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LVALTICLT 0w O T ELaCdLlsG DIcsass OF Tl FOTADO
I.Tno0UCTI0N

Pfor gewrs serious lce ces from potcto tuber rots,
both in the field &nd in storage, Lave been reported from
verious sections of the Upper reninsule of llichigan. The
diegnoses of sypecimens sent to various plaant pathologicsal
leboratories resulteld in considerable differeace of opin-
ion as to the cecucel orxgoniocm, £nd 1t was to claar up
this metter, ¢s well @s to =ke & more thorough study of
the dicecse, with especicl refereace to ites mnner of dis-
seminstion, &nd hoct reletions, the Bcttér to reconend
control measwres, trhet the present invecstigations were

undertsien.
SICAS 07 TUZ DISLLEE

Tiie dise@&se in lichigen preseats & picture
similar to the Bisckleg disease of potuto as described by
1~ £

liorse in wiine, Herrison in Ciangda, Pethybridge snd

3 4 5
murphy in Ireland, ven nell  in Hollend, &nd apnel in
Germeny. This disease, €¢s the acme indic tes, ic chersces
terized by an inky blscxeniag of the stem usuclly et the
ground region. This cherccter is not, however, ¢ primcry

symptom of the disease, but on the other hand, is the

~ The numbers folloving nenes of authors mentioned refer
%p.the nevers licted in the bibLlio réphy &t tie close of
Lis naer.






characteristic which confirms the disgnosis. The Tirst
siguns €re the gredusl fuding of the desp green color of

the folisge into yellow-green, cnd later, a yellow color.
This cickly arrearcince is ususlly eccompanied by an up-
turning of the leaflets and & tendency of tiie brasuches

to grow upvard foming & more or lesc compact top. The
plant gradually dies as the base of the stem is rotted
awey by the bacteria. The disgnosis of tiece abnormel
plents is ecsily confirmed by vulling them up. Juch

stems alreedy having been considerstly rotted offer no
resistance to being pulled up and show an inky bleack ap-
pearence, the exteat of which depends upon the stege of
the dicease. (Plate I.) TUnder veuther conditions more
favorable to renid bacterial growth, the disease presents
some different asnmects. ‘"hen the disesse progresces repid-
ly the stems sre rotted in a very short time &¢nd the plaats
fall over before the leaves heve had time to ascume a light
green or ysellow color. In these cases the ctems may show

& water-sonked eprnearsnce up to eirht or ten iaches above
the surfece of the ground. This condition is immediately
followed by bleckening. Under less favorable conditions
when the dieease nrogresces very slovwly aerinl tubers cey
be formed €s in the case of SZhizoctonie dicease of potatoes.
The Elackleg germ maxes raepid progress in the pith sarea of

-

the stem and this in neny cases results in hollovw stalks.
In tubers tle disease is usually cheracterized by

rotting vhich proceeds from the stem end, the infection



heving spread from the diseased seed piece to the plant
stem, £ud from the le tter to the stolen «¢nd finally to
the new tuber. The writer hus observed but one cese of
laterel infection of ¢ tuber while in tle soil axad this
wes brought ebout by the imiedicte contect with a dis-
eesed stem. The skin of the tulers which &re being rot-
ted in the s0il presents & gun-metsl encer raace over
those portioas wkhich ere rotting. Uader fovoreble con-
ditions new tubers ere very quicxly rotted, wlereus if
unfavorable conditioas follow, the rotted portions dry
un and zive the tubers & truncated epwvearsuce. In this
condition the disecse reméins dormént until more favor-
able conditions allow furthef rotting to progress.
Tubers rotting from rlucliileg vhen cut oven show e wihite,
creamy becteriel growth surrounded by & blocx line or
border. There is &lso © tendency toward cinal formetion.

(Plete II.)

Ay oAt mrp mAr
SRV ISTL TS

otem &nd tuber rots of potstosc hitve teen in-
vestiszted since &€ commeratively esrly dite. .among the
earlier ilavestisctors vere Iellier (187&), neinke cud
Zerthold (1879), FPrillicux «ud welscerois (1690), Irimer
(1691) zud Laureat (1699), htut from their putlished
cccounts we cennot be certsoia ol tie exact asture of

-

tl.e rots dealt with tecause of the mexgeraess ol their

Fh

revorts ~ud becuuse moct of thelir expetriments, due to tie

fuulty methods of pethologicul technigyue o7 ti:ir liume,






must of nececcity h&ve been verforned with mixed cultures
or, &t leact, poorly described orgeuisus,
6
Trenk (1899) wac the first to associzte tlhe
stem discece of potutoes which he desipneted &s “ochvwerz-
beinigkeit" 2ad the esccoumiiying rot of tubers with a
definite bescteriil orguaicn. To tuis orginism ne gve

the auwme Micrococcus phytophthorus but 4id aot publish

a conplete description of it.

cr
5 .
aprnel (19CZ) in his monogrsvhic remcrt uron
the Lleci-leg diseunse oF the rotato gave in considerable
detail resultc of his investications ¢s to the csussl
organism, its host relstions, its loss of virulence, re-
sisteace 8:1d susceptibility of verieties. lis work wes
& continuction of thet begun ty Trank. In tris work,
it was found tiat tle ccusel orginiem is o teeillus and
because Irsnk fiiled to give & comrlcte descrintion of
the organiem —ith vhich he worked ¢nd left no cultures,
the Former rensmed tle cousal orginism Zécillus pthOpﬂ-

7
thorus. wiith heving received @ culture ol thie orpaul-

ism from -ppel gives the moct cowplete descrintion
of Zecillug whystorhthoruc cve=ileble todcoy. This descrin-
o

i

ETrl1eoat

)

tion wag nede eccoriing to bocltericl stuilerds.

(1906) reported ia ¢« complete menner the results of Lis

f—

-

two sears' study of the IZleckleg disecse of Cuntda. In

this report he comfirmed the tocterial usture o the rot,
tut escigned the dicerse to Locillus tolenisepras. Te

algo took up the eflecte wion vericties o vpotutoes cud

insculated other plente.
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1
iorse (1917) in suwmtrizing nis aine Jecrs

|
work on the Lleckloey disecsc in ik imegove ¢ review of
the litersture, the geogropiicel distribvution ¢s well c¢s
ecomomic &crecets of the disceé ce, control ue:iures, €.l &
comperstive study of the cousel orgrmicms. e ¢lcso re-
ported €s ¢ recult of hiec observetions on the cources of
infection and wiantering over of the orsunism, thet dis-
eaced tubere ¢.ad not coil ves the cnring cource of in-
fection,.
8

Tosezbrwn 24 Tomgey  (1916) in investipating
the influence o7 temer ture ¢ud precipitation on the
tleckleg disease of potuto, Found tuLet The severit; 5F

tle dicetg
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getors couniucted exneriments on wintering over of the dis-
both in leine aud Virginia, coafirning the previous views
of Lior:se.
9

nZameey  (191¢) reported ctudies on the vichility
of the potato Llackleg orgiuism witer being cubjected to
vaerious climatic &nd environmentel conditions. LThese ex-
rerimeats suarplemeanted in & minor vey the wore exteusive
erxperiments of hosenbéum wd Zewmsey, LYhis vwork concisted
in subjecting infected tubters to low tempmeratures, whizh
inveriebly proved fotal. e 2lco obtuiried negetive re-
sulte frowm cttenpts to inoculate plazate by the vrtering

method.,



:.:I CI; Ji:c"“ll \), [V . . Vr‘u .: l O;u o amail) -4:; PUTSaN .LA\'L..J‘-‘ : 1)

Occurrence

lson ws & result of Tield obcervition end sub-
sequent leborsior, work was led 1o believe thet the
"blackleg" disetse in ..ichigoa differed from the dicecse
&s sern in ixine ¢ad otuer varts of the vaited otctes. Ia
his opinion,the disease fouuld in tie Upper reounin.ula of
wichigozn more nearly reseisbled & Mustrium diseace of pote-
toes viiich he observed in -in.esot:y, &ad ne expluined tiie
rrecsaeuce of bucterie in the ticiues by coasidering them
of the soft rot type whichh were werely second: ry iuveders.

In order to determine definitely wretlier tle
Zlecxleg disecce of the Yirer #euninsula of lilchigun wes a
Pussrium trouble or whether it was due to a bacterisl para-
site €¢e is tlie cuse of Llackleg diseuses renorted fron
other stutes of the United Ltutes and {rom otler countries,
tre rriter poured dilution pletes from discecsed wmeterieal
obttained From two different fields in alger County located
ebout eighiteen miles @&part. ZIrowm tiese plates nine bac=
terial colonies were isoleted, five of vhich, wiken inoc-
uleted into rew tubers end into heuzlthy,erowing plants,
produced chereécterictic symptors of the dieease. In no
cese wére &ny of the molds which developed upoun the plctes
fouad to te “ucarium. The vwriter heés rerestedly isol&fed
bacteric from diseased plents from w grect mény Unver reaio-
sulyu poiats which vhen tested out with culhentic ctrrins of

Eucilluc phytopnthorws ohtsincd throush the courtesy »f the
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Wicconsin wxveriment ~{iction proluced similer Llscileg

effects. Tiere seews no crunce for question &s to the

TT.

Crner reninsula

Py

etiolosy of the blackleg disecce of the
of wichigan, aand certeinly fustrium is not concerned,
The orgenicm is & bacillus vhiclhi is similar,if not iden-
tical, vwith that described ¢s tlie causel orgenism of the

Elackleg diseuase of potsto in other sections of auerice

and wsurope.
Zconomic Losces
resulting from Lbleckleg vary with

TLe louwes

the seecons. During seesouns which &re cool and wet

conditions c¢re very favoreble for the diseacse &nd nuch
grenter losces follow then is the case during dry scosons
of 1little rainfall. as to the importeace of the disecse
in this end different couuntries, tle verious investij&tors
report as follows:
Germang 6 5
Prank  «ud «wp el . The disease is comaon, wide-
s-re:.d cad often destructive.
France: 9
bDelacroix : JZPerhcps wider srread then tiis in-
vestigator surrosed Ttecsuse of the confusion
between this discuse &£ad "brunissure'.
Ireland: Z

Peth,;/bridge : 94% of
by selecting round

diseased plantec produced
seed tubers from £a in-

fected crop of tre

Caneda: 2
lerrison i sstinctes
1C-75. of the crop
1305.

previous se&son.

totel locs through rot
in irovince of vatario in






Coansde: 10
smurphy @ la prerts of the luritime EFrovinces
of Cenada 10,0 of totel crop in 1915. 4in
some ctses percentoge of klackleg plauts
higher tlen thet, and total misscs vere &s
hich es 60, ¢ad more.

United wtgtes:

liorse~: oxtencive obcervations in Aroostook
County, we., covering & period of five
Jeuars revesled in rény fields onl,; scattered
Llecizlep nlante und not infrequeatly tlese
cmount to 1 or £ perceant, © pecrcest of dis-
eaused plants beirg considered by the growers
as representing « severe attack. Losses of
10 or 15 nerceant or more are by no mesns un-
known, however.

"

Coons: ieports tiat losses of from £5 to 75
percent were not uncommon in the Jpprer rfenin-
sula of ilichigen in 1915,

‘e writer studying the disease during the 1919
season, vhich vas very dry £nd unfavorsble
to the diseese, visited & number of fields
whicl: showed 1Cj. of infected plants. The
average for the extire Uprer reaninsula during
thaet season, however, vas considerably less
and 1-35. would be & fuir average.

¥rom the &bove reports it can be concluded that

Blackleg is indeed & serious disease of the potuto and thuet
in the Upper feninsule of uwichigen it is one of the limiting

factors of the potuato growing industry.

wintering over of rarusite:
In Luters:

It hes been generally conceded by most investiga-
tors thet diseused tubers kept in storage over winter ere
the main source of infection. Trhese tubers under favorcble
conditions rot and ccuse the rotting of adjoiniag healthy
tubers. Tre bacterial sclime m&y &lso spreed over the sur-

face and into the e es, cracks, or bruises of otherwise



1
norume.l tubers. although i.orse and others have noted

that the orgrnicm is reedily killed by dessicetion when
it is dried on & smooth glasc suffece, the writer has
found that under other conditions the orgenism will re-
tein its vitelity for & much louger time. I'or instance,
Liorse found that the organism vhen dried on smell gless
discs at room tempercture wes decd in less than half an
hour, wnereas the writer las found that tie orgenism
will retain its vitelity for four days when dried on a
silk threzd under similar conditions. (See Table I.)
Teble I.

Dessication of tle Elacklegs Vrg:aiom

liedium  : where :iested on raw tubers ¢ud nutrient broth

: kept 1l dry:R2deys :3d:gys: 4dass:bdays:6 dr S

Cover Gless : Desxkx : : : : : :
: drswer: dewd: dead : desnd: deed : deed: desd
W+ Dec.i-: : : : : : :
. cator - " . L . " . n e M . N .

: : : : T : : :

Si¥k Thr8ed " - . s o~ - :
: : i alive: &live alive: dead: dead :

" " . el . . . . . . :

ue& L] . o o
: drawer:elive: T : 2o, e

.
.

Trom these results it is seen that the org: nism is
able to live for a considerable period ander coaditions of
very little moisture &nd sufficient protection from dessica-
tion to tide the organism over until more frvoratle condi-

tions arise.

In regard to wintering over of the disease in
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1
tubers which rem:in in the soil over winter, orse basing
his opinion upon field observatiouns mekes the following
statement: "On fields which are planted with potatoes tke
second time in succession there is usuelly quite a percen-
tage of volunteer plants which spring from tubers which
remszined in the soil over winter. TrLese plants are fre-
quentl;s eesily recognized by their irregular occurrence on
the sides of tre rows or between hills, fThe writer,(liorce)
has never seen such plantc affected Ly Bleckleg. This ob-
servation was cuite unexpected, for it seems not unreeson-
&ble to sunpose that, if the tubers were sufficientl,; pro-
tected from frost to te able to germinate, the bacteris
caucings the disease. might live over in the coil in such
infected tubers &s well &s in storege." Ramsejg in studying
the problenm of over-wintering of the bacteris, inoculested
heslthy disinfected potato tuters with & pure culture of &
strain of B, atrosepticus van Hall. After being left in a
moist chember for 48 hours tlre tubcrs uliowed rurved rotting
et the point of inoculction €id were thea peclesdl 1lu cricizd
L¢3 in & refrigerator. ZIvery twenty-four hours one of these
tubers was taken out snd planted. Out of the elsven tubers
which were planted only two germineted but the sprouts were
immedictely killed by rlecxleg. =11 other tubers decejed
vithout showiag zny sprouts gbove ground. Ilates which were
paured from the tulers before planting showed thet the num-
ber of bacterie was reduced to & minimum & fter 264 consecu-

tive hours. Iamsey affers this ¢s #n explanstion =« to the



reason why Llackleg is never fouad in volunteer nlints
in lizine, &ad stotes: "Lvideatl,; the iafected tubers vwhich
renzin buried in tlhe fields ot digging time, decay to such
an extent that they are wisble to germirete, or if they do
germiante, the csprouts are im.edistely killed bty the orgean-
ism. Therefore, €11 volunteer plsonts which maize their
cppearegace in the spring ere grep from Eleckleg."
Losenbaumend Leoce, 1in more extensive experimeats
on tle wintering over of the Ilcckles orgenism in aaturally
infected und ertificielly inoculeted tubers found that:
"In no case wes the blsckleg orgenisan found to live over &
winter in the.coil or ia the tubters remeining in the soil."
Tre experimeats of Zauscy and of Iloseunbaum and
Remsey mey be criticised in trot the, were not sufficiently
extensive to warrcnt definite conclucions to be drawn trere-
from. TLen, 2¢ein, 1t is very vrobable thrt the wintering
over might occur in tubers vhich in the fall show veryclight,
if eny outwerd indication of infection. In the experiments
conducted bty the cbove investigutors onl, vadly infected
tubers were used, &nd these no doubt cccount for the results
obteined. Soil conditioans, or <t least those of the Uprer
Peninsule of llichiran during}the winter connot be conmrsred
to conditions represeated ty zeuseys's crached-ice experimcat,
because in ordiacry sewrg the ground is not frozea tefore 1t
ie covered with cnmovw &nd vermite the wianterias over of pota-

toes ¢t & comr¢ ratively low but not freeczing tecupcreture.

o
kel

Tle writer hes £1s0 observed [{rom experiments on chillin
] g

&rd ‘rost injury, trot potetoes vhich Yave been exposed to
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freezing temreratures decay very rapidly throuwgh the in-
vasion of secondary orgenisms, and it ic possible that
these secondary bacterie swemped ¢ud crowded out the
Bleckleg orgunisms in Zamsey's experiments.

In order to determine tlLe question of wiantering
over, under conditions existing in the Uvrer Teninsula of
iichigen, o plot of spproxime tely one-quuirter of &n acre
s left uadus in the fall of 1918. ZIlackleg wos present
in this plot durias tlre 1918 growing season. In the
sering of 1919 this plot wes dug and & nortion of tie
crop was spregd out upon ¢ clean barn floor to greensprout.
Thie writer carefully selected six buchels of this green-
eprouted stock, discerding =11 tubers wiich showed evidence
of rotting. Two bushels were disinfected vith wmercuric
chloride, and two bushels with form&ldehyde in the usual
menner, while the remcining two buslels were left untreated
as a check., The potetoes vere pleated with e mechiine plent-
er, the Corrosive vublinete treated tubers beinzs plented
first, followed by the formeldehyde tretted =nd untrected
tubers, respectively. To avoid the possibility of o1l
infection, the tubers were plented on virgia coil which
had borne no previous crop. Czreful examminetion ves mede
‘of these plots twice a week throughout the entire growing
season «nd etch disezsed Lill wes staked & found in order
to avoid duplicstion in recording the number of diseesed
hills in each plot. The results obteined from this ex-

periment are shown in the following table:



Table I1I.

Cverwintering »f Zleckleg in Taters remainiag
iz the soil &t the U. P. Dxp. cto.,
Casthem, liizh., 191€-1°19.

1o diccreed

Treatment ¢hills Tound ; Percent :
:during sescson :

Corrosive Lutlimte, 4 oz. : ;
to 30 grl., ¢U wiu. : b2 ¢ 0.4 :
Formsldehyde, 1 niat to . : :
20 gal., 1F min., : 7 o 1l.4 :
Untreated : 25 ©or.2

Pletes were poured from diseased plants, the
causeal orgimnicm icolated, and its pathogenicity proved by
inoculatioﬁ into rew tubers and into hesalthy growing
pleats. Turther evidence of Lleckleg was found in three
other plots of the seme spriag-dug seed stock which were
plented in e¢nother field. The above experiment and obser-
vations indicate that the blackleg diseese can winter over
in tubers which remsin in the soil under conditions exist-
ing in the TUprer Teninsula of ichigsn. Tie reletion of
treatment to verceatage of Elackleg eprearing is «lso sig-
nificant.

In the soil:

as in the cese of wintering over of tlhe orgenism

in tubers, there is also dlfference of opinion &s to the 5

wintering over of the orgenicm directly in the soil. Appel
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both believed in the nrgcnism rewsining in
recomiiend rotation

d Terrison
control metcurecs

in tleir
1
orse , dreving conclusions from otservations

s0il £nd
£ crons.
mrde of Tields planted to potatoes two yeurs in succesion

tle

oo
nich during the second sear showed either aot sny or re-

duced numbers 3depending upon, in niis opinion, the thorough-
"--infected seed potutoes

nd distributioan end tiat
&0 il . "

<

ness of seed treetmeant, stutes:

are tihe sole source of infectioa ¢

the dise:cse does not live over tie vwianter in the
8

arrived ¢t the se¢me conclusion after

Losenbzum ¢.nd ‘wusey
ettempting to isolete the organism from soll in various
te. These investi-

vperts of their wintering over test plc
of plates &€und cede & great num-

setors poured many series
ber of icoletions, all of wrnickh vroved to be non-pelhogenic
clices uad into growving

vhen inocultted into rew tuber
The difficulty experienced in endesvoriing to nick

vlants,
tckleg orcenism from plates noured

up colonies of the rluckl
from co0il essmples is, of course, obviouc &id militates
Tiere is such a

gauinst the force of their conclusioas.

G
greet number of soil organisms wiich develop upon &gar
plates very similer to the Llackleg organism in aprearznce,

thiet the chances of picking up the right orgunism are very

sma 11 o
Ti.e follovwings experiment is notewortiy in view
In tlis ex-

+
)
&J, 'L)E;ild , sod

&tements o otler workers:

of ti.e positive s
perinent tiree kinde of soilc vere used, Cl
imcke wufiicient =0il of euch kxind wes uved to fill two






large wooden piils and one .geries w5 kert 1n tie greca-
house, while the other vas &llowed to vinter over outdoors.
wtecn of these wee thoroughly mixed after receiving two
liters o7 a decoctio ade up Nf ceverely rotted tubers and
weter, the coils being literally saturated with the orguaism
In tle spring each s0il was thnorouchly nmixed ¢id +ta &versge
stmple teken according to the methiods followed in £0il sne-
lyseis.  Iactecd of ettemtiny the ¢lmost futile tseix of
igoleting thie orgenism from the coil, raw-tuber slices vere
inoculeted with mortione o tihe coil, thus ¢llowing the
tuber slices, the aatursl host, to do tie selecting. One
hudred snd eight rew tuber slices in Loy e dishcs were

tiea inoculated witlh suv:ll quentities of co0il, .eigteen
Py  J (92

2ing used for eccl: of the six ccnples tolien.,  Uhe e to
obtuined from the ermerinzent c¢re recorded in tre folloving
teble:
tle III.
Wintering over of the Elackleg Orpuenism in
veriour ~oils. 101v-19:C,
: ind : TUlere saater 1 Jlanter : Total :
0. : of kept sclices :clicer nov: 8Blices
: CJoil :blackened: pnltcrened: rotted
1 : Clay } Creennhouse ; 7 : 9 . 16 ;
o 1 end " : 9 7 D16
3. iuck - " o . 6 . 171
4 : la g ; Sutdoors z 10 ; 3 ; £ :
5 ¢ cead " R 5 f o1
6 §‘:uc}:§ " L1z 3 AR
s : : : :







It ¢hould e noted tiet tiie soils vhiich were

uend &s inoculum in tie ¢tove esreriment were mixed cultures

of bacteria c¢nd fTuari, £ad not all of tie rotting vhich fol-

S

lowed cen be gttributed to the Ileckley orgralis, .1 _oig
of the tuber slices showed discolorction not entirely dis-
similar to tihe blackening vhich &rreire on tubers rotting
fron tlacizleg., DBirect inoculation from one of tlese dis-
colored tuber slices iato & Lewlthy groving potato plant
resulted ia & brown blaclt discoloration ¢imiltr to the dis-
coloretion of poteto ctems followiag inoculation with pure
cultures of tle blackleg organism. Iscolations ere aow in
progress from thls iaoculited eten.

altLQuéh tre securliyg o7 « pure culture of tie
slackleg orgenisn from the soil e not atteupted directl,,
there is sufficient evidence brought forwerd in the over-
wintering experiment rerorted cbove to lecad the writer to
believe tict it is poscible Jor the organicm to withstond
the raveges of ichicen vinters. I ia severcl cases cud
with seversl tyree 0oF coll,orgenisms cupcble of produciag
tyrical Elecklegs rot of potato elices are Zound, €al Luita
noldes thic curecity ¢s ¢ decisive proof of identit,, il ic
evident tiet under the multinlicity of coaiitione rroo-ated

in ntture, =

crect decl o7 overwiatering dose tuxe rlcce,
e of

o
-~
tnd this ey b

of coaec 1ittle importuunce in coatrol recoui-
menletioneg,
- Utler mozts Zor the reoruvite:
aovel s tie firct to wttemmbto wscertein vilotier
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the organism which was responsible for "Nchwartzbeinigkeit"
in Germany was parasitic on any other hosts. This investi-
gator succeaded in getting infection from inoculations of

B. phytophthorus on Cucumber, Winsor Eean, Cérrot, Teltower
Beet, Lupine and Tomrto, but was not successful in inoculs-
tions on Sugar Beets, llangels, Pelargonium, 2nd the grains.

Harrison2 s1lso reports succeseful results from in-
oculating other hosts with his B. Bolanisaprus. Positive re-
sults were obtained from inoculating tomatoes, Capsicum snnum,
and cucumbers, while negative results were obtained from
inoculations into egg plant, S. Helongens, Phyealis, Dature
gtramonium, Schizanthus pinnstus, Collinsia verna, Salpiglos-
sis sinuata, and Impomoea purpurea.

In s similsr experiment the writer obtained posi-
tive results from inoculations into tomato °nd Nicotiana
rustica, negative resulfs being obtained from inooculations
into Petunia, Bittersweet, Datura stramonium, and Physaloides.
(Plate III.)

From the above experiments it is evident that the
causal organiem of Blackleg of potato is also parasitic on a
number of other hosts and under favorable ébnditions might
cause serious damege. This fact is also of importance in
recommendation of control measures. Appelsstates that fo-
tatoes should not follow in rotetion such crops as cucumbers,
carrote, lupines, or tomatoes, nor should these immediately

follow potatoes.
Relation of Host and Parasite:

Unin jured Roots:
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There has been in the past some auestion s to
whether or not the Blackleg organism, in the event that it
is able to live over winter in the soil, is able to pene-
trate healthy roots. Ramseygconducted several experiments
to determine this question and secured negative results
from attempts to inoculate healthy growing plants by &
watering method. As & result of his studies he concludes
that unless the seed piece is infected at planting time,
there is 1ittle chance that uninjured plants will contreact
the disease even though the causal organism is washed
about the stem and root system. The wrifer also haa—oar-
ried on expetriments in this regard. Inoculation of healthy
roots of potato plants growing in water cultures. has been
attempted. Tubers were allowed to.sprout in wet excelsior
and when the roots were approximately 3 cm. long, & piece
of the tuber sabout 1 cubic centimeter in size conteining
the sprout a&nd roots was cut and plsced in a quart Mason

Jar containing s nutrient solution made up of the following:

Magnesium Sulphate 60.0 cc
Acid Potassium Phospste 72.0 ce
Calcium Nitrate 20.8 co
Water 1000.0 cc

The 8tock solutions of the salts used were of one-fourth
13
molecular concentrations. Shives found tioast this nutrient

solution produced optimum growth of wheat =nd it was thought

probeble that it would also prove & good medium for potato-

Tw0 such cultures were prepared.
growth. /’About two months a?ter the cultures were started,

they were &bout 10 cm tall and had about seven leaves each.
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One ﬁas inoculated by pouring about 5 cc of a 4-day-old
broth culture of B. phytophthorus into the solution. uine
days nfter inooculrtion it was noted that the plant had
mde no further growth end that the lesves presented a
lighter color than the check. The check hsd & good root
system, healthy green leaves, &nd had begun to form new
tubers, the largest of which at this time was about the
gize of a marble. A month after the addition of the broth
containing the Blackleg organism, the water culture potato
was dead. Contrary to what ocours in Blackleg infected
plants in the soil, there was no blackening of the roots
or stem of the water culture potato either 2bove or below
the surface of the solution. It sppears that the organism
wag not able to penetrate the uninjured roots, but the
toxins produced by the organism, being absorbed by the roots
resulted in the death of the plant. The check remeined nor-
mal throughout the experiment. (Plste IV.)

The wafer culture experiment, therefore confirms
Remsey's results in that it shows that the bacteria are un-
able to penetrate uninjured roots . It may be well to point
out that too general a conclusion must not be drawn from
this fect. In nature the roots are often broken by culti-
vation, or are injured by other diseases as Rhizoctonisa or
Fusarium and thus smple opportunities for the entrance of
bacteria are presented. .It would not seem Jjustifiable,
therefore, to give the significance &8s Remsey has done, from

experiments conducted on uninjured roots and to deny all



effects from washings of bacteria to the roots of plants
in the field. PFurther field experimentetion is necessary
before any definite conclusions can be drawn in regard to
the transmission of Blackleg from hill to hill through
the soil.

Amount of Inoculum:

7
It has been noted by Smith " -- that in culture-

media not exmactly adapted to the needs of an organism, a
scenty inoculsation mery not give any growth - not even after
& long time - whereas alcopioue one will lead to & growth
which gradually clouds {he fluid or covers the solid. --
The only éxplanation I can think of is that a multitude of
bacteria is stronger than a few, and thus by union are sble
to overcome obstrcles too greet for the few. The same fact
comes8 repeatedly to the attention of the animal pathologist
a8 a result of his inoculations. The animsl body, we must
assume, is often able to overeome and destroy & few hostile
organisms, where it would not be able to defend itself
egainst meny; otherwise whole races would be exterminsted
by natural infections. ’The same is undouﬁtedly true in
plants. The modus operandi in plants is not altogether
clear. We may advance several hypotheses:(1) The formation
of a resistant cork-layer before the bacteria have multiplied
to such an extent &8 to prevent cellpdivision; (2) the des-

tructive action of antiseptic plant-substances, e.g., acids,

before these can be neutralized or otherwise destroyed by

the substances produced by the multiplying bacteria.



-21-

In some instances, the introduction of & very
considerable mass of bacteris seems to be necessary to in-
duce disease; in other cases a very few are sufficient. It
would be extremely interesting to know the minimum number
oapable in any given case of induoing disease.”

In order to determine the effect of amount of in-
oculum in the case of the Blackleg disease of potato, the
following experiment was performed. Dilutions of 1:100,
1:10,000, 1:100,000, and 1:1,000,000 were mede from &
virulent 72-hour broth culture of 8. phytophthorus. iSliss
Triumph tubers were disinfected with corrosive sublimate
snd cut into smell pieces by means of a sterile knife. These
8lices were then placed in Soyke dishes upon pieces of &b-
sorbent cotton saturated with distilled water. Ey means of
sterile pipettes one drop of the broth, full strength, and
one drop of each dilution was placed upon each of ten tuber
slices. One drop of esch dilution was £lso placed in tubes
of melted nutrient agar and plates poured. Data obtained
from this exmeriment a#re recorded ia the followi.lg v2hle:

N owa o, T
-A(‘L)__?‘, LV oe

2328 Hf -1yl 5 f Inoculum

:uo.ggls.:%gguba-:Growth on individual slices
. :tion :
Dilution ; ,y feg iperiod : 1: 2: 3: 4: 6: 6: 7: 8: 9: 10:

Broth,Full:very :

v o0
oo o0
v oo
*s oo
*e o0

strength :numerous: 2 da.; + 4; $4: ¢ +; 4 {; Y 4; {;
1:100 : 19,650: 2 da.::4: $: 4: 4o 4 4 4 4 4
1:10,000 : B56: 3 da.: $: =: 4: $: $: $: 4: #: +: &
1:100,000 : 96: bda.: 2z d: -: - 4: 4: 4 4 b -

1l:iillion : : Oda.: =: 4; =: $: =1 =: =1 4 = -
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TLe date tebaleted in tuble IV reveel severcl
interesting foets. Tirst, the veriod of inocﬁléﬁioﬁ is
incressced ags tre dilution ic increcsed. lereas, in tle
ceces H2f full strength broth sad 1:100 dilution , frowth
avresred after the usual incubetion period of 2 dsys,
growth in the 1:10,000, 1:1C00,000 «ad 1:1000,C00 dilutions
wes 0t evident until 3 deys in the ciee 0f the 1:10,000
dilution aad not until 5 dzye in tle last two. ‘Thet the
growth ia tle two greatest dAilutious, thst ceured by 96 &ad
& becteria, resnectively, wees coansiderably wesliier then ia the
otrers is wlso significunt. Tie 96 bacteria per drop out of
a possible ten, rroduced six successful inoculttions, wnile
tre 8§ tecteria ver drop were £ble to overcome the resistence
of only three slices vhich skowe thiat this number is c¢bout
the smellest which can successfully cuause the rotting of po-
teto tuters.

Ti.e effect of vurious qurantities of iznoculum on
slices of r&w tubers was 8lso tected out in caosther experi-
ment. Taw-ttber elices of Llisgc Iriumph vseriety were inoocu-
lated by placiar veryiang que-ntities of & viruleat 2-dey-old
broth culture on the cut surfeces by weens of a 3 mm plati-
num vvire loop. The tuber clices were not nriciked vith a
needle 2¢ is the method ordinarily pricticed ia rie¥ing inouu-
laetions, after inoculetion the slices were placed in uoist
chambers, and 48 hnours later showed imrked dilfereaces. Those

slices which were iioculated with very thin films of broth

culture, instead of showiang cretmy buacterial growth ¢s in the

cases of inoculetions with oune or more loopsful of the culturs,



shomwed the effect of tie inherent resicta.ce of turers,
vhich was exermnlified by & vurt-like nrotuberswnce, or &n
oedems fouuwtion. (rflate V.) It ves firet throught tihat
tiiis phenoienon miznt poscibly be due to rernid division of
cells, the minute quantity of inoculum being the exéiting
factor., ilicroscopic exawminstion, however, revesled the
fact thint trhese protuberances instead of being composed of
grect aumters of minute cells were made up of giant cells,
axnd thict these cells conteined very few starch greins as
comvared to the number fou.ad in normal cells. «as a probeble
evplanation of the phenomenon it is tkhouzht that as a result
of the effect of the organism or its products uron the cells
the starch graiﬁs are chr nged into suger, thus increesiag
tle osnutic prescsure which resulted in grester hydration of t
the colloids, hence the incressed size of cells.

These experiments comfirm tle Velief of luith tlat
& multitude of bacteria is strounger than & few, and shows
that vhereas in the cases of minute guantities of inoculum
potato tubers are able to recist the cttack of the Elackleg
bectoria, lerger cuounts are able to breck down this resis-
teince «nd cause the rotting of the tubers.

Znzyme Studies:

2
Earrison vac able to produce typicecl Elackleg

lesions by the use of the chemicsl products (eazymes) of

the growth of his bacillus, &ad states thet tlie solvent
action of the enz}me on the cemcat substance of the cells
waes quite maurked. The writer wes able to ceuse the soften-
ing of raw-tuler slices by plecing sm2ll quaéntities of a dry

enzymic extract, by mecns of & sterile scelpel ¢ad platinum



needle, upoan the Tresnly cut

bz}

surfaces.  Tnis cnzymic ex-
trect wes made by masning 1Z tuber slices, whiich were
severely rotted by Bleckleg, in 80 cc. of water, tie mix-
ture being then filtered tlrouyh filter parer €nd precini-
tated with 907 alcohol, &nd the precipitcte dried on glecss
pletes.

In order to uscertein vnether tie enzyme produced
by TZleckleg was similer to thet produced by Zucillus curoto-

13,
vorus, &s described b, Jones 4 cud to couanure becterisl vwith

enzymie action, the following experiment was verformedgy Six
tuber €:id c¢ix c&rrot clices were inoculeted with the dry en-
zymic extroct, as descrited in the preceeding parsgruph; viiile
orne tuber &nd one corrot slice e&cch were iaoculeted with

-

Z4-hour brotn cuwltures ol Z. phytorhthorus, D.ericlkerucni,

aund distilled water, the inocul:ntioas teing niade by placing
one drop of inoculum oa the surfiece of ezch tuber &«ad carrot
slice. The duta obtuined are tebulsated below:

fable V.,
sffect of Sagymic Zxtruct on Zrw kotetd «ud Carrot

- on TOTETO Hi TR Corrot
Inoeuls L0, 3 RE e 48 1o WO.: 24 4B B
aoculum  Tpoesinours:Vours::Inoc: kours: Hours : Hours:
quuld.ull ‘Lt satirxed:
.\:Qvemfooo nn-’ Uoften'
[ in tiz :
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NS gnit-
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iicroscopic exmihe tion of ti.c softened tuber
and ctrrot slices revealed winy free cells, showiig thet
the enzjme acts on pectin of the middle lsmells, vwhich
would suggest thet the enzume veés pectese. The faet that
cerrots were &lso cofteued, thouch not ¢s ropidly as vere
potctoes, signifies thet tle enzyme produced by L. phytorh-

thorus, if not ideatical, is very closely reluted to thut

rroduced by b. cordtovorus,

The de=ta recorded ia Tubla V also show tiut tie
enz;jnic activity wes much more vigorous thesa in the céce of
tiie bucterisl inoculetions. ‘nerecs, in £4 hours, in the
former there vus meried evidence of activity, in the latter
there was none. There were also severcl other points of
difference between enzymic and becterial activity. Tue tuber
clicec softened by the former were not blackened s is the

lackleg germ., Then &g:in,

tud

case when tubers uare rotted by the
neitner the softening of the tuber clices nor those °f the
carrot wes acconmpenied by the dicagreectle odor which is pro-
duced when tuber slices &re inoculeted vith the live orgwnisua.
Oun the otler hanil, the odor wic réther plecseat, and esveciully

so in the causge of th.e cerrot slices.

It wac ¢lso obecerved ¥rom the above ecizyue experi-
ments tlet tiere wus no discoloratioan of tubers as a result
of the enzymic activity, and 2s blackening both in tubers

tnd on the stems of infected plants is such & fixed charac-

ter of Blackleg, the cuestion was raised &s to what caused

the discoloration. 4s the enzyme was unable to produce dis-
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coloration, it was thought very probable that the organism
must in sddition produce a toxin substance which causes the
blackening. This theory wes readii& confirmed by plecing

& virulent 24 hour dbroth culture of Bacillus phytophthorus
into a thin sterile collodion sack about & mm. in diameter
and 4 cm. long and then placing the sack on sterile raw
potato plug in a sterile test tube. “ubstances of colloi-
del nature, the enzyme, etc., which are produced i&r cul-
tures were thus kept inside the sack while the orystalloidal
substances were able to diffusethrough to the surface of the
potato plug. This effect produced & brownish discoloration
resembling typical Bleckleg staining in its first stages of
development. There is therefore produced & crystalloid
toxio substence.

The presence of & toxic substance wag 8180 shown by
placing leaves from healthy vigorously-growing plents in
beef and potato broth. That part of the petioles which was
kept in the broth wes enveloped in a thin collodion ssck.

In trhree da;s these ledves vere wilted while the check,
which was enveloped in & simider sack and kept in distilled
water, was still turgid. Plate VI.

From the above studies of the relationc o the host
end paresite, it seems extremely likely that two agencies
operate in the mechanism of the attack by the Blackleg organ-
ism upon potato. The Blackleg germ produces & pectin-dis-
solving enzyme and also & toxic substance which causes dis-

coloration, and the two working in conjunction, under favor-



able conditions, produce the symptoms by which the disease
is recognized. Viewed in the light of these two factors,
the'rotting effects of heavy dosage and the oedem& formation
with light dosage are very clear. The difference in patho-
Bonicity between B- carotovorus end B- phytophthorus is

thus found to rest upon differences in toxic substances.

- Resistance and Susceptibility of Varieties:

Practically &ll of the investigators who have stihdied
the Blackleg problem have noted the difference in resistance
and susceptibility of varieties of potatoes. Appel5 was the
firet to note this difference, and Harrison® slso found that
some varieties seemed to be more susceptible than others.
The Imtter inveatigator, however, in variety tests found out
that meny varieties whidch showed comparative resistance in
the’field were comparativeiy susceptible when subjected to
artifiocial inoculation. Morsel in studying the disease in
Maine observed that the Irish Cobbler, sn early meturing
veriety, was more susceptible to Bleckleg than the Green
Mountain which is a late maturing variety, &nd goes on to
state that: "As loné as Msine potato growers planted this
variety ajmost exclusively, Blackleg was of minor conseauence."
Field observations of the writer during the 1919 season,
supplemented by laboratory and greenhouse tests has led the

writer to conclude that the Green Mountein is not &s resis-

tent as one would be apt to believe after reeding the obser-
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vations of Morse. Laboratory tests on tubers of eight
warieties were conducted and from the data obtained » dif-
ference in resistance and susceptibility ﬁas noted. These
showed that the Bliss Triumph, & very early msturing |
veriety, was more resistant to Bleckleg than was the Green
Mountain, which proved to be only slightly more resistant
than the Russet Rursl, another late variety.

To determine whether resistence »nd susceptibility
as expressed by tuber inoculations was correlsted with simi-
lar resistance and susceptibility of stems, healthy succu-
lent plants of the same eight varieties were inoculated with
the same auantity of a virulent 24-hour broth culture of
B. phytophthorus, the inoculatibns being mede on the stems
Just above the surface of the soil. The plants were of the
same age and were grown in the greemhouse. After inoculation
the plants were plnced in a Wardian chamber where & very
humid condition was kept. Ten days sfter inoculation the
rlants were examined and,as in the case of tuber inoculations,
a difference in resistance and susceptibility was &pparent.
The Green Mountein and Bliss Triumph varieties, instead of
being resistant: however, were the first varieties to suc-
cumb to the attack of the disesse, while the Irish Cobbler
snd Rural New Yorker types proved to be more resistant.

A comparison of the resistance and susceptibility
of varieties as expressed by tuber and stem inoculations

mey be m#de from the following table:
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Table VI.

Resistance and Susceptibility of
varieties to Blackleg

— ——

Tubers Growing Plants
Resistant Resistant
1. Bliss Triumph 1. Sir Walter Raleigh
2. Green Mountain 2. Carmen #3
3. Russet Rural 3. Irish Cobbler
4. Irish Cobbler .4. Russet Rursl
5, Early Ohio 5. Barly Vhio
6. Early Rose 6. Early Rose
7. Sir Walter Raleig& 7.. Bliss Triumph
8. Carmen #3. 8. Green Mountain.
Suaqujible Susceptible

From the abové experimentation it is evident
that there is same difference in resistance and suscepti-
bility of varieties of potatoes to the Blackleg disease,
but the contradictory evidence presented also makes it
clear that conclusions in regard to such resistance or
susceptibility .cannot be drawn from tuber or stem inoc-
ulations alone. Extensive trialé in the field and green»
house as well as in the laboratory must be made before
definite conclusions in regard to varietal resistance can
be drawn.

GENERAL DISCUSSIOR

These investigetions heving been undertaken to

ettempt to clear up the question of the causal organism

of the Blackleg disease of potato in Michigan as well &8
to make & more thorough study of the trouble, have brought
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forward the following facts:

1. The Blackleg disease of the potato &s found
in the Upper Peninsuls of Michigan is caused by & bacteriel
organism, identicel so for as behevior is concerned, with
B. phytophthorus. - |

2, The organism is &ble to winter over in tubers
which remein in the s0il under conditions existing in the
Upper Peninsule of Michigan.

3. It is alsorable to winter over directly in
the soil. |

4. The disease is not limited to the potato.
Tomato, Wicotiana, 7nd other plants ere susceptible to
attack.

6. The organism is un=able to attack healthy
uninjured roots, but injures them by its soluble toxiec
substances.

6. The rapidity of the progress uf the rotting
of tubers is dependent upon the amount of inoculum, and
the type of reaction of the host varies with the mass
applied.

7. Two products are formed abundantly by the
organism in rotting tubers and in pure ocultures, an en-
zgme which causes softening, &nd s toxic substancd which
causes discoloration.

8. There is some difference in resistance and

susceptibility of varieties.
9. The disease is readily controlled by careful

gelection and disinfection of seed tubers in the spring
hefore planting.
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PLATES

Plate I.

Characteristic blackening of stem.
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Plate II.

Rotting tuber, showing creamy growth,
blackening, and canal formation.
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Plate III.

Nicotiana rustice L. inoculated with
Bagillu phytophthorus.
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Plete IV.

Effect produced by addition of 5 cc. of
broth culture of B. phytophthorus to
uninjured roots of potato plant growing
in water culturs.
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Plate V.

Oedeme. formation, produced when tuber
slices were inoculated with small
amounts of inoculum.
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Plate VI.

Effect of toxic substance on poteto leaves.
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