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ÏTVSROBTTOOT ON

'l[arious investigators have found. that q6 appreciabLe
proglortlon of th.e epiphytie microfl0ra of cereå1 seed.s End

groell p1a¿ts consisted of short rods; that fo::nred. typleat
yelloiw oolonies on nutnÍert 8gâFe

.amos (11 rsorated thts ye11ow epiphyte 1n eonsider-
able numbers from wheats and wheat flours aad noted its
Eimi Larity to Elæp_þãcUeriug trif_o,liqm (ev i¿entLy
gtil-ob.a,c,tertum trif o1i I tfa ek) 

"

.Tanes et a r o ( lb ) mad.e counts of baete ría in wagh-

ings from eommereiaL ribeats and. found this yo1low epiphyte
to be prosent evea after repeated r¡y,ashingso ghey repres_
ented 54f,r, 57fi anû ø\fr ot the popnlati on isolatod. f rom

wash waterg efter lp washings of soo 1o Nou 4 and N.ou 6

grsd,es, respeetiveLyo of ManÍtoba Northera red spr:lag

wheatu fhe f,act that these baeterÍs were present oa wheat

even affer rspsated washings offered presumptive evÍd.snee

of the existenee of a baoteriaI fLora that proLiferateê on

wheat. Þata presented. isdieated a relatioashlp between

{ualityu as represented by gradeeu and. total numbors of
baeteria" Íhe numbers of bacterla beeame progresslvely
larger as the grad.e r.owered" nfrany bs the rorw graðes"

und.oubtedlyu weTe exposed to weathering eond.itions for
Long peri od-s of tine. ghis exposure to dampness and warmth

wourd' faeor tho aetívity of the epiphytic mieroflora"
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wíi.son ( ¿g ) stud iod zz isoi.ates and- f ound they had-

nost of the eultural end. physiorogleal eharaeteristics of

PhvrLomgnas translucens var und.ql.gsa Hagborg (now Xanth.omonas

tTansluceqs f " spu undgl.oga) ; 6 plant p"thogen whÍeh is the

causel agent of trbacterial black-ehaffr diseaso" fhe author
stated that lt was conceivable that wheat night harbour a

pârasitis species with many of the eharacteristies of a

Þatbogen î a phenomenoÍl that is aooepted..rqith respect to
Parasitio basteria oE the human skir"

fflmmonds (Zgl deroonstrated the existenee of a

baeterial sunfac€ floras oB sseds and. on other parts of
coreå1 plantso which was antagonistfe to EqLmÍsth.osi:o.sium

sa.t.1,vr:m, PoKu and B. o a common rogt d.isease path0g€no

treated^ cor€â1 s-eed s r¡ere plaeed in a ?etrt plate c onta in_
ing nutrient agar spotted with the moLdu Retarded growth

of the mold was notieeable äear the seed" ßhis investigator
suggested that the eplphytie flora migbt" therefore, by their
tenðeney to inhibft growtho play a promf.nent rol.e in inhlbtt_
ing the infeotioa of cereals by this funguso A detellsd.
stuciy of the bacterla eoneerned was not undertaken. ï[owever,
uthea isolatlons'were mad.eg a baeterlum of the same gross

morphorogy - a shont ¡sotire rod^ - was most frequeinti.y
obtained.. while thls d.esorlption eould be appLled to the
ye1Low epiphyte, it oould also be applied to s speeÍes of
Ðq-eudg*4Ë whÍeh cons titutes a sons iderabLe portion of the

eplphytlc mlcroftora of graÍns (15, p5u Zgl.



B"

rE contraste the work reported. by Jsmes et å1o (L63,

appoar€d. to ind.ieate that the phenomènon roported, by $lmmonds

wås due probably to eompetition for nutrientsn rather than to
tbe prod.uction of any antagonistfe substanee, fhese invest-
lgatörs produeed ovid.enee that a fiLtrate of a culture of

the yellorm epiphyte d id. not exo rt the same antagonisti e

aotioE as d,1d the eulture" Ehe same findlng was reported

on the nixed bacterlal flora on Sraitr.
Stark (25P. cond.ucted a eomparative study on g8

feolates of thls yei.low epiphyte from wheat, oatsu bar'1ey

and f laxu Eê stud,led ín d etaîL thelr roorphologys GBltural

oharacteristies an& physiology and. oompared his flnd.ings

with tbose of &ugg.åli (ÐÞ, uaetç (LB?ø' and. Euss (t¿)" .yhiLe

thcre werê eertain differenees among the cultures referrad

to, espseially with regard to physiologyu it appeared evldent

that they were not "of suffleleat importanee to justify con-

sid.ering them to be in different speoies. lfiost of the com-

plieations arose because ûífferent investigators used dif*
fetent method.s " &ecording to Stark, the loglcaL plaee for
thls speeies, on the basis of fLagellatlon (one or two

pola'r f lage11,a l u appeared to be 1n the genus XAnthomo,nas,

$tarkE hoÌvevere did. not compare hi.s isolates with knov¡E

representatives of the genr¿s o

ln contrast to the findings of $tarku Burkholder (bl

stated the t rwhÍ1e the ye1i.oïr epiphyte was similar in eolor

to species of Xa¿thgno¡.as Ít was tl.istinetly unliko them in

o'ther characters" $e elaimed. (4) that isolates of the
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yo11.ow epiphyt6e eneountered in his stud^iêse Ilesemb16d.

organ1smsusua1].yp1aeed.inthegeausegÆ'-moti1a
rwith peri:trichio flagelLa and soinetlnes prod'uclng gase

Âeeord.ing to Burkhold6r (sl the rel¿tionshL'irs of

the phytopathogenic bacteria 1n the Eubaoterialeå are with

various soiL t¡4gesu $.,h1Lst xanthomonad.so as far as is knov¡n

haVe Bo countsrpart rwith other baeteria - u¡Less 1t is wl th

Pseu4 om o!aq tr-¿99.11 I'

GoldEtein ( 10) eondueTed a Gonparative studLy on L8

Í.sola tes of the yellow eplphyte f rom whea t and nine rndrvn

representatives of the genus Xant-homonae. $he f ound', ih

partieuLar, a close relationship betweon her lsolates and

the representatives of 4aËJþon-a!-a,s" known to prod.uee the

rrþl¿ek-ehafftt ci.iseese oa cereals" Goldstein eonsiCered- the

d-ifferenee bstween the ivo grgiiLps to be no greater than the

dtif fer€nces o rd.inarilv used' t o d.istinguish betwoon species o

$he found" no d.ifferences in morpholOgy or eultural ebavåcter-

istics " Ehe oni.y physiologicaL tlif fe?enoe which csuLd' pos-

sf.bly exelude the ye1Low epiphyto from being considered" a

member of the geBus Xan!4omonas was.the utlLizatÌon of asp-

aragine a6 the sole souroe of earbon and. sitrogen{ It shouLd.

be noted.o however, that the r¿sa of asparagine as the only

EOUTBe Of CarbOn and. nitrogen was not mentioned. by Ðonson

{? ) , when he f irst proposed' the genus &¡nthom.o,nag"

Starr (¿f) carrying out experiments on the nutritional

requirements of the genus X,-antþomqnaE founcL that certaln

spoclesu whlch he r6ferrÊd. to as ttnon-exaetingrt e grev in a
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gluoose ø Nã4Û1'e basa I sa lts m€dinr4" Furtheru eortai.a speei Bs

required glutanie acÍd. and. others mêthÍoninon while
x¿nthomqnaq- p.¿È.gå roquired nicotinio aeid.o rn å stud.y on

several !tBonúexaetingtr isolatas, sttarr founå that the ad-dlltíon
of glucose to the asparagine medlrum, resur.ted f.n growth at
least as good. as in the basal medlutn" He suggestod that the
ínadequaey of asparâgiåe Ì?as probabr.y due to its fnapprop-
riatêaess as a cârbon or eäergy soo.rcgE

flhe literature revtewed d.oes not refey to the probabLe
pathogenielty of tbe yellow opiphyte" Íhe genus Xanthomonas

eontalns a numlev of pathogens whieh are culturally similar,
d.Íffering only in the hosts they infeet (j.ZI" Burkholder
(5?. suggested- that thEre nigbt bs a trensition from
ssprophytism to pa thogenícÍty in eortain ea ses. He d td not
believe this to be a rapid ttansitíon but probably on a par
witb otber evoLutlonary trend,s in micro-organlsmsn

Reid. et alu (eO3 expressed the betlef that the
tobacoo pathogens knowa to plant pathoLogists ae E@-ornog,as
!.ab-g! and. Fseudgo4aå an.sula.k- were merely the saprophytie
soil. speeies Eg-gg$.omonaq ftug.æ-g.qe.g-E-, whieh attaeked the
tobacco under cond.itions unfavorable to the Þlant. fo
support their eontentions they prosented data to show that
serologically the speeles \MerÊ id.entfeal,

flhe members of the genus xa ntrrq¡qonæ ã nd the yeLL0w

epiphvte referrod. to ¿s Es"gqqqqqgas.ü¿iLo.Lit. are both ehar_
åetorized by Borgey et å1. (gg. as produeing a water insol_
uble pigment. gceording to Burkholder^ ( 53, the iatraceli.ular
yellovr plg¡rent occurring in the menbers of the geaus



Xanthomc-g.eå has been sh.own to be ídentical in all speeies,

but d.iffeyent from the yo1Low pigment found in species of

Þlant pathogens in other gêhêfâ e

fftarr (¿e) . fou.nd. that the predominant Xan.!,þgrngnas

pigmeat wes fi11Ly ad.sorbed. oE magnesia or alumina and. a

d, ef i ni te ehroma togram was gi v en throughout the genu.s . Â

second much Less abund.ant pigment eould. be d.emonstrated Ín
some xanthomon¿g is0lates by ehromatography, Bhe pigments

reaeted similar to carotenoid. aleoholso

rt is apparent from the aborre that mueh more d.etailed
study of thls ye1Low eplphyte is necessayy before it ean be

elasslfied' For exsmplo, studies on;oathogenicitys on the

type of pfgmentu and. on several other aspectsu shoui.d. be

earråeù out simultaneously oa several isoLates and. a number

of knswn representatlves CIf Xanthocgqas.

.&ceord.irglg, this stud.y was undertakeno It was

dlrlded. into three partse

Payt L Morphology, SulturaL Charecteristies
and Fhysiolog'y

Fart 2 [ests of Pathogonielty

Pa rt 5 Ïfa ture o f th e pi eme nt
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s0,uRc5s 0F curluRE$

ffiamples of v'.'h€ats oats, barley, flax and. soybeans

from various sources v/êre supplied through the courtesy of

fhe Þepartment of F1ant Seiencee fhe IInÍversity of ffianitoba"

[he nethod. of James et alo (15) was followed for the isol-

ation of the baeteria o A 10 grrle portion of eseh sam;ole

was transferred. aseptically to a six ouncê serew top bottle

containing 10 gro.sterlle gravel and 100 mLn stêr1le watern

thls initial d,iLution rqas shaken for 50 min, on a to and fro

shalcing maohineu Åppropriato d iluti ons were mad e and. platos

wsro prepared. using Þifoo outrient agar as a substrate for

the baoteria" I¡cubation was at ZSot for flve daysn

EypicaL ye1Lo$' colonies were selected from plates

prepared. from each s,araple of soed" Si:r of these whlch Goô-

formed with the deseription of prevlous investlgatorrs ( 10, 251

wlth respeet to shape of cel1, sizs, eLumping arpangement

and. moti 1i ty" lvere transf erred to nutrient agar _gLa nts

for further stud.y e thus totaling g0 isolates 1n alL" Íhese

were repLated. and. reisolated to make eertain that eaeh

repr.esented a pure eulture. lB addition a culture isoLated

from the coleoptil;e åf Roqard. whea t whieh had been surfaee

disinfectedu supplíed through the eourtesy of Dr" Bu t,
Í¡edingham of the EomÍnios Í,aboratoyy of Plant FatholoSVo

$aske toon u Saskatchex¡an s qfâs trans f erred. to the same med_ium

f o r e ompara t 1v e s tud.yu The eocLe number of each iso la te



aad. Íts sourse followsg

w-l to w-B .maoårönt '¡¡heat (!.åi-gig.um d,fry.3, growg
a t Tfinn lpeg, Ila ni toba j 1"949 .

Itr*A Rod-manç a hard spring wheat, gro'\¡¡n at
Saska toon u Sâ sko , 1949 .

'w-5 Ehateher, a ha rd. spring wheate grown at
Saskatoon, $]âsk" e 1949,

w-6 marquis e a ha rd. spring rvheett, grown at
Saska toon, -:¡9å sk" , 1949,

0*1 a nd 0-2 Ex'eter oa ts grown at Win nipeg, lfa n" e 'J"949 ,

0-5 and. 0-4 Garry oats grown at ffiínnipog" Mån., !949,

0-5 and. û-6 Fortune oats grown at fflnnilreg, Mån. ø !949.

8-L to 8-6 Slontcalm barloy growä at Winnipeg, Îûen", L949.

F 1 to F-6 Dakota flax gror/n at trinnipeg, IÉan", L949u

$-1 to ff-6 PagoC-a S oybeans gvor/n at llinnipeg, $[an " u L949 n

-t -2 suppLlod. through the c ou rtesy of
Dr. Ru Jo 4ed.lngharn, the fto¡ainion laboratory
of 91ant Pathology, Ssskatoon" Sìask,, 1950,

0ho representatives of the rrblaek ehafftt tyt:e

bacteria r¡¡ere supplÍed by Dr" Fl. A. F. Eagborg, Dominion

labor¿tory of Fla nt Fathology, Winr¡ipeg. flheso f oLLorv¡

H-i. 'Xantlromonas Lranslue-ens f. spn u.nctulosa,
9258 " isolated from fbatcher wheat
eoli.ected at Mariapolis, trfanou July 27u 194b"

H.-2 Xanth.ornOnas translu.c.ens f u s.oo und.qlosa,
L552, isolated from Marquis wheat colleeted
at Ltord.ene lfanu, Jul-y 28, L949"

II*õ Eant_bomg.äaq !.r_aq-E1ggg¡[ f o sp. eerealisu
õ040u isoLated. from ßhatcher x Regent.
R"T,n 20400 eolLected. at Finnipeg, trfanu
tu1y, L944"

H-4 E1eth.ee9.naE transl--ueens fosp. hord.eâ'--êåglLaes
L9ø7, isoLated frorn barley collecteù at
l9innipege S'an " o Jal-y Zy , 1940.
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ethe r representa tiv es of fueghgo Ee.g rro re obtained

from tho Åmerican $ype Sulturo SoLLeetion, ifashington"

0" 0. âs followss

f - i. Xa s thgmo Eâ s gegg-t-eg. e LO 547 .

f-P Xagt.4qqg.ge-g ggges!Í.iq_, 7981,

f-g Xa!-tþ.orngnas pquniu tOOfZ.
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ex?3Rrn{81{tAi

Þart I 1r[orphology, Cultura]. Cha raeteristlcs
and Physiology

Uniless otherwise ste tBdE â11 stud.les \Fere earried

out åcoording to proeeduye outlined in Ehe trfanua]L of Methods

for Fure tulture Study of Baetevia ( 09"

g,qrphqfgÆJt

Yegetatlve ce1Ls of the yeLLow epiphyte euLtured'

on nutrient aga r at 25otr f or 24 hru appeared as rod.s wlth

round.ed ends ts esecofd. formsg oocurring slngly and oGcas-

ionally in pairs and. measuring 0.5 to 0"8 by 0"5 to L"6un

fhey were grarn negative anC aetívely motile" In aegatiçe

mount preparati ons there was ms rked. ev ld.ence of d.if f eren t-

ia ti on ia interna I s trueture 
"

Eaeh pathogen stud.ied showed greater uniformlty 1n

Length of celLs and. d.id not show the same type of different-

iatlon ln aegåtive B.o.unt prsparatioEse

$ta rk ( 25) , reporteû the average size of fiQgeta tive

celi.s of Ísolates of the yo1Low epiphyte to bs 0og by 1" 6u ;

Ë1lson lzgl , 0u 6 to 0" B by !,2 to L.6 u 3 and. Gold.stein ( 10) ,
tl

reporting on ?8 celLse on? f .O8 by L,7 å 1"2tr, fhe last

inçestigator, montioned., ffioåsured 54 celLs of narned speeies

of EaEtþggBgS., fhey ranged from 0"? { "O? by 1"? / 1"1o,

trhiLe no speeiftc mentlon of v'arlation in langth wa*l *"¿""

the figures quoted by the above investigatbre índieateä

that the eelLs measured by them varied åE wid.ely as dtd
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those ín this studye Amos ( 1) " stud,led, isoLates of this

y€llow epiphyte froin wheat and- wheat f l-our and.rwhile he d id,

not quote speelfic meåsürements. of eelL siu€s remarkeä

on the presence of many short rod. forss which he referred

to as ttcoeso - baelllirto

tultura 1 tha raeterlstics

Nutríent agâr eolonies of isolates of thls epiphyteo

l neuba ted. a t 25oC for flve d ays e lqere ci reula ru on tire, e on-

sexe glf,stenlng, smooth and yellow, fhey ra nged. in size

f rom pin polnt to 6 mn.no $tart (251 presented evidenee

whích appoared to show that variation in colony size was

not due to hered.itary transmission but to nornaL variation,

ßhe intenslty sf the yellow eolos varied sonoewhat,

aLthough this eharaeteristie d.1d. not prove to be trans-

missibLeo Ån isoLate fron a colony of one intensity,o when

Þ1ated, produced. eoloníes of vãrying intenslties. Bamberg

( Al , working wl ttì five cultures of B.ac-!erium translucenå

var un4.ulos-A (now &.8-!Eqgg.nas- trsnsluoens f "spo und.ulosa_l u

found slmiLar variations 1n the eoLor produeed."

$he eultures of Xen.thg&op-es åãd the eplphSrtes stud.led

prod.ueed eoLonioç on nutrlent agar whleh vrerê not distÍngulsh-

able" Nutrient ågar streak eultures and. nutrient broth

culturss of these pathogens lilrewÍse were not distinguish-

able from eultures of the epiphSrte"
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Be¿gctåon_or. Nllgags

For each eulturol d.upLicate tubes of Bitrå te broth

w'ere êríamined. after íncubation at 25oC for three days.

Eaeh eulture was tested. for nitrites by ad^ding å

few d.rops of suj.fanÍ11o aeid (g gfl. sulfanilto aeid in one

litre of 5 l{ acetic acíd } and f naphthylamino reagent ( S gñte

{ naphthylamlne dlssolved in one litre of 5 N aeetie acid.}

to 0'5 mlo of culture on a Porcelain spot plate. [he

results åre presented in Iable 1,
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Red.uction of nltrate to nltrite
the ye1low epíphytê and e€rtain
of ,ï.ant,bo.qonaSo

by isolates of
named- speei es

Epiphyt e

w-L
w-2
ts-5
Ë-4
w-5
w-6
0eL
0-P
0-9
o-4
0=5
0-6
B*1
B-2
B-5

tsuplieate
1,ttlt
?, r4

r7
//tttt?p

Þuplicate
1.2/, 1f, f,

7'*l
/, /,
7, f,

77
;;
//

417, 7,
rf

Epiphyte
B-4
B-5
B*6
F-1
F-2
F-5
ñA¡-+
F-5
F-6
s-t
si-2
s*g
'$-4
S-5
-$ *6
L-2

Xa.n.thqrnq¿a s

H-L
1l-9
E-g
g.-4

Xan th omones

fl-1
tîr -,
E-3

0ontrol

Table i. shorvs tha t the yerlow eplphyte redueed-

nltrate to nÍtrite with the 'exceptton of Lsolates o-3 and.

0-6r. whlLe none of the species of &.!-!åomoEa.s tested pro-
duced. nltrf.ten

Certain additlonal data on

stud.led by $tarl< ( Z5l and Goldstei n (

0abi.e 2 aLong wlth sfunij.ar infornnatjon

trif o_Lí í Huse âs presented. by Bergey

the ye1low epÍphytes

1-0l are presenteû in

on P.seudoqg.nA å

et aL (g),
whieh wi 11" be d i seus ssed

Except in a few instaneese
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Add itiona1 characteri6tics
base& on le'0orts of other

t¿\e

of 'ye 1 l or¡¡ epi,nhy t e
investigatoïs"

Lq-eu4.gu.ggag
trifolii IIuss Stark Goldstein

Gram s ta in

FlagelLa

Spores

Nutrient broth

Gelatin liquefacti

L i tmns mi 1k

liiitrate rerLuction
to nitrite
to ammonia

fnd.ole prod.uetion

HrË producti on

Fs t hyd rolgsis
S ta rch hyd ro lysi s

lfonossecharldes

Fen toses

Xylose

.&rabinose

1-Rhamn o s e

frexOses
G luco se

d " Lfa nn ose

d,. Galactose

do Fructose

negative

SingIe polar

absent

turbidupellÍo1e

on posltive

¿1ka1Íneu slow
e oa gula ti on

positive
nogative

positive

posi tive

ae id[

aoid.

acÌd

n egat iv e

1-2 polar

abs en t

positivo
negative

.äegativo

pos i tiv e

Fositive

negative

acíd

aeid

acld,

aeid
aeid

aeid.

åoid.

nega ti ve

1-4 polar

absent

positive
negative

nogative

positive

positive

negat ive

turbid pe1 f.icle turbid,pe1 l. icle

positlve pos itive

alkaline slois afkaline,slow
:pept oniza tion pept oniza ti on
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Iab1s 2" Gonted."

Pseudomonas
-!.4lf.9.!iÅ Eus s Sita rk Gol d^s t ei n

Þisaccharid.es
Suc rose

Mal tose

Eactose

Irisacoharides
Raffinoso

Folysaceharides

Sita rch

Tlestrin

InuIin

Glugosid.es

Säa 11c 1n

acid

no ecid

acid

ac lcl

acÍd

acid.

ac id

.A1coho1s

û*Mannitol acid

u nc han g edl

rarely acid.

not acÍd

not acid.

acid acld

*- Not reportod.
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further, the description on the three types egreed. renark_
ably eloselyu

F laee 1.!g

lhere is d.iscTepâney

flagella, Huss reported one

a nd. Go lds tei a one to four u

sôrious, the notabLe feature
16spect to polar attaehment,

with regard. to the number of

flagelluno; $tarkn oEo or twoE

fhese d.iff eren oss may hot be

being the unanimity wÍth

Ee,rne-n ta t_iU._st I Aq.gq.g-g.

Both stark and Goldstein reported. the produetion
of aeid. from r.aetose whfle Huss found. no aeld proctueed"
Eowëv er, d.i ff erent modla a nd methods r¡ere usod 1n naking
the determlnations" Er¡ss(1) titrated the aeid. produeed
in a carbohydrate peptono broth agalns t O "AS ffi ïTaOE"

$tarku aad' Goldstein, use* aÐ lnorganie basal ¡nedi.um plus
lactose aud measured tho pH eleetrome tr*aal1y, Salvin and
Eewis (21) poÍnted out that proteinaceous ned.ia mav be
utilizod by certain baeterie with the f or¡ßation of anmonfa
vhleh neutralizos ths aold, produced. from ths fermentablo
sr¡bstaneen

Prod,uetioa of i-nd.oþ

stark tested. for indole u.slng Kovaeâs modffication
of the Ehrligh Bohme teEtu Goldstein ased, the Gnozda
oxalío aeid technic and confirmed the res urts using the
gord mod'if ieation of the Ehrlich Bohme tost. flhese method-s
are end:1:el bv gT_socierv of American BaoterÍol0glsts (ol,
{r) Qr¿st"a from stark (¿Str
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Fuss add.ed, emoag other substa nces, a f eiw drops of 10%

I

HZ$û4 iwhen making the tes t" Ssnd.if ord (eA I wa rned that

aeid.-contalning reagents might give false positive reaet-

ions in cultures tested. for'ind.ol-e"

P roced uLg._€.g.Ltes-t inE eropth in gorta in-nutnignt-media

Isolates of the yeli.ow eplphyte and. the naned. speeies

of Xant&omg.nâ-g stutiied were tested for growth in certain

nutrient med.ia by the following procedure€

ÅlL g1assw'are was soaked at least 24 hours 1n d'ieh-

romate cleaning s olutionu rinsred thoroughly Ín tap water and

then in d.isttlled. lwateru fhe medla rvsre sterllized. in 5 ir"

tost tubes aftêr the plI had beon adjusted. witlr 0"L N Na0H

using a Coleman tr'fodel 3D Eleetrometer"

CelLslr'¡ore transferred. from 48 hour nutrient agar

slant eultures to 20 ml. stêr1l.e watero Inoculatíans were

mad.e by wire loop to d.uplicate tubes of a test medium from

this erspension of ce1LE. fhls prooedureo proposed by Starr

and. Weiss (28), was fo11.ov¡ed. in ord-ev to eLiminate earl:y

over of agar or growth aceessory factors whleh might support

gfowtb, rather than the nutrients under testo fo ensure that

fallure to gro$/ in ths test medium eouLd. be attributed to

ths insufflciency of the med"lumu rather than to d.esd. lnocula.

transfors rjretre made simuLtaneously to d.upLicate tubes of

nutrient broth" Grov¡th in Er¿trient 'bvoth w ould ind iea te

that tho eulture u¡as viable and that failure to grow in

the test medium eoulcl be attrlþuted to the insufficieney of

the med.ium"
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LfoâsuremeEts of ltgbt transmisslon rqere made with

a toleman ÏûodeL 11 $pectrophotometer standard"ized at LOOfr

transmisslon with an uninoeulated. ehecku the wavelength

was set at 45CI ny. " Eaeh duplleate was shakon 10 times

and. transferved to on€ of the matohed euvettes" lho read-

ing w¿s then made" ReLative growth was expressed in torms

of d.ensf.ty units ealoulated from the rel.ationship

Þ Ë 2 1og [e where B ie the d.ensity and fl ls percent

llght transnrission"

Asi:raragine as the sole s ouree ,of earbon_aad, nltroHêEo

Áccord.Íng to Bergey et a1o lSl , the genus Xanthoqgna-l

contains. organisms for v¡hieh asparagine is not suffieieat

as the sole souree of earbon and nitrogen, &11 lsolatos

Trere tested. for growth in tho nutrient med.lum recommended

by Starr anct Welss (Ze)" fhe eoïnposition of the med.ium

f o 11. dtts ¿

o.L% KH2EI4
o,02% r(01 '

o ,02% Mgso4. 7E 20

0"5f, I - asparagine
r pll?.4 after steriLízatlon

Ineubatlon was at ZSoC for eight daysu fhe resalts,
presented- in TabIe 5, show a ilifferenso in growth between

ye1Low eptphytes and tho eultures of Xanthomonas fn a

med.ium eontaining asÞaragino as tho sole souroe of eårbon

and nitrog€Ee flhe epiphytes all gr€s¡ - wlth the exeeption

of one is ola te 0*5s while the pa thogens grew seantlLy 3.f

at all"



flab1e 3"

19,

Relative growtb of isolates of the yo1low
epiphyte and. certain named species of
XantLomggAÊ itl a med.ium eontaining
asparagine ås the only sou,rce of Garbon (rl
and nitrogen - elcpressed âs density units"'

Epiphyte 1

w-l 0.44
w-2 0"55
rr-5 0.40
w-4 0" g5

v¡-5 0.94
fi¡-6 0. g0
0-L 0.51
0-2 0. g0

0*g 0.00
0-4 0-84
o*5 0 "240-6 0.I2
B-1 0"58
3-2 0.50
B-5 0,32

Buplieate
Epiphyt€ L z

Buplica te
z

0.55
0"5?
0.5 6

^zO
0" g0
0"98
0 "2'l
0 .29

0059
0n 50
0, LL

^4Â
0.25
o ,25

o ,29 0. 51
0,32 0 "270,38 0 " 55
0.34 0. 55
0"2? 0.56
^ ãÃ r'l 41v a u ¿ v a u-

0*35 0"32
0"29 0.90
0.96 0,84
0 "27 0 "34
0. g7 0 "970,44 0"46
0. 29 0, 90
ou32 0,gB
0, 28 0 .90
0 " 

g9 0.97

0 
" 
01 0.02

0.01 0,00
0.01 0" 00

B-4
B-5
3-6
F-1
F-P
F-5
F-4
F-5
}"-6
S-1
s-2
s-5
ù.*4[
tr-5
s-6
î,-2

Xanthomonas Xa n thom ona s

[-].
g-2
8-3

E-L
g.-2
¡f-c7

H-4

0 " 00 0.00
oo00 0.00
0 

" 
00 0,0L

0"00 0"0i.

(il Calculated from the roi.ationship B
v¡here Þ is d.ensÍty and t is percent

= 2 - 1og îe
Li ght

transmission"
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îhe above etcjleriment was repeåted. oxcept that tire

modium wâs adjnsted to pE5"o instoad of pã?"4" Á1L cuLt-
qres gave the saae reading ss the uninoeulateê oontroLe

consequentlyg 
. 
all dons íty values lwere zero" Ân is olate

of Fseud.ornonag aerueinosa grew well in thÍs med ium,

flo determine whether the dens ity vaLues prosented-

1n fable 3 mean mueh in terms'of good growth, slx iso].ates

of the yeLLow epiphyte were cultured, tn the asparagine

med,lum along with oBe isolate in the basal med.ium of starr
to which glutamio acfd. was added ( see påge p6 ) " ghe

reaction of each med.ium was adJusted. to pE 6n Bu Ehe re*
sults are shown graphieally 1n I'igure Iu

fbe densityvaLue of the isolate grovn in Starres

glutamio acÍd. ned.iu¡n was 0.21 unlts at 0ne day, which was

the same as the aveTage d.ensity value of the six isola tes

cultured. 1n the asparaglne med.ium at threo days u &t one

day the highest denslty value of âny of the six was 0"tl5

unitE 
"

e so ni tro

Ehe e.omposition of the mecLium followss

o,I% KE2F04
O "02/' ?C01

0.02/o MgË04. ? H¿0
0, L f, 1 * a rgin lae monohyd rochLorlde

pE '7,2 after sterÍlization,

Ineubation was at ZSoß" .At six days the cultures
showed. no vislble turbldity, thønefore spectrophotometer
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iu ßyÕvrtil ûf six isotatos of the yoLS.aw
o.pi-¡:hytc in ã roed-ium eontaining äspayegine
ãs 'çht onJ.y sruyeç ûf rârb,üfi anct ¡:ãt"ooen
e nC of one- of tjra ís ola t*p i n fftç rtr 0 s
g1;,r'*ur:ic å0id rned å ui:i*
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Êï,If TÁfui IÕ ,geID
¿

/

| / --.¡iif,

/w2

---z----r¡s
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roadings w6ro taken at LZ d.ays" fhs results are presented,

in Iab1e 4, fhey show that neithor the iso].atêe of the

ye1.1oq' €piphyte nor, the nanned speeles of Xa nthomgaas. grew

wsll in a med ir:m containing arginlne as the solo souroe

of earboa and nitrogêao

ïn an attempt to determíno whether the epiphyte
would. grou'ln a med.ium eontaining tartarie aeid âs tbe sole
sou¿ree of carboBu eaeh isola te was tested in the followlng
med. f um

o,L% NH4$oõ

0,L/o KHZpCI4

i:o.oz% Mgso4 "?npo
0nL f, trrtaric aeid

pH 6r2 after steriLlzationu

rncubationrwas at zsoe for six äsys" flhe ctensity
values ranged from zero to 0.0? units for both the epiphyte
åad the named species of xanthomon.aso indfcating nog1.igi.ble
or slight growth' shis ldâs in agreement with the f ind ing
of &ewis (17) who reported. that tartaric acld was nôt Euf*
ficient for itre growth of eertain prant pathogenso 0f
cou,rs6, the fai lure to grovr s oneeivabLy rof.ght have r€sul ted

from some other d.efieienoy ir¡ the ned.iuun TloÌreverø Burk_
holder (Al reported that mambers of the phyt omonae agmpex trtiå
group { no'v¡ ín the geni¡s xan th omonaq } grew rverl in a syn*
thetie med.ium with inorganlc nitrogen ås the sore souree of
this element" Bhis would appear to ind icate that the
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Relative growth of isolates of the ye11.ow
epiphyie and certain named species of
Egg!.hgru.g.as in ¿ modÍum containing
arginino as the soLe source of earbon
and. nitrogen - expressed. as densÍty units"

Epíphvte

w-l
\if-2
w-ã
w-4
w-5
w-6
0*1
8-P
0-5
0*4
0-5
0-6
B-1
B.P
B-5

Dup liora t e
L2

0n02 0"09
0,02 0"02
0"05 0005
0. LÐ 0.11
0"09 0.05
0 "09 0.02
0,04 0 " 05
0" 02 0 u 02
0"02 0,01
0"04 0"09
0.09 0"06
0" 09 0.16
0.0L 0"09
0.0Ê 0,03
0"06 0"0?

0"02 0"01
0"00 0u00
0.00 0n00
0"02 0"00

E¿ighytg

3-4
B-5
B-6
F-1
F-2
F*5
F-4
F-5
F-6
s-1
s*2
$-B
ffi-4
Þ) -Ð
,,5- 6
T'-2

Dui:1i ca t e
19

0"05 0"02
0.04 0,02
0.01 0,01
0"09 0"05
0"00 0.01
0"09 0009
0,04 0" 05
0u0g 0d0g
0.04 0.09
0n 02 0.0L
0004 0,05
0.09 0" 0g
oáoz 0" og
0.02 0*04
0010 0.1.0
0 

" 04 0.05

0n0I 0"01
0"0å 0n01"
0.01 0.0L

Ka¡ tho.rqqnas

H-1
H*2
.Ef É .)

H-4

Ka n thomo na s

0-L
ß-2
r-ã
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nltrogen supply probably was ad.oq.ua te in the medium used

1n thi s s tud y"

lLe ¡asa1. med.ium of Starr (2'll

Starr foun-d. that many speeies of Eanthomo-qeg grew.

ín a glucose, ITE4@-Lo basaL salts med-ium at a slowey râts

than in nonsynth.etlc media i howeveru in the same med.ium

with suffielont buffer the fina1. cro¡.r was about tho ssrnec

fhe ned.iurn (wf th minor variatlons) fo].Lowes

glucose(].} o"b gc
E"+Ë¡. 0u1 ,f

KEg"tt4- C.Z r!

ffig$04. ?HA0 0.OZ 11ì

3 {EgBt r) 1* 5 .f grn.
ga(ûas0g$ Lo"o fr m

ûu(eu$cn,sif p03 1" o ,r sî

tre{l'osrn(s04? å, t.2Hp0g L0" 0 rr r!

f (EIl 0"1 re t!

Mn(UnSO¿ 
" 

48 2û l 1" 0 rr rç

3[o ( powd.e red M-o ] 1" 0 çt ti

Zn {ZnSOn"7!IA 0! E"0 n sE

d.istlLled water þo LC0 mi"
pn 6,8 after steri]-ization"

rncubaiion was at esoc for six days" Íhe results,
prêsonted. 1n 0ab1e 5, show that isolatos of the yoli.ow

epf.phyteu with the exeeption of 0*ã and 0-6g gre.rv slíghtLy
i n the basa L med. ium of Starye whi 1o none of the named.

speeies of XantLg]qonat grew in thls mediurnu

{11 [o re$ovo impurities, 81r¡cose solutions wer€ tneated
twice at pH5.0 with charooal and filterod eaeh tir:cwÍth super eelu
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Relativo grovith of isol,ates of the
eplphyte and. certain named species
ãanthorugqae. in the basal medium of

expressed as d.ensity unit s.

yeL1 ow
of
Sta rr

Epiph¡¡te 1

w-l 0.L6
w*2 r 0" 5L
w-5 0.29ir¡-4 ou16iv¡-5 

O "ZSv¡-6 0 . ¿8
0-1 o" õL
0-2 0,10
0*3 0.00
0-4 a "220-5 0 " L5
0*6 0.01.
B-t- 0 u 50
B-2 0 ,29
B-rq O "2'l

Ea.ë.t.þo4.g nEs

E-1
E*2
E-3
H-4

Bupliea te
2

0"18
0ug0
rl tz /t

0. L7
0.22
0"28
0.28
0"LL
0"00
o "240"L4
0,00
0,gCI
0 "27
o "29

BupL ie a te
tspíp,bgte I 2

B-4 0.2! 0.å0
B -5 0"22 0.19
B-6 0"L5 0,15
F-L 0 "22 0" 20
l'-2 0.16 0.1,5
F-g 0,âg 0.2L
F-4 0"12 0.19
F-5 0,27 0" gg
F-6 o.Lg 0.17
s-I 0,29 0 "29s-2 0"23 0"21
s-g 0"20 0"1?
S-4 0uL6 0,L4
$i-5 0.L6 0,16
s-6 0"2? 0"25
E-2 0.3,1 a "gg

Kan thomonas

0"00 0.00
0"00 0"00
0,00 0 u 00

0 
" 
00 0,01

r-1
g-2
r-3

0000 0"00
0.00 0"00
0 " 

00 0,00
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ebg-Þa q a 1 m eÈLup-g.f s gry,-p.!¿å-|-¡.;AÆ.-L=sri¡ ta!lrllg"-æ.!È

$tarv lZf) founa that certaln s¡ecies of Xanthornonaåe

which faii.ed to glow in his basal medíum, greÌ? welL in the

same med.i'¿m to whieh glutauie acid was ad.d.erl. ÅGcordingly,

the isola tes usod in this stud.y lrore tested. in his medium,

with the results presented in Eable 6" flhe epiphyts gre\r

v¡eLL in this med.lum while the species of Kanthonona.s testod.

produeed. variable growth; @th-€.qnas aarotaq (g-1 ) groä-

lng bettor than any of the others and about as well as

ce rta in is o Ia te s of the epiphyte 
"

Àe Íd -t o*Lq q4,ge_

Burkbold er ( 5) reported tha t tho x.ânthomonaås lvere

aeíd. tolsrantå th€reforou prellminary tests wôr6 earried

out using two lsolates of the epiphyte and. f,o'ùr represent-

a tives of ru-lgæ-nas to d.eto ¡s¡ine whether Èhe epiphyto

showod. similar acid. tolerâhGêo

STutrlent broth ças adjusteð to four pE reaetions

ranging from pE 4,5 to pE 6n5 (after steri]-lzatlon). å

24 }¡r, nutriont broth culture of eaeh of the slx lsolates

was transf erred. in d.upliea te to mod^ia at the f our pE Levels"

f neubation was at 25oG and. growth was based. upon visible

tarbid.ity,

Bsth isoLates'of the epiphyte produeed. visible

turbidity at all pÏr r.evels ineluding pH 4o5 at two daysu
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Rglat ive gros¡th of l so 1a t es sf the
epiphyte and covtain nâmed specfes
San:[ho¡ne!.aa Í n the basa 1 med iun of
to which O.02% 1-glutanie acid. was

yel1ow
of
Sta rr
add ed

Ð.!gþy1t g I
w-L 0.9Ê
'ril-å 0.52!w*g onBB
w-4 0,92
m-5 0"95
w-6 O 

" 
92

0-1 0"76
0-g o "720*g 0.52
0-4 0"98
0*5 0"67
0* 6 O '"748-L 0"9g
B-2 0"95
B-5 0 "92

&up1 ie at e
2

0"88
0 ,52
0 .88
0.95
0"92
0,8 8
0" 85
0"85
0. 60
0"95
0" 6t
0" 6F
0" 85
0"82
0, 95

0"56 A.44
0. 19 0.18
0.50 0 022
0"5L 0"56

Þuplicate
Epighyte L 2

B*4 0,79 0.82
B-5 0.9P 0.96
B-6 0"92 0.88
F-l 0.92 O "'12T-2 0"?g 0"92
F"-5 0"6? 0,'l&
F*4 0u65 0,69
F'*5 0'65 0'6ã
F*6 0- 88 O "'14Ë-1 0"? 6 0.95
Sl-2 0"88 0"85
s;-5 0,92 0 "92S*4 O.BP 0"?6
ft*5 0.92 CI.7&
Si*6 0"88 0"85
T'-2 0"94 0.'7&

Xa nthomongsKanthomonas

H*1
g.-2

E-g
F-4

fl-L
f¡-2
n-g

0""14 0"60
0.0? 0 

" 
05

0" 15 0" 14
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rúhiLe none ûf the f oìxr "€presentatives of &-gthg¡ggg.É pro*
d^ueed. grovrth at pE 4"5 eveä at slx daysu Fo1lowing theso
preliminary tests alL tho isolates used, in this studyu

except those fro¡l soybeanse wêre tested for ability to
grolv in nutrient broth at pE 4"5" 0he results âre pre_

sented in fable ?o the resultsu in generel" eonfirmed. the
prelÍmfnary findlng of a dffferenee in aeid tol.eranee be-
tween the epiphyte and the pa tbogensu one isor.ate of the

eptphyte faiLed to grow a nd one of the path.ogens d id. grow

at this pH' flhe reason for these two åpparent d.iscrep*
aneies 1s not known; howov er, it is conceivable that
cortain lsolates in any slrecÍes míght våry from the
normal with respoct to aeid. tolerâhGeø
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Êrov¡th of isolates of the yeli.ow epiphste
aEd. certaln named species of Eanthogqgas
ín nutrlent broth at þE 4"5.

Eprghyi.g

ïr- I
w-2
rt-5
,W*4

' lw-F
'w- 6
0-1
0-2
0;5
0-4
0*5
0-6

npipþvl3

B-1
B-2
B-5
B-4
lJ¡-Ð
Be6
F-1.ñô
F-5
F-4
F-5
F-6
T'*2

,
f,
f,
f,
7ì
f/
T,

7,
T,
T

T,

T,
T
r

tt
ft ft
l, t¿

lft't '/,

rf
7, i,t*

Supl f cat e
19

Þugi&,1 ea te
L2

1
T,

T,

1
Tt
7
f
f,
T,
7
7

r

eg th-ggess.

H-1
E*2
tf.-o
E-4

:o4
lllfF

Xanthomonas

[-]. -
r-2
,t -g
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lr IFart 2 0ests of Fathogeniefty"'

Pro_o-ed.u re

Fo1lou'ing the proced.ure of Eagborg ( 1f. I (lBl, tests
of pathogsnicity wsre cârrieil out usÍng the yellow

epiphytes from wheat, oats and. barley, the Saslcatoon

isolate' and the eulturÊs of xantqgo_!_as. tr4gsluoe.ns_

received from Dr. ffn Ao Fo Eagborg"

Each isorate wäs tested on rhatcher ïrheate victory
oats a nd titan barley" Eight to 10 æeds of eaeh host

Þ1ant were so'wn per pot and. one pot of each host was ussd

for eaeh ísolate" When the coleoptiles reached a helght
of 7 to L5 m"mu the æredl,ings wene inoeula ted." A f lamed

sharp niohrome need.le wås d.ipped. in tho i,noeulums €onslst-
ing of a 4A hr, nutríent agar sl.ant cui.ture, a nd. the

ooleoptlle and encLo sed prlmar,v leaçes werÊ plereedl three

timeso Sare was taken to koep the wound.s welL above the

surfaee of the soj.1 to minimize the possible ontranee of
sol L organisms " the inoeula ted. plants ruere oxamined f or
infeotion at the end of a 10 d.ay period a t Zïoe"

Re.e"glt s

Not one of apÞroxiinatel;y 500 tests made v,¡íth the

epiphytes prod.ucod eharaeteris tic lesions of the disease,

whergas in overy casê the

Soaked. aroås â round. the s 1

-oa thogens prodrreed. dark water-

te of tbe lnfeeti on" $he host

{1) Performed under the direction of Dr" ,,iT"

Hagbo rg, Domlei on I¡abora tory of plantPatÌ¡ologle ffinnipeg, SâEo

An Fn
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plantE infeeted by each pathogen fo11.ow-¡

Xanthoinobâs
E-1
E-2
H-5
H-4

wheat, barley
whea t, barl oy
whe¿t, oats, barley
oats o barley

ßlthough the ye1Lor¡ epiphyte d.id not produce evidenee

of infection under the conditions of this lnvestigationf
it cou1d" eoEceivably attaek theso or other hos,ts under other
c ond.i tions " Starr I,Zl) specule ted. on the oxistenee in
plants of specifie antibiotics rphich inactivatod phyio-
pathogens other than the particular baeterial speeies whieh

lsf ected tha t hostu Burkhoi.d er ( b3 , no ted. that buckwhea t
and. sirinaeh ap;oeared. to be frae frorn baeteriaL d.ise¿ses,

bute w'hether these two plants possessod an antibiotie sub-

staneo whieh the others lacleed., !Ías not knovno

Host speeifieity was notably marked rvith rogard to
the special forms of Eantiroqo.nas tragåLgg.gng as $hoì¡¡ts above;

Íêto as far as is knowno theso forms are similar in other
respoctsa îhis is the more remårkable inasmueh as srtarr
(,zrl, noted that pathogenioity involyed a nutritional inter-
rei.ationship - d.uring its pathogenetie ezis tonce the phyto_

pathogen derived. its entire nourishment from the host

ti ssuo 
"
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Fart 6 N'atu.re of the Figprents

Bssod. uìlon the reports by Starr (¿0) and Burkholder

( Sl on the pi gnent -pro d.uc ed by speei es of Xa n-!åpgg-æ, a

study of the pÍgments produced by the isolates used in

thls stud.y wss carried outu

Freliinlnavy tosts were performed. to d.otermine elass

of piguent. Falmer {199 pointed out that a1L ye1Low pig-

monts $/erê not neeessarli.y eerotonoid.s and. that oarotenoid.s

eould be id.entified by their response to the lipocyan

reac tion " I n this reacti on eono. E2SO4 or cofio o EN05

when ad.d.ed to nutrient agar celLs on a el ean slide pro-

duees a blulsh eol.or within a few minutes'" In add.itionn

the ee11s treated, with Hz$04 prod.uee nicroseopie crystalsu

Both the isolates of the epiphyto and of the pathogens

produeed a posltivs rêaetion, índ,i eating similarity of pig-

ment on this basis"

Further study requiqed a Large erop of ee1Isn thoro-

foreu the procedure of Sobin and Stahly (Z4l was folLo\qedo

lhe bacterla were eultured in LZ azø bottles on a substrate

of nutriont agar oontaining 2% glye?o1. Inoeulation was

mad.e by sterlle pipette from a nutrient broth eulturs.

Âfter incubation at room temperature for about seven days,

about L0 mlu of ?0f aqueous acetone wâs added and the

baeteria removed. by scraplng the surfaee with a glass

rod. bent at a right ang1e" Water was not used sinee the

þaeteria fotrm a hyd.rophilíc suspensiono lhe acetone and.
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suspended baetoria wore remov€d. from the bottles, using

sueiionø and the ce1ls wêre removed from this solutíon by

eentrlfugatf.ono ê, gunmy polysaoeharicLe material prod.uced

by the baeteria sometimes interfered with centrifuging"

Ehe use of msre aeetone overeame this dlfficulty. .åppros-

inately one gram of moíst eel1s was, obtaÍned by this method"

the foli.owing tests wêre applied t o a 11 tho isoLâtes 
"

Ea!-ea o-t i l¡.9. q.qlg.e n t s

1'{olst ce11s r/ers transf errod to a beakor e ontai ni ng

50 ml. methanol which was plaeed in hot water that was

brought to the boÍ1 quickly" [he plgrnents were extracted

in a few minutes" It wes found that the plgments could" be

extractecle âs ws1ls ïr¡ith other polar organio solvonts sueh

as ethanoj. and acetoneu but not r¡rith noa-ilolar solvents,

sueh as petroleum ether (ske1lyso1ve 39, earbon dísulfide,
oarbon totraehlorid.e, chloroforme ethyl ether or benzeneu

havins "been
Af tervext-racted. f rom the ee1ls and dried 1n va euo, the

plgments eould. She+ be d.issolved. in 66¡-polar solvsnts.

Neither petroleura ether nor methanol extraeted the plgmont

fyom d.ried ce11s of one of the isole toso fhis rvâs å chanee

observation and the study on dried. oBlls was not aarrled

further. Áccorcling to $ta rr ( 26) the failuro of a typlean

¡s¡-polar solvent, d.lethyl ether, to extract the pignoent

was due to that s,olvent0s Lack of wettlng action åad

eould be correeted brv thê add ltLon of â suitable detor-

gent to the diethyL ether"
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Pa r!i:Llotr tsq_!.å

Supnration of types of eerotenoid. pigments was

carried. out by the procedure of Sobin a r:d. Stahly l24\.
9ater was ad.d.ed t o the eeLl -f r€e methanol extra ct to

give aþ a lcoho1 c oneestratio n of gO%" Chis was shaken

1n a separatory funnel with patroleum ethero Íhe piguents

remalnod ín the methanoL layere being cha raeterlstieally
hypophasie" [his is eharaeterlstic of carotonoid. aeids

and. earotenoid aleohols"

flhe methan o1 layer wås dvawn off anå mad.e aLkaline
to litmus, d.iluted. wf.th water anit shaken in a separatory

funnel with diethyl ethor, îhe pigmer:ts a--opeared. in tho

ether 1¿yeru being epiphasic in this pårtition test" flhis
1s ehayaeteristie of caroten oid aleohols.

t glor tests-

the methanol sxtraci of mois,t eells d.id. not

color reâetion on the ad.dition of aeids or bâsss"

eum ether s ol_uti ons of d riocl pÍgment gâve a light
eolor on the additíon of conc" HrsG4 and. no reacti
cone o fr.G.L"

q,br.g@tElaÞb ¿{Ëo.rp ti on

show a n;r¡

Petrol.-

bl ue

Dn srith

flhe adsorption d.eviee wâs a glsss tube 15 cm" LonE

and 15 mum in diameter sealed at one end to a tube of

5 m"mu bore and a pproxirnately g cmu in lengthu $he tuþe
rvas supported. in a vertical position þy attaehr¡ent to a

vecux¡.m flask" Á wad of cottotr was plaeed just above the
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oonstrieted portion of the tube and. adsorbent vas add.ed

a nd. pa eked. ca ref ul3.y i n sTns:lL amount s n A po rti oE of the

soLvent used, for d-issolving tha pigme nt v¡as poured on the

column to test for the preseneo of erâclrs in the adsorbent"

Áecording to $obin and. Stahly (241 the pigments must be

freo of water before they are Èissolved in the adsorblng

solvent. Sîoisture'was removed. by add.ing benzêne and. evap-

orating in vacuo a t 5ooC"

Attempts to ehromatograph pigmont soLutions of

ethanol, methaä01 and aoetone ectraeted. from pathogens

were nof suceessfuI even though the folLowing ¿d.sorbents

s¡er6 used: Ca00g {aettvated. by heating at 150og for at

1eåst 5 hr" ), aetinated **0, &LZOgs cê1ite 515 e nd 595, celite

{515J mSO 9sI and 1sln

lllhen a dried" pignent mixture was dissoLved in ske1Ly-

solvo-B and. the solution poured on the adsorption eoLumn

the.oigments formed- a na?row ye1Low band. at the top wlth

&1-Z0g or CaC0g âs the sdsorbento On washing with pur6 sol-

vsnt the adsorbed pígnents moveð s1owLy through the ad.sorb-

ent and. separated gradually lnto bandsç ea€h representing

a dífferent pigmont" CaC0g, being a weakor adsorbent,

proved superior to &1e0g since the ehromatogram d.sveloped.

more qulokly.

In rnost easês three d.lstinet bands formed" on the

¿dsorptlon eolumn. fhe pred-ominant pigrnont produeed å wid.6

band. near tbe top" lhis v¡as foLi.owod- by one and often two

narrower baþds. ßhe failure of three zones to âppear 1n

all trials might be attributad to the fact that otre of the



pí gne nts was

of band.s obta

EpÍ phyt e

õ,6 n

present in too

ined. from each

Ba nd,s oÐ
f! ^n r.ì
"a"vB

smaLl an amo

isolate fo11

trnt, fhe number

Ol¡r 3

w-1
w-2
Ë*3
w-4
w-5
w-6
Tr-2

$a rc i na 1a.Èg,g

4
4

,
a

z
g
,z

2

8
4

3
2

2

lanthomonas

.¡:. -¡
E--2
E-5
E-4
r-1
r-2
E-g

Sands oB
ta$ 0g

.& mlxed ehromatogram us ing pigment extrae ts f rom

one epiphyte (w-L) anA one pathogen (n-¿) showod the same

three bands in tbe såme relative position âs when these

extraets were ehromatographed. separatoly"

$tarr lZgl reported. only one ov sometines two bands

0n mâgnesis or aluminå as ad.sorbents lvith Various speoles

of Xag-!.þ!¡ggnjå"

Ê.eg-q-trgæ-!g.i c sgaLvs I s

Ábsorption sp€ctrum maxima obtained on a Gaertner

speetroseope are presented, Ín fable 8u ßhe orlginal ex-

traet in most casss gave only one maximumn In å fêw

extraets ¿ sêeond. Less d.efir:ite maximum was prod.ueed. [he

reconstituted. estracts oa tho other hand produced tv¡o fiax-

ima ç wi th a s u.ggi3s ti on of a thi rd. f ron one of the 1s ola tee,

Except ln the easo of two isola tes the maximum on the

orlginal. extraet was different from eíther of the maxima

on the reeonstftuted. extreotn In most eases it fell be-
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.&bsorptlnn sPeetru.m
f able I o !ãata on pignent mile tures

obta ined from lsolates of
in 95fi ethanoL

ee rta in baete ria o

Maxima (m u )

Eplphyte

w-1
w-å
w-3
'w-4
'w- 5
w*6
Tr-z

Eaa thom onag
g-L
E-2
tr-3
E-4
t-t
T-2
f-g

öaycin,e lutea,

0rieinal
"=Ir"61(11

450
451
45.ó
45þ
449
450
Ã,50 483?

45CI
450
46t
4&9
451. +25?
450
440 474

499 469

. -(¿!Reeonstituted.'

440 470
440 470
44L L',rj
440 469
440 470
440 470
440 469

4+O 4?0
4s9 470
440 470
440 4',1j
4&O 470
441 &70 41 6?
4&0 470

440 47L

? d.oubtfuL maxi¡na
(11 ûrlginal aLco&o11c extraet of moÍst cetLsu
{el Fignent mixtnre aftoy elution from tho

ad-sorption eol.umn with 95fi øthanol"
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tween th.e 1ow a nd the hlgh maxÍmum"

It may bo pointed out that Starr(26) found that

the maxlmum oa crude ethanoL extraets of pigments from

vari ous species of &æ.th.Om.Q.naå was at 4â,5 'ø a o Ïlow-

ever, he d.ld. not state the concentration of the aLeohol"

Ihe plgnents from SaËci¡a lutea v/ere introd.needl

Ínto this stud.y as a chetk on technlque. Íha results

obtained agreod wlth the finttlngs 9f Sobln antL stahly 1241 
"

in that 2 plggents wère presentu eaoh produeing a maximur¡

at 440 mu and a second. on€ at 470 m tl"

to d.etermine rqhether the absorptlon maximâ of 3êG0E-

stitutod. extracts presented in table I were produeeð by tho

mixture of pignents or the predomir¡aut pigment alone, tho

pred.ominant pigment of ono epiphyte and one pathogea Yrere

removod, from adsorpti on oolurnns by removai. of the ad.sovbent

and. eluted. vrith ethanoL. lfith eaoh isolate" tho t',vo maxÍma

on this pred.onrinant pigment wore the sam€ as for. the re-

constituted extracts which woulcl appea? to indieate that

the socond.ary pigments were in sueh small quantity as to

produce no signifieant effeet on the result obtainod with

the equipment avaiLable at thls time"

Ree on stituted extraets of trn¡o isola tes s'ero examined-
rt lin more detail. in a photoeloetric speetrorrhotometêr* - 6 .

The results are presented in Figure 2u Pigments of tbo

epiphyte (w-5) showed absorption maxima at 4ZS and 448 m u

( f1 Courtosy of Dr. J"
and. Rosea rch Insti

llu Einfordu Caneer Relief
tute, Hinnlpeg"
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rrhi Le thos e of the pã thoge I ( r-¿ ) showed ruaxima a t 4!g e

440 and 4?L m u, Tn another trial with the sâme isoLates

the epfphyte sho'reed only ¿ single maximum at 4brl no u and.

the pathogon three maxima qZOs LøO and 46g m uu

0n the basis of the Limited data available in this
study it would appêar that the pigment produeed by this
opiphyte, if not identieal with that produeed by represent-
atives of tho geaizs åan-!ugg.sÈå" is similar to f t. Fro-
bably there is as rnueh çariation among repLíeates of oBo

pathogsn as botween epiphyte and pathogen, Fsr oxampleu on

tho pathogen tested with the photoeleetrie spectrophotomoteru

.tho three maximå 1n the seeond trial d,iffe¡red from thos€ ia
the first trÍaL.

She pigdents produeed, b..f both types v/ere not d.is-
tingulshable witb respeet to tbe extractlng solventse part-
ltion tests and^ color tests used in thls study. Ghromato_

graphf e adsorption S'howed two pigments eommon to aL1 . isoL-
ates bsth of the epiphyte and of the pathogen" A third
pigment v¡as found. about ss often in the epiphyte as in the
pathogensû a ehromatogram of a mixture of ptgments pro-
duced- br/ an e,?i-ph;rto and. a p,gthogen showed the såme three
banc s as sh.oy,¡n by pigrnents f rom each type sepa rateryn
Furtheru the absorption spectrum maxina of the orígina1.

aleohoLic extraets and the rec0nstituted elrtraets obtained
on tbe Gaertner spectroseopei*ere the same on the epiphyte
as 0n the pathogeasq rho predominant pigrnent of the epi*
phyte shdr¡ed the same maxina as tha t of Xenthgqggae but
no finding w¿s made on the maxinia of other pigments presont.
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From the f oreg'oi ng it is appasent that thore are

uans simllarf,ties between the yelLovz epÍphyte and. tb.e

Þathogens of Xaê-Ubom.qnas,. studled, ålthough thls study

revealed. a morphoLogicaL differeacee inasmueh as there

appeared to be a tondoney to less uniformlty in length of

cells in any isolate of the epiphyte than wås the rase

wlth tho pathogens stud.led, this differeneêlras so sligbt

tbat any attempt to dlfferentiate them on the basis of

this factor would prove ho¡re1ess. Furthermore, the vâr-
iation ln size of eelLs in eertaln speeies of 4anthengsas"

as presented ln Bergey et a1n (f),1s as great as that

found- in any lsoLate of the eplphyte"

fhe slight growth of the epiphyte in s nedium con-

tainlng âsparagine as the sol.e s itrrce of earbon and nitro-

SêEc and the still. smalLer amount shown by certatn path-

ogense nfght Índieate a gr¡antitativ6 rather than a quaL-

ative d.ifferenee, fhe varíations to whieh baeterla ars

subject, closeLy reLated types in pârtieular, mlght

conceivably prod.uee a conditioh not dlffe rent in klnd but

mo16 extrom€ 1n d.egree than thatiwhich existed between

more eonplex fogms" It should. be notecl that there is not

general agreement among taxonomists respeeting what shalL

oonstitute a determinative charaetor and any strict dividing-
line is ehosen arbitrarily * and subject to rovision if the

need arisesu Whether the inabillty of speeies of Xanlho-

90åas to u,se aspåragine ås the sole oarbon and. nitroeen
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source 1s of sEffici.ent inportance to be eonsidered. as a

gonerle characteristlc appeãrs qusstíonabLe" Bowson ( ?)

did not mentioa this Gharacter when he first proposed.

tho geaus Xa.nthomo.na.g.

FrobabLy the epiphyte is merely a more, adaptive
paraslte than tbe pâthogeS used in this study sinee the
pathogons failed to show grdwth in the basaL meêium of
$tarr (¿zl whÌ1e the epiphyte showod sligbt growthn starr
d,ivided the species of e!-!e_oqg.n.aå into verlous physiotog_
ÍcaL groups" ft would appear that the eplphyte beLongod

to an intermediate group * rloïe adaptiVe than some

t0fastictl ou.stî pathogens which df,c nst grotw in the basa 1

med.ium but more speeialized. than thê t!non-oEâetlngrf speeles
which gren well Ín it,

ls olates of the epiphyte did not prod.uee evid.onee

of infection on the bost pLants testec. i¡ this study and in
thls respect appear to d,iffer from xantho&.nas speciës,
inasmuch as this genu,sr ât presentuTia ins onty plaat
Pathogens" ElL10t (S ) polnted out that sines the num'l¡er

of bacteriaL plant pathogens u'as small oompared. vrith tha
large number of soil and water baetoria, saprophytes, and

animsl and. hnman garasitese pathogon[city was not a sou-nd

basls for generre de1íneåtion " @ows on ( zl eonsÍdered
pathogenieity unsuitable as a gonerie charaeter beeauso

it did not Lead to the arnangemeBt of baeterla lnto
naturaL groups of reLated. organisms. It wou1d. appear that
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provision \sas made by Bergey et alo (g) for ineluding other
closely related non-pathog,enie species in K¿-a$å.q!La-Rcs- sine e

this gonus 1s not limited to plant pathogens alone but i.s

characterized merely as eontaining ffmostLy plant pathogensrg.

Ehis stud.y appeared. to show a similarity between pIg-
ments of the epÍpbyte and the s Ireciês of &a.ntho.nonas stud.íed.

Burkhold.er ( 5l claimed tha t tho pigment produoed .by members

of &.!,t4,9ëq.gggg was ld.entieal. in alL speeies" å,eoordin81y,

on this basisu the epiphyte eould be considered. ln the same

group â s the Þa thogens " Edv¡ev eru to o much wei ght Eho u1d no t
be placedl. on sãmenoss of pltmentation as a basls for genus

cha ra c teri zati ono r n a cha nco ÍEola te usod in this study

es ã mere check on teehniqueu 1t was founc that the pro-

d.ominant pigurent of saroing Lut_oa was identleal with that
of the epiphyte and the pathogensu siobin and s,tahly lz+l
thought 1t probabl.p that ciifferent strains of a cortain
spocles !'Bou1d bo found. to prod,uee d.ifferent pigments"

lhey examined. flA strains of StaphyLococcus aureus (now

Eig-€.ggocquÊ. þyoE.etreq-vârc au,reusI and. fouEd t.ro pÍgpents

common to alL wlth some variation in regerd. to a third"
Further, a number of carotenoid. aleohoLs and. hydroeaybons

have boer¡ isolated. from iLifferent speeies of r..j.ayo!a,eteriun

by these lnvestigators"
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fhirty-one içolates of the yeLlow

varl.ous soureos and. seven isola tes

species of 4anthomoaas wore plated

to 6nsure purlty ånd subjeeted to

epiphyte from

of certain named-

and reisolated

eomparative study"

2u

¡Jo

Á s1.1ght dlfferenee

the cultural eharae

in morphology

torlsticsiwere

wa s Eo t ed. v¡hi Le

i&est16a1n

&n

ïsolates of the epiphyte and the named species of

Xanthonoãâg showed^ a close agreement in nutrltlonal.
requirements. ïfeitber grou,p eould ut111ze arginine

ås the s016 sou.rce of oarbon and nltrogen or tartarle

acid as the oaly oarbon supply*

Å d.lffer6nce was noted. betwee¡ the two groups in a

meclium eontaining asparagine as the so].e s ource of

earbon and nitrogons in the basal med.lum of Starr

and fa nutrient broth. at ÞH 4,5.

"&pproximately 500 tests of pathogenÍcÍty were per-

forned on wheatç oats and. barley using 19 ieolates

of the epiphyte, non€ of whieh produced d.iseaseE

and. fouv representativee of the t¡bLaelr-ehaffrr

baateria whieh prod"ueed charaeteristic lesions"

Figments prod.uced by the epf.phyto and the named

specios of &a.Ethorgoqa_å tosted. îqere s imilar wtt&

5"

6.
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regard to the 1ípooyan reåctlon, extraeting soLvents,

partition tests u color tests and ehromatographie

adsorption.

ïo She predominant pigmeÄt of each group showed absorp-

tion speetrum maxima at 440 and. 4?0 m.¡+,' on a Gaertner

speetroseopee as did the two pignents prod"uced' by

$arcina lutea.

g. rn êach aasoe on€ epiphyte and. one pathogen showed aE ø

mueh diff eTence in resuLts betwoen d.upliea te trials

ås thore was botv¡een the two eu,ltures, when observod

on a photoeLe etrio speetrophotometer."
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