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2000-fold. Microbes in an organic humus-rich soil were more stimulated by humic substances than

organisms from a sandy soil.
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appear to have a more pronounced physiological effect than humic acids, whereas the latter might be more

effective at higher concentrations.
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romparableioothat ofsuractants such asdineenand Beikhhiswonld sugsest thatihephysiological action
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the prime targets of the physiological action of humics on living cells.

INTRODUCTION

Humic substances bhg¥e, beetm, shawa, RByen various
authors gibosaaffeatnicelulasometabaklisny iBs prasesses
sueihdas ogrowthiespITRE.ons Phatesyrthasiseamd;ni-
ivogen dixatienchlaigss) P08x Khudstema ohe8eNec-
huf&b\@"inﬁﬂdal&hﬁeki‘fgg&jilPeﬂﬁfﬂiﬁiéyﬁié adnbizgﬁigérpra'
kashrand-MacGregor, 1983). In the present study
some aspects of the origin of the physiological effect
of humic compounds on soil microorganisms were
investigated.

MATFERIAESOAND:METHODS

Haynmcamateriatapbawordifferentssotaroess was ) used
Wurdheninvestigationiblishimicisacideahiained fom
AldrichiChemigak Wdilvaukes, 00 sepasinpH adi(2)
bumighandsfulvig iagids«tevived feam a clay loam of
the Ste-Rosalie series (St-Hyacinthe, Quebec). The
soil had a pH of 6.6, an organic carbon content of
1.85% and a C-to-N ratio of 13.2.

Befonenvisesctheudddrieh humis sagids werenpirified
hndigsalong at1pdH sl vishs @y KOH under an
atmosphere of N, at room temperature. Aftsicentrif-
ugakiensado 400 o varaikye ST Q0 grayitiesh fos 2imin,
theehpumiasidsidnsthe spperpatant et procipitated
P02 04 Bisrselutionnwasy adjusted to pH 7.0,
frozen at —20°C, and then allowed to thaw again.
ﬁaﬂﬁmemetﬁﬁ&f:ﬂf@gﬂmatmemonma ﬁmﬁ}&ﬁﬁ&lerl pl@f
dissolutionapreatpitaion ndnfiaesingddhan
pepoatesk unatik almm.mmnmmmmugmm
Wmnmd}'&ﬂﬂn prﬂsﬁ Nildh O s toxpHub®: The humic
acids were then precipitated at pH 2.0 and re-
suspended in a Tris buffer consisting of 30 mM tri-
hydroxymethylaminomethane and 0.15M KCl ad-
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ﬂuﬂmdayatﬁndlpﬁon&&x oamdoniOalifik askmngth PeaAD15.,
Subsequently-the-humicasidsweredractionated using
Diaflo ultrafiltration mexnbyatesirifitsedenintgar con-
tinuousky-stinred Ailtsati amcelmodivactionmosere, ob-
tanedo.day 1theo- sosdecatlar myeightsrangeskahdbetween
1R 6, 00054110 260003060002k 300086060 0and
HELORO-300000, daktons. frapusiroplicity these frac-
tions will be referred to as the 5500, 25,000, 40,000
and 200,000 molecular weight fractions, respectively.
By-applyingscutingsths adtrafiltrationgprecesture, the
PRI R RESE Phed bynithevanamubactsmancnasde brye
masdaning dhepHranddericsssengtbrai-thersalu-
tignsnat ithg devels previously indicated, it was found
that the average particle size of the humic matter
fractions from the ultrafiltrates matched well with the
axctageTeleawar-sizes Mo ohtaingd renithe same
fraciinns dnha nsing@ersquilibriym ultracentrifugation
under conditions deseribedebyoBasnessand Creeth
AL heosonsenssatesafithe, four fractions, con-
taimeditefiAnricote mlteafi tradion dellwfittedhiwith an
UMObfcDiafleesyudtrafiltration  membraseindrorinal
molecnlagweight eutrpfiicapproxs $00.odaltoas); were
tharenebly. washad vwigho distilledir ovatereratil the
nhtrafilirases had anpldhd dnandagave.ainegativeotak
tasho i thaaAgNQyardihes humic acids in the form of
their K salts were then freeze-dried and stored in the
dark at —40°C until further analysis.
FheoSte:Rosalié soibwiaisetreatetd firi2. 5 h with 0.1 N
RChathenr extracteg nad thebdbn K+ 6d 04 Na,P,0,
sohtionngK o aaaenand 366) sfer2ddainder an atmo-
sphere of N, at room temperature. At ealkeline
SELERRS segR Mopadadreh Erospetbismnesidhiaalnsoild by cen-
topfgation:,. kIR0 rerminliesT0Qgravities) for
30 min. The humic acids (precipitate) and fulvic acids
(supernatant) were separated by acidification of the
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QNmiadEOekiﬁHte 240 20nevhualfia Qﬁtrifhlﬁmhldﬁﬂ'iﬁedﬂ&‘ids
odbtabaedin Pyis eentsifugatio nmabudioBirex audkcysias
thrédh Prnetyonated into molecular weight fractions as
described for Aldrich humic acids. The other half was
pisifiedd washedeand Sraeterd dad it hicutaanymolec-
ulaaksvel ghid fragtionatinn.

T £u bvigyacidn soladionscafiendinsimentad anpll
2o Chetvasie passedet opeiindan herite X Admd aesin pre-
wikdksky xqpurdiedinandeqaet vated vRyhadeflaakinge in a
Saxhilehicappaed ts sxvid hir methaaalkion a2k daysidT he
adrasbead ful visnsmaties wasreladediusing a Tris buffer
of the same composition as mentioned before, after
which the eluate was concentrated over a Diaflo
LiNtQk-antzafilt ratiommesthra e Washing-anpd fraese-
diyinguprenaderes iare. the same as mentioned for
humic acids.

Thsojphysiological effectmadfeithieehiimic substances
wiasiskvdiedcomdhrphysiotagcad.groypsiofamylalytic
angpredealykicrmigioorganismsanmglenplsifiens, orig-
kaptingafceirithedipr horzonsofkwertypes ofasel, a
saqadameoilbardaan erganta sqiliGhable 1). The selective
basic substrates and conditions of incubation used
Farodlyenizmiet gorgast ses-aweresthosmdideseribeghaby
Rogher ansobasdiets(dPbN subulvie orihmmicnacids
wereaadded to the basic substrates before autoclaving

$A A YAUSSER

Tabie WikChgragtensyics ofsailsiasrd (85 SOMFaenfignicroorganisms

Sandyosoid Qeganicpsail
pH 5.7 7.0
Oganicamamer {7,)" 62921 50188
Gasbom) (%) IR 29100
Nitgogen (%) 0082 &0
RratiooC-to-N 7183 16148

Rata kexpressiedanadradrydmeight basis.

(20-mainoabikd Billarddnisn trea tmenthad niax apparent
dgtramentateffectonithaiphysielogicadnpropsstiasnof
theedramaiciproduatsvasader investigation. Bawéafold
dilution series of the soils were incubated five-fold in
the welsativejrowthamedia designad. femthe phys-
nhogical greapuander inyestigationy For erahssample
thisipeecadyreoasidonesindtripligatey Adtesapisuitable
ncubatieniperiadsthe, poesenceyan absancesef Vet
hdaleractivityin reatedyto uthen pasticulan-physialogical
greup-wasHdetesmingd in theuinsubated suhstratesdayn
RN Ofs apprepHale. chemaicaasis p ki threasssof,
for instance, starch decomposers or nitrifiers, aliquots
of the substrates were investigated for the disap-
pearance of starch or the appearance of nitrates
respectively. For each dilution the number of positive
tubes in the five replicates was determined and the
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Rhysiobagizad raotiomo ohhumici substangesconsimicrobes

sonventretion afgheladableoprgapigms actisienwithin
thephysiologicali greapiindes in vestigatigswagithen
esiimadadi. byn Wigasyooritsprobable number (MPN)
method. When the coefficient of variation of the three
MERNegvadaes,soasn highes dhnnidd@iéisheyowerayalue
vag errespiickdien thie apeanvwasplininaiedn aicase the
saefficinbiebvariationaofntheiteraaising weavalues
wasrstill. larger than 309, all the data were rejected
and the analysis was repeated.

Forostuydyzradathesth TP ccontend coh snigroauganisms
theequetihad) slesenthed ki bin Jakubozaki @ndadigsierc
Ok AT Bs Likolboovadim dastasdings @aEPHAT Raomith
BPMZQk AR avaswvmeasuredeonoanL KB 1250 lumi-
nometer. The protein content of the microbes was
determined by means of Folin phenol reagent (Lowry
et al., 1951).

RESULFS TRNDMDISCUSSION

Bypil iaeasporating  medeawlag wweightyofiactions of
Addaichrhumsite asishailantn, selessive vubstnatesdesigned
fokrddreacnmatecretion: iofrasmibud i scdpnotseiytie and
denitrifying rigigEaenganisms;t ibnwasadoundhihat in
practically all instances humic acid concentrations of
up to 30mgl~' had a stimulating éfféotieldntkithe
physiological groups from a sandy as well as an
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organiosel §Eig:)13u kwauld,appeag thatwwitaig this
somoentriienikehgeunicyobiadkooimts were higher in
thea presenct-kaér Jpwen macdecydaoraveights fractions
APPIRX a3 rdrdtens)nthanaswitisobigher) melecular
weight material.

konutherRegasisansmirgman the sandykroilg tha low
melecular weight hugaie acids weice anthswhoele less
sdnnwating.and amighdniancseypeainstancas cygsiibe
Tostiedilet arosicehinakiotes agupdeidamgnthigy k0800
yange i« Withgrespret: bontheshighssi-mplemulareweight
fraetion testedriapproxia20,000.daltons)naplateau or
agmaxigaum in the number of organisms of both soils
was normally obtained at a humic acid concentration
of around 100 mgl—".

Misrresgarismsifoorg.theargamnigasail, appeared, in
gengtalsatoybreclessnsensitive i highseenoengrations of
husmicopaidskthapneiganiyns fsem thesandyposed No
rotewershpyutoxis: effesterwpraanediced laydausgier acid
bricentiatiopsriofdi.even as high as 500mgl™'.
Eirganisms - fromdheiergania sajlnthersfore.sepmed to
hashettanc adaptedutou highveansgieationsnefmlwmic
pradugts daahginenvironment, sndhde-benefitrmare
from them than organisms from the sandy soil.

Aisrddial seromseupninthe reaigeainiakigrhiyssclogical
gronpe daictheriumicragislssigsteantedatrom cthaidte-
Basalisselay loam (Fig. 2) was usually comparable to
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aqrd sharmite'woidsifpetr a Ste-Rosalie elayedeamibsvhich were incorporated @t Wiehowseeomeentration in
sejostiveorculture media.
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thiath ehsgrved gdomndHamerAddeisinimnaten agenibin would
appeas shatatheodd gnefkthe humpicasds hadsiittle
effeetmon thieifayddrdem crobyrilgiodurtkye Fhidvicrmesidaiat
OanodntkAtions apdhiatEn Yt pracsndiibingobove e ld
appRiy i e iBOTespIogoriced affact:thandumic
agisiien Epnshighesreoncend rationr daghigatimagsare that
therevense isstnteanlthis phenemeneons wwikchssgsem-
eslat ik asfletihgahe bsiEmeede differarices etbetweien the
AMdnehorhusiein agicbolewsnojandye bighesugualeaalar
weightafiactions,rmay 1 b, aluthe basisef: theucendro-
versyencauntered mthaiscieniifigilitaraty renmegarding
démﬁﬂ@@@miﬂnai&@mﬁiﬂhuﬂérﬂh}&iﬁmgﬁabnmﬁn&y
fafvicladnhuineanaiceds. Some authors maintain that
fulvic acids are the more active substance; others have
claimed that humic acids have the larger phys-
iological effect (Prakash and Rashid, 1968; Grunda,
1970). The present findings suggest that whereas at
lower concentrations fulvic acids are likely to stimu-
late physiological activity more than humic acids, the
reverse appears to be true at higher concentration
levels.

ERcen bipEayioass, studypididterencese isoyphyaiedagical
effiact inereareportadnbeiwes nrBumie preducts extrac-
tadlrs: pysophosphated pleh) 7Hiremdbmodivme badroxide
oI aespeciivgly 4 Vissar IS Pryrophasphate-
exteaetiad ddhastios vwenre visftemikrmhivrisayeffeetived.than
kvalibetimctetrkithiddeni hed gatigis dehplekigragomiden-
tratinaen ofs bebveena20niiagbin sand ogayensise to
highetriniesabial counts. The present findings suggest
that the main reason for these differences were the
result of the humic acids in the pyrophosphate extract
consisting of lower molecular weight material.

Bt cahonsld, nbeik mendionedisithada sxrddis sstady the
obkerveds Incrguseein bivikotobiklbaitimberssueder the
influence of humic substances is not likely to have

Number of microorganisms {log 10")

<X HMumic  acids
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Qi MerROsEHR AN AR el wh 20004 dadtons), and

sPToRiSHIfa5S ACkiNG. agRRiS: dmsorporated at various concen-
trations in the culture medium.
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been phecresut abrarpadisudegmting effecttod humic
substancesomagglomeratesafbsailopartiches.or clus-
térgsofr tMicondigdrerd lirdThe microbes came into con-
tack Witk dhehumien preductsranly aftesthetenneeu-
latianmindevethe.cseleciiveseid e inedisbimaniatad any
subsequent disiniagration obeslustensoelipetantiilly
agtivenmigroorganisms or soil particles should there-
fore not have affected the microbial count as deter-
mined hyvthe ymestyprebahlesnumber (MPN) method.
Lar aamya@aseymtbendiiis-gffeat masealsoasayotdinen
suspensions sofipoigreapganisms . frakimisedaldbora-
toryouituees, Selective subsirajes forriliacpalture of
PETOQIZAR S aGt iMemWwith o phtrolagiaabygoetp
akocdnpigaedoderindues paarnogiewith sundeaplie
gamiGitRRaKeadidions oo alapotes tiadlyn vighlenoa-
AN DSINZING mbebdh abrpRNEGKH N rgEQuDmiKERe
bigher-mienabial aambess.gbsesvedinothe psesence of
byimie00m) pQunsssatat BaRaja e onlyenthasrasult
oficaithesdhedhuspicssdhoing rusech ias vaae babobite. ki
cpmgiahalitesd)y aceampanying afganistas belonging
toodiffarent ipbysinlagioali ggaups, s Haedhuanics in-
ducing in some of the accompanying organisms a
change in metabolism permitting them to become
capable of also using the provided substrate and
consequently raising the total count in the selective
culture medium. As shown by Visser (1985) there are
no indications that humic additives were used as a
metabeolite-on comesahabite yedhs: euganismse How-
0MBEca IseVerader stEainmah ictnenganismsegenildi be
isolated pwhichoysene mndymicapabienalugseedng wn
certain selective substrates if humic acids were simul-
tanepushy present.

bseparaexperiments  hangwhiedi the physiological
asdiomyakl fwmnicn preducisariobraatarak. 0B g8 ayvasd.
compared with that of commercially produced sur-
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25,000, daltons) and some model substances, incorporated ad
wariousseengenirations in the culture medium.
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fa@&amsw(mramﬁmem.mw{anmwm.@ﬁ Ewsenih,
andrafby (;pmemyﬁbhyl@a@.mmam@m&m;

émaz(rnalyaxyephydenm.tdwfay&e&ﬁﬁmgwmawmdg&mmc-
SRARSASTREER1a I 2R dk DRAGICS IR NICLOQEEARIERS
sueh maskastagal: desoImpRseysthigsie diaivbigy Klata
stranglyir syggeshathatiec thox physielegicak-agtiam. of
husnigmagidsseis, (1882)leas vupartlyskihes resultaefydheir
sbrdare s g eyt tastbisregod exra yiksshonldbeesmen-
tiomiedithiadsaeragrre prondnced physiolpgigaleffectat
around the 30 mgl™' concentration level of lower
molecular weight humic acid fractions over higher
molecular weight material and of fulvic acids over
humic acids, concords well with the report by Visser
(1982) of higher surface activity of lower molecular
weight over higher molecular weight humic fractions
and of fulvic over humic acids.
Betdgadnpwingethphigatetganix aneoahler to7incease
memhrangi ypermeadbilityen (Salashuhavesedifidosand
bitkmhige praductsinovhichoralseo sbpasi yeonsidesable sur-
fagemastiad ByingMisseriml 08 A)sisheruleiaat gapolalikewise
waanerir Becent work by means of ¢lectron micros-
copy on plant cell sections has shown that at least
some humic acids are able to cross cell membranes (S.
Avis¥issgiarimpigblished). €onseuently mhwsaiosub-
staneegeohegatsregk vihgien susface s-activadpooperties
combined; yith sheisnrhibidyesarctmsscehumenabiranes,
agiudoleedy vto indesashiwithivariaus dnsraselllas struc-
twesande¢oB1peR sadse ionsegrenthy stlepeevtausly
yacrdienedrabiityicof certain microorganisms to pro-
liferate in the presence of humic substances on sub-
strates that they cannot normally utilize may very

35 !"
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Figil § sdmBosvarai oigheabdneatment (nodl. immicsaidsafoom

BtesRaosaligrelayititoa menitnigd.cdwtmkfo00@ dabbims)A Briethdir

effeoteioekthe AidRekomitsnbcbproteslyticsamd 1denitrifying
microorganisms. HA concentration 50mgl-".
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wiglk bedthentesultroh an@otiennofitheshumic matter on
eertain eRZyIe RFGUTSET ok anbtheinitiationef ad.der.
novo synthesis of normally unavailable enzymes.

Indicatiensbaofa mnothae cmode iokin phixsiglogical
actEan by bumie products wene abdained dnsthe caurse
ebhaastndydief their effect on microbial ATP levels.
Although<Bweenidgaangd . Brijaddninsreased. migro-
bialmh TRecondent, (Eigied Jaithiswasinatidhekcase for
thehumigoaeids, WForothe cemmersiah detexgants the
offesdnwaspeehablylinked to-ancineteaseiimmeatabolic
raje odiae nidabaikgraatan: axvaiabilityyaf Hautsientser f&-
sultingadjreat) yrorindirestlyr fEami-a-greaden peree-
abilityiof-the ceblulasmambransaltislikely-thatinthe
caseorof chbmig competndssthe favesablemacsiontof
sigfiaepncsividan onnd T B -content waseouamterbalanced
hydheabilityefhsmics tpocatalyse dhe. Banspart of
elgatrons betwger: it avd.esrtaindhesmodynamically
normadlypansvailableislegt sen uammpﬁgnrs IGf 48 _en-
hﬂmﬁ& htiag aleWsegOﬁultLﬂkﬂ&d]yda hEESER
(Zammyerpeangi 984 ). In order to test thls hypothesas
the humic acids from the Ste-Rosalie soil were heat-
treated in an autoclave at 115°C for up to 6 h. It was
then shown that when humic acids which had been
heat-treated for 40 min or more, were incorporated in
selective culture media, substantial increases in
microbial ATP content were observed (Fig. 5).
W heseasithetypeirofc heainteea tmensemosidhspatuhave
significan tlysaflected surfiagsactivepraperties(wbich
afesempialyvay iseflentionwof vtheeprasenseinfasestain
chemical groups), it is likely to have reduced electron
transfer capabilities, which are partly linked to the
physical structure of the molecule.

Muchastidlirematngdonbe elucidated aegarding the
physielogicalcaedieglynf ahumignnabiegmens dmicro-
QEZABISIG b dsntles prastmb iy hasnshewanathe
additionalpresenceebhmmisamattoniprselectiyaimul-
turebpacdisitaban bepsantbesne pnethorinoreasedn counts of
BACHAOSRARMSIAS Pineghaithi efiniote Setious. aoasid-
eration should therefore be given to the incorporation
of humic products at appropriate concentrations in
media intended for the determination of specific
microbial activities in terrestrial and aquatic environ-
ments.
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