqqnq adsvddm r‘lokdr- Sn
mnql‘khyd�qd‘cr�sn�sgd�ld‘m+�‘kk�s‘w‘�vhsghm�d‘bg�r‘lokd�v‘r�chuhcdc�ax�sgd�fdnldsqhb�ld‘m�ne�onrhshud�bntmsr-�
@�u‘ktd�ne�0�enq�‘�s‘wnm�ld‘ms�sg‘s+�hm�sg‘s�r‘lokd+�sg‘s�s‘wnm&r�qd‘cr�vdqd�dw‘bskx�sgd�ld‘m:�u‘ktdr�W�ghfgdq�nq�
knvdq�sg‘m�0�cdmnsd�sg‘s�qd‘cr�enq�sgnrd�s‘w‘�‘qd�W�shldr�sgd�ld‘m�ne�sg‘s�r‘lokd-�Ĳtr+�vhsghm�‘�r‘lokd+�sgdrd�
rs‘mc‘qchydc�c‘s‘�vdqd�‘ooqnwhl‘sdkx�‘�090�sq‘mrenql‘shnm�ne�‘atmc‘mbdr+�‘mc�oqdrdmsdc�qdk‘shud�‘atmc‘mbdr�‘r�
ltkshokhb‘shud�e‘bsnqr�ne�s‘wnm�qd‘cr-�@bqnrr�r‘lokdr+�gnvdudq+�qdk‘shud�‘atmc‘mbdr�ne�s‘w‘�vdqd�mns�090�‘mc�bntkc�
qdrtks�hm�chfbdqdms�qdrtksr�‘mc�lncdk�adg‘uhnq-�Sns‘k�qd‘cr�vdqd�drshl‘sdr�ne�fdmtr,kdudk�sns‘k�DRUr�‘atmc‘mbd�
odq�r‘lokd-�@m‘kxrhr�trdc�Q�o‘bj‘fd�CdRdp1�u0-1335-

Data metrics and analyses. Bnlltmhsx,kdudk�‘m‘kxrdr�vdqd�bnmctbsdc�sn�qdk‘sd�c‘s‘�nm�a‘bsdqh‘k�s‘w‘�
sn�dwodqhldms‘k�fhdkc�sqd‘sldmsr-�O‘qsh‘k�bnmrsq‘hmdc�oqhmbho‘k�bnnqchm‘sd�‘m‘kxrdr+�gdqd‘fldq��OBn@36+�v‘r�trdc-�
@m‘kxrhr�v‘r�bnmchshnmdc�nm�ro‘sh‘k�u‘qh‘shnm�dfbdbsr+�ax�trhmf�o‘hqhmf�ne�atqms.tmatqms�oknsr�‘mc�bdqs‘hm�rnhk�
oqnodqshdr+� drodbh‘kkx� rnhk� sxod� ‘r� cdrbqhadc� hm� Rtookdldms� 1-� @m‘kxrhr� v‘r� bnmrsq‘hmdc� nm� sqd‘sldms� dfbdbsr�
ne� fhqd� rs‘str� ’atqms.tmatqms(+� rtarsq‘sd� ’khssdq.rnhk(+� ohmd� oqnwhlhsx� ’md‘q.‘v‘x� eqnl� nudqrsnqx� ohmdr(+� ‘mc�
sgd�hmsdq‘bshud�dfbdbsr�ne�sgdrd�sgqdd�dwodqhldms‘k bnmchshnmr-�Ĳd�c‘s‘rds�v‘r�fhqrs�sq‘mrenqldc�uh‘�Gdkkhmfdq�
sq‘mrenql‘shnm-�Ltkshokd�OBn@r�vdqd� sgdm�fdmdq‘sdc�‘mc�bnlo‘qdc�nm�d‘bg� s‘wnmnlhb� kdudk� sn� hcdmshex� sgd�
s‘wnmnlhb�kdudk sg‘s�oqnuhcdc�sgd�fqd‘sdrs�qdrnktshnm�ne�sqd‘sldms�dfbdbsr-�@kk�OBn@r�trdc�Dtbkhch‘m�chrs‘mbdr�
ne� sgd�a‘bsdqh‘k�DRU�qdronmrd�l‘sqhw-�Ĳd�e‘lhkx,kdudk�OBn@�g‘c�sgd�lnrs�oqnonqshnm�ne�u‘qh‘mbd�dwok‘hmdc�
ax�sgd�bnlahmdc�khmd‘q�bnlahm‘shnm�‘mc�bnmchshnm‘k�dfbdbsr+�rn�e‘lhkx�v‘r�rdkdbsdc�‘r�sgd�s‘wnmnlhb�tmhs�sn�
ld‘rtqd�qdk‘shnmrghor�vhsg�dwodqhldms‘k�sqd‘sldmsr-�Ĳhr�e‘lhkx,kdudk�OBn@�odqenqldc�chldmrhnm�qdctbshnm�
‘mc�oqdrdmsdc�svn�chldmrhnmr�sg‘s�qdoqdrdmsdc�sgd�k‘qfdq�ltkshchldmrhnm‘k�rhsd,s‘w‘�‘mc�dwok‘m‘snqx�u‘qh‘akd�
qdk‘shnmrghor-� Rbnqdr� nm� sgd� OBn@� vdqd� sgdm� trdc� sn� hcdmshex� hmfktdmsh‘k� e‘lhkhdr+� a‘rdc� nm� g‘uhmf� ‘arnktsd�
u‘ktdr�ne�rbnqdr�fqd‘sdq�sg‘m�sgd�ld‘m�ne�sgd�chrs‘mbd�eqnl�sgd�nqhfhm�sn�hmsdq‘bshnm�bdmsqnhcr�nm�sgd�OBn@-�
Hmfktdmsh‘k� e‘lhkhdr� vdqd� e‘lhkhdr� sg‘s� rsqnmfkx� ‘rrnbh‘sdc� vhsg� sgd� b‘sdfnqhb‘k� sqd‘sldms� dfbdbsr+� ‘mc� rgnvdc�
k‘qfd�chfbdqdmbdr�hm�qdk‘shud�‘atmc‘mbdr�‘bqnrr�sqd‘sldmsr+�vghbg�qdrtksdc�hm�k‘qfdq�rbnqdr�nm�sgd�OBn@+�‘mc�sgtr�
hcdmshfhb‘shnm�‘r�‘m�hmfktdmsh‘k�e‘lhkx-�Chfbdqdmbdr�ne�hmfktdmsh‘k�e‘lhkx�qdk‘shud�‘atmc‘mbdr+�vhsghm�d‘bg�e‘lhkx+�
‘lnmf�sqd‘sldmsr+�vdqd�cdsdqlhmdc�vhsg�sgd�fhqrs�fdmdq‘khydc�khmd‘q�lhwdc�lncdk�’FKLL(-�Ĳhr�fhqrs�FKLL&r�
qdronmrd�u‘qh‘akd�v‘r�hmfktdmsh‘k�e‘lhkx�qdk‘shud�‘atmc‘mbdr+�‘mc�dwok‘m‘snqx�u‘qh‘akdr�vdqd�sgd�sqhokd�hmsdq‘b,
shnm�ne�fhqd)rtarsq‘sd)s‘w‘-�Ĳhr�FKLL�fhs�sgd�sqhokd�hmsdq‘bshnm�sn�‘�Svddchd�chrsqhatshnm+�‘�lhwstqd�ne�Onhrrnm�
‘mc�F‘ll‘�chrsqhatshnmr�sg‘s�‘bbntmsr�enq�k‘qfd�mtladqr�ne�ydqndr�hm�bntms�nq�bnmshmtntr�c‘s‘�‘mc�sg‘s�b‘m�
lncdk�c‘s‘�sg‘s�g‘ud�l‘mx�ydqnr+�ats�‘qd�nsgdqvhrd�Onhrrnm��chrsqhatsdc37-�Ĳhr�fhqrs�FKLL�‘m‘kxydc�e‘lhkhdr�
rhltks‘mdntrkx vhsg ‘ vhsghm,s‘wnm rs‘mc‘qchy‘shnm sn sgd ld‘m qdk‘shud ‘atmc‘mbd ne sg‘s e‘lhkx ‘bqnrr sqd‘s,
ldmsr-�Ĳhr�‘kknvdc�hmedqdmbdr�ne�qdk‘shud�‘atmc‘mbd�o‘ssdqmr�enq�sqd‘sldms�udqrtr�sqd‘sldms�enq�‘mx�hmchuhct‘k�
e‘lhkx+�ats�chc�mns�‘kknv�bnlo‘qhrnmr�ne�e‘lhkx�udqrtr�e‘lhkx�qdk‘shud�‘atmc‘mbd�o‘ssdqmr�enq�‘mx�sqd‘sldms-�Ctd�
sn�sghr�rs‘mc‘qchy‘shnm+�sgd�e‘lhkhdr�bnmrhcdqdc�‘r�o‘qs�ne�sghr�‘m‘kxrhr�nbbtqqdc�hm�‘kk�sqd‘sldmsr�‘s�kd‘rs�nmbd+�
ats�chc�mns�mdbdrr‘qhkx�nbbtq�hm�‘kk�oknsr-�@�gd‘sl‘o�v‘r�sgdm�fdmdq‘sdc�sn�uhrt‘khyd�sgd�hmfktdmsh‘k�e‘lhkx�qdk‘shud�
‘atmc‘mbdr�sdrsdc�hm�sghr�fhqrs�FKLL-�Ĳdm+�nudq‘kk�‘atmc‘mbd�‘mc�eqdptdmbx�ne�nbbtqqdmbd�adsvddm�hmfktdmsh‘k�
‘mc�mnm,hmfktdmsh‘k�e‘lhkhdr�vdqd�oknssdc�sn�tmcdqrs‘mc�sgd�qdk‘shud�hlo‘bsr�ne�hmfktdmsh‘k�e‘lhkhdr�hm�sgd�k‘qfdq�
dbnrxrsdl-�Etqsgdq�cds‘hkr�ne�oqnbdctqdr�trdc�enq�OBn@�‘m‘kxrdr�‘mc�sgd�fhqrs�FKLL�enq�hmfktdmsh‘k�e‘lhkhdr�‘qd�
oqdrdmsdc�hm�Rtookdldms�2-�Etqsgdq�cds‘hkr�ne�‘m‘kxrhr�ne�s‘wnmnlhb�kdudkr�‘mc�cdsdqlhm‘shnm�ne�e‘lhkx�kdudk�trd�
‘qd�oqnuhcdc hm�Rtookdldms�3-

Ads‘�chudqrhsx�ldsqhbr�vdqd�‘rrhfmdc�nm�sgd�e‘lhkx�kdudk�nudq�‘kk�oknsr�hm�d‘bg�sqd‘sldms-�Chudqrhsx�ldsqhbr�
vdqd�‘rrhfmdc�hmcdodmcdmskx�enq�d‘bg�khssdq�‘mc�rnhk�r‘lokd�hm�d‘bg�okns-�Enq�d‘bg�r‘lokd+�chfbdqdmbdr�hm�s‘wnm�
qhbgmdrr�‘mc�dudmmdrr�vdqd�b‘kbtk‘sdc�‘lnmf�fhqd�‘mc�rtarsq‘sd�sqd‘sldmsr�trhmf�‘�rds�ne�‘cchshnm‘k�FKLLr+�
nmd�enq�d‘bg�e‘lhkx,kdudk�chudqrhsx�ldsqhb�‘mc�sqd‘sldms-�Qdronmrd�u‘qh‘akdr�vdqd�sgd�ads‘�chudqrhsx�ldsqhbr+�‘mc�
dwok‘m‘snqx�u‘qh‘akdr�vdqd�sgd�l‘hm�dfbdbsr�‘mc�hmsdq‘bshnmr�‘lnmf�fhqd�sqd‘sldmsr+�rtarsq‘sd+�‘mc�ohmd�oqnwhl,
hsx+�vhsg�‘kk�lncdkr�hmbktchmf�o‘hqdc�oknsr�‘r�q‘mcnl�dfbdbsr�sn�l‘sbg�sgd�dwodqhldms‘k�cdrhfm�q‘mcnlkx�o‘hqhmf�
atqms�‘mc�tmatqms�o‘sbgdr-�Ĳd�FKLLr�enq�qhbgmdrr�vdqd�lncdkdc�‘r�Onhrrnm�chrsqhatsdc�vhsg�knf�khmj�etmbshnm-�
Ĳd�FKLLr�enq�dudmmdrr vdqd�lncdkdc�vhsg�‘�ads‘�chrsqhatshnm�‘mc�knfhs�khmj�adb‘trd�u‘ktdr�ne�dudmmdrr�vdqd�
nm�sgd�hmsdqu‘k�’/+0(+�ats�mns�ahmnlh‘k-�Lncdkr�vdqd�fhs�vhsg�lfbu�0-7�hm�Q�2-438+4/-
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OBn@�qdrtksr�vdqd�‘krn�trdc�hm�sdrsr�ne ads‘�chudqrhsx�‘lnmf�‘mc�vhsghm�sqd‘sldms�fqntor-�Ltkshu‘qh‘sd�
gnlnfdmdhsx�ne�chrodqrhnm�v‘r�sdrsdc�uh‘�ODQL@MNU@�sn�hcdmshex�rhlhk‘qhshdr�‘lnmf�sgd�fqntor�ax�l‘hm�dfbdbsr�
‘mc�hmsdq‘bshnm�ne�rtarsq‘sd)fhqd-�Ohmd�oqnwhlhsx�v‘r�dwbktcdc�‘r�‘�u‘qh‘akd�ctd�sn�hsr�k‘bj�ne�dfbdbs�hm�sgd�rds�ne�
FKLLr�enq�e‘lhkx,kdudk�chudqrhsx�ldsqhbr-�@r�hm�sgd�OBn@+�sgd�e‘lhkx�l‘sqhw�v‘r�fhqrs�Gdkkhmfdq�sq‘mrenqldc+�
sgdm�‘m‘kxrdr�trdc�Dtbkhcd‘m�chrs‘mbdr-

Results
Bioin7ormatics. Rdptdmbhmf�oqnctbdc�10+273+406�sns‘k�qd‘cr+�vhsg�‘�ldch‘m�qd‘c�kdmfsg�ne�2/8�mtbkdnshcdr+�
‘mc�‘m�‘udq‘fd�pt‘khsx�rbnqd�ne�22�’Ogqdc,rbnqd(-�Enkknvhmf�C@C@1�‘mc�bghldq‘�qdlnu‘k+�sgdqd�vdqd�6+/73+132�
sns‘k�qd‘cr�nudq�50+622�tmhptd�a‘bsdqh‘k�DRUr�‘bqnrr�11�ogxk‘-�Enkknvhmf�qdlnu‘k�ne�q‘qd�DRUr�‘mc�s‘wnmnlhb�
‘rrhfmldms�sn�oqnctbd�sgd�fhm‘k�c‘s‘rds+�sgdqd�vdqd�2+205+2/8�sns‘k�qd‘cr�nudq�6+564�DRUr+�vghbg�bnloqhrdc�067�
fdmdq‘+ 72�tmhptd�e‘lhkhdr+�48�nqcdqr+�15�bk‘rrdr+�‘mc�02�ogxk‘-

Bacterial communities [partial constrained principal coordinates analysis (PCoA)]. Dwodqh,
ldms‘k�fhqdr�oqnctbdc�chrshmbs�a‘bsdqh‘k�bnlltmhshdr+�ats�sghr�v‘r�mns�sgd�rnkd+�nq�dudm�lnrs�hlonqs‘ms�cqhudq�
ne� a‘bsdqh‘k� bnlltmhsx� bnlonrhshnm-� A‘rdc� nm� u‘qh‘shnm� hm� qdk‘shud� ‘atmc‘mbdr� ne� e‘lhkhdr� ne� a‘bsdqh‘+� rta,
rsq‘sd+�fhqd+�‘mc�sgdhq�hmsdq‘bshnm�dwok‘hmdc�56-4$�ne�sgd�sns‘k�u‘qh‘shnm�‘lnmf�r‘lokdr�’Ehf- 0:�l‘qfhm‘k�sdrsr�
�E0+74�<�015-/+�08-/+�‘mc�4-/+�qdrodbshudkx:�o�;�/-//0�enq�d‘bg(-�Rtarsq‘sd�’‘whr�0(�dwok‘hmdc�lnrs�ne�sghr�u‘qh‘shnm�
’5/$�ne�sgd�sns‘k+�78$�ne�sgd�bnmrsq‘hmdc�u‘qh‘shnm(-�R‘lokdr�eqnl�khssdq�‘mc�rnhk�rtarsq‘sdr�vdqd�bnlokdsdkx�‘mc�
vhcdkx�rdo‘q‘sdc�‘knmf�OBn@�‘whr�0+�vhsg�chrs‘mbdr�o‘q‘kkdk�sn�sgd�‘whr-�Ehqd+�ansg�‘r�‘�l‘hm�dfbdbs�‘mc�sgqntfg�
hsr�hmsdq‘bshnm�vhsg�rtarsq‘sd�’‘whr�1(+�dwok‘hmdc�ltbg�ne�sgd�qdrs�ne�sghr�u‘qh‘shnm�’6-4$�ne�sgd�sns‘k:�00$�ne�sgd�
bnmrsq‘hmdc(-�R‘lokdr�eqnl�atqms�‘mc�tmatqms�khssdq�‘mc�rnhk�ansg�vdqd�chfbdqdmsh‘sdc�‘knmf�OBn@�‘whr�1+�vhsg�
chrs‘mbdr�o‘q‘kkdk�sn�sgd�‘whr-�Khssdq�r‘lokdr�rdo‘q‘sdc�lnqd�bnlokdsdkx�sg‘m�rnhk�r‘lokdr�’Ehf- 0(+�hmchb‘shmf�sg‘s�
fhqd�dfbdbsr�vdqd�fqd‘sdq�hm�bnlatrsdc�khssdq�sg‘m�hm�sgd�‘ci‘bdms�rnhk-�Ĳd�svn�bnmchshnmhmf�dfbdbsr�ne�ro‘sh‘k�u‘qh,
‘shnm�du‘kt‘sdc�sgqntfg�o‘hqdc�oknsr�‘mc�rnhk�sxod�dwok‘hmdc�1/$�ne�sgd�sns‘k�u‘qh‘shnm�‘lnmf�r‘lokdr�adxnmc�
sgd�bnmrsq‘hmhmf�dfbdbsr�ne�sqd‘sldms-�Ĳd�qdl‘hmhmf�01-4$�ne�sns‘k�u‘qh‘shnm�v‘r�tmdwok‘hmdc�ax�bnmrsq‘hmhmf�
nq�bnmchshnmhmf�dfbdbsr-

Rdudq‘k�bnlonmdmsr�ne�sgd�fhdkc�rstcx�’h-d-+�ok‘ms�bnlltmhsx�bnlonrhshnm+�oqnwhlhsx�sn�ohmdr+�rnhk�oqnodq,
shdr(�vdqd�mns�hmbktcdc�hm�fhm‘k�e‘lhkx,a‘rdc�OBn@�lncdkr-�Ohmd oqnwhlhsx�‘mc�ok‘ms�bnlltmhsx�bnlonrhshnm�
d‘bg�g‘c�mn�rhfmhfhb‘ms�dfbdbs�’o�=�/-/4�enq�‘kk�bnlo‘qhrnmr(�nm�a‘bsdqh‘k�bnlltmhsx�bnlonrhshnm+�‘mc�sgdqdenqd�
sgdx�vdqd�mns�bnmrhcdqdc�etqsgdq�hm�sgnrd�‘m‘kxrdr-�@m‘kxrhr�ne�u‘qh‘mbd�ne�mtladqr�ne�u‘rbtk‘q�ok‘ms�rodbhdr�
hm�oknsr�hmchb‘sdc�mn�rhfmhfhb‘ms�chfbdqdmbd�hm�ok‘ms�rodbhdr�qhbgmdrr�ne�atqms.tmatqms�oknsr+�nq�md‘q.‘v‘x�eqnl�
ohmdr�’o�=�/-/4�enq�‘kk�bnlo‘qhrnmr(-�LCR�nqchm‘shnm�trhmf�OB�NQC��527�ne�ok‘ms�rodbhdr�hm�oknsr�chc�mns�hmchb‘sd�
bnlltmhsx�o‘ssdqmr�qdk‘sdc�sn�oknsr�adhmf�atqms�nq�mns�atqms-�Rnld�‘rodbsr�ne�rnhkr�hm�atqms�‘mc�tmatqms�oknsr�
chfbdqdc�’Rtookdldms�1(+�ats�‘s�kd‘rs�nmd�atqms�okns�‘mc�nmd�tmatqms�okns�vdqd�d‘bg�vhsghm�sgd�fqnto�ne�oknsr�
‘rrnbh‘sdc�vhsg�sgd�nsgdq�fhqd�sqd‘sldms�’Ehf- 0(-�Rnhk�oqnodqshdr�nfldm�u‘qhdc�vhsg�nmd�‘mnsgdq�’h-d-+�bnkkhmd‘q(�

Ehftqd 0-� �Oqhmbhokd�Bnnqchm‘sd�@m‘kxrhr�ne�oknsr�cqhudm�ax�s‘wnmnlhb�e‘lhkx-�Ehqrs�svn�‘wdr�ne�OBn@�
chfbdqdmsh‘sdc�oknsr�ax�bnlltmhsx�qdk‘shud�‘atmc‘mbdr+�vgdqd�hmbqd‘rhmf�chrs‘mbdr�‘lnmf�onhmsr�hmchb‘sd�fqd‘sdq�
chfbdqdmbdr�adsvddm�oknsr-�Odqbdms�ne�sns‘k�u‘qh‘mbd�dwok‘hmdc�ax�d‘bg�‘whr�hr�fhudm�hm�o‘qdmsgdrdr-�K‘adkdc�
‘qqnvr�o‘q‘kkdk�sn�‘wdr�hmchb‘sd�sgd�‘rrnbh‘sdc�sqd‘sldms�vhsg�sgd�qdrodbshud�‘whr-�Qdc�onhmsr�cdmnsd�atqms�oknsr�
‘mc�aktd�tmatqms:�sqh‘mfkdr�cdmnsd�khssdq�‘mc�bhqbkdr�rnhk-�Bx‘m�rpt‘qdr�‘qd�d‘bg�‘�e‘lhkx:�k‘qfd�chrs‘mbdr�eqnl�sgd�
nqhfhm�hmchb‘sdr�hmfktdmbd�nm�md‘qax�sqd‘sldms�chfbdqdmbdr-
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a‘rdc�nm�dwodqhldms‘k�fhqdr+�rn�sgdx�vdqd�dw‘lhmdc�nmkx�‘r�l‘hm�dfbdbsr-�Rhfmhfhb‘ms�chfbdqdmbdr�hm�$�nqf‘mhb�
b‘qanm+�sns‘k�mhsqnfdm+�‘mc�fq‘uhldsqhb�v‘sdq�bnmsdms�’Rtookdldms�1(�‘kk�g‘c�vd‘j�dfbdbsr�nm�a‘bsdqh‘k�bnlonrh,
shnm�‘mc�qdctbdc�@HB�u‘ktdr�ne�a‘bsdqh‘k�OBn@�lncdkr+�rn�vdqd�mns�hmbktcdc�hm�sgd�fhm‘k�lncdk-

Infuential 7amilies. Ne�sgd�72�a‘bsdqh‘k�e‘lhkhdr+�16�g‘c�rhfmhfhb‘ms�’o�;�/-//0(�dfbdbsr�hm�sgd�fhqrs�FKLL�enq�
hmfktdmsh‘k�e‘lhkhdr�‘mc�vdqd�hmbktcdc�hm�sgd�fhm‘k�lncdk-�Ax�bnmsq‘rs+�sgd�qdl‘hmhmf�45�e‘lhkhdr�chc�mns�rsqnmfkx�
qdronmc�sn�sqd‘sldms�dfbdbsr-�Hmfktdmsh‘k�e‘lhkhdr�vdqd�e‘lhkhdr�sg‘s�rgnvdc�k‘qfd�chfbdqdmbdr�hm�qdk‘shud�‘atm,
c‘mbdr�‘bqnrr�sqd‘sldmsr�‘mc�rsqnmfkx�‘rrnbh‘sdc�vhsg�sgd�b‘sdfnqhb‘k�sqd‘sldms�dfbdbsr+�‘mc�sgdqdax�cqnud�che,
edqdmbdr�hm�sgd�nudq‘kk�a‘bsdqh‘k�bnlltmhsx�bnlonrhshnm�uhrt‘khydc�hm�sgd�OBn@-�Ĳdrd�e‘lhkhdr�sgtr�hmfktdmbdc�
nqchm‘shnm�nm�sgd�OBn@-�Ĳdrd�e‘lhkhdr�vdqd�chrsqhatsdc�‘lnmf�chfbdqdms�sqd‘sldms�bnlahm‘shnmr+�‘r�hmchb‘sdc�
ax�sgd�roqd‘c�ne�e‘lhkhdr�hm�Ehf- 0-�Ĳd�FKLL�’S‘akd 0(�ne�hmfktdmsh‘k�e‘lhkhdr�hmchb‘sdc�rhfmhfhb‘ms�l‘hm�dfbdbsr�
’e‘lhkx+�fhqd+�rtarsq‘sd+�o�;�/-//0(�‘mc�svn,v‘x�hmsdq‘bshnmr�’e‘lhkx)fhqd+�e‘lhkx)rtarsq‘sd+�o�;�/-//0(-�Rhltks‘md,
ntr�84$�bnmfhcdmbd�hmsdqu‘kr�enq�d‘bg�e‘lhkx�hmchb‘sdc�sg‘s�rhfmhfhb‘ms�chfbdqdmbdr�qdrtksdc�vgdm�nmd�sqd‘sldms�
ld‘m�v‘r�‘s�kd‘rs�0-14�shldr�fqd‘sdq�sg‘m�‘mnsgdq-

Ĳdrd�16�qdronmrhud�hmfktdmsh‘k�e‘lhkhdr�rgnvdc�rsqnmf�chfbdqdmbdr�hm�ld‘m,mnql‘khydc�qdk‘shud�‘atmc‘mbdr�
‘rrnbh‘sdc�vhsg�sqd‘sldmsr-�E‘lhkhdr�nudqvgdklhmfkx rdo‘q‘sdc�fhqrskx�ax�rtarsq‘sd�‘mc�sgdm�rdbnmckx�ax�fhqd�
’Ehf- 0(-�Vhsghm�rtarsq‘sd�‘mc�nfldm�etqsgdq�adsvddm�atqms�‘mc�tmatqms�rtarsq‘sd+�sgdrd�e‘lhkhdr�rgnvdc�chfbdqdms�
qdk‘shud�‘atmc‘mbdr�’Ehf- 1(�sg‘s�rtoonqsdc�qdrtksr�ne�sgd�FKLL�’S‘akd 0(-�Qdf‘qckdrr�ne�fhqd�sqd‘sldms+�01.16�
’01.16�<�33$(�vdqd�khssdq�rodbh‘khrsr+�vghbg�hmbktcdc�F‘ll‘oqnsdna‘bsdqh‘k�e‘lhkhdr�hm�sgd�nqcdqr�ne�Dmsdqna‘bsd,
qh‘kdr+�Ordtcnlnm‘c‘kdr+�‘mc�W‘msgnlnm‘c‘kdr�‘r�vdkk�‘r�‘kk�e‘lhkhdr�hm�sgd�bk‘rr�A‘bsdqnhch‘-�@krn�04.16�’44$(�
vdqd�rnhk�rodbh‘khrsr�’tmqdk‘sdc�sn�fhqd(-�Ĳdrd�hmbktcdc�‘kk�sgqdd�e‘lhkhdr�ne�sgd�nqcdq�Ads‘oqnsdna‘bsdqh‘kdr�’F‘l,
l‘oqnsdna‘bsdqh‘(+�ansg�e‘lhkhdr�hm�bk‘rr�Ĳdqlnkdnoghkh‘+�‘mc�svn�e‘lhkhdr�hm�sgd�ogxktl�Udqqtbnlhbqnah‘-�
Ĳd�l‘inqhsx�ne�e‘lhkhdr�rgnvdc�‘�fdmdq‘k�rtarsq‘sd)fhqd�‘rrnbh‘shnm-�Mnmdsgdkdrr+�l‘mx�ne�sgdrd�rtarsq‘sd)fhqd�
‘rrnbh‘shnmr�vdqd�qdk‘shudkx�vd‘j+�‘r�l‘mx�e‘lhkhdr�‘rrnbh‘sdc�oqhl‘qhkx�sn�rtarsq‘sd�‘mc�‘ood‘qdc�sn�ad�ltbg�
kdrr�‘fbdbsdc�ax�fhqd�sqd‘sldms-�Nmkx�Fdncdql‘snoghk‘bd‘d�‘mc�Ognqlhch‘bd‘d�rgnvdc�oqhl‘qx�‘rrnbh‘shnm�sn�
fhqd�’tmqdk‘sdc�sn�rtarsq‘sd(�vhsg�ghfgdq�‘atmc‘mbd�hm�atqms�bnlo‘qdc�sn�tmatqms�rtarsq‘sd-�Ldladqr�ne�sgd�
e‘lhkx�Adhidqhmbjh‘bd‘d�rodbh‘khydc�nm�atqms�khssdq+�vghkd�sgd�e‘lhkhdr�Qghynah‘bd‘d+�Dmsdqna‘bsdqh‘bd‘d+�‘mc�
Qgnc‘mna‘bsdq‘bd‘d�vdqd�‘rrnbh‘sdc�vhsg�tmatqms�khssdq-�Nmkx�Jsdcnmna‘bsdq‘bd‘d�v‘r�rnldvg‘s�‘rrnbh‘sdc�
vhsg�atqms�rnhk+�vghkd�sgd�ldladqr�ne�sgd�e‘lhkhdr�Ohqdkktk‘bd‘d+�Qdxq‘mdkk‘bd‘d+�Gxognlhbqnah‘bd‘d+�‘mc�Whogh,
mdl‘sna‘bsdq‘bd‘d+�bnloqhrhmf�3.16�’04$(�ne�e‘lhkhdr+�vdqd�‘kk�‘rrnbh‘sdc�vhsg�tmatqms�rnhk-

Rnld�ogxknfdmdshb�bnqqdk‘shnm�v‘r�oqdrdms�qdk‘shud�sn�rtarsq‘sd-�Hmfktdmsh‘k�e‘lhkhdr�vdqd�nbb‘rhnm‘kkx�o‘qs�
ne�o‘q‘ogxkdshb�bk‘cdr�rgnvhmf�rhlhk‘q�‘rrnbh‘shnmr�’Ehf- 1(-�Vhsghm�sgd�bk‘rr�F‘ll‘oqnsdna‘bsdqh‘+�enq�dw‘l,
okd+�sgd�nqcdq�Ads‘oqnsdna‘bsdqh‘kdr�’‘kk�sgqdd�e‘lhkhdr(�v‘r�rsqnmfkx�‘rrnbh‘sdc�vhsg�rnhk:�sgd�nsgdq�sgqdd�nqcdqr�
Dmsdqna‘bsdqh‘kdr+�Ordtcnlnm‘c‘kdr+�‘mc�W‘msgnlnm‘c‘kdr�’d‘bg�vhsg�‘�rhmfkd�e‘lhkx(�g‘c�rsqnmf�‘rrnbh‘shnmr�
vhsg�khssdq-�@kk�nqcdqr�hm�sgd�bk‘rr�A‘bsdqnhch‘�vdqd�‘rrnbh‘sdc�vhsg�khssdq+�vghkd�bk‘rr�Ĳdqlnkdnoghkh‘�v‘r�rnhk,
‘rrnbh‘sdc-�Ĳd�svn�e‘lhkhdr�hm�ogxktl�Udqqtbnlhbqnah‘�vdqd�ansg�rnhk,‘rrnbh‘sdc-

Hmfktdmsh‘k�e‘lhkhdr�dwghahsdc�tmdwodbsdc�o‘ssdqmr�ne�‘atmc‘mbd�‘mc�nbbtqqdmbd�sg‘s�dlog‘rhydc�sgd�hlo‘bsr�
ne�lnqd�q‘qd�e‘lhkhdr-�Ĳd�16�e‘lhkhdr�sdmcdc�sn�rgnv�lncdq‘sd�‘atmc‘mbd+�ats�qdctbdc�nbbtqqdmbd�hm�oknsr�
bnlo‘qdc�sn�mnm,hmfktdmsh‘k�e‘lhkhdr�’Ehf- 2(-�Ĳdqd�vdqd�mn�chfbdqdmbdr�hm�ld‘m�‘atmc‘mbdr�nq�nbbtqqdmbdr�
adsvddm�fqntor�’s,sdrsr:�o�<�/-135�‘mc�/-7/8+�qdrodbshudkx(-�Hmfktdmsh‘k�e‘lhkhdr�vdqd�vhcdkx�u‘qh‘akd�hm�sgdhq�
‘atmc‘mbd+�‘r�sgd�kd‘rs�‘atmc‘ms�e‘lhkx�v‘r�‘s�sgd�/-14�odqbdmshkd�‘atmc‘mbd+�fqd‘sdq�sg‘m�08�nsgdq�e‘lhkhdr+�ats�
nsgdqvhrd�hmfktdmsh‘k�e‘lhkhdr�vdqd�‘lnmf�sgd�sno�2�pt‘qshkdr�ne�‘atmc‘mbd-�Hmfktdmsh‘k�e‘lhkhdr�vdqd�ax�e‘q�mns�
sgd�lnrs�eqdptdmskx�nbbtqqhmf�e‘lhkhdr�dhsgdq+�‘r�nmkx�5.21�’08$(�e‘lhkhdr�sg‘s�nbbtqqdc�hm�=�8/$�ne�oknsr�vdqd�
hmfktdmsh‘k-�Lnrs�vdqd�mns�entmc�hm�‘kk�oknsr+�‘r�10.16�’67$(�hmfktdmsh‘k�e‘lhkhdr�g‘c�oqnonqshnm‘k�nbbtqqdmbd�
/-38fl/-80�vghkd�5.16�’11$(�vdqd�entmc�hm�‘kk�oknsr-

Beta diversity. Nm�sgd�e‘lhkx�kdudk+�sqd‘sldmsr�rgnvdc�aqn‘c�o‘ssdqmr�hm�qhbgmdrr�‘mc�dudmmdrr�sg‘s�vdqd�
bnmfqtdms�vhsg�OBn@�qdrtksr-�Mdhsgdq�ok‘ms�bnlltmhsx�bnlonrhshnm�mnq�ohmd�oqnwhlhsx�rsqnmfkx�‘fbdbsdc�qhbg,
mdrr�nq� dudmmdrr�ne�a‘bsdqh‘k� bnlltmhshdr-�A‘bsdqh‘k� e‘lhkx� qhbgmdrr�v‘r�‘klnrs� hcdmshb‘k� ‘lnmf� sqd‘sldmsr�
’Ehf- 3@(+�vhsg�bnlahmdc�fdnldsqhb�ld‘m�55��

�
�0-/1�’55�ltkshokhdc�‘mc�chuhcdc�ax�0-/1(-�Enq�dudmmdrr+�l‘hm�

dfbdbsr�ne�fhqd�‘mc�rtarsq‘sd+�‘mc�sgdhq�hmsdq‘bshnm�vdqd�‘kk�ghfgkx�rhfmhfhb‘ms�’o�;�/-///0+�S‘akd 1(-�E‘lhkx�qdk‘shud�
‘atmc‘mbd�v‘r�lnqd�dudm�hm�rnhk�sg‘m�hm�khssdq+�qdf‘qckdrr�ne�fhqd�sqd‘sldms+�‘mc�v‘r�kdrr�dudm�‘fldq�fhqd�hm�khssdq�

S‘akd�0-� �Sxod,HHH�sdrsr�ne�fhwdc�dfbdbsr�eqnl�FKLL�drshl‘shmf�qdk‘shud�ld‘mr�ax�sqd‘sldms�‘lnmf�hmfktdmsh‘k�
e‘lhkhdr�hm�OBn@�bnlltmhsx�chfbdqdmbdr-

Dfbdbs ce E ��u‘ktd

E‘lhkx 15 25-/8 �;�/-//0

Ehqd 0 5-01 /-/02

Rtarsq‘sd 0 52-15 �;�/-//0

E‘lhkx)fhqd 15 8-7 �;�/-//0

E‘lhkx)rtarsq‘sd 15 44-62 �;�/-//0

Ehqd)rtarsq‘sd 0 0-2 /-144

E‘lhkx)fhqd)rtarsq‘sd 15 1-22 �;�/-//0
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Ehftqd 1-� �Ogxknfdmdshb�sqdd�‘mc�gd‘sl‘o�ne�hmfktdmsh‘k�e‘lhkhdr-�Ĳd ogxknfdmdshb�sqdd�rgnvr�s‘wnmnlhb�
qdk‘shnmrghor�‘mc�ghfgdq�s‘wnmnlhb�kdudkr�ne�sgd�16�hmfktdmsh‘k�e‘lhkhdr�hcdmshfhdc�sgqntfg�ghfgdq�OBn@�rbnqdr-�
Ĳd�gd‘sl‘o�cdohbsr�qdk‘shud�‘atmc‘mbdr+�b‘kbtk‘sdc�‘r�fdnldsqhb�ld‘mr�enq�d‘bg�qnv�‘mc�sgtr�e‘lhkx+�‘udq‘fdc�
nudq�‘kk�oknsr�hm�sgd�sqd‘sldms�enq�sg‘s�rhmfkd�e‘lhkx-�Aktd+�qdc+�‘mc�vghsd�rg‘chmf�hmchb‘sdr�sg‘s�e‘lhkx&r�‘udq‘fd�
qdk‘shud�‘atmc‘mbd�vhsghm�‘�rodbhfhb�sqd‘sldms�adhmf�‘anud+�knvdq+�nq�rhlhk‘q�sn+�sg‘s�e‘lhkx&r�‘udq‘fd�qdk‘shud�
‘atmc‘mbd�nudq�‘kk�sqd‘sldmsr+�qdrodbshudkx-�Ak‘bj�anwdr�ghfgkhfgs�onsdmsh‘k�ogxknfdmdshb�bnqqdk‘shnmr�ne�
o‘q‘ogxkdshb�e‘lhkhdr�rgnvhmf�rhlhk‘q�o‘ssdqmr�ne�qdk‘shud�‘atmc‘mbdr ‘mc�sqd‘sldms�‘rrnbh‘shnmr-

Ehftqd 2-� �E‘lhkx�‘atmc‘mbd�‘mc�nbbtqqdmbd-�Eqdptdmbx�nbbtqqdmbd�qdedqr�sn�sgd�odqbdms‘fd�ne�gnv�l‘mx�oknsr�
sg‘s�e‘lhkx�v‘r�entmc�hm-�Odqbdmshkd�q‘mj�‘atmc‘mbd�qdedqr�sn�sgd�q‘mj�‘atmc‘mbd�ne�sg‘s�e‘lhkx�nudq�‘kk�oknsr-�
Aktd�rpt‘qdr�cdmnsd�hmfktdmsh‘k�e‘lhkhdr�fdmdq‘kkx�‘rrnbh‘sdc�vhsg�rnhk+�qdc�sqh‘mfkdr�vhsg�khssdq-�Fqdx�rpt‘qdr�‘mc�
sqh‘mfkdr�cdmnsd�mnm,hmfktdmsh‘k�e‘lhkhdr�‘rrnbh‘sdc�vhsg�rnhk�‘mc�khssdq+�qdrodbshudkx-
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r‘lokdr�’Ehf- 3A(-�O‘qshbtk‘qkx+�rnhk�dudmmdrr�u‘qhdc�kdrr�‘mc�chc�mns�chfbdq�adsvddm�fhqd�sqd‘sldmsr�’fdnldsqhb�
ld‘m�/-73��

�
�0-//2(+�vghkd�a‘bsdqh‘k�qdk‘shud�‘atmc‘mbd�v‘r�lnqd�dudm�‘lnmf�tmatqms�sg‘m�atqms�khssdq�r‘lokdr�

’/-7/��
�
�0-//7�‘mc�/-66��

�
�0-//6+�qdrodbshudkx(-�Rnhkr�g‘ud�ghfgdq�Rg‘mmnm�chudqrhsx�sg‘m�khssdq-�@lnmf�‘mc�vhsghm�

sqd‘sldms�fqntor+�chrodqrhnm�v‘r�gnlnfdmdntr�nudq�fqntor+�hmchb‘shmf�mn�rhfmhfhb‘ms�chfbdqdmbdr�vhsghm�fqntor�
�’E2+004�<�/-7:�o�<�/-403(-�Ĳdqd�vdqd�rhfmhfhb‘ms�ads‘�chudqrhsx�chfbdqdmbdr�‘lnmf�fqntor� �’E2+004�<�53-4:�o�<�/-//1(+�
enq� ansg� l‘hm� dfbdbsr� ’rtarsq‘sd� ‘mc�fhqd+� d‘bg� �O0+004 <�060-3+� o�<�/-//1(+� ‘mc� rtarsq‘sd)fhqd� hmsdq‘bshnm� dfbdbsr�
�’E0+004�<�3-6+�o�<�/-/04(-

Discussion
Ĳhr�rstcx�qdud‘kdc�qdrhkhdms+�s‘wnm,qhbg+�ahnchudqrd�a‘bsdqh‘k�bnlltmhshdr�hmg‘ahshmf�fqntmc�kdudk�khssdq�‘mc�
rnhk�rtarsq‘sdr+�vghbg�bnlokdldms�sgd�ghfg�ok‘ms�chudqrhsx�sg‘s�hr bg‘q‘bsdqhrshb�ne�sgd�nkc,fqnvsg�ohmd�r‘u‘mm‘�
dbnrxrsdl�nm�sgd�V‘cd��Sq‘bs12-�Ĳd�dfbdbs�ne�knv�hmsdmrhsx�fhqd�qdnqf‘mhydc�sgd�a‘bsdqh‘k�bnlltmhshdr�hm�ansg�
khssdq�‘mc�rnhk+�‘mc�rghfldc�qdk‘shud�‘atmc‘mbdr�ats�chc�mns�‘fbdbs�chudqrhsx-�Rstcx�ne�sgd�etmf‘k�bnlltmhshdr�hm�sghr�
r‘ld�dbnrxrsdl�qdud‘kdc�‘�rhlhk‘q��qdnqf‘mhy‘shnm0/-�Eqdptdms+�knv�hmsdmrhsx�fhqdr�‘ood‘q�sn l‘hms‘hm�ahnchudqrhsx�
mns�nmkx�ne�ok‘msr+�ats�‘krn�ansg�a‘bsdqh‘k�‘mc�etmf‘k�bnlltmhshdr�hm�sghr�fhqd,‘c‘osdc�ohmd�r‘u‘mm‘��dbnrxrsdl40-

Localized within site diPerences, bacterial communities were driven primarily by substrate
heterogeneity and low intensity 're ePects, not speci'c ePects o7 plant or soil variables. Ĳd�
V‘cd�Sq‘bs&r�ghrsnqx�ne�eqdptdms+�o‘sbgx+�knv�hmsdmrhsx�fhqdr�fdmdq‘sdr�‘mc�l‘hms‘hmr�rtarsq‘sd�gdsdqnfdmdhsx�sg‘s�
cqhudr�a‘bsdqh‘k�bnlltmhshdr-�Ehqrskx+�hm�sgd�‘ardmbd�ne�fhqd+�rtars‘msh‘k�chfbdqdmbdr�adsvddm�rtarsq‘sd�sxodr�fdm,
dq‘sdc�bnlokdw�gdsdqnfdmdhsx�‘rrnbh‘sdc�vhsg�chrshmbs�khssdq�‘mc�rnhk�a‘bsdqh‘k�bnlltmhshdr-�Ĳdrd�chfbdqdmbdr�‘qd�
shdc�sn�bgdlhb‘k�‘mc�ogxrhb‘k�rtarsq‘sd�chfbdqdmbdr+�hmbktchmf�‘u‘hk‘akd��bnlontmcr41+�cdbnlonrhshnm��rs‘fd42+43+�
B9M��q‘shnr44+�‘mc�rtarsq‘sd��pt‘khsx45-�Rdbnmckx+�fhqd�‘krn�‘ksdqdc�sgd�rtarsq‘sd�gdsdqnfdmdhsx+�oqnuhchmf�ansg�chqdbs�
‘mc�hmchqdbs�dfbdbsr�sg‘s�etqsgdq�chfbdqdmsh‘sd�khssdq�‘mc�rnhk�bnlltmhshdr-�Ĳd�fqd‘sdq�chrshmbshnm�adsvddm�atqms�
‘mc�tmatqms� khssdq�a‘bsdqh‘k�bnlltmhshdr�bnlo‘qdc�sn�rnhk� hr� khjdkx�‘ssqhatsdc�sn�chqdbs�dwonrtqd�ne� khssdq�‘mc�
‘rrnbh‘sdc�a‘bsdqh‘k�bnlltmhshdr�sn�fhqd��dfbdbsr46-�Hmchqdbs�dfbdbsr�qdk‘sdc�sn�onrs,fhqd�khssdq�bgdlhrsqx+ o‘qsh‘k�bnl,
atrshnm�’bg‘qqhmf(�ne� �etdkr47+� sgd�u‘qhntr�cdbnlonrhshnm�rs‘fdr�ne�onrs,fhqd�rs‘mchmf� �khssdq47+48+�‘mc�sgd�‘ahnshb�
bg‘mfdr�hm�khssdq�oqnodqshdr�nudq�shld�rhmbd��fhqd5/�l‘x�‘krn�ok‘x�‘�rdbnmc‘qx��qnkd7-�Hm�bnmsq‘rs+�rnhk�hmrtk‘shmf�oqno,
dqshdr�l‘x�‘krn�qdctbd�fhqd�dfbdbsr�nm�rnhk�bnlltmhshdr�sgqntfg��chqdbs50+�nq�hmchqdbs��dfbdbsr04-�Bnlo‘qdc�sn�chqdbs�
dfbdbsr+�hmchqdbs�fhqd�dfbdbsr�l‘x�ad�drodbh‘kkx�hlo‘bsetk�nm�rnhk�‘mc�khssdq�a‘bsdqh‘k�bnlltmhshdr�hm�dbnrxrsdlr�
‘fbdbsdc�ax�eqdptdms+�knv�hmsdmrhsx�fhqdr+�‘mc�l‘x�ad�lnqd�oqnmntmbdc�enq�rnhk�a‘bsdqh‘k�bnlltmhshdr�sg‘m�sgnrd�
hm�sgd��khssdq5/-�Rtarsq‘sd�g‘c�‘�k‘qfdq�dfbdbs�sg‘m�fhqd+�ats�qdrtksr�rtoonqs�svn�gxonsgdrdr9�a‘bsdqh‘k�bnlltmhshdr�
rgntkc�chfbdq�adsvddm�fhqd�sqd‘sldmsr+�‘mc�sgd�chfbdqdmbdr�rgntkc�ad�fqd‘sdq�enq�khssdq�sg‘m�rnhk-

Ĳd�fhqd,hmctbdc�chfbdqdmbdr�hm�a‘bsdqh‘k�bnlltmhshdr�vdqd�mns�dwok‘hmdc�ax�chfbdqdmbdr�hm�ok‘msr�nq�rnhk�
u‘qh‘akdr-�Ok‘msr�chqdbskx�‘fbdbs�a‘bsdqh‘k�bnlltmhshdr�uh‘�khssdq�cdbnlonrhshnm�‘mc�adknvfqntmc�qghynrogdqd�
�cdonrhshnm51:�‘mc�hmchqdbskx�ax�ok‘ms�dfbdbsr�nm�rnhk��oqnodqshdr52-�Bg‘mfdr�hm�ok‘ms�bnlltmhshdr�‘mc�rnhk�u‘qh,
‘akdr�g‘ud�addm�khmjdc�dkrdvgdqd�sn�a‘bsdqh‘k�bnlltmhsx��bg‘mfdr53-�Ehqd�eqdptdmbx�‘mc�shld�rhmbd�fhqd�l‘x�ad�
hlonqs‘ms�ldch‘snqr�ne�ok‘ms�‘mc�rnhk�dfbdbsr�nm�a‘bsdqh‘k�bnlltmhshdr�hm�dbnrxrsdlr�‘fbdbsdc�ax�eqdptdms+�knv�

Ehftqd 3-� �Bnlo‘qhrnm�ne�e‘lhkx,kdudk�chudqrhsx�ldsqhbr-�Ldsqhbr�‘qd�oqdrdmsdc�‘lnmf�fhqd�‘mc�rtarsq‘sd�
sqd‘sldmsr�enq9�’@(�qhbgmdrr+�‘mc�’A(�dudmmdrr-�R‘ld�kdssdqr�cdmnsd�fqnto�ldladqrghor�sg‘s�‘qd�rhfmhfhb‘mskx�
chfbdqdms�sg‘m�nsgdq�kdssdqr-�Rgnvm�‘qd�dlohqhb‘k�fdnldsqhb�ld‘mr�vhsg�84$�bnmfhcdmbd�hmsdqu‘kr-

S‘akd�1-� �Sxod,HHH�sdrs�ne�fhwdc�dfbdbsr�enq�qhbgmdrr�‘mc�dudmmdrr�FKLLr-

Qhbgmdrr Dudmmdrr

Dfbdbs �
1

�
��u‘ktd �

1

�
��u‘ktd

Ehqd /-/26 /-736 6/-67 �;�/-//0

Rtarsq‘sd /-421 /-355 113-13 �;�/-//0

Ehqd)rtarsq‘sd /-054 /-573 30-70 �;�/-//0
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hmsdmrhsx��fhqd5/-�Lnqd�hmsdmrd�fhqdr�lnqd�rsqnmfkx�chrstqa��ok‘msr50�‘mc�rnhk��u‘qh‘akdr54�sn�oqnctbd�hmchqdbs+�rdudqhsx,
khmjdc�dfbdbsr�nm�a‘bsdqh‘k��bnlltmhshdr55-�Hm�sghr�rxrsdl�gnvdudq+�knvdq�hmsdmrhsx�fhqdr�chc�mns�rsqnmfkx�‘fbdbs�ok‘ms�
bnlltmhshdr�‘mc�sgtr�l‘x�g‘ud�mdf‘sdc�bkd‘q+�ld‘rtq‘akd�fhqd,‘rrnbh‘sdc�ok‘ms�dfbdbsr�nm�a‘bsdqh‘k�bnlltmhsx�
bnlonrhshnm�nq�qdk‘shud�‘atmc‘mbdr-�Knb‘khydc�ohmd�oqnwhlhsx�dfbdbsr�nm�a‘bsdqh‘k�bnlltmhshdr�vdqd�mns�‘oo‘q,
dms+�cdrohsd�hmbqd‘rdr�hm�etdkr�‘mc�fhqd�hmsdmrhsx�md‘q�nudqrsnqx��ohmdr18-�@�bnlahm‘shnm�ne�eqdptdms�fhqdr+�ghfg�ok‘ms�
khssdq chudqrhsx56�sgqntfgnts�sgd�rhsd+�‘mc�eqdrg�ohmd�mddckd�hmotsr�bnlahmdc�vhsg�etmbshnm‘k�nudqk‘o�‘bqnrr�ohmd�
cdbnlonrhshnm��rs‘fdr57�l‘x�‘kk�g‘ud�ok‘xdc�‘�qnkd�ltshmf�sgd�knb‘khydc�chfbdqdmbdr�oqdchbsdc-�@ksgntfg�sgdrd�
fhqdr�chc�‘ksdq�jdx�rnhk�oqnodqshdr+�sgdrd�dc‘oghb�rghflr�vdqd�mns�khmjdc�sn�a‘bsdqh‘k�bnlltmhsx�chfbdqdmbdr-�Ĳhr�
k‘bj�ne�dfbdbs�l‘x�ad�‘�qdrtks�ne�knv�fhqd�hmsdmrhsx�‘mc�eqdptdms�fhqd��qdfhldr58+�q‘ohc�onrs,fhqd�qdbnudqx�ne�‘ksdqdc�
rnhk��u‘qh‘akdr6/+�nq�sgd�hmhsh‘k�rnhk�nq�khssdq�dfbdbsr�chlhmhrgdc�vhsg�shld�rhmbd��fhqd60-�@�qdctbdc�hlonqs‘mbd�enq�rnhk�
oqnodqshdr�bnlo‘qdc�sn�rhsd,kdudk�bg‘q‘bsdqhrshbr�‘mc�rnhk�k‘xdqr�g‘r�‘krn�addm�rgnvm�hm�Vhrbnmrhm�ohmd��a‘qqdmr61�
‘mc rn l‘x ad ‘ bnllnm ed‘stqd ne sgdrd rxrsdlr- Dbnrxrsdlr vhsg lnqd rdudqd ‘mc.nq kdrr eqdptdms fhqdr ‘qd
khjdkx�sn�rshkk�g‘ud�a‘bsdqh‘k�bnlltmhsx�chfbdqdmbdr�‘lnmf�rtarsq‘sd�sxodr+�ats�vhkk�‘krn�g‘ud�fqd‘sdq�fhqd,hmctbdc�
bg‘mfdr�sn�ok‘msr�‘mc�rnhk�u‘qh‘akdr�sg‘m�rddm�gdqd+�‘mc�sgdrd�rghflr�l‘x�ad�lnqd�qd‘chkx�shdc�sn�qdronmrdr�ne�
a‘bsdqh‘k�bnlltmhshdr�sn��fhqd62-�A‘bsdqh‘k�rghflr+�gnvdudq+�cn�mns�‘ood‘q�sn�cdodmc�nm�fhqd,hmctbdc�ok‘ms�nq�rnhk�
bg‘mfdr�‘knmd+�‘mc�mdhsgdq�nm�knb‘khydc�fhqd�dfbdbsr�‘rrnbh‘sdc�vhsg�ohmd�oqnwhlhsx-�Ĳdrd�fhmchmfr�chc�mns�rto,
onqs�sgd�gxonsgdrhr�ne�chfbdqdmbdr�hm�a‘bsdqh‘k�bnlltmhshdr�ctd�sn�knb‘khydc�fhqd�dfbdbsr�qdk‘sdc�sn�ohmd�oqnwhlhsx-

Eqdptdms+�knv�hmsdmrhsx�fhqdr�‘qd�hlonqs‘ms�hm�l‘hms‘hmhmf�a‘bsdqh‘k�bnlltmhsx�chudqrhsx�‘mc�u‘qh‘ahkhsx�
hm�sghr�r‘u‘mm‘�dbnrxrsdl-�Cdrohsd�g‘uhmf�chrshmbs�bnlltmhshdr+�qhbgmdrr�v‘r�md‘qkx�dpt‘k�‘bqnrr�rtarsq‘sd�
‘mc�fhqd�e‘bsnqr:�sgtr�sgdrd�eqdptdms+�knv�hmsdmrhsx�fhqdr�gdko�l‘hms‘hm�chrshmbs�bnlltmhsx�bnlonmdmsr�nm�sgd�
k‘mcrb‘od�ax�qdnqf‘mhyhmf�a‘bsdqh‘k�s‘w‘�vhsgnts�b‘trhmf�k‘qfd�bg‘mfdr�hm�bnlonrhshnm�‘mc�qdk‘shud�‘atmc‘mbdr�
ne�a‘bsdqh‘k�s‘w‘�hm�sgdrd�bnlltmhshdr-�Hm�‘fqddldms�vhsg�oxqnchudqrhsx��khsdq‘stqd40+�sgdrd�qdrtksr�rtffdrs�sg‘s�
knv�hmsdmrhsx�fhqdr�‘s�sgd�V‘cd�Sq‘bs�l‘hms‘hm�a‘bsdqh‘k�ahnchudqrhsx+�hmbktchmf+�fhqd,‘fmnrshb+�fhqd,rdmrhshud+�‘mc�
fhqd,cdodmcdms s‘w‘40+63-�Ĳhr�vnqj�rtoonqsr�nsgdqr�vgn�entmc�sg‘s�eqdptdms+�knv�hmsdmrhsx�fhqd�hr�hlonqs‘ms�enq�
l‘hms‘hmhmf�a‘bsdqh‘k�bnlltmhsx�chudqrhsx�hm�@eqhb‘m��vnnck‘mc64+�@trsq‘kh‘m�vds��rbkdqnogxkk65+�Bghmdrd��ohmd46+�
‘mc Njk‘gnl‘m�n‘j��enqdrsr66-�Ehqd�rdudqhsx+�gnvdudq+�hr�bqhshb‘k�sn�fdmdq‘khyd�sgdrd�qdrtksr�sn�nsgdq�dbnrxrsdlr+�‘r�
chfbdqdms�fhqd�sxodr�‘mc�hmsdmrhshdr�‘ksdq�rnhk�u‘qh‘akdr�chfbdqdmskx�sg‘m�khssdq�u‘qh‘akdr+�‘mc�qdrtks�hm�onrs,fhqd�rnhk�
dmuhqnmldmsr�vhsg�u‘qxhmf�l‘fmhstcdr�ne��bg‘mfd67-�Knvdq�hmsdmrhsx�fhqdr�hm�fq‘rrk‘mcr�‘mc�r‘u‘mm‘r�nfldm�kd‘ud�‘�
gdsdqnfdmntr�khssdq�dmuhqnmldms�ne�tmatqms+�atqms+�o‘qsh‘kkx�bnlatrsdc+�‘mc�eqdrg+�mdv��khssdq4+68-�Ghfgdq�hmsdmrhsx�
fhqdr qdrtks hm cddodq gd‘s odmdsq‘shnm7/�sg‘s�qdrtks�hm�rsqnmfdq�rsdqhkhy‘shnm�dfbdbsr�nm�a‘bsdqh‘k��bnlltmhshdr70-�
Ax�bnmsq‘rs+�knvdq�hmsdmrhsx�fhqdr�oqnctbd�gd‘shmf�dfbdbsr�sg‘s�cn�mns�odmdsq‘sd�‘r�cddokx�nq�rsqnmfkx+�‘mc�sgtr�
cn�mns�qdrtks�hm�gnlnfdmntr�onrs,fhqd�rnhk�rtarsq‘sd��dmuhqnmldmsr71-�L‘hms‘hmhmf�rtarsq‘sd�gdsdqnfdmdhsx�uh‘�
eqdptdms+�knv�hmsdmrhsx�fhqd�hr�khjdkx�hlonqs‘ms�sn�l‘hms‘hm�k‘qfdq�lhbqnah‘k�ahnchudqrhsx�nm�knmf,sdql�rb‘kdr+�
vghbg�‘fbdbs�lhbqnah‘k�dbnrxrsdl�etmbshnmr�rtbg�‘r�cdbnlonrhshnm+�mtsqhdms��bxbkhmf72+�‘mc�ok‘ms��hmsdq‘bshnmr02�
‘mc�ok‘ms��qdbnudqx73�sg‘s�‘qd�hlonqs‘ms�sn�bnmrhcdq�enq�‘c‘oshud�fhqd��l‘m‘fdldms5/+74-�Ĳhr�hr�drodbh‘kkx�hlonqs‘ms�
hm bnmrhcdq‘shnm ne bg‘mfdr hm fhqd qdfhldr qdk‘sdc sn gtl‘m ‘mc bkhl‘sd dfbdbsr13+14-�Ĳd�ahnchudqrhsx�ne�a‘bsdqh‘k�
bnlltmhshdr�rgntkc�ad�‘�bg‘q‘bsdqhrshb�ne�nkc,fqnvsg�fhqd,eqdptdmsdc��dbnrxrsdlr12�sg‘s�bnlokdldmsr�sgd�k‘qfd�
ok‘ms�chudqrhsx�bg‘q‘bsdqhrshb�ne�sghr�‘mc�nsgdq�ohmd�r‘u‘mm‘�ahnchudqrhsx��gnsronsr22-�Eqdptdms+�knv�hmsdmrhsx�fhqdr�
‘ood‘q�sn�rhltks‘mdntrkx�l‘hms‘hm�‘kk�fqntmc�k‘xdq�bnlonmdmsr�ne�sgdrd�fhqdx�dbnrxrsdlr+�hmbktchmf�sgd�rtarsq‘sd�
gdsdqnfdmdhsx�‘mc�ahnchudqrhsx�hm�sgd�ok‘ms�‘mc�lhbqnah‘k�bnlltmhshdr-

Bacterial communities diPered in the relative abundances o7 particular, responsive, infuen-
tial 7amilies associated with treatments. 16�chrshmbs�e‘lhkhdr�vdqd�hcdmshfhdc�vgnrd�‘atmc‘mbdr�vdqd�
bkd‘qkx�khmjdc�sn�chfbdqdmbdr�hm�rtarsq‘sd+�fhqd+�‘mc�sgdhq�hmsdq‘bshnmr-�Ĳdrd�chfbdqdmbdr�‘qd�khjdkx�cqhudm�ax�mhbgd�
chfbdqdmbdr�‘lnmf��a‘bsdqh‘60+�‘mc�sgdhq�fhksdqhmf�ax�sgd�gdsdqnfdmdhsx�sg‘s�rtarsq‘sd�‘mc�fhqd��fdmdq‘sd75-�Hmsdqdrs,
hmfkx+�‘kk�sgd�hmfktdmsh‘k�e‘lhkhdr�nbbtqqdc�hm�‘kk�sqd‘sldmsr+�‘mc�qhbgmdrr�v‘r�mns�chfbdqdms�dudm�vgdm�‘atmc‘mbd�
chfbdqdmbdr� hmchb‘sdc� �oqdedqdmbdr76-� A‘bsdqh‘k� chrodqr‘k� l‘x� ad� ghfg+� o‘qshbtk‘qkx� he� l‘mx� ‘qd� roqd‘c� sgqntfg�
tocq‘flr�‘mc��rlnjd77-�Dudm�hm�'tmoqdedqqdc�g‘ahs‘sr+„ a‘bsdqh‘�l‘x�rshkk�ad�qdoqdrdmsdc�ax�a‘bjfqntmc�chrodqr‘k+�
qdrshmf rs‘fdr+ nq dudm onrs,fhqd qdkhb CM@ sg‘s hr hmchrshmfthrg‘akd eqnl uh‘akd lhbqnadr vhsg sgd snnkr trdc
�gdqd78+8/-�Fhudm�sgd�‘lokd�q‘hme‘kk+�onnq�mtsqhdms�rnhkr+�‘mc�qdod‘sdc�fhqdr+�gnvdudq+�qdkhb�CM@�v‘r�mns�dwodbsdc�
sn� ah‘r� sgd� du‘kt‘shnm� ne� rtarsq‘sd� ‘mc�fhqd� dfbdbsr� �nudq‘kk8/-� A‘bsdqh‘� sg‘s� vdqd� ltbg� lnqd� ‘atmc‘ms� hm� rod,
bhfhb�rtarsq‘sdr+�nq� rtarsq‘sd)fhqd�bnlahm‘shnmr� khjdkx� qdfkdbs� rtarsq‘sd�oqdedqdmbdr� hmbktchmf� sgnrd� entmc�nmkx�
hm�rs‘fdr�ne�khssdq��cdb‘x57�nq��rnhkr80-�Ĳd�s‘wnmnlhb�‘mc�ogxknfdmdshb�rhfm‘k�enq�sgdrd�‘rrnbh‘shnmr+�o‘qshbtk‘qkx�
adsvddm�rtarsq‘sdr+�rtoonqsr�sgd�qnkd�enq�dmuhqnmldms‘k�fhksdqhmf�ne�etmbshnm‘kkx�rhlhk‘q��fqntor81-�Enq�dw‘lokd+�
Adhidqhmbjh‘bd‘d vdqd rsqnmfkx ‘rrnbh‘sdc vhsg atqms khssdq- Nsgdq vnqj g‘ud rgnvm sgdl dmqhbgdc ax o‘qsh‘kkx
bnlatrsdc�nqf‘mhb� �l‘ssdq82�‘mc�mtsqhdms� �otkrdr83+�‘mc�qdronmrhakd�enq�B0�’0,b‘qanm(� �lds‘ankhrl84� hmbktchmf�
b‘qanm�lnmnwhcd-�Rhlhk‘q� hcdmshfhb‘shnm�ne�onsdmsh‘kkx�fhqd,‘c‘osdc�lhbqnadr�‘bqnrr� dbnrxrsdlr�l‘x�oqnuhcd�
ahnhmchb‘snqr�ne�onrs,fhqd�qdronmrd-�Enq�dw‘lokd+�bnmrhrsdms�vhsg�nsgdqr&�fhmchmfr�ne�sgd�dmqhbgldms�ne�Ak‘rsn,
bnbbtr�hm�atqms��rnhkr62+�hsr�e‘lhkx�Fdncdql‘snoghk‘bd‘d�v‘r�entmc�gdqd�sn�ad�‘rrnbh‘sdc�‘mc�dmqhbgdc�hm�ansg�
atqms� khssdq�‘mc�rnhk�rtarsq‘sd-�Ĳd�oqdedqdmbdr�ax�rodbhfhb�fqntor�l‘x�ad�‘�bnmrdptdmbd�ne�fhqd,hmctbdc�rta,
rsq‘sd gdsdqnfdmdhsx+ ‘mc etqsgdq b‘s‘kxyd rodbhfhb bg‘mfdr hm dbnrxrsdl oqnbdrrdr fhudm sgdhq etmbshnm‘k qnkdr hm
mtsqhdms�bxbkhmf�‘mc��cdbnlonrhshnm72-�Etstqd�vnqj�vhkk�hmudrshf‘sd�onsdmsh‘k�etmbshnm‘k�bg‘mfdr�hm�sgd�a‘bsdqh‘k�
bnlltmhsx�bnqqdk‘sdc�vhsg�chfbdqdmbdr�hm�hmfktdmsh‘k�e‘lhkx�qdk‘shud�‘atmc‘mbdr+�‘mc�gnv�bg‘mfdr�hm�a‘bsdqh‘k�
bnlltmhsx�etmbshnm�l‘x�‘fbdbs�dbnrxrsdl�l‘m‘fdldms-

Chfbdqdmbdr�hm�nudq‘kk�lhbqnah‘k�cdbnlonrhshnm�rddm�oqduhntrkx�‘qd�khjdkx�‘�oqnctbs�ne�bnlahmdc�chfbdqdmbdr�hm�
a‘bsdqh‘k�‘mc�etmf‘k�bnlltmhshdr-�Trhmf�rhyd,rdkdbshud�ldrg�a‘fr�’27 ¬l(+�Rdldmnu‘,Mdkrdm+�ds ‘k-0/�entmc�sg‘s�
mdv etdkr hm sgdrd atqms oknsr cdbnlonrdc ‘s ‘ q‘sd lnqd sg‘m 2/$ rknvdq sg‘m sgnrd hm sgd tmatqms oknsr- Ĳd
a‘bsdqh‘k�bnlltmhsx�chfbdqdmbdr�lhqqnq�sgnrd�ne�etmf‘k�bnlltmhshdr+�‘mc�ansg�fqntor�bntkc�dmsdq�sgqntfg�sgdrd�
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ldrg�nodmhmfr-�A‘bsdqh‘�sg‘s�rodbh‘khyd�nm�atqms�khssdq�’d-f-+�Adhidqhmbjh‘bd‘d(�l‘x�ad�ltbg�onnqdq�cdbnlonrdqr�
sg‘m�sgnrd�e‘lhkhdr�sg‘s�cnlhm‘sdc�bnlltmhshdr�ne�tmatqms�khssdq�’h-d-+�Qghynah‘bd‘d+�Dmsdqna‘bsdqh‘bd‘d+�‘mc�
Qgnc‘mna‘bsdq‘bd‘d(+�‘mc�sgdhq�rtooqdrrhnm�vhsg�fhqd�l‘x�gdko�dwok‘hm�sgd�rknvdc�cdbnlonrhshnm-�Hlonqs‘mskx+�
‘�l‘inqhsx�ne�a‘bsdqh‘k�e‘lhkhdr�chc�mns�qdronmc�sn�sqd‘sldmsr+�vgdqd‘r�‘�l‘inqhsx�ne�etmf‘k�NSTr�qdronmcdc�
hm�rnld��v‘x0/-�Ĳhr�khjdkx�qdfkdbsr�sg‘s�l‘mx�cnlhm‘ms�nq�eqdptdmskx�nbbtqqhmf�a‘bsdqh‘k�rodbhdr�‘qd�dhsgdq�fhqd,
qdrhrs‘ms nq fhqd,‘c‘osdc47+�nq�‘qd�lnqd�qdrhrs‘ms�‘mc�qdrhkhdms�sg‘m��etmfh08+20-�Fhudm�chfbdqdmbdr�hm�khed�ghrsnqx+�
e‘rsdq�a‘bsdqh‘k�fqnvsg�q‘sdr�‘fldq�fhqd�rgntkc�kds�sgdl�qdantmc�lnqd�pthbjkx�sg‘m�etmfh�‘mc�rn�sgdx�l‘x�ok‘x�‘�
fqd‘sdq�qnkd�hm�dbnrxrsdl�oqnbdrrdr�itrs�‘fldq�fhqd-�Mdudqsgdkdrr+�sgd�qdronmrdr�ne�sgdrd�svn�entmc‘shnm‘k�fqntor+�
a‘bsdqh‘�‘mc�etmfh+�‘qd�khjdkx�sn�‘krn�‘fbdbs�sgd�q‘sdr�ne�etdk�‘bbtltk‘shnm�hm�v‘xr�sg‘s�l‘x�gdko�etstqd�fhqdr�roqd‘c�
nm�sgd�k‘mcrb‘od-�Etstqd�rstchdr�sg‘s�b‘m�hcdmshex�fhqd,‘c‘osdc�s‘w‘�‘mc�sgd�bnqd�lhbqnahnld�ne�sghr��dbnrxrsdl85�
b‘m�dwo‘mc�jmnvkdcfd�‘ants�fhqd,‘c‘os‘shnmr+�‘mc�‘hc�oqdrbqhadc�fhqd�l‘m‘fdldms-�Ĳdhq�onrsfhqd�qdronmrdr�
‘fbdbs mtsqhdms bxbkhmf+ cdbnlonrhshnm+ ‘mc onrs,fhqd ok‘ms fqnvsg ‘mc qdbnudqx02+73+�‘mc�b‘m�rdqud�‘r�dfbdbshud�
ahnhmchb‘snqr�ne�k‘qfdq�dbnrxrsdl�gd‘ksg+�qdronmrd+�‘mc��qdbnudqx2/+20-

Conclusions
Eqdptdms+�knv�hmsdmrhsx�fhqd�fdmdq‘sdr�rtarsq‘sd�gdsdqnfdmdhsx�’h-d-�oxqnchudqrhsx(�sg‘s�hr�bqhshb‘k�enq�l‘hms‘hmhmf�
chudqrhsx�ne�mns�nmkx�fhqd,‘c‘osdc�a‘bsdqh‘k+�ats�‘krn�etmf‘k�‘mc�ok‘ms�bnlltmhshdr�hm�sgd�k‘qfdq�fhqd,‘c‘osdc�
r‘u‘mm‘�dbnrxrsdl-�Vghkd�l‘mx�e‘lhkhdr�‘ood‘q�fhqd,qdrhrs‘ms+�qdronmrhud�e‘lhkhdr�sdmc�sn�ad�qdrsqhbsdc�sn�rodbhfhb�
rtarsq‘sdr�’khssdq.rnhk(�‘mc�rnldshldr�nmkx�hm�tmatqms�nq�qdbdmskx�atqms�khssdq-�Hm�bnmsq‘rs�sn�lnqd�hmsdmrd�fhqdr+�
sgdrd�eqdptdms+�knv�hmsdmrhsx�fhqdr�cn�mns�rsqnmfkx�‘fbdbs�dhsgdq�ok‘ms�bnlltmhshdr�nq�rnhk�u‘qh‘akdr+�vghbg�gdqd�
vdqd�mns�khmjdc�sn�nardqudc�rghflr�hm�a‘bsdqh‘k�bnlltmhshdr-�Ĳhr�hmcdodmcdmbd�ld‘mr�a‘bsdqh‘k�bnlonmdmsr�‘qd�
mns�rhlokx�oqnctbsr�ne�rnhk�‘mc�ok‘ms�fhqd�qdronmrdr-�@cchshnm‘kkx+�knvdq�hmsdmrhsx�fhqdr�aqhmf�mt‘mbdc�dfbdbsr�nm�
hmfktdmsh‘k�e‘lhkhdr�sg‘s�bnmsq‘rs�vhsg�lnqd�dwsqdld�bg‘mfdr�hm�a‘bsdqh‘k�bnlltmhshdr�nardqudc�hm�qdronmrd�sn�
ghfg�hmsdmrhsx�vhkcfhqdr-�Ĳd�ghfg�ok‘ms�‘mc�etmf‘k�ahnchudqrhsx�jmnvm�hm�sghr�rxrsdl�hr�‘krn�oqdrdms�hm�sgd�a‘b,
sdqh‘+�ghfgkhfgshmf�sgd�hlonqs‘mbd�ne�bnmshmthmf�dbnknfhb‘kkx�ld‘mhmfetk�eqdptdms,fhqd�l‘m‘fdldms-�Lnqdnudq+�
sgd�a‘bsdqh‘�sg‘s�dhsgdq�qdrhrs�nq�‘qd�dudm�dmg‘mbdc�chqdbskx�‘fldq�fhqd�khjdkx�bnmsqhatsd�sn�dbnrxrsdl�oqnbdrrdr�khjd�
cdbnlonrhshnm+�vghbg�b‘m�eddca‘bj�sn�‘ksdq�etdk�kn‘cr�‘mc�etstqd�fhqd�qdfhldr-�Etstqd rstchdr�rgntkc�dwoknqd�sgd�
etmbshnm‘k�qnkdr�ne�sgdrd�fhqd,‘c‘osdc�bnlltmhshdr+�hmbktchmf�vgdsgdq�‘�bnqd�lhbqnahnld�dwhrsr�‘mc�vgdsgdq�
sgd�onrsfhqd�a‘bsdqh‘�‘bs�sn�l‘hms‘hm�tmhptd�rtbbdrrhnm‘k�sq‘idbsnqhdr�’d-f-+�oqhnqhsx�dfbdbsr(-�Ĳdrd�lhbqnahnldr�
onsdmsh‘kkx�b‘m�rdqud�‘r�dfbdbshud�ahnhmchb‘snqr�ne�fhqd,cdodmcdms�rxrsdlr�‘mc�l‘x�qdoqdrdms�jdx�s‘w‘�mddcdc�enq�
qdrsnqhmf�sgdrd�dmc‘mfdqdc+�‘mc�ahnchudqrd�dbnrxrsdlr-�Ehqd,‘c‘osdc�dbnrxrsdlr�rtbg�‘r�fq‘rrk‘mcr�‘mc�r‘u‘m,
m‘r�gnkc�fkna‘k�qnkdr�hm�ahnchudqrhsx+�dbnrxrsdl�rdquhbdr+�‘mc�etmbshnmr+�ats�‘qd�cdbkhmhmf�ctd�sn�rxmdqfhyhmf�
dfbdbsr�ne�gtl‘m�‘mc�bkhl‘sd�bg‘mfd�dfbdbsr-�L‘hms‘hmhmf�sgdrd�hlonqs‘ms�dbnrxrsdlr�sgqntfg�oqdrbqhadc�fhqd�
l‘m‘fdldms�qdkhdr�nm�bnmrhcdqhmf�ahnchudqrhsx�ne�mns�itrs�sgd�ok‘ms+�ats�‘krn�sgd�lhbqnah‘k�bnlltmhshdr�sg‘s�
‘fbdbs�qdrhkhdmbd�‘mc�qdbnudqx-
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