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1.

T}.TTRODUCMON

The dísease complex knov¡n eíther a6 root-rot or foot-
rot of eereals ls world-wÍde in fts distrlbutlon (7) " It
occurs throughout tbe three prâÍrfe provinces of Cânadâ,

and is frequently a limítlng faetor ln the production of

eereal erops (8)" ln Manftoba common root-rot of cereaLs

and grasses is rvídespread. Duríng tbe perfod 1930 to l94L

ånclusive no r¡¡he at field ln the prov:nee r¡ras fou.nd abso-

lutely free from the dÍ6ease. The average percentage of

dlsea$ed plants for the thlee years, 1939, 1940 and 1941,

was estlmeted at 38.3%" For the sâme period. the €tverâge

reduetíon ín yíeld wês estímated. to bc L?.I'þ (22). Ln

our hungry v,rorld thls ls of no little con$eguence.

Tjl}e problem of root*rot of w!¡e at and other small"

grâl-nê 1Ê eoneÍderabty eomplí-eated by the faet that
sevêral fungi may be invol-ved a6 eausâl organisms, alone

or ín assocíatfonr and each organåsn rnay be affeeted by

dÍfferencos i.n soll anrl climate. Thc methods which havc

been advånced for the control of thls diseâse baver there*

fore, fallen lnto tvro general e a,tegoriesl (a) tne produe-

tíon of resíetant varleties (15) r and (b) the Ínveståga-

tíon of the effec'b of the varÍous soil environmental

fâ.etor6 on the development of the pathogens (16). It ls



the purþose of this study to t,reat wíth one of these

envlronmental factors; namely, the assocíatíve and ar¡-

tagonist"íc rëlâtfonshfps of mi cro- organi sms r wíth respect

to a v¡híte ferùiIe saltant of HCIE!qT&4.9:A-QIåUU ggl}-l&r"g

P. K, & B. fhfs is one of the organfsms of the root-rot
e om.plex .

Íhís saltant,, producecl by Greaney and Macbaeek (13),

1938e by means of ultra-violet radiatíon, dlffers from

the parent strain ín that the rnyeelfum is hyalfne and the

eonidia aLmost colorless. It coes not differ appreefably

ín patbogeniclty. It was used fn this investigatlon in
preferenee to the parent stråån sinee its striking laek

of col"our faef -]-ftates its recognåtfon among other fungí

ín plates"

rüSTOATCAL

Investigati. on of mlero)rial antagonl sm aB a factor

in the soil envlronment, of root-rot pathogens vias gíven

åts inltÍal i.mpetus by the v¡ork of Sanford a¡d Broadfoot

l2B), L93Lt end of llenry (16)1 1931 . the former v¡orkers

demonstrated that certåin $peeies of fungir aetínonycetes

a.nd baetería are effectlve in suppressín6¡ the pathogeniclty

Õf pú¿SÞSlgq CS3SåUIÊ v,,'hen fíltrates or cuJ"tures of these

orgenisms are combined v¡ith the pathogen and applleö dírect-

ly to the 6eed. The latter vrorker, Henryr studied the

naturâl mícroflora of the soíl Ín relation to the foot-:'ot



3"

p roblem of wheat . He founcl tha_t the natursl rrrj.erofl.ora

baci a marked inhibitive actíon on the gr:owth of g. Ê.e!¿_:4¿g

Í-n soile v¡íth indieatlon of a símilar effeet on FqË,êIåUIq

g.[gif¡€grlt!. All specles of bacieria., fungÍ and actíno*
rnyeetes isolated by Henry from the soil shov¡ed a sup-

pressfve action, moÊt evidênt v¡íth fungi " A combinatj.on

of the tbree gror"rps proved the most effectj.ve " Flenry also
Cemonstrated that 5. qe!¿-t¡lm sporuletcs readity ín cert,ain
sterílfzed sofJ-s, v,,hite this Ís not ü.le câse jf the soils
are un6terí1ízed. ll.le fact that sc,ils i-n v,¡hí eh sporulâ-
tion occurs ma;r be rendered lnlmiea'l to spore produetíon

by addlng sroa]l amounts of unsterílÍzeci soil suggested

that sporulatlon ís lnhibltecj by saprophytic soÍI mic¡rs-

organl êrn6 .

Tlre work of Sanford and Bro ad,foot wa.s e onfJ.rmed by

experiments conducted by l{oritz, referrecl to by Garrard

and Lochbeed (11). In compaxâtive pot eulture tcsts,
i.nfection of wheat by Q. garui.¡úS was found to be much

less in unsterÍlLzed soil than in sterilized soi1. Thfs
plotcctlve aetion varied wlth soíl type, beíng greatesÈ

ån soils showíng the lov¡est lncldence of the disease 
"

Morltz belleved that the antagoni stie effeet was of a

quantftatlve rather than quâli_tative nature and lvas re-
lated to the måcroblological aetívity of the soíl.

Bisby, Jame6 and Tfmonln (2), 1933, rt¡ile lnvestl-
gatíng fungi. lsolated from Manitoba soils by the plate
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method, observed that ry¿_cbggeruê Lig¡efulq in pot culrure
tests prevented ínfeetÍon of wheat by S. qetiu¡4 and

EUÊê$qE cl¿lBoqug. creâney and Machacek (14), 1985, re-
portcci that the pathogenicity of S. g_êt,l*Wû1 on wheat

seedllngs was suppresoed by the antagoni stic action of
llÌLghelhgCågq 4p$éum. fn tbeir opinion this effeet wae

due to a toxic subetance produced by the l_atter.
Novogrudski (24), J.937, found that certåln bactcr-

la1 strafns fsolated from soll and fron dj.seased plants
were lysogenfe to E. gT8mlr]Aeågq and Ei¡s,êtj.!¡m L_iruL"

Tbese provided reasonably good protection of wheat a¡il
fl"ax seedllngs ln Bot fnoculation test6.

Henry and Carpbell (12), l9BB, reported the inac_

tívatfon of certafn seed-borne pathogens vrhen infected
6e€d was sown ln natural soil . p_q_lyÊpoge ti¡å and çgL-
!e!9!fåç.þqg I!4;t were eo affected both when naturatly
and artifieially ínfected seed was used. tbis appeared

to be due largely to the antlbÍotic actjon of the nicro-
organi sms of the soll sfnee in sterillzed soil eimiLar
seed produced slgnffícantly hfgher percentages of ínfee-
Èíon"

Sa¡ford and Cormack (Zg), Ag4O, tested ra¡dorn íso-
latíons of Ber¡lq-iÅ.lium cultures and of other sofl-
inhabft,ing fungÍ for tt¡eir effects on the vj.rulence of
E. qel¿l¡u4 on wheaù seedlings grown in steasþsterillzed
soil". tlley observed that some forms exerted a marked

degree of suppressíon, some bad no effeet and others
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increased the virulence of the pathogen. Eiqbqdpgûtg

redueed virulence by 50 to 58 per cent¡ "{Þ,sidåe gleup_a

by 39 per cent and AËpgCCr¿fUg. DldqfaÐg by 30 per cent"

Marked varietions in activity were observed among the

different, speeies of PeDi*qi¿åU" The reductlon Ín
virulence of the pathogen effected by these species

ranged from lL to 57 per cent.

Beresova and Naoumova (1)r 1941, Ínvestigated the

applieation of bacterial antagonf sts to seed for dÍsoase

control . They designated their technique by the terrn
rrbacterÍzati on [. By this metbod lmproved germtnation

án flax and seduced infectíon by E. Llnå were obtained.

Species of P_ç"gUgæCgA_g and ACIIgggÞCgLg¿ were found to
be particularly effeetive ln reducing seedling infectlon
of wheat.

Ledíngham (20), J-942, conducted g?een house and fÍeld
fnoculation studle6 in $rhÍch E. gg&å:¡¡g and E. qulEqnr4

were used both singly and ín combination. lvhere thc fungi
were mixed, injury, a.s reflected in energence and sometimes

in yíeld, was Less" Germinati.on of g. åg[¿Juq conldÍa was

r€duced in the pre€ence of conldla of g" CU¿S9SuE.

Simmonds (30)r 1947, has reeently submJ.tted ínterest-
ing evldenee ln support of the ídca that seeds e omrnonly

h arbour a baeteríaL surface flora which is anttbÍotfc to

E. qqlLVuU. Ihís flora fs believed to be separate and

dlstlnet from that of chance contaminatlon.
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Another phase irr the investigation of mi.crobiological

arrtagonísm has been an atteapt i¡ some cases to isolate the

specific aetj;ve principle from the organism invoi_ved and its
application dírectly as a proteetive mechar¡ism agaÍnst, ¡>atho-

genie attack. Leeûran (21), 1931, tested the actlon of var-

íor¡s secneti.ons and extracts of micro-organis¡cs upon E.

sglilum. He concluded that micro-organisms, pathogenic or
nonBathogenle, can supply substances which may be useful

Ín the p:reventÍon of plant diseases.

Ch¡ristensen and Davíes (5), 1940, found that a strain
of Baeil-Lus mesenlerleug produced on artificial media ar¡

aetive substar¡ce that suppressed the growüh of g. salivug.

fhie substarÌce increased sporulation of the fungus ¡ inhi-
bited or retarded spore germination¡ caused abnormal hyphal

development and indueed mutations in certain strains of the

fungus. ft was inactlvated or destroyed, however, by cer-

tain fungl and bacteria.

OnIy receBtly¡ Goodman and Henrî,¡ (l.,2), 1947, reported

that Xaethomonas tra¡rsluqqe4s geregÀis exposed to a 1t1r000

dilu,tj,on of subtilin was largely inactivated as measured by

its abflity to cause infectíon in barle¡. seedlings. Com-

palsable lnfectlon trends were obtained in sterilized and

unsterilized soil. Subtfffn also acted to reduce infection
when applied to seed artificially infected ruith X. trar¡s-

].u€qeng cereêl:Lg before treatment.
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Ibe above revi ew haÊ been eonfined to llterature
ðlrectly relevant to the cubject under study. Thc

general fleld of rnlcrobfal associatlons and antagoni.sms

bas been dealt. wlth by Waksman (BB). .Antlblosls in
eonnectlon with cereal root dlseases ha6 been reviev¡ed

by Sanford (27), and by Garrard and Lochbead (11) .

GENER¿L CONSIÐERAT] ONS

1 
'_ÇrLt 

eqla,At4ntegA4¿ Bm

Ttre tern m:icroblal antagonfsm Ís a general elq)res-

síon of a phenomenon ln which one organi sm is injured or
even deetroyed by the ottrer (38). In plâte cultures an-

tagonism ls ma¡ifested ae s. dwarfing or inhlbiting effect
on one species when two speeies are grorrvíng in associatlon.
?lre telm usually irnplÍes that one species produecs a sub-

stanee that is toxic or ttantíbiotåc r to the other.
Àccording to Waksman (38), tbe three åmportant types

of antagonism are (a) tfre repressive, ínhibitlve or bacter-
!ostatic (b) tf¡e bactericidal and (c) the bacteriolytic.
ltlolf and Wolf (35) cite a classifÍcation by porter in which

antagonlstic interactfon6 are further dlvided into four
groups shoivíng dffferences fn degree of ínblbitory ac¿ion

as follorvs;
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1," One speefes overgrows ând lnhibits the other.

2" Eaeh member of the pair exerto a slight mutual

lnlribítÍon.
3" One of the pair €row6 close to but around the

other .

4. Mutual inÏ¡íbttíon ls exhíbíted at a consíderabl.e

distance and the two rematn separate,

Exaûples of antagonisn may be seen ån frlg. 1.

It fe coneeivablor boweverr that otber phenomena

besides tbe production of antlbiotl.c substar¡ces may be

ínvolved Ín antagonism. It ís a c onmon observa.ti on

tbat when several míerobes âre growíng fn the same cul-

ture medium¡ soû).ê wfll be repressed in the course of

tine wÏ¡ereae others v¡i . survLve and take their plaee.

Thís may be due to the fact that theÊe microbes eompete

for the use of the same nutrlente or that conditions

sueh as reactlon, oxygen supply. and temperature are more

favourabLe to somc organisms than to othersr and 8n in-
creasÍng share of the avallabLe nutrlents will be utílized
by tlre favoured organlsms as they gain numerÍcal prepon-

d er'ånc e over ttle others.



1-A Fbom left to right.
Control . -8. qê&tvwt on Czepekrs agar.
the contaminant which apparentl)¡ does
hibit antagonism.

9"

Flgure 1. Antagonisn in plate cultures.

Note
not ex-

E. sAtlg¿g and an Actinomyces. Note inhíbi-
tíon of saltant resulting ín only slight
growth.

H. satívum and an Actinomyces. Note Actino-
ñycãFîffiffiu speck) causiirg saftant hyphae to
turn away.

H. satÍvum
w-otã-ffiffir
slight feathery growth.

to

1-B E. Sg&¿:eg and Fusgglgg oëyçporuq. Note
overgrowth effect.

l-C Fron left to right.
Control " g. Þê!úUS on potato dextrose agar..

E" CatjlUE and a specíes of bacterÍum. Note
lhe-¡eðuõdion in size of E. sativum.
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Vlaksmar¡ and Starkey (34) present an interesting
example of the influence of eoil tre atment upon the

disÈribution o,f micro-organisms in the soil.

Treatnent for' a nrmber Reactlon Bact,eríaof suceessive years of soil
pH

Frrngi

Ifo fentiLizer
Lirmer no fertilizer

3001000 59r700

5r200r000 22r45O

4.6

6.4

firis would indicate that pH conditions are created which

are more favourable for baeteria. T.he decrease i.n the

rx¡mb er of fwrgi would appear to be due primarily to com-

peLition fo:r nutrlents although it ís possible that other

factors nay be j¡ivolved. ïf thÍs ís true, antag'onism in
a broad sense must be consÍdered to refleet compètftive

ae weiLl as antibiotic interrelatÍons among micro-organÍsms.

Almost al.l mt.cro-org;anlsris inliabitirg* a natural en-

virorrnent such as €oil or v¡ater are subject to numerous

assoclative as vrell as antagoni Êtíc f,elationships. Some

micnobes living in assocÍatíon frequentl}' ¿".rr*tnn charac-

teæistics whÍch they do not possess when livi.ng i:r pure

culture. V,llren such associatíons result in changes that
eot¡Ld not be brought about by the individual organisms

alone r the process ís termed "synergÍ smlt (18). Although
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many sueh reaction,s are reeorded (33r35), no mention

appears to be made of antagonism as a eo-operâtive phen-

omenon that might not be produced by any of the associ-

ated organÍsms aeting alone" Slnee mÍcrobes in the soil
åneuitably oeeur l.n rnixed populatíonsr the lnvestlgatíon

of antagoni sm as â group rather thsn as an lndividuaL

phenomenon may offer a larger inslght ínt,o the matter.

Microbes grow and bring about many metabofic reac-

tione ín naturål substratesr such as soils ar¡d water ba-

sfns¡ in a manner quite differeÍ¡t from those ln artlfl-
elal media (33). Broadfoot (3) working wlth eultures of
bacteria and fungÍ used in prevlous erperiûlents by San-

f,ord ancl Broadfoot studÍed the ântegonistic and compa-

tlble growth relationshíps of the6e organlms towards

Albi.gÞgåUg gffiig on var¿ous eulture media. IIe found

that many of the organl sms whieh exercised a marked de-

gree of eontrol on Q" gfggil¿Ê on v,¡heât in soil were

not antagonístj-e in eulture. fhís study demonstrat ed

that the gyorÀ'th reaetí ons of various organí srns and O .

gxenûifiåF- assoclated on artlficÍal cufture meclla is not

a 
''eliable 

indlcation that the same organfsms vrill or

w111 not suppress the pathogen in soil- or opcn pot

c ulture .

Brömmelhuee (4), on the Õther hand¡ also vrorklng

v¡1th 0" CåruiflÞ advanced å somewhat dlfferent view.

She found that the Bathogen was tnhibÍbed Êtrongfy ín
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eulture mcdía b¡' g" eàtj.Li¡n Ð.nd Fe_níqjl,ltuq sp. In pot

soi.l tests B'hen the$c were iRoeulatcd togebher wåth the

p athogen the combÍned action gave les,s damnge than th¿rt

eauseri by Q" g{emiqf_s, alone"

,5uch findings are perplexÍng åndee,i " Yet, ib eeens

reasonable to assume that the fi.nal concl"usÍon âbout êJ:r-

tagonísm must be based on studies v¡ith a susceptíble host

plant ín soil harbouring the pathogen and tbe anta.gonlst.

-A steril-e soil¡ free from other organÍ. sms that míght af-
feet the relatlonehÍp probably provldec the bcst bâ6e

for sueb an erperimental study. It must be borne ín

mind¡ howevere that pure cultures of mierobesr free from

the assoeiatÍve and coûTpetitlve effects of other mícrobes

found ín nattrral €ubstratesr may reaet in a rnanner quite

dlffeient' from those lnfluenced by the grovrth of other

organí sms .

lhe-lge&sÆli ElPqa_€

eeceel*ÊcqdÞ.

irforgenthaler (23)r 1918, suggcsted that ít would be

worthwhfle investígatÍng the biological ímportance of

åee.!crt-u4 þgåþI-SgLg and the epiplrytÍc baet,eria of grain"
trone cån a$eumer rr he wrote? "that the ,gra.t n kernel and

perhaps other plant pârts are proteeted from danaglng

organisms under normal cond.itlons by a. layer of 8. æåþ-

íco1a. 't (trans. )
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Slmmonds (30), 1947, as rnentioned earlier', reported

that certain bacterla commonly fôund on the surface of

vÍheat seeds ênd other parts of the wheat plånt aye anti-
biotj"e to E" eeËVqr4" The most abundant baeterium in
most ease6 of such antÍbÍocls was found by Simmonds to

be a shortr mobíle rod.

Jamesr Wllson and Stark (19), 1946, in a detaíIed

€tudy on the microflora of wheat found that two opecies

predomfnated on platee prepared from washÍngs from

saÍrples" One of theee was ldentlfied as BegtqtrÍr¡E 1ÞIÞ*

ícol=e agreque the ottrer as beLonglng to the genus

FslUdOEqn_As. Both were eonsidered epiphytic on wheat"

Subsequently, Stark (31) found that these two types con-

stltuted approximately 80T6 of the bacterfal populatíon

on berley¡ flax ancl oat seed6 " ,Sine e these two tJæec maði.

be considered truly representåtÍve of the epíphytic flora
of Canadian cerea] seedsr inveÊtígatfon es to whether or

not they are antagonistlc to E. g.a!åu¡g may ln a sense

provlde an lndex of the antagonj-Fm to this patlrogen by

the tlnaturaltr ffora of cereal seeds genera!.ly.
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E)PERTJ{EßÍTAI.,

1_"TeF,t_!49_a*ryusþ-ge_gf .J_ep-Ie!Ê_slsr*&.!sa8gu¿"gg

(a) Slngle speeíes vs. pathogen

Seven hundred isolates eompråsing ppl fungi, 198 bae-

¿ería and 286 Actlnomyces were obtained f?om various

Bources as shown fn Table 1. The purlty of eaeh culture
v¡e.s veríffed by plating ând by mieroscopic study.

ln order to deterrnÍne vuhether f 6ol.ates of fungi and

Actinomyces were antagonlstÍc to the saLtant of H. gg!{v!¡mr

a modífíeation of the procedure originally introdueed by

ëarr6, as eited by Vaksman (BB), was ado¡:ted. Three palrs
of spots 1 cm. epart were marked on tbe outsíde of the
bo't,toms of petri ptates, Czapek's medium vras poured into
the plates and alLowed to harclen. A needle transfer of a

ten-day ol-d eulture of a fungu s or an Actinomyces was made

to eech of the left spots, and of tlre saltant to each of
rigtrt spots of a single plate. Ttris proccdure was applied
to each of the vârious isolates of fungi and Actínomyces"

Evirlene e of antagonf sm wâs based on examinatåon after in-
cubatíon aL 25o C. for ten days.

Baet€rlal lsolates vrere tested for antagoni sm to Lhe

saltant by the lmplantatíon rnethod, â6 referred to by

1'faksman (33). Nutrlent agar stlcks were mclted--one for
eaeh isola.te examÍned--anc1 tempered to 45o C. in a wa.ter
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bath. A tube u¡as j,noe ulated v,ríth å sÍngf e loopfut_ of a

Z4-houy culture and míxed by roJ-ling bebween the hanrJs.

ï t, was poured into a p j.â.te ¿ìrd atLowe,J to Ìrarden. Three

,spoTs were marked on the outside of the bottom of each

plater and needle transfers of the saltant made to the
gurface of the agar above each. plâ-bes rqere j"ncubated

at Ê5o C. and exantj.ned claÌ-ly for evidence of anta6¡onism.

À,s shown in Figure 1, eertain fungi and Aetj_nomyees

manifested,their antagonism to the Êa^ltent by slorving
its grovrth ancl lnducing 1ts hypbae to turn away from the
regf on in whleh the åntâgoni st rvas growing . Other fr-lngå

suppre,ssed the Bal.tânt by overgrowång i.t " Baeterj.al. íso*
Iates demonstrated antagonism to the saltant b;, raclj,c ally
reducl-ng i.t,s growth frcm that vrhích ít vras normall.y a.ble
èo ç.tt,af n. the var:lous rleg:.ees of antagonísm sl:olrn by
thc clifferent j.solates ar€ repre$entecl in Table l by the
symbols, .r., .t, + and + * r. The greatest degree of antag*
onl sm ís desígnated ås .r. 4" +, the Leest âs + . Faå.lure
'Lo produce evidence of antagonísm is ciesigrråted as *.
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Table 1, Number of lsolâtes antagoni stie to a
whíte fertfle saltant of E" gallgulq

Sourc ê Ilumber Faíleð
Tested to sho,¡¡

antag.

Number ant,agonÍ stlo
.t ++ .l'++

,5o:1

.Aír

Flour

A.r"c. I

lqa

5

15

.J

22L

I2
I
4

_g

L7

0

ö

.)

1o

4

0

0

0
4

Iì¿qÉ{¡

176

4

r}

*q
l"s0

5oí1.

F]-our

Grain

A" T"C.

153

t0

,Jg
193

0

I

I

2

o

0

4

ö
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I4A
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2

*z
1"60
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Il/teat
€eed1lng€

Butter

AgLlqomsaes

2L6 16

0

244

250

34

286

1t

43
_g *a
20 t4

á

1.1

forAl',ç 700 591 úÕ

/ A¡aerlcan T5æe Culture Coli"ect,f on

+r + +r + + + Increaslng degrec of antagoní sm
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(b) Combinations of specíes ve. pathogen

An attempt was madc to detexmine v¡hether fungi vÂrlch

v/ere not lndir¡idually ântagonístÍe to the sarltant might

exhibÍt such antagonism when grovrn together in comblna*

tions of two or three.

Rifty-two combinations were tested. fn these tríal,s
needle transfers from two, or ír¡ some cases three, díffer'-
ent isolat,es wexe rnade to each of the three left spots on

the petrí plate¡ and as before¡ â needle trar¡sfer of the

sâltant made to each of the three ríght spots. fhe mu1-

tiple funga] inocula.tíons to tbe same site resulted in a

mfxedr natted growth whfche when antagonístic, manlfesteé

Lts antagonísm by overgrowing t!¡e saltant. T,l¡e ineidencc

of antagonism among the varlous combfnations of fungi
tested lê sho\¡¡n in Tab1e 2.

?able 2. Nurûber, of combinations of fungi
antagoni stic to a wbif e fertlle saltant of IL sativum

Source Jsolates
ln eomb.

Fal.led l{umber antagonlstie
to shor¡l + r" + <" + +
antâg.

Number
Tc ste d

Soil

Soll-

.to

1.6

Ãô

4

_"t

5

2

_qL3_

44

o

*T

1

17 * *e + + + Tncreaslng degfee of antagonlsm
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(c) AntagonÍ sm ia soíl- seeded v.¡i th a susceptible host

As shown in Table 1, 31 fungi ¡ 33 bacteria and 45

Actinomyces, a total of 109 organJ. sms, were found to exert

various degrees of antagoni sm toward the saLtant Ín pla.te

culture. An attempt was next rnade to determine wt¡ether

these organi sms could exert a comparable antagoni sm when

grown in soil culture, and reduce the virulence of the

saltant on barl,ey seedlings.

The method follov¡ed was largely that described by

Sanforrl and Cormack (29). O.A"C" 2L barley seed, grown

in I94?, was soaked for three hours in water and then dis-
infected for seven üinutes in 1:11000 mercuric chloride.
After being rinsed thoroughly in sterile water, approx-

imately 100 seeds were transferued aseotical.ly to each

of four 6 oz. medicine bottles eontaining respectively:
60 ee. stândardÍzed suspenslons of the pathogen alone,

tbe ar¡tagoni st alone, a mixture of tl¡e two and 60 cc.
of sterile water âs the control . They were soaked for
an hourr at which time the bottles v¡ere Ínve¡'ted to re-
move the seed from dírect contâct wÍth the v,¡ater, This

created rnoist chambers, in effect, in v¡hich the seeds were

incubated overnight at 25o C. to enb.ance spore gerrnina-

tion (26).

Following incubation, 20 seeds from each treatment
were planted in duplÍcate in wide-mouthed one-lítre
Erlenmayer flasks. In order to give additiona.l assurance
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of the presence of the organisms, BO ec. of the suspen-

sfon in which the seecl had been treated were aitded to

each flask. Each flask contafned 300 gn. of a 3:1 soíl*
sand mixture of unÍform moísture content, adjusted to

make for optimum growth conditions. Tbre flasks, contain-

ing tbe appropriate amount of the soil¡ had previously

been autoclaved twice on successive days for a period of
four hours at 15 Ib. pressure. l1¡e 109 isolates were

tested 1n an fdentical manner i.n 15 groups over a perlod

of five nontlrs.

Tt¡e 6eeds were grown at a room temperature ranging

from 58o F. to ?2o tr'. for ten days. At that time the

seedlíngs were exaûrined for infection and rated by tbe

nethod of Greaney, Mâchacek and Johnston (15). In addi-

tíonr tlie total green weight of the seedlings which had

emerged in each flask was reeorded. The eorrelatÍon

between gTeen weígbt and disease proved lowr howevert

ínasmuch as the optirnum condltions enabled the seedlings

to withstand even severe lesioningl. For this reason

the dfsease rating alone was used for deteruining the

effÍeacy of the various antagonists in reducing the viru-
Ience of the pathogen. SÍnce the control flasks and thosè

treatments of antagonist alone ineuitably resulted in dfsease

free seedlingsr they were omftted from consideration in the

ffi **t"nication fron Dr. J. E. Machacek
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analysi s of the data. Simílarly excluded were those

treatmentÊ of antagoni st together vuith ¡:athogen whose

varíance exceeded controf limits establfshed at the three-

Sígrna level (9). T'he results, sholrn in Ta.ble 3, reveal

signifícant differences u¡hích extend even to the L% lever..

Table 3. Effect of isolates antagonistÍc to E. qatil4¡4
on infection of barley seedlings

L%5%FMSDF

Replfeates

Treatments

Error
M3.24.

83.52

1

113

113

5.31 1.39 1.59

(d) Comparison of antagonism observed 1n the petrl
plate with that manifested as a reduction of
infection on barl,ey seedlings

lhe antagonísm rating of eacÏ¡ isolate in plate cul-
ture¡ together wlth the mean disease rating of each iso-
late 1n associatlon witb the sa.ltant and of the saft ant,

aloner is presented in Tab1e 4.

A large nuraber of the fungal lsolates listed ín this
table rvere identified through the kir¡dness of Drs. J. E.

Machacek and \!. L. Gordon, of the Ðomini on Laboratory of

Plant Paùhology, Vfínnipeg.
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Table 4. Comparison of antagonism observed ín thepetri plate with that manÍfested as a reduction of
infectÍon on barley seedlings

Sourc e I solate Antag. ùjqe!_dis,qas-cJs.!ång Nqe__, då{f11n Isola.te & Saltant 516 Li6plates Saltant AJ.one

Fl¡nEí

Soil Asperg:i1lus
c andidus

Soil A. flavipes
Soil A. flaws 1

Soil A. flavus 2

Flour A. glaucus

A.T.C.l A" nidulans

Soí1 Cladosporíum
herbarum

Soil Ï\¡saríum
óxysp orum l

Soil trl¡sarÍuu
oxysporum 2

Soil Mucor varÍens

Flour Penicillium
c anescens

Flour P, casei

trAour P. cftreo-
nlgrum

Soí1 P. commune

+++
+

++

+

++
+

23.5

2rO

1.0

10.5

20.o

r.0

6.5

1.0

1.0

6.0

.> È,

50.0

15.0

4L.3 13.2 17.5

I
*t

.Anerican flrpe Culture Collecdion
+ +, + + + fncreaslng degfee of antagonism
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Table 4. (Cont'd)

Source I solate Antag. Mesn éiÞeaÊq_raLlegin Isolate & SaltandPlates Saltant Alone

l,lpc! ditCfg
5% L%

Mg_1 (Contrd)

Soil Penicilllu¡o
corylophilum 1

Soil Po corylo-phllum 2

Soil P. hagemi

Soil P. krzemien-
i ewskii

So11 P. lilacinum

Air P. nigricans

Flour P. pfeffer-
ianum

Flour P. purpuro-
genum

Soil P. roque-
fortÍ 1

So11 P. roque-
forti 2

Soí1 P. roseo-mae-
ulatum

SoÍ1 P. steckií
Soí1 P. terrestre

+

+

+

++

++

2.5

tt

18.0

8.5
4Ã

15.5

7"5

5.5

7.5

5.0

13.5

4r.3 L3.2 17.5

x

+

*V*í urr*" exceeded 3-Sígmê control limit
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Table 4. (Conttd)

Source I solate Antag. Mean -d,j.sge-qe retin8
in fsolate & Saltant

plates Saltant Alone

{cq-. g¿Ef'
5% Lo/o

So11 Scopularlopsls
brevlcaull s

A,T.C. TrÍchoderna
lignorum

A.T.C. Bacillus
megatheríum

A.T.C. B. mesenter-
icus

A,T.C. B. mycoides

A.T.C, Proteus vril-
garls

A. T,c. Pseudomonas
a.erugiùosa

A.T.C. Ps, fluoresc-
ens

A"T.C. Staphylococcus
albus

A.T.C. S. aureus

Gl"ain Bacterlum
herbicola 1

&¡¡ÊÉ (Cont'cl)

++

++

Baeteri a

+++

+++
+++

+++

+++

+++

&++
+++

+++
+*+
+*+

41,3 L3.2 17.5

2

3

1.0

3.0

L5.5

3,0

36.0

8.0

7.5

3.0

8.0

z7.o

25..0

10.0

24.O
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Table 4. (Contrd)

Sourc e ï solat e Antag. MCel!_dåseese Ialiqg Ncs-,- d¿fq.
ia fsolate & Saltant 57o L%

platee Saltant "{lone

Bacteria (Conttd)

Grain Bacterium
herbicofa 4

?

Grain tr'lavobacterium
turcosum

Grain lrnidentifíeo
sf) .

+++

+++

L7.5

15.0

10.0

æ.o

8.0

26.5

40,5

17.0

35.0

40.0

35.5

31.0

36.5

40.5

19.5

12.0

10.5

4L.3 13.2 a7.5

Graín Pseudomonas sp. + + +

Flour U'niilentifíed
sP. I + + +

2 +++
3 +++
4 +++
5 '+-+ +

6 ++*
7 +++
8+
I ++

lê +*+
LL +++
12 ++
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Table 4. (Conttd)

Sourc c I€olate Antag, Ueeæ_drgeaçg-letile Nsc. ê!ff,.in Isolate & Saltantplates Saltant Af,one
L%

E_acte¡ia (Contrd)

SoÍ1

++
++

+++
ï++

++

++

Y

++
x

x

++t
++

QO 
^

35.0
.)Ã

18.0

38.0

47.O

23.0

32"O

38.O

29,5

4.5

7.5

UnidentifÍed
sP" L

t

4

Actinomyc e s
sp. 1

2

3

A,

5

6

7

I
ô

L0

11

4L"3 t3"2 17,5

Actínomvcê s

x
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Table 4. (Contrd)

fsolate .Antag, L{cerì-(liËeeÊ-e*lcêtjr¡s Ueç.,êåÉ9.Ín Isolate & Saltant 5% I%plates Salta¡t Alone

Soil

Actlnot4vces (Conttd)

Actinomyc e s
sp. 12 ++r

13 +++
x

14+
15 +*É
16 ++

L7 + +. +,

18+
19 ++

20+
2I ++
22 ++

23+
A'+
25+
26 +++

x27+
28+
29+
30+

8.5

f5.5
2.5

10.5

16.5

32.-0

19.5

31"0

42,O

31 .5

ù+..o

26"5

15,5

41.5

20"5

41.3 13.2 17.3



Tablc 4. (Conttd)

Soure e I soLate Antag. Mean 0j.ç€-aqe*ral¿pgin rsolate & saltantplates Saltant Alone

Nee.__qíff.

Actinomyees (Cont I d )

Soí1 ActínomyceÞ
ep. 31

.Jó

EA

Wheat
geed-
lfngs Actínomyces

sp. 1

4

6

B

I
Sutter O"rrrro*"auu

sp. 1

2

41 .3 13.2 17.3++
.t+

+++
+

+*+
+++

++

++

+'å

+

$

+

11.0

10.5

1,0

15"5

J\r.v

34,'5

eÊ

16.5

19.5

16.0

25.O

11 .5

59.s

23.0+++
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2 
" 
_-_TcÞ!ir¡e thq -::N€t uxell' El-.axa-of Ccr.e-aJ. -Êceês -f or

Antasoni Em Lg_E!_€€ÈLyuB

Ten cuLtures isolated by St ark (31) fron cereal seeds

were tested for antagoni sm to the saltant ln the manner de-

scribed for bacteríal isolates. Seven of these were Eacter-

lum he¡þlgql-a; one was ldentÍffed as Flavqþaelcrlulq tqr:co€qlq

(Zírìmermann) Bergey q!. aL; one was an unidentifted, yellow-

pigmented motile rod; and one, a fluorescent organism be-

J-onging to the genus P¡çulþnqnag" The results are shown in
Table 5. Ttrey were also tested in soll culture and are in-
cluded ín the results shown in Tab1e 4, as isolates from grain.

Table 5. Plate culture errj.dence of antagonism to
a white fertile saltant of þ. saüLvus by organisms

isolated from cereal seeds

Organism Ðegree of Àntagoni sm

Bacterium herbicola I
¿

¿)

À

5

6

7

FlavobacterÍum turcosum

TJnÍdentifÍed sp.

P seudomonas sp.

+++

+++

+, È +, + + + fncreasing degree of antagonisn
Failu¡e to show antagoni sm
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Siìïmonds (30) outfíned a test to clemonstrate the

antibÍosis of seecl surface bacteria to E. qat-¿=vllg " In-
cubated seed Ís placed at points on t1:e margin of a coL-

ony of E" sqli v.um growing in the centre of a potato dex-

trose agar plate. ïnhibiticn of fungal grolvth ís saicl

to be noticeable in a day or so.

In this study the above fnvestj.gatorrs method was

trÍed on seeds of three vari eties of 1n¡heat--T'hatcher,

Regent and Redman. Kernels of each varieby incubated

foy íA hours in a ìnoist chamber at 25o C. were placed

at points on the margin of a colony of E. seli vUm in
separate plates. Each variety was tested on cultures
of tl¡e fungus fíve¡ s.even and ten days o1o. A typical
yellow bacterial grou,th appeared on the a6ar ar.ouncl tlre

seeds in about 24 hours. The antibiotic effect exerted

by such growth on E. Eg&,i-l¡tjlg appeared, bor,vever, to be

onLy slie'ht r even after incubation for ten days.

In a subsequent experiment three plates were seeded

with 1.o cc., 0.1 cc. and 0.O1 cc. respectively of a

nutrient broth suspension of a bacberial antagoníst iso-
f ate<l from wheat. Needl-e transfers in tripli,cate of the

saltant were then made to each plate as before. This

proceclure was replicated three times for each of the three

bacterial. isolates tested ín this manner. lhe 1:lates were

incubated at 25o C. and exa$ined daily for ten days.
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The results were the same for the three isofates

tested. As shown in füg. 2, the size of the saltant

colony increased as the number of bacterial colonies

d ecreased .

In order to determine vühether the reduction of the

nuûber of bacterial colonies pernitted a gf'eater salt,ant

growth only beeause of a concomittant reduetion in the

amount of antibíotic substance producedr the fo1lowíng

experfnrent was carríed out.

lYansfefs of Bêqlcri,uûr he¡Þf,qala and of PgeudgBenag

sp.r as representatives of the epiphytic flora of cereal

seeds eonsidered by Simmonds to be antibiotíc to g. sa!å-

@r were made to separat,e 6 oz. meclÍcine bottles contain-

ing 100 cc. of steríle nutrient broth. Sinrilar transfers

were made of twenty kernels of Redman and Regent wheatt

gror,Ìn Ín 194?, to provlde a comparison with the mixed

flora of seed. These cultures were incubated for ten days

at 25o C. to permit the accumulation of antlbiot'1c sub-

stances. Each of the four cultures was fíltered through

a Berkefeld filter and the filtrater ostensibly containing

the antibtotic substancêr vrras testeal for sterilíty by in-

cubatíng overnight at' 25o C, Pote.to dextrose agar plates

were then poureå in duplicate contal.ning 1.0 cc.r 0.1 ec.

and 0.01 cc. of the filtrate. One was ínocula'ted with

needle transfers of E. Þau!!um, the other with F\¡Ëe'riug

grrJsp-gruq found previously to be antagonistic to the



31.

Êaf.tânt " The entire e:rperíment was duplicated usíng

dilutÍon of the actual organí sms rather than of the

filtrates.
After incubation for five days aL.25o C. the plates

were exaüined and contaminated ones dlscarded. As shown

in Fig. 2r the flltrate at any ditutíon in no way affec-

ted the glouth eíther of the salt,ant or of the Fl¡sârium '
The plates seeded with bacteria at varyíng dilutlons gave

results as before. As the number of bacterla present de-

creased, the size of the saltânt and of the ¡trsårium in-
creased.



Figìlre 2" Corripetitive rather than antibiotj.c
relationshÍps betvJeen cereal see<i epiphytes and g" s_AlLVt¿u

F-H Fþom l.eft to rig'ht.
Pl-ate 1. Control" tl. Sg!åVge on potato dextrose
agar. Plê.tes 2, 3 and 4. Ij" is-Aliyl¿q on p"D.A. to
vrhích v¡as addeC 0"O1. cc., 0.1 cc. ãnd 1.0 cc. of afíltrete derívecl from a ten:day ol-ci culture of
Bqggggnfqrlag ßp. obtalnerl from wheat.

B-I{ Fþom l-eft to right.
P] ate 1. Control. H" satívua on P"D"A" Plates
2¡ 3 anð 4. H" Ca!åygqon:ñö.a. in v¡hieh was
seeded O.01 cc., 0.1 cc. and L.0 cc" of ar sus]ren-
sion of the sarne species.



!-igure 2. (Cont'd )

T'- !' From left to rlght.
Plate 1. Contrõl . Fusglir¿4 gðJç.AgIUl! on potato
dextrose agar. Plates 21 3 and 4. E. gxggpa-rugi
on P "D.4" lo vrhieh was aóded O.O1 cc 'r 0'l cc ' and
1.0 cc' of a filtrate deriveC from a ten*day old
crilture cf PsgugggigÐgq s-Ð.

B-F f?om left to right.
Plate f. Contrõl . E.e¡g.WgUe on P'D'A' Plates
2, 3 e"nd 4,. I. SXyF!.gIqIq on ?.D.4" i¡: v'ihich was
sóedeci O,OL cð.,-ÕIÏãõì-and f.0 ec. of a suspen-
sion of the sarne sPecies.
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Figure 2. (Cont'd)

V/,+-ii f,þom le:ft to r.ight.
Plate L . Control . 11. gel;!-Vìtq on pota:Lo dextrose
agâr. Plates 2, 3 año ñ*Tl*eCLtgiÀg on P.D"A.
to which was added 0.01 cc., 0.f cc. and 1.0 cc.
of a filtrate cleriverl from a ten-oay old cul"ture
of fLor.a on Regent v¡heat seed.

\¡,r:H -!-rom left to right,
Plate L. Control , E" çelivuq on P.D.A, Plates
2, 3 an1 4, E. qptiVuE on P.D.A. :'"n which wes
seeCeC 0.01- cc., 0.1 cc. and 1.0 cc. of a suspen-
sion of the Êame flora.
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Figure 2. (Conc1)

!TF-F Fþom left 'l,o rj.ght"
PlaLe l-. Control , IggæiUU qäeç.pËg on potato
dextrose agar'. Plates 2, 3 anð 4, E. g¡J_rs3o.Erlu
on P"D.A. to 1.,,/hi ch v¡as adCeri C.01 cc., C.1 cc.
and 1.0 cc. of a filtrate derived from a ten-day
old culture of flora on Regent lvheat seed.

W-F From left to right.
Plate 1 . Control . E. qðygp-oluru. on P .D "i\. Plates
2, 3 anð 4, E. gðJÐ.9äUS on P.D"A. in which v¡as
seecled 0.01 cc"r 0.1 cc" and 1.0 cc. of a suspen-
sion of the same flora.
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DTSCUSSION

Fbom the foregoing it ís apparent that a wide variety
of micro-organisms are antagonistic to the saltant. In
addÍtione there is good evidence in support of the idea

that antagonism may arise by a process of synergi sm anong

organi sms wblch are indívidually not antagonistic.

Anong the Ísolates tested índividually against the

saltantr 31 fungl r 33 bactería aîd 45 Actino!ûyces were

found to be antâgonisttc in plate culture. Of these

groups 28 fungt ¡ 21 bacterfa and 25 Actinomyces were

found to be antagonistic in soil seeded wíth a suseept-

ible host. t¡lihile tÏ¡e bacteria and Actinomyces E)peared

to exert the greatest antagonism on petrí plates, and

the fungi the 1east, the reverse was true in soíl culture 
"

Eere tbe fungi exerted the greatest antagonlsm presumably

because of their relatÍvely greater mass.

Ibe relation between the degree of eu:tagoni sm shown

on plates and that manifested as a reduction of infection
on barley seedlings was, for most antâgonístsr a broadly

approximate one. A hígh deg?ee of antagonism Ín the

pLate cuLture was not always associated with a similar

level of aîtagoní sm ín soíl culturen Howeverr approxi-

mately 7O% of those found to be antagonistÍc in plate

eulture were found effective in a roughly corresponding

marner in reducíng infectíon Ín soåI.
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In general, the alrove results would appear to vin-
dicête the use of plate culture tests for antagonism at

least as a .oresumptive neasure of this property.

ïhe preliminary data presenied appear to support

the idea that, the mechanism of ant agoni sm by epiphytes

on wheat seeds is competitive rather than antibiotic.
Since there was evidence of inhibition of the pattrogen

by the bacteria in both petrÍ plate and soiL cultures,
this dlstinction may appear more acadernic than practi-
cal . Tt indicates, holvever, that 1Ítt1e of practical
applieability in soil mícrobiology may be expeeted from

attempts to isolate a specific antibiotle substance from

wbeat seed e;oiphytes. Rather it would appeâr advísab1e

to search for means by vrhich to foster soi.t conditions
that 1/ou1d promote gt owth of antagonistic organisms.

Even though such an antibiotic substa¡ce were shown to
occur its effect would be contingent upon the presence

and numbers of organi srns capable of producing it.
A.l.thoug'h the resuLts of this study inoicate that

cereal- seed epiphybes are capable of suppressíng E.

E.aliYl]gr no considerati on has been given to the posslble

effects that the interrel-ations of these epiphytes lvith
otÌÌer soil inhabitants might induce " Successful_ coùpe-

titÍon in a sterile medium, albeit soil, where there fs
only the pathogen to contend with can scareely be accep-

ted as providing an âdequate criterion for suggesting
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that cereal seecl epiphytes rnig*rt appreciably inhibit in-
fecticn of cereals by this fungus.

The contenticn that antagcnism refleets lhe numerical

preponclerance of the epiphytic flora over the pathogen

rather than the production of any antil¡iotlc sr"rt¡stanc e is
in accorö with tile observatlon of N{oritz, referred to prev-

iously, that an antagonistíc effect observed by him vras

quantitÊ.tive rather than qualitative .

The wide range of types sholvn to be antagonistic to
the saltant--from suppurative staphylococci¡ to fungi and

Actinomyces occurring naturall;r âs soil sa;oro.ohyte s-*pre-

cludes generalízation as to v¡hlch type of organism may be

most effective in suppressing the pathogen, at least under

test conditicns in petri ;olates and in steril-e soil. ft
confirms rather the contention of Leemann (21), referred

to previously, that micro*crgani sms, both pathogenic and

nonpathogeníc, can supply substances which may be useful

in the prevention of plant disease.

The fact remains, however, that under fíei-d condi-

tions, micro-organisms inhabíting the soil Live 1n a state

of equilibrium and organisms lnoculated into the soil are

often rendered innocuous or disappear entirely as this
equilibrium becomes established. In practice¡ this is
confirmed by the fact that the application to the soij. of
organic materials vrhích favour the development of anta-

gonists has given much more favourable results than

the use of pure cuLtures (33). ¡'or these reasonst



reÊults derived even from soll cultureßr so long as

ttre se are free fro.m micro-organisms other thar¡ the t'e st

orlesr at bestr ûlust be consldered as presumptive. They

nêðf be superÍor to petri plate Íesults; but they are not

ftreld results. Ttre statement made by Robison (25) in

eonneetion with antagonÍsm to root nodule bacteria mlght

weLl be quoted here. He writes¡

tr.......More evidence than that presented-by
growtng legumeÊ in sterilized soil ís needed
io denõnstõate that tåe phenomenon of.antag-
ónism as manifested ln petri ðishes will oc-
cruc in such a hÍghly complex system as soil
under field condltións; a systea in whÍch the
áõtive material can eaÁi1y become ineffective¡
ðiit "r thnough physical oi blochemical lnacti-
vation. UntIl thêse additíonal data are ob-
iained, the role of antagonists- ae a factor
influelrcing the activitiðe of the root nodule
bacteria :.ã t*re soi]- vailLI remai¡ a mooted
quegtion.rl

I{ithe¡'to there has appeared to be tacit agreement

ernong mierobiologÍsts that the complexity of the soíl

pnohibits exani¡¡ation of iÈ as a whole, and the inter-

nelations of speci.,flc organisrns musl be exami-ned as

separate entities. But it ís precisely t'hls se¡2aration

i!¡to, separate entities that ctestroys the possibiltty of

aehlevÍrtg any overal.a eoneeption of micro-orga¡¡ism inter-

relatíor¡s. It \qould seem that t'he di¡ection to be taken

is not the fragmentatioÐ of the soil populatlon lnto ar-

bitrary units matched one agaínst the othert but rather

the systematÍc exploration of methods by whíeh to e xa¡nine

tlre soil microbial population Í4 situ. As a point of
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departure mlcroscopic methods enbodying the Cholodny

contact slide technique (6) míght be useiÌ . fhis has

already been utilized witl¡ striking success by Eaton

and King (10) ín connectíon wlth the inactÍvation of
root-rot of cotton by the addÍtion of organíc manures

to foster the growth of antagonistic orga.nisrns.

'Ihi s approach must not be interpreted as implying
tbat an attenrpt to achieve a total picture of microbiaL

interrelations nleans the ebandonment of that body of
knowl"edge derivecl from the exam:ination of the Ínter-
relations of specific Broups of organi sms as separate

entities. It does infer that data on different types

or groups should be considered along with findings de-

rived from examination of the soil population as a
whole .

Nor is such correlation v{ithout precedent. Timonin
(32)r in studylng the microbial population of the rbizo*
sphere in ¡elation to resistance of plants to soil_-borne

diseases, found that results f¡'om the contact slide meth-

od agreed wíttr those of tbe plating nethod.

Final1y, it is the principle ânc1 not the method that
Ís important at this stage. Ihe contec¿ slÍde method may

not be the best method for accompllslring the resuLt. i\,{ore

imperative is the conscious direction of effort on the
part of nicrobiologists toward investigatlon of the soil
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popufation as a vJholer rather than as fragment s, the re-

sults of v¡hich in retrospect are assenrbled ínto a r¡osaic

supposedly representative of the total pieture.

SUIliI\,lAfY

1. Seven hundred isolates comprising 221 fungir 193

bacteria and 286 Actinomyces fron various sources

were tested for antagoni sm to a white fertile
saltant of E. get_1,VUm P. K. & B.

2, Aniong these isofates 31 fungi r 33 bactería and 45

Actinornyces were found to be antagonistic to the

saLtant in petri plate studies.

3. Of this smaller Sroupr 28 fungi, 2l- bacteria and

25 Actinomyces were found to reduce infection of

barley seedlings in soil cultures harbrcuring only

the pathogen and the test organism.

4, Fifty-two combínations of fungi were tested against

the saftant. Eight combinations proved antagonistic

in petri plate cultures. fhis is befÍeved tc be an

expression of s¡rnergi sm.
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5. Threé concentrations of eacb of two species of

bactería belÍeved to be epiphytic on cereal seeds

and of the mÍxed flora on lvheat v¡ere tested for
antagonism to the saltant by the plate culture
method . Antagoni sm wes f ound to be in cti.r"ect

proportion to numbers of bacterial colonies on

tbe plates.

6. Filtrates from ten-day old cultures of each of the

above species and of the mixed flora added to the

medium in three concentrations lTere found to exhibit
no evidence of antagonism to the saltant.
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