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AN Ve R R T L aate ol
LG LTIITTION

The disease "potato scab” is a cosstant menuce in esrtain
sections of the potato zrovins di tricts of Michizan, Trevention
by an acid reaction in the s.il or by s=cd trzat.ent is nol successe
ful in most instances dus to the fact thet the rotation CTops £rown
requirs a hish lime content, snd that the soil is heavily infested
with the scab orgunism, a condition uaking sceed treatwent nearly
useless, "ith this condition present, experi.ents for the control
of potato scab by disinfecting the soll with cheirlcals were thouzht
to be worthy of efforts i

The nature of the work has been extensive rzther than
intensive, partially because a lurze nuabsr of factors are concern-
2d in experimsnts dealing with soil disinfection, and partielly
because the results of the field expsriments were tie opposite of
what misht normally be expecteds Various phases of the work were
undertaken to help explsin the menner in which the scab org=nism

rsected to the chemical treatments, snd it is from these phuses that

the grester pert of the conclusions are drawne



LITERAT.TE CITID

Tuber borne scab,

The disecase of potutoes generally known &s "comnon scab"
which is ceused by a species of Actinomyces, nemed Ly Thaxter (481)

Oospora scabies and by Gussow (20) Actinomyces scabies, is probably

as 0ld as potato culture, Prior to the latter part of the nintesnth
century considerable literature h~d sccumulated pertuininz to scab,
and several theories vizre advanced as to its cause by both scientifie
and popular writers. These included: (1) mechanical irritation,
(2) dameze resultinz from insect agencies, (3) chemiczl erosion or
irritation, (4) excess of moisture, snd (5) action of Fungi. W. Ge
Smith (5€) of England was the chief supporter of the mechanical
irritation theory and thourht rubbish to be the cause,

The insect theory was larsgely supported by popular writers
and the cause of scab generally attributed to the wire-worm. The
chemical agency theory wes advocated by Sorauer (59) of Germany; the
substances considered important were li:ie and ashes both of which seemed
to be proportional in amounts to the degree of scabe A much later
contribution to tnis theory was made by Fumphrey (23) whose results as
well as those of other workers, although of value, failed to indicate
the true cause of the disease, e was unable to assocliate any organism
constantly or even frequently with the disease and listed environmental
factors as the cause of the disease, !any of these factors since have
been shovn to affect the number of scab organisms present in the soil

to the same extent that his results shoved increase or decrease in the



percentags of scabby tubers,

The fourth theory, was thet excess moisture czused an incresse
in sap with a rupturing of the lenticels and cork formstion, and the
resultant production of scab spots, imongz the writers favorinz this
theory were, Frank, Glersberg, Scnacht, Artaer, Motbe, and Becxwith,
cited by Humphrey (23). The thsory of causation by true fuansi, had its
origin in the announcemsnt by Wallroth (c¢9) thzt the disease was due to

the action of the fungus Zrysibe subterrunea "allre, This statement was

reaffirm=d by Julius Xuhn (33), and assented to by Jubainville &and

Tesque (30), in 1€78. Sorauer (59) and many other writers denied the
causal nature of this or any other similar fungus and stated thet if
present, it was only en accompaniment of the real cause, Rrunchorst
(4) ascribed the cause of scab to the direct action of a myxomycetous

funeus named by him Sponsospora solanie The scab disezse of Wallroth

and 2runchorst is powdery scab, and the organisms naned by them are

synonymouse. Spongosrora sutterranea (mallre) John is the final name

given to powdery scab, ard therefore the citations above do nct pertain
to the common scab of potato,

It was not until about 1€90 thut much of scilentific value
in regard to potato scab appesred in tne literaturee ’0st of the avail=-
able accounts deal with the control of the disease because of its
constant menace in potato regions where it often caused rather heavy
losses in decreasing the warket value of infected tuberse

Thaxter (61) wes the first to show that the scabby, corky
lesions on the tubers were due to an invading orzanism and was the Tirst

to isolate this orgzanism from sceb lesions on tubers, £Tow it in pure



culture, 2nd then inoculute uninfected tubers =rd reproduce the disease,
Te recognized that the orsanism wes tuber borne ard con cined within the
scab lesions efter dic:;ins snd that the use of disecase-free seed for
planting wes advisable, Cther enrly workers who investizuted scab vere,
3olley (1 =nd 2), Humphrey (23), Vinney (31), falloway (16), Tones and
Zdson (29), and others, Of these workers, Rolley (1 and 2) carrving on
experiments in Indisna und Yorth Dekota probzbly did more extensive and
inténsive work than any othsr investizator before 1200, Althoush he did
rot classify the org:nism as did Thaater (é1l) he did discover that there
was a definite plant parasite responsible for the disesse and that this
orzanism was tuber end soil borne. e belleved the dlsease to be due to
a pvacterium and re;roiuced sceb with an organism thet he isolzted from
scabby potutces, He also wede sone progress in determininz the environ=
mentzl factors necessary for tlie developmsnt of scab and discovered that
the disease could be somevhat prevented by soaxing the seed tubers in a
1-1000 solution of corrosive sublimste for one and one-half hours. Jones
end Xdson (29), &nd ¥inney (31), conlucted expcriments for the prevention
of scab and obtained some inform:tion on the velue of seed treatment
before plantingz, and of soil trestment with sulfur.

Several writers hzve erileasvored to sen:zrate the different
tyves of scsb by the <ffect upon the ~ost., T™roes of scab were recogrized
before it was known that the disease wss caused by =an organisme
tumphrey (24) sep-rated the disease into deep =nd suzerficial scab.
3oth Thexter (61) =nd Rolley (1) recoznized the two tvpes of srmptoms
but thou~ht them to be veristions of thne sane disease, Trank and Yruger

(15) cl-imed to be sble to distinz ish morproloricsl differarces in the



different types, numely, (1) shsellow sceb, (2) deep senb, (3) hulginz
scab, ard (4) bulgsins deep ccobe Torever, Lutman (J€) belisved these
different types of lesions to Ve stuszs in tle sdvunce of the same
disease, He also supports Thuxter's view point as to the trre of
orzanism, stating thet "tie distribution of the hyphae 1s very irregulsr,
occurring on ary part of thie potato, tut alwa,;s in the outer leyor of

he periderm", and he mzkes the stuteuent thet "scub is due to the
hypertroghy of the cells of the cork cawbium, the cells of which ar
much thickened due to their suberization". 4ccerding to Lutmun end
Cunningham (40) "the crdin-ry scab of po‘ato is due to =n increase in
gronth in the cerk lsyer, the production of which is due to a stimulation
on its surfesce ard in its outer cell l-vers by the crowth of en orzenlsm
which forms chemic:l substuncss which .re ebsorbed and which ctuse the
cork cells to increzse both in size =nd numier”. *"illard (47), point-

ed out the frct thet several tyres of scab existed but believed them

to be caused by variations of the sczbies iroupe Latsr in enother rerord
(46) he listed six different types of scab, and tested 24 isolations

of Actinomyces for pathogenicity, 11 of +1ich proved to be pattiorenic,
These he clacsed es distinct species, Jones (28) worked with di“ferent
types cf scab studying the structure of the potato cells affected. His
conelusions were that the type of scab leslons produced depends upon

the activity of the organism and that deep scab resulted from the orzan=
ism penetrating the cells so rupidly that a corxy laysr could not be

built up &t the surface to prevent penetretion.
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Soil borne sc=b,

Bolley (2) wes =waonz the “irst investisntors to recornize
that the organism cuusinz the diseuse "potato ;cab" wes 801l borme,
Ye determined that tie or-snism was capable of living =2t least four
years in the socll and then causing scab of potatozs. Jones end FPison
(28) showed that the orzanism could rem=in in the soil 25 or more
years and then cuuse & heavy scatbinz of tubers. fhey also unintentional-
ly showed thet the orgunism is present in new soil., Lutman (37) proved
thet potatoes grown in virgin soil were often scubby and that the
lonzer potatoes were grown in a field the more scab would be present,
disregarding the fzet thut all of the seed used was disinfected with
formaldehyiée. Lutman and Cunninghem (40) obtained results to show that

the potato scab orgznism, named b nusseriri, ’lctinomyces chromosenus
] x ] J

and vhich they identified as & scab producing organism, 1s wide spread
ard is found in practically ell scils, so far as known, but is most
numerous in those soils which are rich in humus. Literzture on soil
vorne scab taxes up a wide field of investizsstion. Mue to the research
of soil becteriolozists it hes been det.Tnined that the Actincnyces
group make up & conuaratively large percentare of the soil microflorae.
meksmen (63) found that on &n averase 177 of soil borne organisms were
Lctinomyces, Heavy solls and those rich in undecomposed organic sub=
stences a.e relatively richer in Actinomycetes than corresponding lichter
soilse In en ezrlier account (62) he found and ramed thirty species of
Actinomyces, but later grouped some of these together into one svecles,
e discovered thet the Actinomyces gZroup weve not extensive aumonifiers
although they reduced nitrites to nitrates, cnd that they were strong

cellulose decomposers foruinz humus from orgsric matter. sccordinz to



Taxsman (62) "lobig, “Rossi-Dori, Rullmsn, ard Tudsen isoluted and
studied ‘ctinomyces from different sources, 3eijerinck (22) stressed
the lwportance of or:zunic mutter for Actinomyces growthe Fousek (14)
found more ictinouycstes in heavy th=n in 1lizht soils. Krainsky (22)
found 30% of the soil microfiora to be ~ctincrycetes., Comn(8), (7),
and (6) observed a greater nunber of Actinomycetes, 39.47%, in old sod
soll, and concluded that they play a role in tte decompogsition of
grass rootse !illard (47) states that "sceb occurs most commonly and
with greater virulence on licht sandy or gravelly soils especially those
of a hungry nature, and it can be inhibited By #reen-menuring of the
soil,

The fact that the scab organism is soil borne is closely
associated with several factors affecting its development. ’artin
(41 &nd 42) observed that the »7 reaction is far more concerned than
is the soll moisture in affectinz the amount c¢f scab, Soils verving
in moisture content, but with a similar resction gave equal amounts of
scabe "nen sulfur was added and a pH of 5,1 produced, scab was great-
ly reduced. Variation in the amount of rainfall caused no difference
in tlie percentage of scab until sulfur was added. 2ddition of sulfur
resulted in a decrease of scab in proportion to the lowering of the
pH value. The effectiveness of a given quantity of sulfur de.ends upon
its gbility to produce an acid reaction when added to the scil, 1In
arother article (42) he states that part of the inhibitory effect of
sulfur is probably due to its toxicity and not altogether to the pH
reaction. Gillespie (1€ and 19) using two synthetic and one potato

extract media, concluled that the potato scab orgunism would not zrow
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in a pE lover thsn 4,7. The strains veried somwewh~t in their reaction

to a given p”, but the veoristicn was rot ennreciebls, aul nors of

them gave good gzrowth et a p~ lover tarn S.6. Te did nct find scabby

potatoes on scils with a ™ vulue of less thcn f,1. Tuis wss true of
A - ~ g T _ 3 s .

all scils, sard, muck, or vpest. "hzeler =nd “dcws (71) vorking cver a

period of three years shcwed that ell foras of lime ternd tc rromcte

W

scab, znd flovers of sulfur ternd to inhibit it, hat ay injure the

ulfetle of axnonis proved

&

potatces 1if apnlizl im too larce amvunise.
even better than suifure. Theoler, Uartwell, aund Toore (72) found the
effect of sulfur for the preveutlion of potato scub to depend on the
acldity derived from its application. Zelst=d (21) obt=iazd 7sod con=
trol of scab by the epplication of sulfure Line gave 1007 scabe Cor-
ro;ive sublinzte, kainlt, 2nd cepper sulfate wihen applied to the soil,
decreasad the crop yield as well &s the amount of scabs Cherbaloff (57)
found t:at injury on vurious crcgs including potutoes resulted if
sulfur were added at the rate of sore than 900 rounds psr acre, "hen
added with commercial fertilizer, it was less injurious. The injury wes
more murxed in lisht soils wlich were l.uw in humuse Tn another article
(36) he repjorts tiat scab is creatly reduced with heavy arnlications of
sulfur, and that the numbsr of scab lesions was more reduced than the
nunber of scabby tubers althouch the latter were also zreatly reduced
by the treatuent, Garman (17) states that "the use of flour of sulfur
applied to the soll guve little or no results and in some cnses gave
more sceb than the untreated". Lint (43) cbserved “het sulfur reduced
the smount of scab appreciably, and the smaller anplications of 300

pounis seemed as effective as the lurser applicatiouns of 600 poundse



Tedgworth (7C) repcrted thut the additicas of suifur usuilly increase
ed the percentage of clean tub-rs, znd thet &00 pounis 5f sulfur per
acre sioved the greatest amount of clsun tubers,

Other factors wlich hav: been thousht to regulste if not
cortrol scab are, moisture, te.perzture, und crop rotation. Shupovulov
(55) concluled that there is always <nou.h cellulose in the soil to
perpetuate the orcunism from veszr to yeare ~Trop rotation would not
eradicate the scab funzus from the ssil. Zun“ord (52) believes moist=
ure the main factor controllinz scab in the soil which he u:z=d, a dark
organic sandy loemne Tcub develored sbundaently in dry =211 while meist
soil produced almcst all clean tub rs, The H. ion concentration varied
but little. Shapovelov (54) coniucted temperature geraninatlion tests
with the scab organism and found that tenperature from 25° to 40° Ce
were the most favorable for the germinction of the genildia, though
unfavorable for long continued growth of the mycelium, The nerimum
temperature for growth is about 40.50 Ce, tne optimum 25° to 30° Coey
ard the minimum about 5° Ce Involuticon forms are rot the result of
temperature conditions. Jonzs, Mc¥inney, :nd Fellovs (27) conducted
experiments in the "'isconsin tanks™, the temperature ranging from
11o to 30.5° C. They determined that the development of scab is influe=
enced by scil teuperature, the o:timum beins &bout 220 Ce This is in
accord with fi=1d experiments of verious investigators showinz that
there is a greater prevalence of scab in hot sumners than in cooler
ones., Joncs wnd Mc¥inney (2€) stressed the point that potato scab is
not so prevalert in “orthe.n Turope as it is in "orth ‘merica where

the sumner temperatures are much hizhers,

Judzing from the data glven by these investizators, it would
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seem loglical to belizve that scub develonment is intsr-denendent on
a combinztion of factors, cne of which mey be duminsnt for a iven

condition,.

Taxonomy of the scab oroun,

A greet deal of study has been mude of the zroup of organe
isws causing "potato scab", but us yet it is not definitely knowm
whether or not those orgeaisms causing the disease cuzn be placed in
one distinct species. Thexter (61) was the first to associate end
prove thet an organism was directly the cause of the disease and

after a great deal of study he n:med it Coscora scahies, Fis des=

cription is very specific and while it is probable that several types
of scab organisms will fit 1in generally with the description, it is
also true that an organism would h-ve to be grown under the same cone-
ditions as was Thaxter's original orgunism before it could be proved
to be identical, 1'is ressons for vlacinz the organism in the genus
Oospora were thet it apnears more nearly allled to certein forms in-
cluded in this zenus by Saccardo. Wovever, he adds that "it is need=-
less to remerk that the genus Cospora, as iven by Saccardo has no
scientific value, ~nd the reference of a form to this genus is merely,
as in the present case, a confession of ignorance concerning its true
position"e Bolley (1) believed the organism to be a bucteriume How=
ever, he did not nuwie the organism aud later in his report (2) he
states that it agrees with the descrinstion civen by Thaxters
Cunningham (11) isolated three forms of an organism from potato scab
lesions ard reproduced the disease upon inoculation. *e believed

then to be identical with Trexter's, but disesrees with the generle



neme because the two chiaracters, true branching end eerial fruiting,
separated this corcarism from the buzcteria, and are recoznized as ime
portant characters of the family Myvcobacteriaceae ard of tlie zenus
Streptothrix. TUpon this basis Currnin~hum thourint the organism should
be pleced in the zenus Streptothrix. ~ussow (=0) disarrees with
Cunningham in the use of tlie c-me Streptothirix beciuuse it was used by
Corda in 1€£39 for another genus and accordin> to the Vienrna coie ecan-
not be sprplied to a second one. Fe states that other names such es
Cladothri., Mocardia, =nd Actinomyces havé been loosely use<d for the

Jof its

&€

organism causing potato scabe Claudothrix cennct te u:: Locru:
false branching snd ciliated spores. ocardia is alco untenable be-
cause the name was applied to other organisms by Saccardo, anl Gussow

therefore changzed the name to ictinonyces scabies (Thaxter) Cussow,

Lutman and Cunningheam (40) identified the sceb crganism as sctinomycees
chromozenus Gesperini. !Mclinney (45) states that he was also sble to

isolate forms of .ctinouyces identical vwith ’ctinomyces chromo:rerus

in pioment formation but adds thot various workers have demonstrated

that Actinomyces chrome=enus is a group of various species differing

in physiology &nd morphologye. Ue maintains with Drechsler that the

binomial :ctincmyces scabies (Thaxter) Sussow should be acceyted as

the name of the organism which czauses comnon scub of the potato tuber,
Drechsler (12) criticizes other workers on the genus Actino=

mvces because they have been too guick to form conclusions on the

taxonomy of the sroup from details only slichtly studied, 7is study

incluées 1€ groups or trpes of ietinoryces which he carefully describes



prane

morphologically. e belicves thnt ‘etinomyces does not rz:resent a
transition between the I lomycetes and tle Seilzcareetss, Te determin-
ed rether definitely thet ‘ctinonycees is e funus bvelen-inz to the

Fungl I .cerfectls Conn (9) workin: with verious culture nedia ard 75
culture found it very difficult to distin:ui-h betwecn the vuarious trpe
of Actincmycess unless catrsie czre "ad be2en taken in preparation of a
protein-free m2dia &nd unless the organism wes renentedly ¢rown in the
sunie medium,

Lelmunn end Yewmann cited in "uiismen (62) consider the fctino=-
myces a special croup which stard beturen tle Twphonycetes &nd the
Schizomycetes; related to the lutter by their slender hyvphze zrd pro=
toplasiic progerties, and to tle former by the brarc™-ing formition of
aeriel hyrkee with conidia like structures. Claypole (1l0)believes thet
the hi.-her sporing fun-i, the irue bucteria, «nd the ucid=fzst bacteria
have all arisen from the Streptothrix -roup vhich is hizhly variebdle
poth morphclo=ically erd physicloxdeczllye ™ithin the group Actinomyces,
"aksman (62), (63), (€4), (635), (c€), (©7) and (6€) has provably con-
tribvuted more than uny other worker to the knowledge of species and
formse. e classifies the organiswis according to morpholo~y znd physiolo-
gy depending in meny czses on chrowttic chiracteristics. !'ill-rd and
3urr (46) studied the pathosenicity cn potutoes of Z4 streins of ictino=
myces, naming 1l pztlozeric specles.

There hes been a great deal of work within the group Lctino-
myces und as has been stated by meny investigators, the variation is

80 gre~t that sersration into distinct species 1s extremely difficult,

Perhaps trhere has been too much uorx separatines the vari=tions into



distinct speciese. This criticien hes been o"fered by zome vriters,
According to Ruchanan () the follovine classi®icnticn is tre ore to

which the potato secab organism belon s: ~enus, tctinumyces; fznily,
Actinomycetaceae; order, Sctinuycetules; ané class, 3chizomycetes,

Lyphomycetes 1s sonetimes siven es the class denendineg upon the in-

vestigatore
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The control of scab is & well known probtlem confronting
the potzto grovers in “ichi sn, ~nd esrecislly so in the southern
part of the state. In ti e€s nust wlen the #rovers knew very litile
about poato scsb, little or no cure wss tulen to prevent the
spread of the orgenism, ~nd no thou ht was given towsrd xeeping the
original infestation dovmn to a minimum. Due to the lack of this
knowledgze and to the methods of cultivetion snd fertilizing vractie-
ed, the amount of scab producing orsanism in the soil has greatly
multiplied. It is of com.on practice in muny of the notsato districts
to grow cover crops, meinly clover and z2lfalfa, for a period of from
two to four years, then pl.w them under and agein plant the field to
potatoese To muke the conditions wwre favorable for tlese crops,
lime is used to produce a neutral or sli-ntly alkaline scil reasction.
These conditions are =mlso fuvorauble for the growth of the poteto

scab orgenism, ‘ctinomyces scabiese !illard (47) stated that by the

addition of creen menure, scab couldl be controll:d by keeping it as
a saprophyte rather than a parasits, a condition brousht about by
the scarcity of food material, However, it has been shown by, Lutman
(37), Takxsmen (8Z), Conn (8) and others that an ebundance of orgsniec
matter, other factors being optimum, produced an r~burdance of scabby
potatosese

The avove condiition has occurred in certzin districts in the
southern part of the luwer peninsula of Michi—an, =nd the ictinomyces

content of the soil has been greatly increased by limingz, 2nd turning



under green ménure crorse sncther source of contawinstion wlich is.
often of importance and which it is rell to meuntion, is the fe=ding
of uncooked potatocs to farm arnim 13, =nd ths epplicztion of th
m-nure to the field as fertilizer. Torse (4€) l-.s shonn that the

scab organism is cupable of pessin: throu-h the éiestive trzct of
enimels in the wsnure, which when epslied to the =il will incresse
the number of scabby tubters. These scurces of contaminzticn have

greatly increacsed the scab menace in certuin districts, rrodocing a

\

problen of grest inmortince to ths ~riwerse

The work *zlen up here hus s:ccial refererce to the controel

"

of scab by trestinz thie c£oil with chis icils. Considereble wovi has
been dcne on the e ntral ¢f seab b sesd trectment, chanziny thz scil

resctlon by the use of sulfur o4 Jther chenlesls, and by the study

of environnentzl “nctors sich as, mwoisture +nd tengerotire. Towsver,

1ittle worx has been done to control sc.b in the suil b chienaleal

treat.ient,

11, according to VLXK 8ian

n

Althoush sulfur treat.ent of the
(27) @nd Yheeler, lertuell vnd Ccore 72} acts srivarily as zn in-
hibitor of the organism Zue to tie :cid reactlon prodjuced in tiie solly
{t has elso oesn szotn by other writers, Sherbaxolf (2¢) in p-rticular,
that t'e continuous eidition of lurge Luzntities of sulfur to the solil
for scab control proved murkedly injurious to other erops in rotation

as well es to potatoese
In certain r-gions whaore potatoes are :rown the soil if not
oririnally infested with the scud organisn, has with the continued

planting of the crop, beccme SO venvily infested thnt whansver



conditions such us moisture, te.p-rotu-e, s0il reuctizn, und vroinic

matter cre favorulle, a hzuvily sculb=d crsp will be

3
(@]
[on

Juceds, Tuber
treatuent befure pleonting while effective for the sszd piece dues not
reduce the amount ¢f scab in the soil thst is Ludly inCesteds Zue to
the fact that séab caus«s ccncslderible danw-e erd econvalc loss in
potato growxing reglons, thst the orcomcism is suil berrns, livine in the
soll as a saprophyte year after yezr, cnd that it is wmost virulent in
neutral or sii.nhtly &lk-line soil, a precticzl contirol to be applied

in tlhie field woulld be of comuercial valus,

Attenp's were therefore mude to firnd a rractical m&sns of in-
hibiting the scab organism by the applicition of chemiczls in siwll
quentities to the soil. 7o be of nracticzl value, the chemical used
should h-ove the followin: properties: namely, thet it will not injure
the productive value of the soil, thet it will wot injure the zrowth
of crops, that it is ruther inexpensive and that it cun be &pplied with
a fertilizer or &s & fertilizer, and that it is effective in reducing
the nunber of scub producing organis:zs in the soile. If all these
properties could bLe found in ore chemical, the losses caused by soil

vorne scab coull be reduced to = minimum by a simple routine of soil

treatnient.
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It has alrsady been stuted that tie rnin cbject of this
work was to deteruine if it were pocsible tu disinfect thie soil with
chewlcals in so far as tie scub orzanism wes concerred and thus cone-
trol the diseass "poluto scab". Tie results cbtained from thiis phuse
of the work, however, have mude it necessary to study the prcblem
from different angles, namely, to isolate wany strains of Actinowyces
scabies, to test their pethosenlcity; to detecrmine the effect of the
disinfecting chemic~-1ls eanloyed upon these strains; to study the re-
lation of scil moisture content 1o the effect of the chemiculs cn the
soil mieroflora, and to a limited extent study the mycolozical phuss
or taxonomy of the strainse.

Previous work on soil treatient other than sulfur for the
pravention of scab is very linlted., Hulsted (21) treatinz the soil
with corrosive sublimste, kainit, and copper sulfate, found that
these chemicals added In sufficient guantity to reduce the amount of
scab, elso decreased the crop yleld. In recent yeurs nore attentlion
has given to treat.ient of soil by chenicals for the coatrol of in=-
fectious soil purasites, and at the nresent time work is being carried
on for tne conircl of scud by soil trestment. !Martin (44) using
calomel, yellow coxide of mercury, formaldehyde =znd various orgzanic
mereury compounds, found them to be highly effective in Mew Jersey
soils for controlling scab and Rnizoctoniae mork of a sinilar n-ture

is also in prosress <t the lebraska end misconsin Txperiment Stations,



In the exerinerts cu:rl

s

d on both in the :recnhouse s0d

in the field, four ch<miculs wer

0]

voed, nweely, calowsl, yellow

oxide of mcrcury, DuTay ’0C5H, a

3
(&)

roanle mercury coropouni, and
aluninum sulfate. The chemlcels vere zp.1lled at the rote of 23, 13,
10 and 20 pounis per acre resnectively in tle rows at the tine of
plantinse. The field experiments were 1i.de in six plots in five
differert sections of the stzte; tvo plots viere &t the cclleze. They
were all treated in a like nwnner and tre wicunt of scabty znd clean
tubers either counted or wsi hed wlen they v=re duz. The percentuge
of scabby tubers was list2d in ecuch caze. The aluninum sullfate treut-
ment wes included only at the collecee

Qef»ré being a7plicd to the rows the chamic:ls were thorourh-
1y mized with fine quartz sord to afford easisr agplication and more
uniform diztribution. Telinz & given number c¢f poundis ver acre of

a chemictl, the muicer of graus of chemicel to be e¢died in a row 10C

(&)

feet lonr was calculsteds Allowing 200 squnve feet for each rcw of

thst lercth, there would be 143.5 Tows 1CO fest lonz per acre. Tre

o N ) . . 5
amount of che:ical needed Ifor enci TCW would be tre number of pounds

of chewicul ver acre divided by 145,28, A4cecordingly ealomel wes apvlied

at the rate of Bl.E grums (:€r TIOW 100 feet long, yellow oxide of

mercury at tie rate of 3C.9 grans, tutey ‘965H ot the rate of 0.9

gra:s, ond eluminum sulfete at the rate of ©ll.€ Zrans per TOW. The

sults of soil treatments for tue control c¢f potato sceb are presgented

in Tebles I = VI inclicive,
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Cetobar 27, 1921, Mhey were zient=d by h-nd droigsinr in rows atout

4 or 5 inches desp a”tor the chemlicals were ndleds, The s.il in Plet T

vas a heuvy sandy loam ~nd that of Tlot IT vis more sandy and lighter,

)

Checxs were pluntcd on the osuter rovws of each rlozt =nl 1n between the

1

chemniczl rows, thocrs bLiinz four rows of ench chzalc:l in these rlots,

It con e szen frum t.e results in Tavle I tint calomel zrnd yellow

oxide were the leust effective trentnents and that all -f the treat-

(0]

ments sesned to incresse the @wunount of scub as well = of

w
@

the de :re

w

scavbiness of the tuters., The two lnorganic mercuriss favored the

production of sczb in both plots, wnd the difference between thenm and
he clhieck rows s s.own by the data wus very evident at the tiue of
dizzing. The tubers vwere all sorted into clean, ond 11 -t, mediun,

and lLeavy scab, euch ~roup of wiich wis then counted, and the tubers

in eech division recorded in Tuble I,
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90BH veried but viory 1it'le “rom e chiech ros 1o the sunt Of sesbly
tubers,
TARLE ITT. Resul*s cf T2il Trewt.znt “or Sootrol of Potutyu "enb on
Tedpath Turn, Vulanvzoon Tornty
Lo IV
Treatients
Talomel TVellouw ozxile SeoH Theck
TToe Of Reows 3 3 J 16
Clean
Tel sk 19.5 S5 60 775 215
Per cernt 10427 20 e85 1,33 CEWES
Scabby
Li.ht
—_ = -
Jeisnt 54,40 50,0 52.0 204,25
Fer cent 22 .27 Zle€5 238 24457
Hebzx
Ter cent €0.16 48 .1 E.E7 4, 15
M+ I A
Total weigzht - - e
of tubers‘ lg‘i.a lD(. .0 lw PYe) 550.25
(aal
Total per cent €043 73475 48 047 cl.l7
scab
M™ils 1t wes locuted In Yrluwzoo county on T, 7, Dedpath's
ferin rewr Yaluwwzwo, Vichisane Tue :lot vwis pl nted Tune 17, 1221 to
Russet Nurul politoss, und they were hurveoted Celubsr 19, 1921, A
andy lozm trpe of soil vwihich hed sreviously crovn postitoes =nd which

had been heuvily limed for a cover crip w

3C0 feet lou-, tle three center rows were

nine rows 100 feet lung, three laterally

Gs usedse

diviled trensversely into

ad jucert ruws beinz treated

03

Tliere were nine rovs



with one chemiceals In thls munner the %reated rows ~ere =:.4 to end
there b=ing three grougps of thrze rows each with exch roup treated with
a different chemiczl, all three treatments mexing three rows 3C0 feet
longe Check rows were plsced three rovis on each side of the treated
rovises The potatoes were sorted into cleun, lirht scab, erd heavy scab,

and the results vwere taiien in wei.‘ht of euch division of potatoes,

TABLE IV, Results of Sc¢il Treatments for Control of Totato Seadb on
Tyler farm, Brsnch County

TCT V
Treatments
Calomel Vellow oxide 93oCt Check
No, of Rows 3 ) 4 10
Clean
"eight 71,75 53675 123,75 238,75
Per cent 37413 oF ¢ 03 52,29 52.21
ccabby
Li-h
Teisht 75475 €425 10545 204455
Der cent ZE .10 434620 40 447 40,77
Heavz
Vaight 47,75 E2e¢73 16,5 45,55
Per cent S4e7l P S 7423 7.C2
Tot ' h os Ny ¥=)
é*gv?vﬁdg%i: v 193425 1e9 0‘7-5 255473 048 oE B
Totel per cent €2467 71487 47,71 47479

scab

This plot wes located in Rranch county on ™. L, Tyler's fam

oy

resr Coldwuter, Michil sne Tie plot wes plénted te Pusset Rurel potztoes
ey £5, 1931 urd hrrvested Cctobor L3, 1501. Thse soll wus of s sundy

>

loam ty e to whiich s fertilizer id beer wilole The plot consisted of



O s -y 3 - i T oA -
ten rows 230 feet lon, “Tive clechs =.d Tive trestzd, Tre culumel

znd yellow ozide of mercury g:rsistei P three rovws each =rd euch
row 100 feet lonr. These *wo trectme:its vwzre pinesd e.d to ernd
waking three ruws 200 feet lon:s. The checis were each I00 feet long
as vere the Dulay 948577 trecutment, Czlonel wnd yesllow oxide geve the
least cecntrol.in tihis plot althouch the percenteges of scub were all
quite high. '"he per cent of heavy scub shoved a greater difference
and wze comsuratively low for tle 9827 treutacnt cid tle cleck,

TAZLE Ve Results of Soil Treatuents for Control of Potato Scab on
Tilliens' fearm, Caklund County

PLUT VI
Trectients
Calomel Yellow oxide 965H Check
No., of Rows 5] 3 3 12
Clean
Yeight 20 .9 29,5 36 625 55425
Per cent F 043 25 016 33672 14.23
Scabbz
Lizht
Teicht S4 60 40,5 36 075 12245
Per cent IR 53 3D 692 24,18 3LeZH
Heavy
veight 41 .25 82,75 34 45 21045
Per cent 29 623 37.91 32,09 5369
Totel weient 105.15 117,75 107.5 368425
Total per cent 7157 73484 66428 85477

scab

Tnig plot was located in Cuklend county on Trank Williams'
farm nesr Milford, iidchigene The plot wus plznted to Russet Rurals

June 5, 1951 &nd harvested Cctcber 14, 193l. The soil was of a sandy



loam trpe ard a fortiliver had veen a’led Lefore plentince There
v e (2] o ~ . - . "

were 21 rows 130 fest lon>, 12 rovws of checks wnd tlree rov
of the tiree treatments, Tt will be noticsd thet the results in

this plot do 10t conlorm to those £ any of the other (lots. The

chenical treatient Lere all -ave wore control thzn 114 the check rovis,
However, the -ercentzres of scabb. tubers zre all so hirh that Tew
if any conclusions can bte druvwn s to the effect of the che. ical cn
the scab organism when coasidering this cne iniividusl plot, Tt is
true that tiis section of the state received more rain tlhan did any
of t.ose where the other plots were located, but comg ring with the

controlled moisture experinents this would not explain the results.

Sum-ry of results of s-il trestnents

In considerinz the results of the field plots, it can be
resdily seen that the chemiculs were not e”fective in the control
cf poteto sczb in eny of tie plots. TIn only cne cuase, plot %8, was
there a crenter pereentase of ele=n tubsrs in ths treated rows than
in the checks. The chewiculs did not all produce identlcal results
but see.ed to nrosuce proportionally the su.e rozults in &ll plctise
Dulay #9C5H and eluminun sulfate Gid not scem to vary fron tne check
rows & ¢reat deal. The aluainwa sullute on the tvo plols at the

the untreated

s

i

(&)

collere geve sii:htly wore scab on the average than

rovse Dulay %985M prod.ced rearly the saume resulls £8 did the aluninum

1 avereg 18 3 the checks
sulfate, having slihtly wmore scadb on the averece then dil the checlis,

- e - =%
Calomel and yellow orxide of mercury in all but one plot rfave consluer=

ably more sceb than the untreatcd rows a:d the svereze percentage of



scab is much hihor +lin ~

TADLT VI. Percentu e

C&:.le}el 7L .2 oo .::'l
Yellow oxile £ 404 AL oD
Dwey T 0ol 3 Z el
Llualim culfate 24 W10 5.2
Tntreated rovs (BEe] 1 623
Trere ves o wile verintion in te 1iffersnt ¢ fowls in tha
rercentare of sczb produced on o cin le 1ot ond In oo o=in le ¢': leal
on seversl plots, bat the roportleons of poveerntagcz f seub for ecch
¢lenicnl 213 not vory extre slre Tur inotace2 15 Plot "6 were eliminat=d

tie effectivenses of Ye treatents coull

Lod vellow cxile Yre b en

scab with czleiwl shoovinz tle hi-hie

i

are of 6.091 jl‘G",Lt‘:';I‘ [7J9tss

\

Yellow oxide rmoan:d

n

th

Ye cverw

Dulay #9¢D0% trestiwrnt concidersbly lowsr

the check rowse TIn Tlot

I~

fale]

the duta siow

s 1isztsd s o

-

1luws: C21lcsl

~ving an sver-

th.e five rliu

Plchielt in percentace of scutby tuvers, with the

slizntly less for ths treeted rows thwen for the clecks, & polint which

would h=ve beern of much interest hed vot all the nercentazes of scab

in tis plot been very Lizh, the lowszt being €3¢l &nd the hichast

vein

9

€54777, a difference tuo suull in such hii:h percentaces for



sisnificonce,

~reenhouse a-11 treat ~rt

a section of -“raontouse 17 oot by O fest w3 rvailuble for
growinz potuties in 2z bod vlere pots vere tot d:zirei.s Te soil was
trezted In exzctly tie ssie munrner as ia the fizld, exce;t *unt the
armount of the cleaicels to be adled wus cmlesl-otsl for a row 17 fest
long instead of 1lC feets Fiftesn rows cculd be plirted ~uite ensily
ard tiis alloved three rovs of each treutment, tle fourth clieirical,
aluninum sulfate, being edied t- tle list of treutments, There were
three rovis of checise In tiie beginuinz this ypivt wes lincd Leavily
to produce & neutrul if not alkealine reuction zrd the scil ves heavily
inoculatzd both with bulk cultures of Actinocmyces, presu.ably sceb
producing types, &rd then with scil talien from a field vlere rotato
scabt w&s found in great aturdarcs durine tre sw.aer of 1921, Three

crors were zrown, the Plrzt plentsd ¥ebruwry 27, 1831 end horvested

el

July 14, 19V1; the secund was pl;nteJ>Cct;ber 17, 1831 znd hervested

Juntnry 2C, 1l¢cZ; the third was plumt-d Tunrry 535, 19722 a.d harveste

ed Arril 23, 1¢l2. The firast two crops were ~lumted to the varlety

Russet Rural and the tiird was rlsated to Irish Toubler., Tue so0il

riclsture was teld vt vwhat wus thouht io bz optinun for grovwing cone
o

ditions, zbout 205, -rd tle teuperaturs of the eir varied from 18Y -

25° ¢ the nveruge beling cbout 23° Cey wrile ti:ut of the soll was

"oy
3% or 49C, 1less, Lfter the Tirst crop was dug the scll wus changed,
but when the sccond crop was rown there was ot ai: opportunitiy to

change the soil. Tie rows of potutues vere therefore plunted alter-

nstely for the thivd crop in en effurt to eliainute 8 uuch as possible



the effects of the firzt a:plicutiun ¢* chisnionlse Mleuiculs were
applied for ezch crop % poistocs vlented, The scil v-s reinoculate
ed ard rellmed for the s=cord crep but not for the third cr.p as tla
PE roroed from 7.0 to 7.2 10l the rrevious erop of rot=toes was auite
heavily scatbeds, -t the time o° torvestin: the scabbr ez well s the
cleen tubers wers counted, -nd tle rercenturaes ezlculatad and recorde

ed.

Sumirry of creanhouse senil treat ort resialts

It cin be se=n from Tuble VII thet the results obtained in
the greenhouse sre not the same 25 for the field and that the clieni-
cals in this czse did ot 2ltor the aiount of sexbby tubers one way
or the other. The rssulta cbtained from the first planting of poutstoes
were not recorded bechuse practically no sc.b developzd =nd there was
8 possibility thst the soll wus ot proyerly infasted with the scead
organism, The fir:t and sccond crops ¢f tubers were of the varlety

Russet Rural and the third crup wus pl-nted to Irish Cobbler a fact

that probvably expinins why the third crop was so much mcre scabby than
was the second crope Cn the averugs the second crop showed slightly
more scabbinz in those rows that were treated with the mercury come
pounds ths=n did the check rows, Trom a positive viewpoint the resulits
obtzined supplement those fr.m the field plots &nd indicate that none
of tre chemlculs were eflfective in feiucinc s¢il borne scesb under

the conditions of the experinent. The wolsture in this case was con=-

trolled and held at an optimum crowing condition, a fact that will

disprove any idea which mizht arice, thet rhe cheuic:ls were ineflfect-

ive in the Tield due to 1ow mclilstire con'ent of the solle



TARLE VIIe Tioooouts oLl o il obeenbiz o ts fop o be oot ol Y i g monh
i the g §
Ceeond Tlonting
Treatent
Celoinel Vellow oxice 9o Al o) Sheck
2 1°3
AT, ™ e o I 2
Moe of TOws ) ! 3 S 3
Clezun
Iwaber 75 79 CE £5 100
Per cent 4568 o4 . e0d Ole@l 6C a1
Scabby
Tumber on 54 9 48 23
Ter cent 0340 ) 47 o483 I o072 23,759
Totsl number
c¢f tuberg 172 153 127 153 105
Totel per cernt )
Scub Ced 208 {le%3 382 SRR
Third Plunting
70, Of Rows 3 3 3 3 3
Tlean
TTunher 2] 1 1l 0 9
Per cent CoCdR 0elCD 0.,CCO 0,60 041C2
Scabbx
TTumber 1€0 193 136 1€4 211
Ter cent 99 G 99,5900 29,994 1C0,.0 QG .01
Total nuaber
cf tubers 16 124 157 1c4 259
Total per cent
scub 02,908 G0 692D $Q4924 1C0 354501
*7he results of the first plusting nre ot recordecde (3ee puce Z€)



pe&ctltn ki .'«t')'.?i‘.';.' e +5 +° 2 vl‘)‘:\c-\:\:’l A ,7-;,3.,‘

an increszze in scub
and thet furthsr =tuldy vas neededl before conel cicns cooll v CGriwrn.

In view of this Tuct expuciurnis wee conlicted Jdenliny v1°h the toric-
ity of the tvo inovresinic mercuricic nssd in t

e 71 ld vo.n tle virious

strains of Actiruyess taat il been is0lutels Tyrosincte liquid nedtium

s
[ad
<
H
j )
=]
e
-9
4]
[}

vas used fur tils work wnd at tve tezinoing it was plonn
rent concentratiocons of 1 e .uercury chemnleuls in the mecium to iz3termiine

-

cf cetinciiress vould proluce

crowthe The Torwniu for b aote volluwn is s follows s Trrosin 1

srony clucose 10 gramsy dipotacsium 2cid phoogh:te (V e ), CeZ =rums;

v

emonium sulfote (U7 ) SC ) 008 rroos;y atur LY ra sy and 10C0 cc.

()
)

o Ce nevtrel vith YalHe The to the first reslts

18 3o tee of Tlarie Por corrrins cultares in a

lisited len~th of ti.e the AIl tione vore 1initzd to thres fir each of
the two che lcols, ¢ lon2l end vreurice cxiles. Mre S1lutions ware .3
follows: {1) concerntrated sl . ticn with =n excess of the undi-colved

Piltzred off

Dy

che icul, (2) concentrated solatise "i1o% the exc: s Larour
end (3) & solution with oni-tornth the stren-in of the concentrated so=-

lution,

The sgoe Tormula
strercth conceotentions woe e by Tlrst ousinT a szturcted folution of
the chenieslz in ¢cld wieter nd then sading the nutrizat sults of mediumg
the ¢ilution of orz-tantu fu;l strer il

ine nine parts of water to ovne part of the seturctsd sclution, The



- i-

saturated vith on sxecss oo HSLCALY S trde Uy wdTin: 05 v s of
the coupound to euch £1-sk of .l mediwae "hcens of 11 ‘uid edium
without che :dculs other t on tie L:s9 nutrient s.its wers et us con-
trols throuzliout these tests,

Trlemm=yer flus's vith s crruveity of ZIZ0 cco Were used urd

100 cco of 1i:.1d nmedium rl-ced in euchs T.esa were stoprerel with

22

cotton, st-riiizsd, and then inoccul-tsi in & stennsd tro:

Y

1er IO

B

with the orgirnisus thut hed besn is:l.teq nd Crown o in test tubes,

+3

he invcul.ted flusks were ullow=d to incubote o welis in ozt cases
when conparisons were mote in resnrd to the soaount of SrLT N

Then the first rhcce 0f tle cx arincnt L1 been Clriizted,
it was le ried t0-t 01 OF the stroins =vziisble vaore easatle of ro-
ucing growth in t"s conewntruted solutions of bith the cnlomel word
the yellow ozide of mercurye TIn tlese chses the excess mMercurs co-
pound hed been filtered off tie s torated solotionce A zood srowth
was mede in newrly &1l flzzie n1d the first tousht wes thut tliese
cheudculs were tozic to Lt very fow of the crrinisas. Fovever, on
clos:r ¢bscrvations it coul’l be sezn thet tlere wus at first a lurger
aiicunt of zrowth in the clieck flasiis tian In those with th= saturated
solutions, but tiat in ti:e no differsnce cuuld be vbserved. lccorde.
in~1ly tie cuncentrated sclutions with zn ex:ess of nieraury vnere zijed
to the experiment, "hen tiune ~d elupzed fer the e flusks to bte
exwialned, 1t was noticed that a great wsny of the flnasks had no srovth
at =11, and tat only =n cccusion'l orcurism produced a mried decree
In *t%.se fias' s c¢.nutaining only cne-tenth of the con=

Ny

of zrovih,

centrated solution srowih wes ehaiant, ezcezdins thzt in the check



flasks in wost cuses. Purticuler atits tion .5 ~iven to thiis cone
dition, the occurresnce of wilch szzu-d to Le consistantly the szoe,
A marsed inereussed . rovth would occur for u siort iine when tle
organismns vere subjzcted to the weoler nercurial solutions but loter
on. littie or no ¢i7ference c.ouid be observeds

The fect noticed in the b ve cuces will e discussed in
detail later in the chipter on discussion of results. It shiould be
mentioned here th~t the two nercuri-is, calowel <rd yellow ozlde of
mercury are bhoth histlv irnscluble, The sclutility cf calomel 1is
0,00031, =2nd vellow ovxile ¢f mercury GeCOZ15 in 130 parts of water

=t 25° o,
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Tffect of cuanienls on tle ooil sler Piora untor Y1%fzra-t mviotire
contitions,

of scab vave no noticeible pulltive results, wrd ia oy C 5835 Besir
el to ~ive nes-tive results, it ves Izcil d to stils ths e™fect of

the ¢he le=ls wnicr controllicd

in the Tall <«f 18ZI1 =7t r a vur,

i~

ner gram of 501l wos comted al the b-o-incios 03 ot e wnd of the

[

experinent and it wos nopod Yot in tlis seorsr it would Le pocaible

to find tlie cetuel effect f the clhendcells un *he nicrofloss o5f tie

soil. The cheamiculs ware the soce s those used fop the sull trer b=
1.

nents,znd tlhey were to be usel ws wowrly =0 coull be calceul-tzd in the

suwne proportionil treastient cs . :lied In the fil:ld. This wus very

[¢]
®
<t
®
[
1
'.J
[
]

Sifficult to estinete with any de-rze of accuracy sin
cetions in the field vwere mors from tle surface starndpoint, with
«rd ~iven to tle volume T s0il treuted, Tie fizld treat-

little r=

ment was to use a civen rundber of pounlds of chemiczl isr ucre dis-

W

tributed &8 unifor.ly s pos:iible in the ru s, the ri s not being
much wore if eny thea four inches wide and nnproxim:tely four inches
deep in a V shared furrow. Topon this brsis it was ealcul-ted thet

the ectuzl volume of suil treated was four iaches by two Inches by

100 feet, Trum these dzta the amount of chenicil “or tiectinz a one-

Lg

pound hex of 30il was culculated,
T™he soil was firet «ir-dried, weil hed cut in one pound
sa..125 ard plrced in 12 cunze puraffiased cleese toxes which were

provided with 1iis. 3y thea oven=lryin- a sicilor suirle, the per cernt



of moisture i he alr=lry s Wil G TG
f mcizture in the wir=lry s01l woo Z=torained or the wacunt of vater

4+ v g N 3 -
thot wes gresent wlea 21l of the sw.iles word

e - A -
2 ZLiL WES
atoss Tilg orovn juct a

in scabd contril wore 0=

ing the box, 2: 45%eS graus (one pound) of =ir-iry scil, ~nd tien e-
rou h water edded to produce tis desired nolsturs percentagss, vhich
were 5, €, 12, 17, and 20 por cente These ~recotn~es shoull be ex=
plained to =void confusions TLiy represent the per cent of the tetal
weiznt, scll ~nd water inciulel, wnd J0 not reprezent thie per cent of

the meximum rmount of watsr tle soll weuld hold, which is fthe normal

way of stotinz suil baoistures, -rd v=ich woull n-ve been & far less

confusiny way of civin~ psreentarese

O
«

One hurreld LToxes o

5,1l were used in Yhe exnorinent each
holdinz one pound of olr dry soil, =nd there were sevurated invo

L3 the oiher groups

sroups of 30 each, 06 TouD LS
were treated with one chealenl ewclis  “VEry [TOUD WHS t.en czpirated

{.to Ga:llor oroups, the soil o® which was held at the following per=
contzres of molsture: three toxss atb 5%, t.ree et €7, tirec ot 127,

turee ut 157, and five &t 15 moisture., These were neld ut 1575 for

two wenths ¢fter wiich they wsre dried to €% for one .wonth, und then
brought back to 153 molsture for one wonth when the ex erinent endede
Three voxes were teld continuously at 2074 moisture. The molsture con=
tent of Tive boxes was v:ried Trem 15% down to €% a1 back to 157

to determine if variation in melsture cowtent would in any wsy alter

the effect of the chewlcesls on the 01l microfleora. =eh of the



-

. PR . n Lo
roups f R0 o S oteestel oo Ll e e et tvean 10010702
the ertive rance of mointure v ccertais, Lut 210 1y oin the

Pesed uzon the clazisions of w PIOLE trerted row, e ciaouat
of calomel <nd alundnun oulfute 03723 c2p hog vt e pote S P S0 vonn

fer acre, was o134 sri s a2-d in the croe of cellom nite cnd CITTOAN

o

ancunt was oC07 sras per buze To eveld technicel woi hin s ard erru. s

~v

endurh chienlcesl was weished cut to treat ZC zoun™s ¢ s.11, 2rnd vwas

then mixzed with the chemler l to ke the toal weisht 120

wvas tl:en seprnratsd ints £ gram lots, cne U=

2Tae Thae chizniceils vere thoroushly mized

with the soil ard then the moisture content brouzht up to the desired

of moizture were colculated Trom

the dota civen belove

veat oL, v My AP T e
?-‘.t off 072N 227 3U1lleccccececccecctescssccrsoccnnscntos o Sroe..s

ERN e 2 aee 2 i o= .
V¢u~t [ Iir U7 SULL eeeveesececescccccccsscsccsccscnsoop i Ueu Qr”mb

Ter cent of weter 10 " ir 327 8011 ceecececccnccncnncoe Zol27
Taxiamn v ob=r N0l 0 00 8Tt eeeesescsccscccsceccnse 7ol
“e“. "At \)f Sjil C""’-irzr":l‘ R R R R R R R I A A S A A STy :(’.v) ';"."«E'xS
Ygivt Of cteniical nlos 84 531€d NET DiXeessessessee el IS
el Mt of s.il, choadcend, cr) eootin e £t 0 4643l D rung
Tl ot of 5lil,
Teioht of s.il,
Meihy ¢ f noiT,

it ol sl

Trer bz el oveas breouwsht in Toom tie TLLd Daooiny 2, 1ad2
a.d dilutions werz .ods ond piotes pour=d, the follo i~ counts were

outuired: ZAC0LLE whllion vrocteria, 4269 willlza “ctindiyezs, und



15.&6 million fun~1 per rom ©f szile ' he counts wire toloen from.an
avera s of 1% plnizs,
end t.e aillutions 13
azar was uz:d; it W

~lycerin 10 r2ung,

&Sl 0.1 gram, ¥'z30 0.2 sram, ¥7L C.l cra, ¥:01  trace, “our 18
2 4 3
1

crans ord Tuter 1000 cce neutrslized with Tulle

Lixe Gilutions, usins t'e sw.z moiiun, vave wie ot the
e-d o tie exnsrinent, iree Xilotions & ove . cde Tromo2nch box of

were thus soured from ench box of s.1l ‘nd ns there viere thiree boxes

of each treeient, the fin.:l count was tulen froum &n averuse of 27

v3 g mucen accucmey #s possibls all of the or~tniems

ey
7ho Lam

m

platess ToO

occurrin. <n a plate were countede

- - PR . T e T , F R N i Y ey e
“ote, ALl wel min vva nete witiout tte lils and for the cuoeuds
-
yaece no choocdcnd wes o rol Ay o TS T Lstemetel Crom the
. i . N e e N Mo~ e N s
tot-l weisLt o ioe wllovzace fur the sand ond chzaicul,
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Talomsl

1 molsture

ﬁhcttf'ia ll‘ olﬁ "i 70:) —‘:—:‘ol-’:‘ .’7\, .?l l?:'ol?\

ctincmyees S %) 107,55 Tl T D 1749

T"‘Jﬂ;i 14 09 l": .0 = o 17.9 :.5

€7 ncisture

N 4~ 3 0 C AT A Lo U | = TNy Ll Bod
ceTaria ot 09 =N '.E o L @ Vel el :.?ugz

Actinonsces 14745 174,.5 Z oD G4 e 260

™in-i 17 02 1:4 .3 :/o‘-':: 3:.7 F'.“"-‘/ﬁ

N 3
12° mol=ture

Totoria 354 6T 121675 D00 et T e 17144

1ol 4
Actinomyerns 2.1 7T W75 S0 T1l.75 a7

Tun i 12475 176 5.0 1:.75 £ 2

l:)' meistare

Tucteria I 0D COLell 435 ,9 ST o2 552 0D

actinonyces 12.C 10.C 1lelD 21435 17.C

Fungl Ry lie <ot 475 £.75
157 V 7% moicture

Tcteria 420,05 A7 05 FLE oD SCT 625 10,125

actinomyces £ .18 1063 ¢ ,E Zled SN,

Tancd 1245 10.%5 ) 1Z.&6 Col

i P RO
zC7 moizture

. . man~ = = - ane un =13 % o- =
'.J'Ct‘:‘tu U e T o e L e T "l’.\/-j :ul.u.—z
LAt lreatre.s s [a¥el s ax o
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MARTT e Then o rutlo oo Li.n to tue
the o011 07 R S RN
dicfer ot
.-
olsture ::.3 Tutio rentents
~ . - - . .
Sulomel Yelluw ovilde g3oH 21, 30 4, Theex
-~ (v)

57 moicture
Tautio 1:1.C8 1l:7e6%1 1:5.,11 1:74C5 l:llo"?

€’ nuisture

et io 1:1.¢3 1:0e20 1:10 600 1:0,2 l:C.QE

127 moisture
“utio 1:28,90 1:16,51 1:12.42 1:14,1° 1:C,CE

157 moicture
Tetio 1:25402 1:59,.,13 1:27e1l3 1:1469& 1:14,15
1137 v g’
ciiture
2 tio L:11.C3 1:40,12 1:70.,12 1:73,15 1:7.78
207 moisture
Putio 1:20,07 1:70.,14

1
Lverage ratio 1:5,99 L:€425 1:14,22

1:10.11
1:9,.,13

o
o
.
i IAY]
FAV I TSN

o
'_J

w

L]

I

“lien the =il weas bro.cnt in from o tte 121l Tnuery, 1522,

the originsl rutio of ‘ctirouyces te banteris in the soil enuallea

v

1:11.73, or rezrly 12 tin:zs =35 wnny bucteris psr zran of s.oil as
ftetinomyecess In ™ ble IIT 1% i1l be seen how this rotio vouried accord-

inz to the toeztiente The sCil trezted with cclum2l and yellow oride

of mercury &nd 'e¢ld at mei-tures of 7 w.d €7 shoved the sreutest

chauze in favor of th2 ‘ctinuwgyceese Thue oft hend nuwalter of tie rotio

firure rerreients Activciyces end the ri bt nd the nuubar of bascteria,

The near2r the rotio value e .zis tlie unit le tie sreater tie number
of “ctinovmyces in proportion to the bacteria, These results coinclie

;otctoes in soil thut wus

{
<

perfectly with the incrense in scub of



h L o= oot 3 »-’ =3 e ’ v e T
trectad with colonel cnd yollow Loile of LSS

Vemmg T 54+4T 8 o mte o P . $
Jery 1ittle work wus done on mlercse pie nerpholo oy of the
voea o i w s dedd FEIE S NN P N
orzanlsas dewt with in tlhese cainerioznts, Couszzusntly very littile
an 1 eyt ine] Lara +v., R AR Yo C
c ve meuticnad here in thut resrd. OF the ssveorel hundred Or =

isuws isoleted, 357 struirs of iolincmyces vere cultuwred end t

‘v

’vt
<

1

d

for pattosericlty to petato tuvers ond tiolir sbility to resist the
toxicity of this inorganic umercury cumnnounlise Al of tlhe culture viork,
alter isol-stion, wes done cn tyrosinute medlun, the formula of which
has been iven c¢n puce 350, 7y coasistantly zrowing tle oroarius on

this mediuwn, & kesy for the sepur=ticn of the orseri-wcms wes foraulated,

PR

Tep watsr was weed in 2ll e for oovovinge up the mediun and i the
sua.e cinlitions were to Le ugsed, tle ey wouldl proLzbly told for
tiose crruvisns at hind, Torever, 17 the mediun vere slteored in euny
menner, cr oter ztroins of “etiniuyers wers (424 tle key would not
be of vulue for identificiticon or sensritlicn of the crannisis,

The c¢"inf w4 the pnthozenicity tests

recoried hure is weralized worphclosic=l =nd patho-

lo:icel work will not ve of veloe in studrins the scubd producing organ=—

ot

re-ions end in 2i’ferent hebitats., By close obser=

-1

[u)

isins in <Siffer
vation of tie key formulitel =ul the puticrenicity tabtle, it will be

there 18 1o correlaticn betwean the pzthoszenic prop-rties

w
M
q
o}
ct
D
t

of & s*rain -nd the morpholo.icsl und physiolosicel cher=ctericsticse
Some of the parasitic strains proiiuced pisment, otiers did rot, cftien
a sayrophytic strain is sep-rited from a prrusitic one, by a sli:ht

characteristic orly, 4nd whether or rot a strain is perasitic cun not



A e S 3 v i R - .
ve deter.inzd Ly siitar norphelc el o cultural chiornclears,

tvawm o in iz oorticle (C7) Corriclo 3 s Doy o2t irz etinge

mrees ce-ios ard coother € orm o o0f ccotbtincasets Loy v Dlce Lioova i -

o e

v . .
Wold true flor tioce crooocios chldled brotle vritere Tob Jrldusing
orguiicas vere Tound to fall in ey TLTTersrd tizns in the kel

recurdisss of piment production, neriul wyceliua or ~overal other
charactorictics pussible of weuticne

The ebserce of correlotion betvesn tle Lorgholosy srd ratho=
gonicity of the scub orgaaicms is siownn ere vith a vicw to polnt-

D)

inz out the desircbility of further work in tris directicn, and elso

«t

to show thot specific application of gernerclized work or generel

application of =specifie »ork will not meet with any degree of successe
The orzanisiis of the Actinomyces &£Toup voth pathosenic «und non-patho-

cenic are so hi-hly pleomorphic, that probubly only srecifie work in

W work:sr in his own recion

a speclfic instance vi11l te of value.
must studry tlh.e roblen and Gevelop a uystewm cof eclessificaticn for his

own iuumeciste purpozee

TARLT XIT, DPatlor enicity tects of 57 straivs of lctinoayces on potato
tubers in the ~resnhouse

Strains “evree of scabblness

; scab on &ll tubers
uc&b present
=11 scabby spots
f iled to georainate, no »lont sroduced
v ccub oon tub@rs
i1l seabby spots
Too nediun sized scally spots
Veavy scub on o11 tubers

m-~30 0G0
."
4@%
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* lorze nunt2r ¢” snall scebby spots

-
o)

S0 scub

ICLR TN 1 tibers
L oTew Lo S
Mo senb proiuced
Lfew Ll pots pruiuced
Yo oscnl I roiuced
Teavy s20b rru.wced vn on2 tuosr
o oEerL oo Tuced
A few seutiured gpotes sroluced
Tiont dield, t.b-r rotied
SoTow 5w 11 sclly epo's
Youvr s¢ib, very virulent
AN Pow =1l
Siiut sesd
Yo seab oro
"o sezb rro
Yeuvy s¢0
L Tew s ll scubt
o scub rroliced
Yoy sumell scerbby osootz orocuced
Yoary 30011 =catuy ospots rriiuced
7o seab rrodiuced

died in culture
One tuber was badly sceanied
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strairs re _otloceoie on o potato Tibers to @ ceptnin e cres e

_ [ v . [ T L A, . K] - La 1 - i N v

nere thaa others, Tris work wns cnrriad on ciih e ceect derd of care,

ard tihe s.ll vaus vell stepiliced bvefore nlanting ths tubors nd inccu-
L tiue with the cullures. The poils wsre watorad with 'np wnier due

to the fuct tizt it wos wloovt Iupossitle to Leep euouh sterile wvinter
on hund to walzr tiis luros nueler of po*se Teots nere Tun on ths tup
witer wnd in no cocge did wuny setincaycezs weewr in the plete
c.lturss, Cnre wWuis used to evoid contwuinzticn of ths pots of soll
alditicn of culturese A pure culture cf e«ch strain ves

duringz th

=)

(g
o

used to incculats ecch pot at the tine tle tibers wmre planted,

ts was t'e fact that tliere

0]

The inportant pirt ¢f these te
are neny hichly variosble forus of “ctinomress capuble of producing
sesh on nufoto tuberse Toubtlecs muny morve straina ccvld be 1soluted

3 k] - - Tae - PER SRS S ., DN v D v,
vaich woull be capuble of producins scub of tubers, “one the

ot

struins thet sopear to be saprophistes in thzse tests nittounder
different envirovimentszl conlitioas proiuce e, nd sowe of the strcins
trat extibited patlozent
fail to produce scubby tubers. Juch struin cf the erovdy rrobably hus
its cwn optimun crowing coalitiocns ~ad 1ts vurusitic properties une
doubtedly are soverned by exlstinz enviromnentul factorse

™iou_h occurrinz in saother p.rt of the work, it wmioht ve
well to wmention ‘he connection of ths toxic «.d pathogenic tests of
the struins of fctinomyces stuilels Several cf the struins thot were
cble to crow wwderately in constantly

vurasitic on puteto tubers vizre

satureted solutions of calouwcl snd yellow oxidie of wercur.. Ctliers



were able to priiuce molerate srovih In the s w Soiutions but fuile

ed to cuuse scob of potatoes. Lad still cthers, so.s cunsin s Lewvy
PRy R | R, - SRR UR S PP | v s Y 3 o -

scab and others rot crucing cenb, srew oaly in the wesler mereury

4

solutions. ‘guin it is s own thet there 13 a lock o

]

cerrelaticn bee
tween pathcrenic propertles and otlisr charactsrs., Streins number 50
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