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Sxrith and. Dawso.llls and I'dartints observation that

at times large, soft, raiseÕ, glistening bacteriaL colonies

d.eveloped. on the glucose-nitrate-solI-extract med.la used,

by them was confiru.ed." The morphology and. physiology of

representative isolates from these med.j.a ind.icated. tirat
651" betonged. to Agreþqeterii:¡n_ radiobaeter or rlrere closely

related. to it, Sinee a larger proportion of bacterÍaI
oolonies on the med.fi¡n containlng streptomyein (Hartinls)

wâs n3.¿iobacter-likert, frrther stud.ies li\¡ere confined. to
this med.íum.

ïn an atterapt to d.evelop a seleotive medÍ.um,

aetid.lone was ad.d.ed. at three eoneentratÍons to Ïf,artints
med.iuno Most bacterl.a and. many fungl fail-ed. to grow in
th.e presenee of actid.ione and. those fungl that d.evel_oped.

showed less tend.eney to spread., The effect was most

marked. at the highest eoneentration.

^å,ctidione was tested. at varying pH levels. Fewer

fungi d.eveloped at pË 4,J and al 5.7t and trrad.j.obacter-1ike¡t

eolonles gre!',r welI" Eighty-five pereent of the bacterÍal
eolonles proved. to be .A.grobacterir¡¡l rad.lobacter or were

closely related to it"
B,ose bengaf,, streptouycin and, actid.ione, each

singly at various coit.eentrati-ons, sholved no marked. ef fect.
Rose bengal (f part ln 15,000), streptouycin (30 pg. /mI.),
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and. actidione (up to BOO pg,/mL.1, 1n combination, shorn¡ed.

no marked. effect on AglqÞgq!.gtilE radiobae teE, whereas

the higher concentrations of streptomycin in the same

nedÍr¡m lnhibited. tbis speeies. Rose bengal (1 part ùn

L51000) singly or conþined. w"i'bh streptomycin or with actl-
d.ione lnhibited. Agqobacte¡iiurü. tuu,efqglens, Neither strep-

tomycin nor actj-dlone had an effect on this species.

Potassir:m sorbate at O"51. (*/v) and nystatin at

24OO units/nI" practlcally lnhiblted. fungi 1n Martinrs

med.iun.
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Agrobacterilìg rad.iobacter ( BeijerÍnek atrd' van

Ðelclen) Conn has been r.lnd.er extensive study for rnany years

by various workers--Hend-riekson et al" , (L?74), Sagen et 41.

\Lgï+\, smlth and Brovr¡r (L975J, and. Ifofier (L?TV, L?75, L?fiL,

L?47)--chiefly because of the q.iffleulty in èistlnguÍsbing

it frou specles of Rhizobitm and. from certain plant patho-

gensè

The speeies, according to Bergey et gt., (J_95'll,

consists of small Gran negatfve non-spore-formlng short

rod.s, occurrlng singly, in pairs and., under certain eon-

ditions, 1n star-shaped. clusters, and. tytrrieally motile

with one to four peritrichous flagella. Distinctive

characteristies includ.e¡ no organic acj-d or visible gas

from carbohyd.rates; brotrning of mannitol-caleitm-

glycerophosphate agar; inability to cause plant d.isease

or to produee nod.ules on roots of leguraes; and, complete

utilization of inorganic nitrogen.

lsotrvithstanding the faet that Kennedy (fy¡O)

stated. that llneither the nitrate-glyeerol agar proposed.

by Snith (f!eg) nor Hoferts med.li¡n (L94V) can be eonsid.ered

selectire for }ëEg@!en!¡g tadiobactertî, the present

lnvestigatj-on, using glucose-nitrate-so1l-extract agar as

a selective med.ium, evolved. from the observations mad.e by

Setth and Dawson (L944) and Martin (1950) mat in a few

TNER.ODTJCfI$N
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cases wlth the

eounts Large,

d.eveloped..

Tae

dealing u¡ith a

med.iir¡n,

med.iun used by theu. prímarily for fungal

soft, raised., gllstenlng baeterial col-onies

2

stud.ies are presented. ln five seetions eaeh

stage in the d.evelopmont of a satisfactory
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The mediurn, glucose-nitrate-soil-extract agar,

has been used. for many years for stud.ylng the nurnbers of

soil raicroorganim.s" lïaks¡ran lLgZZa) and Smlth and tj{ord.en

1L925) observed th.at hÍgher and more uniform counts of soÍl-

mj.croorgarÍsr.s were obtained. on a soll--extract agar when

eompared lvith a mannÍte-salts med.ium and. a¡r egg albumln

mod.ium.

In the Bast, a great deal of extensive work has

beon earried. out by many investigators ln d.eveloping a

fungal rnedir¡m." Through roethod.s of tríal and error, a

nuraber of media in nfrieh inhibitors that v¡ould, hypothetl-

eally suppress bacteria and. actinomycetes but permit fungi

to flourÍsh have been testod..

The earlier method.s used. a naturally aeid. med.itm,

or¡ a med.ir.m artificially acidÍfied. by the ad.dition of

sulfuric, eitric or lactic acid.s (htaksman, L?22b;

Brierly et al., L92B; Su:ith and. Ei.mfeld., I?9O; 3,ud.wig a¡d

Henry, L94t) , The latter method. beca¡re more or less stan-

d.ard proced.ure, but neverthel-ess exhibited. severaL j.mpor-

tant d.isadvantages (¡rfart:.n, 1950) .

lTJith these d.isadvantages in mind., Tyner (l?44)

attempted. to improve on the med.Ía used. ln the plating

methoci for fungÍ, Thls investÍgator asserted. that borj.c

acid includ.ed. in the fungal med.ia effedtively suppressed.

1
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bacteria and. peruitted. satj.sfactory counts of fungf ln
composted soil, and. maÍntained. that counts v¡ore very rnr¡ch

higher than rvhen sulfurj.c acid was used. as the inhibiting
agent"

The results of Snith and. Ðawson (t?++) were at
varlanee with those of Tyner (1944), Borle acÍd. in the

firngal med.i-um., at the coneentrations recormended. by

Tyner, did not prod.uce the desired. results. S¡aith and.

Ðas¡son (t9++) questioned. the find.ings reported. by Eastwood.

{W+A) that anisic acid, benzoic acld, and., to a less
extent, chrysoldine Y had. seleeti.ve bacteriostatie action"
Benzoi-c acid. and. chrysoid.ine Y were tested. i.n glucose-

nÍtrate-soil-exËraet agar and. Ín i{laksuanls med.iu¡n at the

eoncentrations reconaend.ed by Eastwood., Both proved to
be unsatisfactory, allowing bacterla to develop and fuagi
to spread..

$mith and Ðawson ltg++) suggested" the use of

rose bengar in the r¿ed.ia f or plate counts of soil- fungi.
They ccrmpared. acid. nedia popular at the tlme wlth med.ia of
the same eomposS.tÍ-on except thatu instoad. of acid., rose

bengal vras add.ed. after ad,just'ment to pI{ 6.8. rt was for:¡d.

that thls dye at I part 1n 151000 erimlnated. all aetlno-
nyeetes and most bacüeria and. red.uoed. the spread.ing of the

fungal colonies to a minimum. Attempts lyere ruad_e to

d.eter¡aine whether the eoneentration of rose belgal could be

redueed. in glucose-nitrate-soil-extraet agar and, whether

+



the soil-extraet ltself mad.e any appreciable difference ln
fungal counts" fhey found. thaË d.eereasing the coneentratlon

of rose bengal fr.om 1 part in 151000 to l- part in 2Jr000

resuLted in more bacterial colonÍes on plates, and. less

inhibition of spread.ing fungal eolonies" Thpy also found.

that so1l-extract in the med.ilua gave higher fungal counts

and. red.ueed. the toxielty of the d.ye for the f ungi " In
eonelusion Smith and- Dawson stated. that the glucosê-

nitrate-soil-extract agar containing rose bengal at 1 part

in I5r000 was the best medlum for fungl" fhg-y noted. that

the eomparatlvely few bacteria that survived. in the presence

of rose bengal prod.uced J-arge, soft, raised., Bllstening
colonies that lqere read.lly d.lfferentiated from fungal

c oloni.es.

In a subsequent stud.y, ÐawsoR and Ðav¡son (]-946)

carri.ed. out an investigatÍon o$ the use of rose bengal

wlth pure cul"tures of fungi. frfl,s rryas d.one in order to est-
ablish whether Ínhlbitlon was d.ue to the dye or to anta-

gonlstio effects by other organim.so They eoncl-ud.ed. that

the only evid.ence of firngistatíe actfvity of the dye was

1n reducing Ëhe size of fr¡ngal colonies.

ffiartin (f950) attenpting to improve on the fungal

med.ia 1n use mad.e a comparative stud.y of acid., rose bengal,

and. streptomycin, singly and. in various eombÍnations as

lnhibitors of bacteria, In alL three ned.ia tested. by

Ivlartin, rose bengal- (l- part in 15r000) plus streptomycin

5



30 tte.fnú"" med.irm) or rose bengal (l part ín 19,000)

prus streptomycin (70 p.g.frnr. mediun) praeticalry eLimin-

ated. bacteria and reduced. the spread.ing of fungal colonies

to a minÍmum. SfartÍn observed. that bacterial coroni.es on

glucose-nitrate-so11-extraet agar were larger than on

peptone-dextrose agar" These observations Ì,vere in d.ireet

confllat with those of Smith and Ðawson (L944).

Iuiartln (fy¡O) reported. that streptomyein was

superfor to other conrÉ.on antlbiotfcs for u.se as a bacterlal-

inhibltor in fungal med.la. He stressed. that the strepto-
mycin shourd. be ad.ded. to the medir¡m just prlor to pouring

the plates, and. not before sterll-fzatj.on.

Actid.ione was reported. by '$fhiffen et al, . (L946),

to he a chloroform and. water soruble antibiotlc produeed.

by streptomugeÊ griseus, The antibiotic was isolated. in
pure crystalline fo¡m by I,each et al.. (t?+I) rry¡¡o a year

Later (f9+g) deternined. its imperical fonnula.

Representative species of bacteria were tested.

by 'r\rhif fen ( rg+8 ) , usÍng the brotb tube method. oontainlng

actld.ione Ín coneentrations up to 1.0 mg./mJ.., and. by

Fhill1ps anÖ Hanel (1950) enploying the surface plaüe

count method. on agar contaÍning aetid.lone at 0.I mg./w.!.

med.ir¡r¿. They eonclud.ed. that actid.j-one vras fron=-inhibiüory
at the coneentrations used.



(cyelohexfmide) against nany yeasts, moJ-d.s, an¿ sapro-
phytie fungí combined. with its lorry activity against bacteria
led. to its use in several selectLne med.i.a. Georg et al"
(tglt), Gray (fg5f ), Green and Gray (lgltj, Kuzd.as and.

Morse lag57), õeffers (]-g|4), Beeeh and carr (L?55), a1t
found. actid.ione to be effeetlve.

Potassirra sorbate (sorbic acid), a ehemj_cal

agent used. primariry in food products (fuara and. vaughn,

L?52; Sheneraan and. Costilow, Lg55; tostilow et al. lgr|,,
Borg gt al. I?55; Etehells et al" I?55; CostÍIow g!.g!,,
L957; Ferguson a¡d. For,.¡"rie, Ig5.l), and nystatin (Lampen

et al"19571, all inhibitor of end.ogenous respiration and.

anaerobic utllizatlon of glucose by yeaste and. other
fqngi accord.ing to reported. results exhibited marlced

fungistatic ac tivi.ty.

The high d.egree of activity of actidione
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1" Thg _og_eurrence_ of bacterial colonies-olglgcose-

ni tra t e - s o I 1 -extra c t--Lqggal_ne di a,

fhis prelÍminary stud'y sras carried out to

extend. the observations mad.e by S¡aith and. Ðaln¡son (1944)

and. by lfiartln (rp¡o) that Iarge, soft, raised.u glistening

bacüerial eolonies d.eveloped. on gl-ucose-nitrate-scil--

extract fungal med.ia. Smith and. Ðai¡¡sonts med'ium foll-ows:

Glucose 0.0 g"

Nal\tt7 1o0 g.

K2IIPS4 I.0 g"

å.gar l5'0 g.

Soil extraet 1000.0 ml"

pH 6.8-7"0

Roee bengal 1:I5'0OO

mCPffi,Tï¡Im{TAt

ûne mlo of l/I5 rose bengâå solution was ad.d'ed'

to each lltre of neôÍr¡¡n to yield a final d.ilution of

l part in 151000. The pI{ of the med.íun was ad.justed. with

1.0 I[ Na0E before the ad.d.ition of the d.ye"

lfiaÍtin used. the sa&e fortula, but prior to plating

ad.d.ed. streptomyeln at ]0 pg 
" /w3". nedluü.



The soil extract was prepared. by autoelaving

5OO g. soil Ín 1200 n-1. tap urrater at 12IoC. for one hour,

filtering through paper and making up to one litre.
Yarious rhizosphere soil emples were useå for

platings frcm a) larnm. soil-o b) fietd. s'olL and e) gard.en

soil" T.bese samples were obtained. 1n the vÍcinity of the

University of Manltoba" fi¡pllcate saanples of each soil
were collected by the nethod. outlined by limonin (fg¿O),

and. the proeed.ure followed. ianaedlately, With each sampJ-e

10"0 g. soll ums d.iluted serially ln sterÍl-e r¡¡ater, care

being tahen to follow stand.ard. proeedures at each step,

One series of four pJ-ates was poÌrred with Snith and.

Ðawsonr s meÖium, aFd another urith the med.itm used. by

Martin. Incubation was at 25oA. for seven d.ays" The

results are shown in Tab1e 1,

Eighty-tvro large, ralsed, mueoid. and. glistening

colonies were selected. for d.etaited stud.y. Eaeh was

isolated. on an agar ïsed.iìrff of the followlng oorlpositlon:

Mannf tol-ealcium- glyeerophosphate agar

Agar

d.-iifannitol

K{S,

NaCl

luiÍgÇL2"6H2O

l,IgSû4.7HZO

15'o g,

20.0 g.

5"0 g"

2.ö g"

1n0 g.

0.6 go



MannÍt o1-e alclt¡rn,-gl ycelopho sphate

( conti-aned)

Caleiun gl-ycerophosphate 0"8

K01 0.r

ÐistilLed. water 1000.0

L0

An ldenttfled. culture of Aexgþ.eg-!-gr-iun gadlg-

Þ3.g,.!S,r d.esignated, as No, 426, lvas used. as a eontrol-u

The tests used. were those of Hofer (1941) and. certaLn

others to check r¡¡ith the specS.es as defined' in Bergey

ttgS'l). The results are presented. ln Table 2.

Àbout 651" of the lsolates belonged. to é,gteÞgc'Eerium

radioÞact_er or were very closely rel-ated to it. Sinee a

larger proportion of rlrad.ioþaeter-lÍkeft colonies d.eveloped.

on Martint s med.Íum in eomperison to total nur¿bers stJ.rf ace

bacterj.al colonies, further studies were conflned. to this

med.ium.

$n

$a

nln

2o Effeeü of actidione.on fi¡nga]- growth

slnce large numbers of fungi d.eveloping on the

med.1a inhibiteÖ bacterlal growtb üurlng tbe preliminary

platings, actid.ione (cyclohexinide) was tested both for

its fungistatic actlvity and for its effect on lfradiobacfer-

lllcert colonles. Three eoncentrations of actidi'one l2rA,

!00 and. L000 pg./r¡I. med'lt¡¡a) were tested''



Actid.ione solutions vrere sterllized. by passagg

through a sj.ntered. glass filter and. ad.d.ed to the sterile,
tem*oered, med.ium prior to plating.

Ðuplleate samFles of fresh gard.en so1l vrere

plated. and eount d.ata record.ed. as f ollows;

a) Surface fungi

b) Subsurface fungi

o) $rRad.iobaeter-likett surfaee colonies

d) Other surfaee bacterlal colonies

e ) Subs'orfaee bacterial eoloaies

The results are presented. in Table 7, and the effect of
actid.lone on fungl lllustrated fn fig, 1,

ïn comparison to the control series actidfone
appeared. to inhibit nany fungi and. to red.uee spread.Íng to
a minimün" Illgher concentrations sho$¡ed, the most marked.

effect and. exhibited little inhibitton of ttrad.ioþacter-

liken colonies.

1t

7" BLoIoeical aetivity of actldione tested. at qarrins
pH levels

(actidíone) and. its .A.grlcul-tural Usesn (Tora, Klomparens

and. rlarnner, L?56J a seetion was devoted to its stabilíty
at varying pH levels. The biologioal aetívity of actidione
solutions decreased as pH inereased.. Thls phenomenofl was

tested. ilrith Tfartlnt s med.ir¡n.

In the paper publi shed. on rf,Cycloheximid.e



lire ned.iun was prepared in the usual maaner"

Four allquots of one batch teere adjusted to pH 4"'l , 5:,7,

'1 "! and. 8,2, respectively. The med.ium at each pE level

r¡ras later d.iviÖed. lnto for¡r parts" She fírst part was

the check eontaj.ni&g no aetid.ione, to the seeond. was

add.ed. 250 pB, s to the t&ird 500 rrg. and. to the fot:rth

1000 :pg./wJ-" ned.irffn..

A fresh sample of gard.en soil was plated, as

bef ore. Ineubation i¡iras at 25ot. f or seren d.ays. Cou¡,t

öata were record.ed as follows:

a) Surface fungi

b ) Subsurf ace fr-mgi

e) ltRad.iobaeter-liketÌ surfaee colonÍes

d.) CIther surfaee bacterial colonies

e) Subsurface bacterlaL colonies

The results are presented in Table 4, and. the effeet of

actid"ione on fungi illustrated in fÍgs. 2, 7, 4 and. 5.

Íhese results support prevÍ.ous find.ings that

increase 1n pH doereases the biological aetivlty of acti-
d.ione" fnterestinglyu firadiobacter-liken colonies developed.

on this med.ium at relatively low pH, It tras also observed.

that the lower the pII, the fer¡ver other bacteria. I[inety-

seven rfradi.obacter-liken colonies vrere isolated. from med.ia

at pI{ 5 "7 æd" stud.ied. in d.etail along with Agrobaeterium

ra.d,lobacier--426" The resul-ts are shotvb in Table l.

L2



4. A_gomparative study of r_qse -bengal, strepto&yein and.

actid.i.one

Since iúartints med.irun at pH 5.7 containfng

aetid.ione appeared. promising as a selectÍve med.lura for
.A.grobactgliun rad.iobaeter a stud.y of the effect of rose

bengal, streptomycin and. act,ld.ione each slngly and. in
various concentrations and. eombj.nations on .å,grobacterium

rad.iobacter--426 and ^A,gsqÞge'Egrlun tunefaciens--Af1 was

carried. out. The latter species was inelud.ed. on the

assumptfon that the above inhibitors night sTrow sone

selection within the genus"

Fri.or to this investigation an attempt v¡as aad.e

wlthout sl¡ccess to prepare a clear glueose-nitrate-soil-
extract, Sterillzation at lelo0. for l0 - L5 ¡ri.nutes

repeated.ly prod.i¡,ced. t-urbidlty and. in some eases a fLoc-
culant preclpitate" This rryas fou¡.d. later to be associated.

lrlth the phosphate rad.icle in K2IÌP04, Sven the use of a

chelating agent, ethylene ¿lnnrine tetraacetate, ât eon-

eentratlons up to 1000 mg./lÍtre proved. to be useless.

Sinee this stud.y rsas to be mad.e by measrrring

turbidity, a erear medir¡m was essentlal. rt was observed.

in previous tests that both cultures grew well on manniüor-

calcium-glyeerophosphate agar. a medir.rn containi.ng th.ese

constituents but no agar proved. to withstand. ste:ÈÐlÈz&tÈon.

Each culture was i.noeulated. into thís med.iu¡n and. iner¡bated,

17



ai 25ot" Good. growth appeared. within lB llrs. .A.ecordingly,

the mannitol-calcium-glycerophosphate med.irm. was used. in
the following stud,y,

fo 100.0 ml-" allquots of thls medium vrrere add.ed.

rose bengal, streptomycin and. actid.ione ln çarious ooÃ-

oentrations and. each singly and in various eombinati.onso

As before, the rose bengal was ad.d.ed prior to sterill*
zation while, the streptornycin and. actidione iüere ad.ded

aseptfcally after the medíurn had. cooled. to room tempera-

ture, Eaeh flask in one series was inoculated. wlth 1o0 mI.

of a 48 hr, eulture of Agrobacterium rgl.iobacter**426 and,

each flask ln a seeond series wÍth A€fobacterir.¡m

tr¡mefaclens--ATt, Ineubation wag at 25oC. and. readings

were mad.e d,aily for seven d.ays.

Growth response qfas d.etermined. by means of the

transmittance seale on a Beclcnan Colorimeter, A set of
L5 stafid.ard.ized test-tubes was used.. The colorimeter was

ad Justed to 100"f, tranmittance using an r.minoculated. control
before each eet of readingsc T{here readings r¡rere made with
med.ia containing rose bengal a¡ uninoeulated. control- con-

taining the saae concentration of rose bengal r¡¡as used to

ad.just tb.e colorÍmetor.

Prlor to eaeh reading, th,e med.ium was shaken

vigorously and. lmrnediately 9"0 ml. d.ispensed. aseptical_ly

to a stand.ard.ized. test-tube. Each test in a given med.ir;m

?rith each eulture u¡as mad.e in triplieate and. the mean of

L4



tbe three readings reeorded." The data are presented Ín
Tablo 6, and. certaln lrore outstand.ing results in graphtc

for"m in ff-gs. 6, 'l , 8, 9, 10, 1l- and. 12.

5. Fr¿neastatie actÍqíty of potassirrm sorbate and. nystatín

L'

Ðuríng the latter part of this ínvestigation two

fungistatie agents other than actid.ione v{ere consid.ered.

briefly, Various eoncentrations of potassÍum sorbate

(0.01 - 0"751"1 and of nystatin {5lo - 6z7o unltsfiur.
med.ir¡m) were used. in Ïlartinis ru.ed.lum. Potassiun sorbate r¡¡as

add"ed. to the med.lum before sterilization, whereas the heat

lablle nystatin was ad.d.ed. after sterilization and temperlng.

One air-d.ried field. soil sample nas plated. in
d.uplicate. lotassût¡n sorbate at 0.5i. (v¡lv) and- nystatin

at 2400 unlts/ml" med.Íun practieally inhibited the fungi"
The results are sholr¡n in figs. lg and. 14.
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IAB.LE ].

tft]ji{BgRg tF LAIiGE, R.AIËED. ülilgtlÐ" ÊtISTHiiII'iG EAtrffiiIAt

taltt[TEl$ Or'i;

(a) SnÍth and. Ðawsonrs med.ium

L6

5oi1

tlpe

Saraple I

a

Plates

1

b

¿.

¿.

c

7,

Saraple 2

7

?

+

I

Plates

1

1

I

I

( b ) Ir[artinç s med.iuru

,

Soil

type

t

I

L

I

+

+

¿

1

Sample 1

4

3

1

^

5

Plates

I

1

b

rl50

2

tv

2

c

t625

1

Sarnple 2

Yl

17

2625

Ã

27

Plai;es

t4

\J

I

7

2

L6

1l_

21

L6

18

1\o"i/9.

soÍ1

24

4

L1

2T

27

24

x

3+

L4

1t

Uqa

é.+

L1+O

2',100



CffiTAll$' ÐiTtÄ 0N TIffi ï\'i0"RPIÍOLOGT ¿L\TÛ PÏffSÏo!Ûqf

OF TSOT"^ITEËT fu\TÐ ON

Characteristics

L'I

TABIE 2

Growth, mannitol-ea-
glycerophosphafe
agar slants

.A.grobae Lerium rad.iobac ter -- 426

Gram negatÍ-ve
short rod.s

i,'lotili ty

ïsolates

ll'o " of cultures

Tested.

Gel-atin li qtrlf acti on,
6 weeks

Browning of Ca-
glycerophosphate
aEar

8z

Agrobaeteritrrn
rad.i obac ter

+26

+

furbid.ity in
nutrient broth

o2

þ2

Brolvning of litmus
eilk, ] weeks

o2

+

,\l

Ni trate
utilization

+

62

Ëurface growth on
agar slants

o2

+

,¡

6l

+

,2

1 See lable I for sollrce of isolates

o2

6I

6t

+

51

+

5',l

+

61

+

+



Charae terÍ sti e s

I1À.BLE 2 (continued)

18

Large mucolrs eolonj.es
on nitrate glycerol
agar slants

Growth, ir,lc0onkey
lactose taurocholate
med.iuni

Growth, Koser
ItTa citrate med.it¡o

ïsolated.

No" of eultures

'Ie sted.

F,ed.d.i sh-br o-'¡¡n pe1li eI e,
Ï'errie ammonium
ci trate med.ium

Starch hydrolized.

Agrobacterii¡n
rad.iobacter

426

+

Àcid. or Aeid. and. gas,
Laetose broth

o)

5?

Å.cid. or Acid. and. gas,
Ëucrose broth

6v

+

Acid. or Âeid. and gas,
Glueose broth

o2

+

4'.l

ïl2S Formation,
Lëad acetai;e agar

o2

.L

57

Turbidity with heavy
ring or pellicle,
Veal infusion broth

o2

+

ô

6,

+

61

1

2

o2

54

2o

+

+



TABLE 
'}{IIIIB¡}ìË COLONTES ïS Ï"ii{-iìTll$ 1Ë iirßillTu¡il'iTTTII DIFFÍRH{T

(Fresb garden soil at d.ilution 1:1000)

(a) Surface Fungi

COI{CffiS1RÍ,,ITONS OF .åCTTDÏONE

L?

Ðays
incu-

bation
ActÍdlone

(r"g/m]. . med.irxn)

4

0

250

$araol-e I

500

1

Plates

1000

6t

2

L'
2',|

4

254

¿L

4B

X

10

4

500

Samnle 2

1000

,1

nI

L

Plates

X

2

19

9

t

2

94

04

11

250

4

ov

44

1Pt

t

x

500

19

7

46

BV

'14

+

1000

+

x

ì€ Too nr¡aerous to count

54

I

x

6z

'1+

I

Y

Q¡l

+

ç

41

5

8r

6s

1_01

tl'I

ç

6

2'1

ìÉ

'l ''l

rot

41

15

114

Þ

+4

x

84

91

51

66

X

lá

4'.\

ìá

Lrl

9',|

84

42

99

2B

4_

'l+

29

'19

#

t4

á

44

8't

10L

q

3B

,IL

X

80

vo ,4



TAi3LE t (eontinued.)

20

Ðays
ineu-

bation

(b) Subsurfaee Fungi

Äc'tidione
(rtg/m.l. medj.r:m)

4

0

250

Saroole I

500

I

Plates

1000

116

¿

91

25

TJ

)

2ro

1'.|

1L

2t2

30

4

Samnle 2

500

2T

1000

28

L+9

24

1

Plates

ë

r(lIÕ

+U

L62

v9

2

106

Þ

U

29

250

IÕ'

24

4-6

o)

LL'1

1

Ë

¿")

500

L+L

2?

2B

5L

4

1000

'14

H

g Counts obscured, by surface overgrowth

q

L'1

18?

?5

ìã

T9

64

41

H

t49

22

4

1'.|

x

44

bU

L29

19

L'.'|2

b4

T1

ä

'T

X

1L

L4'1

2"1

81

50

iá

t9

ìt

á

6L

49

ç

o,

X

5

*

4

lÉ

1'.|

5+

ìt

+t

58

ã

tÉ.

2t

62

t4

40

X

H

to

5+

&

ç
q

æ.

t9

,1

é

1

29

66

t1



TrrÉI"E ã (contiaued)

(c) tfRad.iobacter-likett Surface Üolonies

2L

Ðays
incu-

bation
i¡.etidione

[ire/ml. med.itrm]

4

0

2io

Samnle I

500

,T

1

PIates

1000

2

2

\,

I

v

250

I

&

Sample 2

L0

500í

1000

I

1

PIates

ã

I

¿

2

I

U

2

2

250

¿

3

2

t
Á

1

500

I

2

I

4

1000

¿

1

ä

X Counts obscured. by fungal overgrowth

I

ts

I

2

1

1

1

*

X

4

a

2

t

¿

ìg

ã

2

t
1

2

I

É.

1

X

I

I
7

2

ë

I
;É

H

v

1

1

+

2

t

x
2

2

2

1

ã

ìá

1

I

1

4

4

a
2

t
4

2

2

I



ÏABI,E, (continued)

(d) Other Surface Baeterial tolonies

22

Ðays
incu-

bation
.åe tid ione(pe/ú. med.ium)

4

0

250

$ample 1

500

1

1000

Plates

1

2

0

1

250

7

I

L0

500

t+

$ample 2

I

1000,

1

é.

1

ìá

PIates

1

1

¿.

2

250

¿

L

¿

2

1

t

500

lå

L000

2

1

2

I

+

X Counts obscured by fungal overgrowth

X

ç.

I

1

¿

¿

X

2

X

2

1

2

2

I
I

ë

H

T

1

1

2

2

1

3€

3É

X

I
l

2

æ

4
*,

2

2

v

1

2

ã

X

I
2

I
1

ìÉ.

X

1

1

ìÍ

3á

2

¿

è5

1

2

I



fA.BlS I {continued.}

21

( e) Ëubsrtrface Bacterial üolonies

Ðays
incu-

bation
Ac tidione

(rtg/mI. medium

+

0

250

Sample 1

500

1

I000

Plates

¿

2

0

5

t

250

2

10

+

500

1

SampLe 2

1000

5

z

,l

I

tÉ

PIates

2

1

*

r\

2

4

250

4

o

,)

,l

o

2

4

500

Bá

I

1000

t

E

2

5

1lry

æ Counts obscured. by fungal overgror,vth

X

z

ã

I

t+

x

t

Þ

+

1

H

9

I

5

5

lË

¿.

o

ë

r

2

+

X

+

á,

l€

ä

I

x

?

,1

ã

ã

ìá

6

o

ë.

5

ìå

X

1

¿

q

E

lá

1

1

'l

ã

ìÉ

6

4

2

1



24

$

Plate

Plafe

FIate

Flate

Fungi from gard.en soÍl (f :fOO)
ln MartÍnt s medir¡¡n

1: without actidione

2z w:ith actld.ione at 250 pg. /wI"
7z ruith actidione at 500 r"C./nL.

4¿ $rlth actid.ione at 1000 pg,lr4l.

Fig. 1,



rABtT] 4

itlUnßERS C9LONTES In ¡,IARTIN'S HEúITJM WITH DIÏ'FffiIft[T

CO]rTCÐ{TEATI0NS 0F ACTIÐIONE AND AT. trlfT 'ERH\TT _pH IETSLjI

(Fresh gard.en soil at dllutlon 1:100)

(a) Surface Fungi

2'

:fi.ct1d1one
(r"g/nI. med.fr¡m)

0

pH of
med.ium

^rt4c I

250

5"1

I
Flates

'l.L

X

2

8.2

x
X

4 "'l

1

500

X

ìf

5,J

It

4

X

X

'l "l

X

ã

1

X

8"2

*

x

X

1000

4. "l

X

3€

X

"l

5.1

2

lã

x
3{

7.L

4

2

ìÉ

8.4

ìã

ìÍ Too numerou.s to count

2

1

4.'l

X

lá

lã

I

5"1

ìá

x
*.

'l "L

2

r61

=

8.2

2

lá

X

=

X

ìÉ

ìã

I

x
=
X

ìÉ

X



TABLE 4 (continued.)

26

(b) Subsurfaee Fungi

J\c tid.ione
(rrg,/ml" mediuttt )

0

*TJ NFy.i,r vr
med.irxn

+.'l

250

5.t

I

Plate s

7"L

Ë

2

8"2

H

-ì{

At7

=)

500

v

X

X

5.1

+

cÉ

ë

x

'l "I

l{

v

ìÉ

ti

B"z

ç

102

tl.

H

l5

4 "'l

1000

X

ö5

x
L2

5"1

t{

lÉ.

91

7

1.L

4

t

B"z

X

B'r

X Counts obscured. by surface overgrowth

T<4

ç

I

AN*t I

ã

X

7'l

2

H

X

*

1

'l .l

91

ç

X

8.2

?B

o

3å

4.

4

+

X

X

X

"I

ç

X

10

ë

x
ìÉ



TÄBLI 4 (continued.)

2'T

(c) stRad.iobacter-like$ Surface eolonies

Actid.ione
( rrg/nl . ¡red.iura)

0

pH of
medium

+.'l

250

5.1

I

Plates

'l.I

X

2

R2

ìÉ

4

t

4 "'l

X

500

ìÉ

5"V

Þ

4

H

ìÉ

ç

l"l

X

ç

ç

B"z

èá

19

*

Þ

4.'1

100

X

L'I

;
¿

ç

ìã

x

t

'1 .I

21

1

lÉ

8,2

9

14

3á tounts obscr:red. by fungal' overgrowth

2L

4

4 "'l

ìá

lã

X

2'.l

5,t

ã

2

x
+

6

1

1"r

ì€

B"z

1

1B

9

7,.

x

1

L+

ã

I

3{

ã

6

4,-

i€

}t

L2

X

lÉ

ç



fi.BLE 4 (continued)

28

(d) tther Surface jiacterial Colonies

.A"c f id-i one
hre/nl med.ium)

0

!v¿J, \JJ-

med.lum

4 "''l

250

5"1

Flates

1

'l "l

ìÉ

B.z

2

}{

4^1

ë

500

ì€

BÉ

rl

4

ìf

.t 't

X

x

Ë

8.2

H

ì{

X

I

+"'l

1000

X

ç

Ë

5"1

3{

'l.l

3€

B.z

lá

X Counts obscured- by fungal overgrowth

L4

4 "'l

=

}{

x

trz

¿

ã

ìÉ

'l "L

,l

B.z

t{

o X

.+

X

ìã

È€

Þ

ã

lÉ

rt
I

3€
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ÏABLE 4 ( continued)

(e) Subsurfaee Bacterial tolonÍes

Actid.ione
lt"e/-rù. med,ir¡m)

pïí of
med.iuue

0

At1TO 
'

250

5.7

Flates

1

,I,L

t{

8"2

2

3f

4 "'l

X

1

500

tá

Þ

3á

+

Ë

X

ã

'1.!

X

¿

ñ

B"z

3á

X

1

z

4,',]

#

1000

lÉ

X

èÉ

ã

"] ,L

ì{

ë

1

8.2

J-C

X 0ounts oþseured by fungal overlrowth

"1

4.'l

7

ã

Bá

H

,.5

¿

I

X

X

'l.L

ìá

6

x

B"z

1',

'l

F

ä

=

L'

I
X

X

x
I

x
x

L2

lã

ìÍ-

3á



rå,Brr 5

Cffi^Ì¿ITT( ÐATÄ T[\T THg 1-,TORPT]OLÛGY Ai\JÐ FTTSTOLOGY OF ]SOLÀïES1

I'R0nf, itiARTfi'irS I',1mÐlA Af pH 5", .ÀÎdÐ 0N

7a

rlgrobac terium rad.i oþac ter --426

Charac teri sti c s

Grorryth, mannitol-ca-
glycerophosphate
asar slants

iviotí1i ty

Gram negative
short rod.s

Isolates
No. of cultures

Te sted.

Gelatin liquifaction,
b lrVeeKS

Erovrning of ca-
glyceropho sphate
aEAr

?7

.Agrobacteriur.
rad.iobacter

+26

+

Turbidity in
nutrient broth

B4

ó+

BroirnÍng of litmus
mllk, ] vaeeks

ö+

+

qa

I{i trate
utilization

84

+

B+

Surface grolvth on
asar sl-an bs

Q¿

+

4

B4

+

'12

i See Table 4 for source of isolates

B+

Bo

ôtö4

+

OI

B+

Lt

6B

+

71

+

+



TABLE 5 (contínued)

Characteristies

1L

ï,arge mueoug eolonies
on nÍtrate glycerol
aqar Þlates

Growth, Koser
Na citrate med.ii¡m

Growth, fuIe0onkey
lactose taurocholate
med.irr¿

ïsolates

ifo" of cultures

1'e sted

Red.d.i sh-brown pelli ele,
Ferric arrunoniwr
citrate med.i"um

Starch
hyd.rolized.

8+

.àgrobacteriura
radiobacter

426

"Acid. or Acid. and Bas:
Laetose broth

J.

B+

'l+

Acid. or Aej-d" and. Bâs,
Glucose broth

ó4

+

o2

Á"eÍd or Acid and. Bâsr
Sucrose broth

84

-r

B+

HeS formation,_cl,eao. aceEate agar

B4

+

74

furbid-ity with heavy
ring or pellicle, Veal
infusion broth

ö4

+

B+

J-

rl
I

B4

Åôt

B+

B+

71

'll

+

+



72

i.$.

Flate

Plate

Flate

Plate

l.

2z

./9

4z

in
at

at

at

at

Fungi from gard.en soil
Il{artinrs ned.Íun at pH 4"7

l:10, 000 without actidione

1:100 with actidione at 250

1¡100 with actid.ione at ,00

t:100 Ì\iith actidione at f000

Fig. 2o

pg. /&1 .

pg. /mr .

1rg. /nl ,



17

..",--'*l**\..

i 
'* '0,' 

*{ 
r\- 

e:: -* -*ìl "{.'*::*lþ

*E
"€

€

PIate

Plate

Flate

Plate
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Fig, 4.

Fungi f rorl gard.en soil ( f ; to , 000 )
in Martinls med.irm at pH 7'1

Ptate 1¡ wlthout actid.ione

Flate 2z $rith actid.ione at 250 pg. /n't"
Plate ]l with actid.ione at 500 pg'/rdA"

Flate 4: 'ûrlth actid.ione at 1000 ILg'/nL"
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3'r.rngi from gard.en soil (t:tOr000)
in Îüartinf s med.fi¡m at pÏI U.3-

Flate 1; rnritirout actioione

Pl-ate 2t wÍth actidione at 250 ir8" /mL'

Slate 3z rvith actid.ione at 5OO p,!'/m]-'

Pl-ate 4: $¡ith actidione at 1000 pg./lnl.
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Time of
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+
Rose bengal
(r:r5,000)

+
StreptomycÍn
( ¡ope/at. )

A.ctidione
( 2oorrE/ml, )

42

J-

Rose bengal 1
(r:r5, ooo) z+7
Streptornycin 4
( rOire/ml" ) ,+6
Actid.ione 7
(  oorrs/mlr )

1
2
7

4
5

'l

A. turaefaciens

7" fransrnittance

100.0
97.'l
?6 "voz 4

91"7
97 "''l
91"',l

J.

Rose bengal I
(r:r5, ooo) z+7
Streptomycin 4(¡opelil") 5
..'- + 6
Actid.ione 1
( Boorre/ü1l. )

Å. rad.iobacter

1q0.0
?'l"a
?5 "O
95.Q
95 "A

95"0

+
Rose benga} t
( r.;r5, ooo ) z+1
Streptomycin 4
(6ope/mt. ) 5+6
Actid.ione 1
( eooue/mt " )

BB. O

'l'l "oo+"2
;50';]0
12.0
17,0

100"0

?5 "Q
9' "Q
9' "A
?5 "o
?5 "0

100"0
?L "',lAL4
Bt "o
'12.0
6j,o
49.O

100"0
96.0
oÁ, n
95 "A
?5 "0
9' "O
?5"O

100.0
9L.3
84"o
l'l "0
56 "o
41.0

?B.o

92.Q
90.7
90.7
?Q.7Roz-



Time of
incu-

i;ied,ium bation
in daYs

.L

Rose bengal I
( r:15, ooo) 2+1
Streptomycin 4
( 60rre/rû1, ) ,

t'Ð
Actid.íone 7
( Aooue/ml " )

ÏABLË 6 ( continued.)
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Growth of Agrobaeterir.m radiobacter --+26

and. of Agqqbacterium tursefaciens--ATl

in manni tol-cal eÍuur-glyceropho spha te
med.ium measured. with a Bechan colorimeter

1 ( dayç at
25"C . )
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and. of AgoÞq_q.!.9-Iiurtr tumefaclens--AT[

in mannitol-caleii.m-glycerophosphate

med.iwn containing strept'omycin ( t0 irg , /m!")
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Growth of -6grobacterirm rad.iobacter--426

and. of Agrobacterir¡m tusefaciens--Aft

Ln mannl tol-eal clum-glyceropho sphate

mediun containin.g rose bengal (1 part in 15r000)

measured with a Beclsan colorimeter.
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and. of AgrobacterÍr.m tumefacíens--ATl

in manni tol-ealcirm-glyceropbosphate meditm'

conËaining rose bengal (1 part 1n 15r000)'

streptomycln (50 pg. /mL"), and' aetiilíone

(800 pg./nf , ) measured. tüith a Bech'an

colorimeter.
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Growth of AErobacteril¡¡n rad.iobae t'er--426

in mansitol-ealciun-glycerophosphate med Lr.¡m

containing streptæycln (70 pg. /mJ-') and

rose bengal (1 part in I5r000), each slngly

and, ln combination, measured. q¡ith a

Beclsan colorimeter.
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with nystatin at 1200 r:nits,/ml"

with nystatin at 2400 units/ml.

with nystatin at 16A0 units/ml-'

Fig. 14.
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Even though the development of a selectÍve Éed.Íutr

for Agqobacter,i,!¡q rad.iobacter may be deemed. aå accoutptÍsh-

ment, it leaves unanssfered the fund.amental question aS to

what is d.ifferent in the blologieal nature of this species

that makes 1t respond. sel-ectiveLy on thls med.ii:m.

The fact that this species in tnany respeets

resembles Aere-þgc-Ëer.ilrm U¡agfeglggÊ, a pathogeiL, and species

of Rhizobiw.a of agrieultr¡ra} signiflcance ;ooints to the

need. for such a selective med.i urn" Conceivably it eould.

be used. as a quick aethod for testing suspicious cultures

in these practleal grouros of bacteria'

Prohabl-y it is v¿orth.y of note that Íd.entification

of the cultures developing on this selective rned.iun. was

linited. to certaj-n morphological anÕ physlologieal tests

and. ðid not includ.e phage tes'bing" Conn et g!.. (l-945) have

reported. that identificatlon and. differentÍation from

species of RhlZoþ1-utq can be aceomplished. read.ily by a

phage specific for Ag+obaeteriirlÊ ggÈgÞgg!9"

57
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