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Tariati-ns in tre cultural crarac

reverally attracted tis alte tior of
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rigrg heeo heey ~rda, Tyapr asives tira2 vourva of crcyive 400 P e

rier undase ctvdr o divreraot gtondercized rsdia Yoo been moirta

p-te
—
[
J
)
)
—y
=~
b
S
~r
-
te
e
(A4
(BN
")
—
o
—~
—
)
J
=
~—r
—~
[ =]
N
N
-
.
.
Vot
3
{
31
S5
e
o=
s

a8 vt br Zoul
(170 (2n) oo Aot eyt sf0 ot o crvireertel foctars
Tus tesr ¢ efullr ztiiad v lebs (170e, 17070, 1017%) (50),
(£1), (£2Y, Teirireapr (27011) (52), Ccons (1717) (24) «nd others,

Y2 differart focters, rutriticrol aid otiierwvwise hevs beer carse-

Lo

fully varied fecr thz purpcse cf obtelring optirwr developinart,
Growine an erearisnm or culturs readis selectad at randem is net
cordugive tc bact results ard recent irvestiraticrns by Ycung and
Bennett (1022) (31) have shewn tiat the conditicns of best rrowth
¢ dsveleprent may very witiin wide li~its wit> differert orra-
risrs.

Cortirunueg cultivation of v orrarivn on o >u~bLi~lor madiunm

rrebably not the best eultad to it, slso verictiors ir terrsra-

- e o - G - - - — G T G G S —en o S g

er to literatirs cilted.
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(1) Iwrhere in parsctiosio ral



ture, moistnurae, li~ht ord ctrzer factors such as denlsticr. of
nutrisrts, scouruletion of stubclic rreducts cte. ey or nwy nel
excrclisa an Influsncs cio 1te ceveloprent us shown by Ctevens and
Hell (1o70) (n2), (. wirigticrys vot ot iins ccoourted for

rave fraquortly arisen. It has bser noliced for oanz L7 o that
different culturss of purasitic fungi in tns herberium of !'ichi-

y-n Arricultural Ccllere were siv

It was for the purvose cf raining

such variatirrs thst tre nrosert

are thness white tufts® Are

ine of'f tufts of whits ryve

an Insisrht irto ths cause

irveatication was ctarted.

grvircurzrtal redif

caticrg or tits of sterils mrceliur? iow do ther arise? Are
characters perm+#rent? Ecow do they differ from the rnarsnt st

time available aid not n:rmit

Ths

questicrs but tha little

toretrer with a raviewy of {he

that the infoerraticr »ay be of as

ator who may be Intarssted in tn
VLT OF ThB
KIRCUAK URCTAR AR TR T TR VS

lite

exraustive study of

ncrted here,

rature evailable, witr tr
sigtarce to scme cther inv

is fascinatin~ nroblaen.
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Variaticns in plants ard animuls hove been quits frequently

revorted. Ths terms ~utaticn, cecl

ar= in renaral uve. Authcrs,

of thses terrs. Debsll (1712) (74
heritablo modificati ns which rev
in varicus ricrcor~cigrs®, whils
adds: "The word cces not imnly ern

1

however,

taten, esncrtirs, cr varisa

diffaer in the dafinit

) defires mutaticr® as "the

) Juczd inr various

e

"
=)

tzen

ir a subsegusrt ruper (7

ythin- cercsrning the ma~n

ticn

ion

o
e
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of cterse, its suddanness, cr thrs nzrrer of its acquisition. The
term denotos a chanrs 1 gsnstic corstitutie Imparpenent chanrs

-=nct hereditary, ars ricdific

aticne. (olf=caur)". Erierley (1020)
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(1) defireg ~utetics as "a ~ernotypic ¢’ alrs in a purc line",
1le accordine to Almguist (1022) (1) it is "ths fermatiom of a
new constart variety or sneciszsse Lxcenl Erbrids prcbabl - 11 rew
" -

sneciss ere nrodiiced by mutaticn." He Turtrer edds trei most

autrors by mutaticn do not —z2an tre gudden arnzursics of new

constant varieties but egirply a culden chansre. Jordan (1017) (47)

digtinevishasg trres types of vuaricticon:

1. Truec Variation £ uteticn).
2, LDoevelcrriert of lat-rt claracteristics.
2. rvircrretsl lediflcaticrse.

" D)

Fe defimes mutatiors as "crarc-es dus to intracellular chaoanges

brousht atout by non apecific influerces ard not to dirsct
adaptations to particuler envirornentul conditicns." By latsnt

characteristics he meams "dermanrt qualities in the orpanien

manifsstad orly in rssponse to definite extsrnal influences.®

The environrental modificeticrs are "clczely r:lated to the above

4

class." Thsy includ« "the effscts of use and disuse" and ars dus
to conditione offered by envirornmant. ary so-called ruteticn
sre only erviron-s~ntil rcdificaticre which cu1l he lost or ram
tainad fcr a lconr tire.
He further stinulatss ths followirng requirsrmonts which wust

be fulfilled by every trues nutuation.

1. Arpear swicCenly without Intermediate staces.

2+ Be irreversible.

34 Chanrcs m™uct tale nlace in several cheractaers.
4, Nct all the cells of the porantal strairs are invclved.

s

Pfeffor (1003) (£1) distirruishes between variations that ars

termed indeterminate, snpcntarieous, ssltatory cr single veriatiors

and trose trat ere desirsneted a rradual, determiructs, ard sdantie

A galtatery variantion irvelves the sudds:i w nearsrnce of sorme niew
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proverty in one cr for irdividuals erd this 1s "... ths reeult

of prevailine crditicre irtorrel ard exteriel end 1t is recdily
comnrerencibls thout wususl conditions ¢ould excite s terdercv

to seltatory verizticn end rance elce to cerrespendivT irtoernsl
crhanres, Trat coltutos: o "cticns oy be interited is cartain.”
Stevers (1722) (°3) ursos Lhe tern snltaticn to cever variatiom
ir an ecrranism wheoe crtoleocsicad conditions and sexuclity are
urknown. 1his is &« restriction of ths rmearnin~ of ths term as used
by Pfeffer.
He da Vriee (1220) (27) ir his monuntcsntal work cn "the Juta-

" dozs not ma¥e any Giscrirmirction btetwsen the terrs

tien Thecory

saltseticn, rmutaticn or s—ort vhich he use

A

3 1rterchuhjiab1y. The
Carwirnian term "sincle variztin" is nsed te macn the s:me thin-~,
"cinele variaticns are srooratic rhenorare, arp-arins only from
tire to tims &ard suddenly chancine the forms of life. They carmot
be Infuced at will, but =ust be weited foer."(P.2%) And in srotr.r
nloce "o frapiortly thov concorrn only o giv~le chorocier av-
th2n uerally cornasigt in th=2 locs or latorcy of a charactsr sl-
ready preeent."LP.%0) Tutaticrs do not recessurily annsur only
mece cccerdivie to Le Vries, (P.22¢) on ths centrary e believes
ce mutability of especiese. Un pages L47=0KEQ ho CGrovo
thre laws of rmutat on which ray be s ed up ¢ fcllows:

1. N30 - dem ey gneciss erise suddsnly witheut trenel-
Ll forrs,

2. The wra e¢hsclutely corstart.
2, Mogt of thra rev forma ara slemertarv cnogcies erd rot

vw*‘etl g

4, N2 =2l= "~?tu”" gspeclze whd2ar in lorecs nusbers at the
coma tira or at any rate durine the cmne pariod.

. o characters have not' ire to do with: irdividuvea
veriehility,

G. !utaticrn sr- indsfirits l.e. may affect all or~srs end

talz2 plece in svery c»huoivuble direction.






7. Jutability ermzere Teriodically.
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1The madorily of varisaticore thus for ronortad Cactsria hove

beszn forcibl 1rduecad "y rrowings tos dillTer it rociilsne enoed Lo
to which ner— 11y injusricus chsmicrls nave been edded. Debell
(101%) (=f) in nir c¢ofiviticn ¢ mtuticr Goos rob tate i0to
cersidaratior the "marrer of acculslitlon™ wd In his pensr op

ey movlions reveral induced or uarcitereouc

rmatations Lo Pucteria

1

veriatic Ciscuasins Lhem i sr two haodin~g 1. Phreiclericel

U)

and 2. ‘fcrrholo-icel rutetisre. Charbsrlerd ard Roux in 1327 (00)

procucsc @y arncro 3rous veriety of EBacillus enthrecisg by eddines

1/2000 Potassiur bichrerate to tis culture fluid. Thaee veristione
were constart even aftaer nossine tre corranisms throusm arirals,
arid the virulzrice of t*¢ crranlsm wes not dimirnishted. Reoux (1°270)
(70) obtairied similar results by &ddinb e «rall amoun* of phencl
to ths cultur. mediur. «rd Phisazlix (1392) (52) induced varicticns

by cultivatire tha crcaiises at 429 €y or undzr veriocus abnorrel

conditirrs. This a<«meorocsrious Bacillus anthrscis was not less

virvlert than thes pormcl strain erc raintained tihe zepore~arous
chuoracterictlc und=r crdirery conditicue of rrowth,

Phisalix (1302)(”3) thinkz trat it is the cerbinad acticrn of
the hnat and the air and tres elow cxidaticn of the protepnlacm
that produces tre arnorogznous strain. Rudimertary sneores wers
formed 1in trs cerlls of thrhis struin.

“ieula (1207)(87) prodnced an aspororsnous variety of Eactgruuﬁl

rar.csum by continued cultivaticn in th: presence ¢f phenol while
Villinger (130R)(SA) davelopad &« permanently hen-motlle race of

acsbliay ,
B. coll snd Wasserzus (1322)(30Q) a nermgrentlvy 1 tile variety of

A

Beeet . procdiecicsus.
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Hansen in 1900 (42) obtained ssporegenous races of different
Sacocharomycetes by cultivating them at temperatures at which
growth was 8till possible but at which spore formation did not
take place. Varieties thus préduced were constant, By adding
small amounts of antiseptics he caused yeasts to increase tHeilr
fermentative power.

Revis (1911) (66) grew Bacillus colli on peptone broth to

which different quantities of malachite green had been added
and thereby obtained a variety which did not possess the ususl
characteristio of producing gas from certain sugars. He
repeated these experiments the following year with identical
results, the lost powers not being restored by sub-culturing.
The change was accompanied by & change in the sppearsnce of the
colony and the size and shape of the cells.

Almquist in 1922 (1) was sble by drying and filtering to
obtain new forms(plasmodia and microconidis) of B.typhosus, which,
however, were not constant, Nevertheless he secured different
strains of Spirillum cholerae by filtering, culturing and heating
and he also obtained a filterable strain of B.,typhosus which he
called B.antityphosus. This last strain wes kept under

ocoultivation for eleven years, and it was never found to revert.
It is evident, however, that Iin this last case as in those pre-
viously mentioned we are dealing with a sort of nsz tural selection
in which the organisms able to withatand the extreme conditions
live over, manifesting their partieular qualities once the over-
shadowing influence of the majority of the ordinary organisms
disappears under the action of the dye, disinfectant or filter.

This is partioularly true since evidence fsom single cell
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cultures 1is wantines, and rathsr doubtful in the sarly works. For
exarnple,inoculations of cultures in the woriks of Rcux, Phiczalix,

Chamberland was red2 by saddine a drop of blood frem a sheep which

died fronm arthraxe.

Variati~rs induced by using sirllar r=2thcds rave been obtain-

‘.l-

6 with funri1 also. Brierley in 1¢20 (1E) rencris critically tha
. Y, . s ‘ : cx s
works cf¥ Arcichogikij, Cchiemann and Veterren. wsrcichrovekij in

1008 (2) obtained Asv-reillus ni~er with rellow-brown snoreg by

srowine the ordinary forms cn Raumlin's fluid tc wiich 1/1000 ¢

h
ZnEQy was added. cclemann in 1012 (72) obtaired culturzs of

Asperpgillis ni~er wi'h crocolate-brow. conidia or colorless turn-

ing to cinramoen colcred, by rrowine the parent cultur: on media

x

tc which KoCrgolrp rad bsen seddzd in e 11 guantities,or tall conio-

‘orms of sterirrata, celor end growih

¥
o

dorhored feorms with varyin- f
by oxresing to hish t=mparatures (40-42° C,). Wat-rour 1012 (00)
produced different mutaticns in thrs way cf changes in intensity
of color, differerce irn nwber of spcres ard rate cf rrowth by

srowine fispereillus al-uir erd Panicillium plaucum on £ gulactcsoe,

rharnose or clucosec, 17 boric ard p=oxvbenzoic acid cr dichleorc-

1

acrylic ard salicylic wcldse. The variations wers consicrt nnd

true te for wetmor crown from sinrla socr2s or mycelium,.
Brisrley (14) atternted a repetition of tris work hoping to
obtsain similar results. s it micht have tesn exrected, housvor,
he did rot succeed, becanss, since the results of these, a« well
as of all sgimilar investiratiors,dcnend i17cr certain fertuitcus
clrcumstarces uffectirngs the orcorigm csrcotyricelly ard caucires it
to throw off vormirent varietiors, it therefore was rct to be
exnected that Erierley would b2 able to so exactly duplicate the

sreat number of conditiorns a- to procduce idontical results. ke



reports phenctrpic chunges aifecting tie wncle culture and which
disappsared as soon as tlie organisr was returnsd to a starderd
rodlum. Envircnrent affscts differsnt irdividusle differontly ond
unless one dersirss to doubt the focd fgith of fﬁese irvegtisators
there is cpcourd to belisve tha t, notwith-tording tre utivar'él
rature and cogrornolitar. gtudy on these funcl, trhs nerticulor stroin
used by each of thsus irvestif&tors wus constituted ronotypically

in 3zl a ranrer that it respended in its ovm particular way tc

different and vsriable oxternual stiruli. Schileman (72) discussir-

P
-+
=
@
®
<
e
H
i<J .
o
e
5
w
o
O

ths results obtained by hsr, chszsrves thu
not &vrezr &8 & response to a Gofinits chenmicul uszd. A variaticn
similar to tv¥= cne observed ol cultures where Potoscsium bichreoricte

rel conditicns on Pulst's mediwr

]
Q)
[N
£
D
&
G
3

rad been addzsd, aniew
at rocm temwmasrature in onzs tibs cut of 173, witilz on 112 culturcs
with trs additicn of Pctassiur- biclrerite orly thrae rutaticrs
anneared.Cut cf %07 cultures under the irTlusnce cof stimulunts

of sorms scrt, & 2,027 f verisbility wae chbesrvad arcd in all cacoo
cnly a faw heads cut of tlae many btundrsds were affacted.

E.F.cmith (1200)(°0) ron"rts variati ns ir ccler, tiichirecs

of strcra ard pres=nce of perithecia in Neocosrics gpora vesirfecta
ard Steven zvié Hall (1600) (24) rive a seriss of redificaticre
dus to ervirciizsnt in a sreat list of funcl. lrese, “owavaer, cr:
rot p-rmanent varieticiis evd are simply wrat Jordan calls
environmertal modificaticns. uch mora so cince vwe rave no reccrd
of treir nermararcy evd tha culturss, prcebably, wsre not darived
from gir~le encres.

Edesrton: (17°72) (%7) attermted to clunye the cheracters cof
Gloeosnoria by crcwire theam for 2 months on Dlfvins'e nutrient

solution or cn notato a~-=r teo which varicis substarces






O

added e.g. 107 cluccse, 1:1NN,N0N gonrer sulnhvte, o~ o Crop of
lactic acid. Frequert trumsfors on the savs Hird of modium were

b R

made, but ths verictiecrrg induced in tlis way were not psriinent.
"hen, howevey, the orranismg ware croan for o ~reater lengih of

time on the gams tyoz of reiis vouriatis~rc in Uhs arcunt, neture

ibstiratum, ond the

p

ard color of tiwe aerlal mycelium, color cf the s

thege varied

«
~
N

presence or ebsgarnce cf ﬁéstules vers observed,
ationg did rot diassrnzer wits £7o er~9 of the cclony.

Blatwslee in 1713 (7) inducsd mutaticovs in ucors by chemi-
cel ard otrer ferrms cf stimulaticn. In 22071 celening b2 raneorta
fE=2%0 twnes, tre aberrent charectcors beirn~ abeerce, ircrzasce cr
decrsass of zyrespore producticrn, recvlicrities in crlor, daraits
and rapiditixﬁ rmycellzal crowth, differerce in hsicht of s»orar-~izl
filaments, the almost exclusivz rroeoducticn cf yorct=liks cells
ard ths »nreducticr of filirrertous mycelial growth daveid of
gnsrareia. Soms of thesa ar: tearperary conditicns while othsrs
are nerranert, tre characters beinc rsproducsd for s2vsrel spore—
snicial generatiors. Ihc ca=s author r rerted in 1729 (3) a
chance in soxual ectivity toillae {cward neutrality in béth tre

plus ard minus racse of “fucer muczdo by srowins them for several

renerations st unlavorably hieh tompesratures. This cordition is
not psrrsnent, hewsver, ard ths sexual activity is rerained in

a few gorveraticrs of cultivaticn et low temperatures. lHe conclucdzsg
that "ire avrarsnt rsutrslity ey m-=an morely thet ws Feve nrot
y2t hr»rered to exness these formg to t'2 reculiar crvirorn-artel
cerditiong receecary"

rercrted above hove beén rerzrally irduced

Tha wgrianticme

]

threou~h exnesurs te vnfaverabls orvironsertal conditicrns.e Veri-

atmong, howevaor, do rct deorerd entirzly on changssa in envirerrort,

P



rnutritior etc. but oy b3 brouott about throus» Lirerenrt rproporties

tra go=called shont:iecus varis
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of th
ations and thar» hun basan a ~rzoet marber of tre roncerted by

different investiratcors. .radval edantivs variastiona ¢~ not

naturslly fall into 7 ig class ax the factopol maturel or arti-

ficial selection is i crzration ir ocuc» cases asg wall ce in
thore variaticns induced by t'= use cof disivfectirtg, dres, hozt

-

etc.
Retteer and Sherrick in 1711 (RE) r=nrrted several irsteicos
of variaticrs obhtainzd by selecticr of crcunigms [or & certoir

. . . .@aitkus .
pronerty 8s e.rg. th: ower't of Gcodien (1993) (79) o LV Ciphtrerice,

Ee was able to obtiin ?dgﬁend low ecid rraducire~ tvnes after 24
golecticns by sirrly crowin~ t'a crcarnism on 17 daxtrose bouillon
tubes snn relactin~ for hi~h o low A2ic neccductinn. Scheurlen

(71) in 12°f wra glse abls to ebtain colorlzas ~rowti e of Beab,

rrcdigingns by creowio~ tro croenigm on petato i selesctin-~ tro

least coler - rorticrn of ih: rroith for subseguert trarnsnlasnte.
Rettroar v [ Parrick (£F) were abla * g:zlzct & hil . :vC ped

~

gtrein £fro o culture of seb. Prodiciosus ic™ was wsak i-

chrereearicnrernerties. Lless sirsire were carried for sixty five
tronsfers e vwarr Fource to bz seorgtrart.Tha2 7o ro vedificotion
or otrer c¢crur~a v orvwvirer~ant excant ths fect of sslecticrn. &

slmiler attemnt crn a culture of B. riubsr bolticus feiled. Bucho-

rar ad Truex (19170) (17) alsgso Tailad te establish hi~h erd l.w

ecld preducing strains in Strentococcus lactlicus. 4 strone~ly

chromo=aric striin of 2 pyocyare{us was also d=avalonea by Rettrer

and Sherriclk (A5) from a strain which had almoet lost that preo-

Darty and had been ns~slectad for a lone tire ravin~ been allowed
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to dry dewn. In tris csre we Yave ¢ ratural aclecticn of ti=
most resistairt to dryir« which alse hanrerzd te h3 tle ons neecess-—
ine the best chreomesaric prererties.

Comine rcw tc variaticns which could be truly classed co sd -

4

taresous, the work of szilerinck 1207 (8) slould be first mentiorzd.

Ho iie0leted from schizosaccliaror:;ces ¢p. ¢iffe it otroiie L7000
ivoe e eeler = 70y b o0 T om0 s T 0 @ hiigh also
diffe>23 1n =socors pDrodaction, the brown stre ¥y 1o ivie L8505 dro-
pertr, 1Tha shits 271 ths brown etraioo isr s 2o oeln b, bat tha

-~ €

interasdinte showad variatiorse. Jorcsnren in 17273 (47) irsclatod
racss of vangts frow eivrale sonr2 culturss which showsd variatins-s
in brawinrs qualities. Harzon (42) 1090 succenadad in cbhrainine

asncrogsnous trpss of Sacchurowycoss pastoriznus, Z. ellinsnildaus,

.

and S. cersvicing by nlutine and selactieon, lassini (1707) (5F)

fourd in nure culture: of Z, colil muitabilis fermg that would

farmsart luctcse, &1 rrow rad cn Indo's imedium. 1hls cheracter

+
]

was rtarmanent. Ths prreont strals aac wn ever snoprtine variety,

.

variaticng rauiinins constact. Tassini's work was rapsated by

Brrer (1097), .Zauerbscit (1777), Zereciie (1797°), Xowalsuko (17210)

Barbar iL: 1997 (3) rnudes s:lsctions of individuals of Loccro-

ruoiyses arosaly vars e g for ot size. de owsno @bla to cbtai
variatioas, 1ndancrd~-tly of condit ens of C”liivatior. Thave
varintinong congigted 1 trg aonzrraics of abnormally eleoncstcd
c~1lls wic*» adhered 1rn ~rouns ol wlqe i the partiel leoas of 5aro
canesis. Treen morphcle~iczl churecter:
varictry of media. Phvsicleo~icwl charactars s~uch a3 ~rsstar rosisnt-

anc= to desiceation vt i~k tamnas-sturss, a0l hisbar fsrf‘ffﬂetivu

acton ware nceonegaad by t =2 rnew race in mors nar@ed derr=ss b @
Acillas . .

v Y. A w3 20 N M1t § B 0

hv trao marsat. a3 alas worted wiLD S.C0 COmMititls e g5




a
nicus m2thod h2 seloctad,sin"ls organism and waes obls to isola

newv races which wars characterizsd by a tendoncy to srew into

N

filamantg a1l b7 lesas of motility,. Such reczas wsra ccustant. €

™,

milar cxpsrimants wit™ B.gyphosus fallsd to g~ive coastant va=

riantsg, ths s=m2 heir- *rus of attempts to dsvslopl acoro-encus

B, merathe=in, Jordan in 17015 (47) cobtalnsd from a sincls co

— e

bacterial gtreirn , o ctrodi- ~f 3, e2li #which nocoassad tha pove

of formarnti

n~ ecrnag and ragffivcee 0 of Yenddoniy e aua, The
varletiorn fulfilled all ths roequirsyorts roslule *od b hing
l.0. 1t apnaare?lsudiuwly vithot intarmediats star~es, was
irreversiblae, chanres wonzared in s2veral craractera, &rd ine
volvad crly o park of %y 221ls of the par-nt strain., The stra
ram-ire¢ vormrog ot £ oover E00 Povieraticrs.

mrr o =l ths asarliest rscordaed sudden varistion weo ra

nartad by mdesrton in 1005 (L0Y. ™Il platiaz oa culiure: of

<

-te

Glonnralla ruf'mwczla g he feur? 4an Adistinect ferri, 0 2 20

1 i o Thseie ehurdeatly oo fively, vhile the paluat fore

(S5

nrrcucsd rerithecla L cdoles scattrrald o0 > ths medium. Th=

e

11

L et returc. T omroyw olole o oepile. e corcluana "ratsoiora
e for ¢~ Trom by the writor Veve not pravicugly boer recordsd

encn~ PRr-1, bui *ho forn Just describad geams Lo ha cis slthey

questicon.” In a lats» noner oo nlus wod micas cireing in the
genuz Glormarollse (77) ha balioves thut the variction martiored
above "wo~ roclly the minus strain of thsy bittsr »ot fureus".
Hs further ronarre ¢ "iho Glorcrolla forms asheow e ~uch vori-
ebility trat it 14 recusibl: thet wo hevs in thse culturss trat

have been described rmerely isclated variation that may rnot be



commor in t¥» Agcomyrestss as ¢ croud or evs. within tre gerus
Flemeralla itself." Lhear ard Vood ir 1¢13 (78) ir their merg=
ravh o1 tr¥e esvu< Glo erelle meke notics of try vericbility cf
tre e2zous "no ctirectzr tecrs to be well fixed. Lppearvice of
rvesliur is ravi.ss WIS, Wl lGle, tetin, 2P lorodo oo
paritthislia, escl, w3z 22 rag, vl parashyscs vor:s cxtromcly in

nuabsr, sizz, s .03, W horna, la2™ or proc:s oo, ablidiing,

. . . . . . -

wosn Lhass vorlatb =~mg ol govipe oravt ood gsert 1o conclude "tret
o

variaticre e dun to Latzrnzl ciuzelm

Bursoff in 1714 (12) ra-ortsd variations in sinels cners

cultures cf Phycoryces nitsng  in mary charasters. Jrabill irn

1°12 (23) noticed four cistirctly diffsrent tryzes of Phyllegt-

icta nyrina  wrils ceondnet - dirs culturs stulles by the pourad

wlate meti:cd on tris snaclies. 1hs varicticiis wors 1n ths way cf
@iffsrsicas 1 colgr, nragog~ca of aserial mycelium and abundirce
anl Zistributio~ of oycnidia. e rerurds th2sa trnes s possib=
1y elerertury gnecizs In t-e Lovrizslaen s:2082 or Jura lines
accordi:r tn Johurrwoan's us3 of ths tarm. It u secend r-port

in 1713 (20) hé eads that thous four strooelis wore sinilor ai-

croscopinally o romalnael trus te typzs fron raoration to reoy

hicration. In s subsaquent rets 10 1714 (7N0) M roncrty ure

",

asporoxstoas mtation 1o the some funcue cccurinc Lo onurs(ootirie

9]

disb)cwltu”e. Tre ruted idyr sp2cisl etimiclet o Draducaes ol
qul*d ¢“" fruitiss bolie . bat 0t gnoriyz. Crabill in 1715 (71)
ranortal s ca32 of di-crnhign iz Caritikyptqm AR RA NS _anc) hnld
Zvidsntly ancorilo~ o Lhaldon (77) w2 Ceul with t@s g me fur
Pryllesticta vris™ ha tro.cofasrrad to ths conus So-icthyplun i

1007, utto o7 7Pollacel iv 1718 (EQ) however, cLiiyl S 31Dl



retiTe Lovsiticoy C o hetl fowey prcortolhan tho oo

PhRrllectints s-ori- ahonlz he oniafaiosd bocrt oo A 1 Fietineta
12 PR

1v A5 ff~r-nt fre- AR y_ﬂf_\‘,"w V'W» 2 P om0 s he st
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car WRer] T~ L L 1, 1a A ) At s emam R LY
s hgltt e b firot bun fhses of Dopyeioo oo il ths

of S et o g by, b Qb1 o2 11 0 i ot et

voo thpoyn of f frrn QLo ro 0t si‘jlé gnryra oo ltioreng o8 47
cpesrdom o Co st i o choooeyl acvireroert v ot s fantar

ales feclat:” £ ooy 2ow2ll o ocover: T EIm s Py e

:‘13-‘ PR T f L,’"? \\,-.-_‘_‘1_3».« s 1_1_ ,;T\ A3 oy veri.+tie
Ar omoto e 0Tt ghea il iy wars patheTanic, utto a3 Pellaccl
-

in 17220 (An) Fornodl Byt b Gifferort cadis o7 lagies thy div -

.
sicy ofF anaroaa Emr

- -1 ~3 . ~ 1 3 .
Rubaz (caonsi 2rsd 1o

tha lat*ar hoir~ g gvoome (60)), Phvllastisby, nrriny gasguiag

tre Yool of Jeanghrta vize sontat: spor:s of wezck colar

on beer wert ~3latin ard 18‘”('_‘.ﬁi f"!;lal‘,i_}‘ aitrglizad rit ol

- . - e - . N N E - < - 1
hvidrezide, Tme2ns anarastaoristice reveis o ptost L subaao

K L . R - - AL < o . - 5., . s
cergretions oo U0 eoa a3l hut oares lort on otbtiar media,

In the way of a celerlass scherotiun drcducea oncs alon~ with

28 bleck crn ia o tre-ezfar calturs dorived from a ginsle cori-



character == th.t ¢f *m3 colorless sclarotiuva, a0 th=2r2 wors no

differ=sncog batween nur-ant a & nutant i1 ol =pr meornroloricel
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rys:
stuly cf ths ori~in of tre gnristicn sue T
sicn trat this variation cevrct bo callad a mutation on account
of tras urcartsinty ~f tha nurity of Lh: ponaclizg, trhe exnlaia-
tion of tra cnlerlags form lyirs in "trs extrsrcly »ursz croerce

of a fartils ceridiontnore arisine from a c21l corntarirated by

O

v
v

tha nuclsel or cylonlaan of & «~=2rotryoically &iffsre-t indivi-

Blakasleo in 1729 (3) rancrtsd savasrsl variationg in a pure

culturs of 'ucor ~arkvavcis woich was 120t ra~cine I vacotatlre-

rriotions wera In

v
<

ly prodarut=2d purs linss for 10 vecrs. Ths
the color or in t o conoectnisss of ~roath of the nrycslium, in

-
)

v abundanrca

N

]
A

M

the lsneth of tre pnorenciun stulks or 19 tre si;
of tha zv~osoarsg, or wmors= comreinly In o the roduced sizs of th
ceclonies, Trass mualations romain constuat rut sverntuelly threv
réva?t te ts norsl trpe. Two of thom, Fouwever, war: mors stuble
thes the reste O 3 10 o darf tros wlch reasiaod fixsd trhrouh
~gvs voaarg cullurs: on mary %inds of media. 1he.colonicss  ere
gnall, laczins snorin~ia and zyccshirss. Ghe olher tuatont laczad
zy~ognoras ard sas crown for cevei o3 throush 15 non=soxual
araraticns but 1t was cccusiorslly found to ravert.

Lastur in 1720 (72) r:nortad varlatis«s =imilsr +o thosc

raceorded ry Tdeorton (77) in Glescerarium Diparatun L & IIe

v

(Flom=2p=1la ci-~2laty (Sten) 8p & ven Sche)e Thase vericticns

consistad in the abgee:ic> or prseerceoe of Horithecia, acsrvuli,



satas, o~ davalon~mznt of asridl hrohas, ¢»0 wers foaind to ba

pernanent. Cther veriat ~ns in the wer of steor ity were found

revart whan the cr-anisn was passed throuch its host. This

ot
o

rovarsion, »rwavir, was ultimetely  1-st. In 1721 Bursar (10)

rancrted saverszl variatinis in Cellatotrichus clccounriclidas,
From zin~ls s»or: culturss, ctrai-gs 4iffsrin~ i~ coler wzrs ob-

taired prodacine gnopsae A blacT wd @ wnlte strai~ woan ienlagoc
[ ] [N Y
"Thsasgs mutatioss ressmbla the atrsivs lsolzt2d from natural

environ ant.

Bonar in 17292 ard 1724 (113(12), ren-rtad an albiro

t
L—‘

mutation in Brachransrium trifeolil feom sinsls spors cultursas

— e r—_ - W e - -

kapt erowine for threo yuorse. 1h2 varlatir sterted as a white
sacter 12 s pastri wis™ culiurs, praducod spores as did the parsnt
as:d was carried ihroarh sixtesn nen=ssxual goleralicis bolh
verotativaly ard by oinlo oporss, aliars rzoalining idsutical
wit» the narent excapt for ths colob. Sudaen variations in fun-i
w2rs ronortad by F.L.Ztzvans In 1022 (23). Tn covizetion with

a study cf t'o iielwint ~snorium foot-rat of whaat s rnoticad
that,nccasio~ally,cartain sacters of o cclony ~rowir~ on an

arar plate diffzred rer» cr less from ths rest of tre coleny.

.
he variarts

[S-]

s ; ‘
Thess variaticyre wapr. f2ud persistsaataconactant.

differed in d:~zity of cnler, rate cf ~reutl, low nutbar of

conidia nreiuced, larcth, breadth, coler,: santation, triclirass

S

and shana of conidia. 1he variants wears perrerent avan throosh
trs conidia.
A. Blochwitz (19) in 1793 o' tainad from poursd ~elatin

platess of Asper~illug versicolor a blus colr red strain which

e ———

ramained co»stent for over forty soiersticns. A study of tho



trat te rmitsnt lac
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niemant in the soecies r:
in the walls of ths cornidia ant th3 mycalium. Uhs variation z
pearsd cnly ovaoa,

The lat=st ranert of suncen varitation in fur~i was mads by

H. Chauthur! in 1¢24,(21) a4 s:ltation i1 Calletotrizrum blﬁlo-

.-~ 2 w—. = -

~leunt n.an. 1s d3acribed as havine anpeared orce ir a ctrain

ward

[®)
Aa

kopt urdar cultivatisn feor feur momthg. 1he sgltetion annoared
on an Oaf iieal aner onltiurs end conelstad &F pin'z myesliunm
tesarine lar~ce sclarotia in cencentric rineg and small in rediast-
ine lines while tho narsat has conly lar~s sclzrotia. The sglt-
ation was congtant for over tiro vears on Coors' madiun or Cat

eal a~ar but it iunvariably r:vertsd on beines crewn on Potuto
arar. Tho saltaticn nroducss e pink color which turns nearly
black wit™ liicreasse in termnorature.

E R A L R A LR R R L R D D TR AR LA X

TXPIRICENWTAL WO Kk X.

The invastication vwe~ stertzd in February 1002. 1hs followi: -

ffum~i ahich woras ow to ~ive off var atics in calture wars
trawsferrad on Clinton's Qat :al Arcr (23) and Shear & Weed's

1 feop (7R): Cphasrorsis wal)-rum PlfZxn, Cta. Do 19F),

———— -

Corn

®
©

Collzstetrishum liwdozrutri.um (Lacce.a’omn.) 3r. & Cav. (Ctrair:

mn ~r3 3= 1 PPN = LS e s - -
I & I7, on? Cladecnorius fulven Cka. 1Ths isclations wers —ode

——— - e e -

frcn koth t¥2 neormel loeckin~ nerticig of tra culturs and fre

1,2

thrgz portir-s trat ex¥ibitad peculiaritiss in srrsarance.

i Bre. & Cave.e wao iseclated fron diseune& celary ls qvn'

',_l‘
o)
[
,_..

\L)

Santer &

s}
e

by the m difiad poursd nlite matrod to bs described later.

fethedg of Trwaeti-sticn, 21t~ tY 3 nursnt

strz

m
o

r
v

ing veore nro-e-’
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niss of sin~ls a»n~r3 culturzes, i crder te 1wt aurs that only
girecls sncrs culturss wars usesd in tiass sxnsrlaents, pletes
wara nourad by thae orditary alluaticn cetcod usins vary Ciluts
gusnanginre of znhorss v Cor "3zl A ur.e ss fCcon as a well lao=
latad s»nore 7an fournl ta btavs ecarairatoed, usuelly ¢ tra zzcond
day, ita locaticr o trhe nlats was mared hy o1 LlX dot e~ the
back of t¥s peotri dish and Lmisdiatsly the a~ar lvin: over thes

dot was car=2fully ccocp= cut sith a flattaied gterile nlatirum

—~
v
1
J

p—
M
]

+
[~
]
3

r2adls. Tha a~ar contairic-
a sterile slidz wrd carcfully =2ze~inad with Lve rich rcowar of t+
micrescens to e’ sur: thet rotiine xXEs but e sincls soers

had heen rzirmeoved from trhe 2late, JWia raciira ot onc2 egatisfied

-J

tha tiny picce «f arar contairia~ the wpers we- arain placsd o
a corr. meal a~ar slant and allcwed to rrowe Of arcxn- rers than
twerty is~latiorns ads by this method tiore wsirs o faug trat did
rot srow. lowaver, nora was £ound to heve been cortemircted
eit¥sr by bactaria or furnel in tls nrecsss of tramsfer.

In this way eiln~1la srors cultures ¢ Sorm "enl A~ar oidd

Cat "zal Arcr sluntsg of Clederneriun fulvum Ce, Struins I & II

of Colleotctrichun 1ini=muthis-nun br. & Cav., toploric a

————— e e e 4 e emsem o —— - e w —— i ———

DI" . éy‘,

-

Cav. and Sraaransis =alforum Pk woare obtained. Ths pler wee 4o

~ e

crow thssa orrazinisms on « varisty of medla ana watch for vari-
ationg such au white tufts cf mycolium, cr cry otrer paculicrity
cf amnoaranca..lio chnicilg, disirnfoctarts or drss ware added to
the cullturag mnaithsr w3rs tha temneraturs, moisture, li-ht or
ot=er factors moaified excant in srec il oxnari aints.

In tha coursa of tha irnvesgtications the follosine media
ware usad, Draparsd dCVu”diHﬁ‘tO dirscticns ~iven by their

oririnuters. vern Jfenl L-er (78), Cat 'eal A-ar (23), Lifcc



Pruns Julcs A~ar oraparsd by t e I0-4:4iva Per e ts Co of Detroit
ich. (28), Hutrizat Breth Ldear (73), Cocns' sinthetic Lerar (04)
Richards' s mtletic n~ar (£7), Lecrian oyrtvetic i~ar, tr2 lntter
b

#/5 Asparacin par 100 c.c. of -wdlum, Potate ad Carrct DPlues,
Corn I'eal i 120cc. Lrloiiazrar fleele (7F) pranured by addin-

a trerpeenfal por flusk with 4 tinss a=s much water, antoclaving
at 20 poimdr of pregcours for 15 mirutes «id firally rice flasia

N

prengr=d 1n t'e sam>? waY.

Bt PR - iy eaeew A L B o~ R P —— -
1ha crentic=1ls usaG wers um.‘.er'"r/ 4x‘.d.1:/JOU. y B

{—f
v
NYJ

~1

<Y}

ccTore
7as elther Pyrex cr Joera. all ~lass culturs dishes were carzfully
cleaned by Immersins cverni-ht in cleanln~ sclution, follow=d

by four rirgines in tap watsr anl crne ringin~ gith distillad
water. Tre watoer useldl wza distilled weter wrich rad beer rodief
stillsd in a block-tin still cr in cnecial couses (PH exnariaents)
in a Jene Glass still.

APPLLRANCE CF VAoRT/TIORS . LYo uxnnowranc. of variaticons will

PNg s
. — . ——

bs discussed “or cunch fua~us coparatsly.

Sentoria patresslini var. axii Br. % Cave was 1sclated fron

e e . > e 4 Ammes wam A~ W

disea@eéﬁel€ry 2lu2ts vhers it causes leaf and stulk snottine,

L . . -
tre dissase belre Yrown as Late BlightKCQlery. Heszch 17 Liew York

[Ad]

(127273) (5), Ror2re in C.lifernisc (1011) (R9), Coorg wanl Lavin

iw ichi~an (1712) (27) and soevoeral otibers lave weor'tod with thrig
dlssagse of celery but havae nol dascribea L»3 crawt® &0 behavicur
of tris fur~dg on diff-->at madia. Cix siv-l2 arrre iaolations
wara made on Cat ‘cal Arur u.d travsferrsd on Corn "ecl Acar,
Prire Juice a wr, Teociar Syntbatic A-ur, Jdarrot Plurs arnd lorn

ieal Flask. 'the crearism ~rewnernslly on all tvace :3lia for

1.7



=20~

a we3k forrmin~ a black dsns> srowih with rnurerous pyeridia
gscattored ovzr the surfac: cof t¥s wediluwa. 1o davs after irocii-
Tation a whrit=s tuft was fg*]ﬁ i1 clrais o £ cn Jorn sl rlacsk,
formine a strikin~ contrast with the norwal black ~rowth. (Plate
I, Pie., 1&) Attempls wore ~zde te trancfar trhis whits rmvceliun

to Richards Prepuraticn Iish, Cat ..eal iL~wur, &1 Corm eel Flack

:w culturse.

9

but it inv:ri-bly erawist black 12 the
The same strain ~.f3 4 =econd white tuft in a culturs on
Pruns Juice arar which was traasferred froa a Leonian Arar lurae.
The white tuft was trarsferred hac’c to Lecrilan w§fium, tut it
fFrew black arain. Etrainsll ernd 2 behuved in a sinilar wey.
Strain 1 threw whits variaticas on Oat szl Arar ad Leonian

-

Aesar tut both threse reverted w en isolaticn wus attemptad. 5i-
. . . ~ - - n
milar variavlias of Utewin 2 on . Cat lleal Arar and Lsoniu Arar

eyvertead on beine trarsfoerrced.

Sphasrensis melforum PX wus traasfserred from t»s :‘ich. ArTe

Coll. Zxperiment Station stock culturss whsre it wes Xnows to

)

r .. . s . © s
behave eratically. trers wus scmy difficulty expsrisnced i:
a
obtaininc_sin~lg gnore cultur: cf this funsus sircs it would
not fruit on Corn leal A~ar or Cat eal Acar. But on being rrown
,,in 8 . .
on Coons' Cynthetic Liquid properation dish it fruited abundantly
and two gin~le snors strains warse sscursd fron the dilutien
nlates. Theese straine wer: crown on Oat ‘eal e~-:r, Prune Juice
Arar, Corn ‘eal Ar2r, Corn e2l Flasks and Rics Flasks. 1ho
or=manism erew luxurilantly,producing an abundosnt aerial growth
cf a creond®® blue rree. tince. The nycelium at firet was cottony
white but later turrnsed dar!z cr evor ncarly tlack.

"hite tufts annecarsd onn Jorn -sal Acur but on beins trans-

ferred teo Lecoriz Arur ~evs rise to a dark cray srowth with



several black pyenidia. 1he ctrein was then discarded. issler
(47) ir 1713, iy dascribin~ ths cultural charactsristics of the
Blact rct furi—us ¢ different medis, s rys: "Colenlss ars at &
first cottony, after C=F (o7 thy submsroed threads ars crzel or
blue erasn for about a wosk, siftsr whic™ the ~rcowith 1o dark

or evan black, but elmost witrout excepticn ths cuter anis of
the aerial thread maint:'n thair gri~inal cottony annsarance."
Brooks a~d J23 lerritt in 1012 (14) Goocriba tvras strains of

crgeronsis maliornm Pk wish Fiffored narkedly in sheps of
.—S——_——-—_ — -

- o a'e C———

3

nycrnidia sand enoreg ac urll wa in thair vaetrer-snlicitvy. they do
Dy _ z Z 3 3

not menticn, however, any othsar cultural chuaracteristics. Scott
and Rorer in 1208 (73) ana ths nwisrous other invasticaters

who have worizc wloh tri~ fun-us do not dsscribs tha culturel
craractaristics. Clinten (22) attrlbubau the bleck coler of 42
rot of snmnlssg to o myvceliun of tha funcus

hyalins eventuzlly bacnmes Guarz clive,"

Colletotrichum lirdemut! i (Lacc. & ‘arn.) Br. & Cuv.

Bxpne Sta. Strala I., was also trarsfsrred from ths .A.C. Zxp-

Sta. stocw cultures. Lilutinn nlatss weres poursd and with the
nracauticns d2scribed, two cinel: spers isolaticns wers rade.
They wer=s ~rom on Corn 'eal Acar, Corn Teal Flasizy Ozt -ccl
Avar, Leoniun A-ar, Prunc Puics Ar~ar, Rlce PFlasks, Potato and
Carrot Pluers ana ih all cenes ths crranisn crewnorrnally. The
mvcalium vias colorlass at Tirst but it socn turned black ar:

J

the rirk snore masses wa2rs scattersd in amell pustules,l mnm. in

L

diareater o= tbe egnrfree 6f iis m@eatium,wkieh srrow withia dke

subkstratums 1he follo/in~ ars short notas on the aprearancs cof
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"which wriles at first






this fonrus cn trhe gifforert molia used

Thare warae nc

L] 7
anc2g batwaan th: tdo sin~le snore cultures fram Ztreir T,
Leecnian'isdium. 1bhin colorless mrc=eliul ecrcwth. Jc-rvuli ard
nrcnidia. No discelorstine cf substr-tunm.
Prure Julce Aerar. irhurd-il black r~rcowth, ccveri@ie estirs
cf 1 %5, Elac'i2-ad avbastratun. Lczrvull scerce.
Cat "‘eal Arar. Abamant Dlack erowth coverin- =tirs surfecs
clant. Blucered substratum entirely covered with

acervull.

Qiffer—

Rice Flask%s. Abundant blacx srowth coverir~ the curfucs of me-
dium and extsniin~ dzep irto tre substrutum. lLeen riouss
~rayv #n Gar< clive cray asrial crowth lt> scartv sWite

tufts. I'n =nors massoes.

Corm '9al Flusxs. curface coversd with bl
Acsrvull vary abhunderte o anriel -

Carrnt Plur. Slac “tr ocoyaprin~ enticrs

nustules.
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Exp. Sta. Ctrain ITL. Lris strain was knowrn to be mor: parsistert
in varietility. 4 transfer from the Lxp. Lta. stocz culturs

. N . . P ) [} in
~ad3a ¢ Cora ezl A~ r aivw i Cooung' soluticn,propiratt
§o snerae wzrs fou ryotye gecrnd o 1 Cllulice nlutes
difficulty was sxraeriaencaed i reine sincls gneors icclations
aeco o mbt o7 L lack of cporose
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Five 2incla oenep- 1ol tioi g wore rade o3 tha orcanioms

croan o differ-ent sets of mediu »a cescribed for stealn I.
THESAME , . S , o
1ha rrowth was t?"ruzk ir betr straeizoc avi Lie dszerintic s
siven of t*e rrowt™r of gtrain I, o L7 differert redis, arrly
equally w2ll to streis II. Far rors white tufts anvneu ced,
howevaer, espacinally eon Cor: .enl klask «nd ‘“at =ewl Arar ol
trase variatisns nroved Lo ke ceustante Uhs felloain~ is
accomt cf trair eon ararce. ~incle spors culture no E on Corn
Jeal Flask nreoduced whits tufts of ﬁycelium 90 dars after irco-
culationd A 1ittls of tre whits mycelium was trensferrod on
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Oat '‘eal Arfar, Le
Corn “'2al Flany &~d freon trhress fiftoen cubcnliures wers rads
throurhout the sum—er on « voristy cof redia, ts furcus prowir -
nerfectly anlte v fermirs o ruth2r correct ret L0 7 rory little
)

gerial rycelium eon tie surfrce of tre Corm lezl or a rati=r sliny

laver ci. ti= guriace of Vat el Arar slunts. 1ha strailin wvea

Cr
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mever scen to rouvert. Plote I (kie. 2&&55 shows twe o 1

of Colletgtrichum 1i-~-rm*viz-aymg xpe Cte. Ltre 1T, Fis. ZAchows

& culture havwire throw: of f wirita tufts  irile f‘l'ﬁ.z‘b gheowe o
nrres~1 cultiure, Plats ITL, flre 1 stows @& crliurs cf the wite
fcrm.

Cirelo sncre culturs e £ threw off o sl ilar variation

on Prure Juice Arar whic» nroved slso to crow normglly, throuch

gaveral ra3rerationg ond cr diffsrert media. It vever reverted
1re ot*ar girels snora culturss ware rot seenr to throw off such
variat ors.

Cladosnorium fulvum Cke + Four sin~le snors cultures wsre

securced throurh diluticr platzs poured from a trancfer of tris
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or~anlsm from tha stock cnltu~s of the Ivnsrio: t ~tation. Lris
funcus causes & lz2af rcld of tometoes a~d 1t was stuldied externci
valy by ‘atomson (F4) in 1913 in this laverateory. In Jinionoon's
rancr no rmenticn is made of any varieticns uppoarire "o cnilturss
axcept ths pro‘uction of -+ purnlo ceclep .crr certain medla. this
funecus heg a tand=rcy to rrow into smell cuslion 1liks clunps
of vz2lvety clivs crcei cclor.

“he four ¢i=~cl. spores cultures vwers transforred on éorn
"'eal Flas%s and in about 890 dnyvs elruiy HNoe 4 srcwed a srall
whit2 coleny arisin~ frem trhe ce2ntsr of o thick rnuass of emell

ordinary ollva=rro=n celonles. 4 plcturs of tho Flask was taen
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(ézte I, Fig. ll)bqt =n attampt &t thet tims to tranefsr th
colorlass hynlra e "Jorn "eal(Flask)nund Cet [ eal iLear “ailled pre-
sumably because hrownt enorzs wars ta'ton alone with tho whits
ryveceliume. "hen, rcwevsr, tie vhitz hynhes iors wllows=d to srow
acain ir th: oripflual flask, 1t wa. possible to obtair trs whit-
-typ@,uncontaminatad by the narent strainqon Prune Julce Arser,
Legcovmilan A~ar, Corn leal Accr a~ind Oat “lcel A~are It his basn
rrowty ginc2 for two years cr w ~reat varioty of redla an it

ran neaver revsrted. 1ho list of media includas besides those
manticned stove: Cocrg Cynthietic irfar, Corn eal Flauly Rica
Flask, Raspberry lzaf acar, hutrient broth A~ar, Czobpeck
Synthetic Arar, ood Limw Sear Infusion Arar.

Eesidzs strailr Ko 4 ths othsr strairs threw off white forrgo
at differert tires w-d 1ir many case succevcsful 1sclat’cns wers
effacted. Tatle I proeerts &an account of thoe anneararcse of theree
varigtic~g i» th> different etrairs and on thie Aiffesrent redia

used., The diffarsnt wrhite forrs frov t¥2 differert sinrle smcre
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culturss ar=2 idartical ard ravs bhee:

1 the various erreri-
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Iima Bean Agar and Nutrient Agar the surface color is rather
gray while the color diffusing through the medium is nearly
black.

The variastions in shade of color on the different media were
not constant but were lost on transferring to snother medium and
the color charascteristic on that second medium &ssumed. Both
the parent and the variasnt were grown on a set each of Cat Meal
igar, Lime 3e&an igsr snd Nutrient Agar slants, the surface color
was noted and then transferred to Nutrient sgasr. 'hile the color
on the three media referred to was variesble, there was no
difference at all when the transfers on Nutrient agar were com-
pared. Table III illustrates this point.

Table III. Variations in shade of color are not constant but

characteristic of the medium: Tests with Cladosporium
fulvum parent strain and variant strain.

Medium Surface color Color on being transferred
: on Nutrient 3roth agar.

Parent
Oat Meal Agar. Cinnamon Brown
Lima Bean Agsr. Light vinaceous Citrine Drab or Hsthi

lilac Grey at plsaces.
Nutrient Agar. Taupe 3rown
Variant.
Oat lleal Agar. “hite & Lisht brown-

ish drab.
Lims 3ean \gar. """ & pale vinaceous Thite or pallid
fawn. purplish grey.

Nutrient aAgsr. " " "™& Pallis vinso-

eous drab.
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obtaired fevorebhblso for itre stuly of color preducticn by ths

differant fur~i. Tr= results cf such experinsits ml-t furtrer

shew whrather it was ths ~twundence or lagct of a particulae v
2lercyt thet frdigal too norrmoyant voriagticnge.
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rutriziis in o soriss aceording: to Lic rethod ucged by thre
Committee on 3alt -itequirements ¢f Plants

National Res=arcr Courcil, for wori 1n tho etudy of nutrition cf

i-tar planis, ard wddines 290 arar w.d erouch wator tu raie up

175 z2c. of eoluiiton, a nurbar cf cultur: riedla wers obtairied

gach veryin~ by ircrm.his cf 1 cc. of {/E from tha procedines ard

followirg culture. Lrc wrount of IlgiCgq was corstant in all tre

cultures and wrils malicis wrd UlolCyq were varied both above

and below ths anount givern in tre repular fermula, separagin was

only 1Incrsaced. A four fi~urs rusber was givsn to sach solution

(&)

<,

in which t-s first rurber standa for tre runber of cc. of /5
Maltowe,ir 1092 cce. of madiur, ths rfecord fcecr the numbzr of cce.
of 1i/E KR,PO4 , th= third for the nuriber of cce of 1i/E Lepurasin

ani the fourth for tie nuber of cc. of /B I'cCUgq. For cxurlle,

the nurber fur U regsular forouwla of vcons lsdiwm is EE1L -
meaning & cc. }/f laltoso, Ecc. /5 AKHoPC4, 1 cc. ¥/5 Aspara-
gin, erd 1 ce. /5 Ygoug per 100 cc. of medium,

The incrodicnts wers mixed in the correct prenortions ard

the necossary arount of' water ccntaining the arar ir sclution

wag added to maks 190 cce cof madium. Th> redium wes tubed, stcocam=
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slorilized on 3 succescive dazys erd then slurteds the arar was
addsd in such a arcunt eas to ~ive 27 in =ach riod tun.
It rust Po alded here tiat thsso expurinents wers intsndan

a8 prelirmirary, since il may be savily chscrved Lhot the

11d alsce tre o08mo-

-~
[

reaction of the diffeor:nt (:diu differed as
tic pressurscz. This investieatior, howsver, lad to bs disconti-
nued at¥th: c.d of Lueuet,1022, and treo results of this part

of the work are crnly offered as a possible startir~ noint for

3

las s TC veary

.l

sore succeedins ivvasticatcr. It wac‘oriqiually
also the amount cf ['rlCq, Xeeplne the surar conetant but timse
waa not available for thig evrapri-2:nt 2sither, Fifteen diffaront
madlie wers prepered as cescribed above and arrurce:s in tre
following triancul~sr forme

llaltoee

l1st fi-ured
7311

Y

€321 FL11

ra e
€351 E40 £511
20 > 9

341 143 4t 4R11

”ne ”nn o e

3281 441 38351 3621 z711

g0 L szt 2 X3
Aspararin Potassium icid
3rd Firuree. Pho=phates

cnd Fioure.
Sinces this exporimsnt wac intendsd to test ths possibility
of inducing variatiors in color accordin~ tc food supply, it
was thourht best to use sclid redia whrere the color cculd be
better observed and cornarsd. It was thefefore, impcoceibla to

deterrline anocuntas of rrewthr, altiiourh in ons cacse a set of
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T.iquid a was prevared in 60 cc, Lrlermeyer Fliats coentaln-

ing each £0 cc. of t'o particul.r -edium, and Colletotricum

lindsmuthinrum Txp. Ste. Strain II rrown on it. 1hls experimsn

will bs dsscrined in Jdataill furticr on, crtoriz anii, C¢llsto-

tric%u lindemuptriarum 2xne. Stae Stre I & IT and Cladcororiim

fulvum both par nt ord veriant wore crown each in duplicate
on tris geries of sclid@m=dia. Tte folleowine 1Is an acceount cof
the bshaviour of sach furn-us on tiis set of madla.

ScIPTOR2IA APIT. There was no notic sbls variaticor in colcer

of this funrus rrow: on e cot of redia es Cescribad abeve. The

D A)
e
0]

funcus was always blact with wn gburderce of pyenidia. Lhrer:

varnans differ=vcs 1ir trs amount of crowth in tlhe variocus

-

)

madia «rd tris can be eacily oh..rcc in tre picturs of the

il

set taren savonty days sfter incculaticii. (Plate IV.) The
darkest color is towards tl.: top of Llu triangle wrere sugar
was precert In tvs rrsatest nrencrticn, £421 and 411 bein~

tr=s cultures rmei"ine about ths beet ~rowth. Il may alsc be sesn
that a slisht whits tufb avpsoursd on SE71 and 7221 cf tha bace
lins of cultures. The dzersesc i the pronertion 6f phosphorus
seens tc have influercsd rrowth much mors effactively than the
decresse in thre prenortion of Nitrogern in tre form of aspara~in
surar and ragmasium baine comoternte Peotassium varied in tre sare
wag as Phosphorus sirce KHaPC4q wears ths s=1t us~d.

CCLLUTDTRICHUM LIND ™ UThT. NIl Lvne Zhn, Slreivs T & TT,

-

rcrowm each or a =zt of ~edi- an dascribed above did not show
mary diffasrarocc. The medls were In beth caz2s inoculatsd with
gmores and trs cultiurss were allow2d to srow uwic.~” retural

conditicrs, sids by sid: in tre laboratory. ihe piotures(Plate



V& VI) oo o telon seventy five an. s aft e leoculation «rid
cive g cood idza of the exact swo-crives, Acarvull with the
chueractariagtic = Liwon -inl ccler dﬁveICﬁfqd rertally on 211
of ther, indsn=nd nmtly of t™e bluc< coler, a7 forevnmrla on the
excess Nitrogen sid- tr e blac’™ colrr d-velened vsry ruch leter,
the acorvull anrcarins firct. o vaovway the croa with gk
lLecrier redium which, es renticr 2d rrovicusly 1s Coene radium
wity five timaas the c-ovrt of viitrerzn. 1he meoet srowt®™ cccurac

- .

or: the ou~rar-Phowr horus =il wit™ Guoroan ine intersity of

(=N

ccler se ths erovnt of egu~ur drcreused ard Fhesnhoruvs incroecsd.

@]
3

Ict & rroat riober cf whrites tufts w:rs ssen. Leveral wiits
petctag ware cboewrved in culture ££811 (Nicrrsl Coons iedium)
of etrain I butl on bsine treiforrod Lo Cat 22l n-ur, Corn
i’eal Acrar erd Cornt enl Flz.ilr thsyr invariably -rew blaci.

ihe var'aticre in tt= scurnt of rrowth riiy ba boattor
gtudiad In ths 1i7uid culture e rimant to be duscritaed later

CLADCEPORIUID FULVU.. wa more rass-onsive to such treetrent

thar any of thrs funeil under study. roth tho bromm erd the whit
form were ~rovm cach on a set of rmodla as dzscerived gbcove ard
the results w-r~ very inteorestinm; esnscivlly the variaticrs
ir coelore Thie fur~ue re’=s a slow end rod-rately abu-durt
srowth end it secrs trat trers woe enoush focod for i
d=velcnrant in all t*e c:ltures, sircs thers was very little
variatior in tre amount cf rrowth. 1he orly variatiors uers
in t cclor of tre aerial nart of tre colony, the color or
absence of ceclcr diffusing throucrh the substratum and tre
differsncs in cclor of trs rubrarred rrowthe. MNevertheless the
srowth on m=dia £47°1 ard 5441 s22ed to ba 2 1little rore

aburdasr»t than ort tha othiars.
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B 2 -
Glao 1t wec

Persrdin~ tr2 coler diffusine trhircru~» cor&aln n

Q

found that t'e color on Cat - zal rLrar crd Coru leal Lror was
mar}oon end a similar »ni~mornt asncared on redle 4741 {Van Lyked

Red) 7441 (FuinV?un Lyke Red)s Both thas: . Cis ars at ths

O]

Nitrceen corns.> of Lhe triancle. I tro reegt of the maliia the
submergad srowth wazs cf a browmish cli.ve ccler tinsea more
or less with cchracecls tavmy esvoclally teocward tre suirar sida,

The coler of tre aerlel part of 1'% cclony verisd congi-

)

erebly according to the composition of the medium. Ir. rcoreral

it ws brovwrich towards trs eurar cclurr, rinkish towards thre

~ )

nitroren side &rd olive towards the Potasslum=Phcesirhorus elde.

Tha interrmediats culturas rer-ad ono irntc the otrere. Tatls IV

<

.

]

'-ll
by

ves the colors chosrvel on the Gcifferent redia. The first lins

jde

g
irt @ach cass 1s tre surfece cclor, the second ths colcr of
trs subrergaed rrowth, ths tiirc varietions of surfacéc color
tre fourth thre c leor aiffiigad through the riediunm,
Yoot Ao (r/EL: IV on nare 73,)

The nurhber efter zach cclor r~frra to the nlete iIn Ridewey's

color stardards. (f3)
"hits mycelium appoared in msdia Nos F331, F421, 4471,

en the sufar-ritrorsen sid: of theo triarrle.

* The white strain of Cledosmoriur fulvum woe alse grown oﬁ
a similar serisa of media. Table V gives the colcrs observed
on the diffzsront nsdlae. Thy rowlh wag unifbrm in size of
colony, 1/2 to 1 ¢n, i ¢iereter, except on 2ZZF1 whor:e the
cclonisg were fron 1=3 mm. in diem. 1he white character cf thro
variaticn was preserved threourhout uncharzed, exce~t that a

vyellowigh tinge dsvslons Loverdr trs sugar side, purplish



© ——— 3t Ay W T ATRR T R




®3 8=

TABLE IV,
Color Variation of Cladosporium fulvum parent strain

grown on Coons Medium varied in composition accord-
ing to the triangular system.
7311 —— Sugar.

1. Ochroceons Tawny

3. Brawnish Olive 30

6321 6411

|.Gvaj;s\r\ olive ub V- Honey Yellow 30
1. Brewnish Olive 30

s. fole Olive Buff 4o
+ LIQH Brown Dlive

5421 5611

1 \cohella Colov 30

5331

..50“.\'&0'—: olive 1o
3.Bvewnish Olive 3,
y whaite .

3. Browmith Oliea 30

s,Y\L{‘.A_

. Huo/ \‘dlow 30

5 . Browwish Oliva 30

AR Gw‘\'sk Ninacens

1.Bvownish olive oo

: '-Qak.‘“ww'\ %o
x.f).v Olive 4o

. quh\n dive ol

3. Brownish 30

Bully Olive 30

Brewnish ‘l\“ow 30

3 9¢¢r O\ive (ﬂ“, 3. Whity
-\.Yn. t)\'b K\A 15
3351 3441 3531 3621 3711
ﬁdnaf.fh&‘) Lfeole Gakish ﬁu\t) \.(,n‘is\\ olive b l-p‘ik 0liva Bwk 4 .‘1H ﬁvwm‘s\ Olive
Brovmish Olive 30 5. Brewnish Olive 1 Brownich 30 bﬁvm"’\‘ Qive Arownish Olive 30
B Y
J F.:n“ “vmhe\d
aragin Phosphate
l, Surfacs ocolor.
2. Color of the submerged growthe.
8. Variation on the surface.
4. Pigmsnt diffusing through the medium-?






TABLE V.

Color Variation of the Variant of Cladosporium
fulvum grown on Coons Medium varying in composition
according to the triangular system.

6321

Maltose
7311

1. Creom Colov 1o
2. Buckhovne Brownts

*.Bvcwn\'sk oive 30

6411

-Bv“\' hvown o
L. White
. FawnColov 4o

Yo

Ti\\gu\ huﬂ'

>, .

- e v e e
4 usky Dlive Green #

4o

6331

6421

1. Wﬂ L

5,qufiwouws »

3. Comeo Pink 2t

1Seashell Pink 14
2.W\'\
3. Worm S\r\’alq

6511

whik
3. Poli Olive Bull 4o

3. anm'g\\ Ohvl 30

oo b Movs Yullow 3 oo e
- 4341 . 4431 - 4521 46811
WY . Whahy o White . W\-\\‘\\
. 'U\t \;\OL 3 2 et e 2 . [ OO

3 fMovs Yiol\t ai

3 Yowenia Ym‘\\s

s.C-‘m\o-N brown

3, “q\\\ Rv.0kiw 30

k. 0dbva Rid sﬂ Yoo oo, 4. RvowwnithOlinad
3351 3441 3631 3621 3711 .
NI L Whity vowhity i white Whiky ]
e a. (’o\\\i\u ) ' r.\\.\i\oc 3 ;_eo\t Sl ri-\}' ;,Cnm wlov Iy
k‘{\‘noc.‘n‘\\ﬁJ 3. ‘houns‘»{\\ 3% 3. Mews Yielt s¢ 3. CM“\‘\:»?\W"\\ 3 3.080. O 30
& Oltve 10 Y. - ... A I I IR I R 4. » " 3o
ragin Phosphate.

1, Surface color
8: Tinge

3. Colr of colony seen through the slant.

Color of submergsd growth.






1

towerds tre nitroren sili: ol yellow=pink towards (hc Potaceluri-
phcsphorus sids. < cocount of L7 s purpls tince the wiits das

mora stri%wine ard cla - -on. tras nlirc-=r si

e Tebls V on ps- . 39.

LIQGUID iCIA. Only Colletctrichum lircd-ruthicrun strain IT

—

e

was frown on liquid modieas Twerty cc. of each redium in thse eet

was placed in a €0 cc. Zrlerreyver flask ard iroculated with

ugneregicn of tre fur~us. ire culturss in )
(R0 insee® arisn LﬁfJ {

durliceate viesrs crcvm at rocm tomnerature on clinostatAfor 76

m

¢l cc. cf a spor=

darys. L1 ths srd of tris piricd car=ful notszs wors taten, the
flasks were nhotorranhed (Plate WII) and thelr contents filtored
on weirred filtar peper. 1lre mycolial mat erd the filter parer
wers drisd tn & constanrt ternsreturce avé revailshed. 1able VI
rocerd s tre weishts of the dunlicatsg in each medium, their
averarss ard Jd.ocriptlotis ol trsir growt® and cclor.
table VI,
‘mg of ~rowth of Colletotrichum lind rutnlarum grown
or liguid Ceocns redium varied accordins to Lho trian-

cular systeom tcorath :r with a riwcroscopic dascription
cf trs cultures.

e B B - _—
filedium |} 1st Ser} 2Znd Serq Average ) Loscription
NG o8 e M3

. . . S - - gy T - — D = o T T S - S o e . . —— T S G S . S = e —— o G

7311 b 17,20 TTe00 20610 Lyurnianat ~rowth, subrmor~ed
rrealium Cirty whits, a
Sncoef llatal broom o0 L=
irg to ths rlass on tre
surfac> of the medium.

A3C1 J Ce® 4 Cel 4 N.4 .1+ Blucizish browm ring
around tos edrs, with
black =ricll sclorotia liks
formetiors scattzrel thron~

ite cubrmor-od myeslium
white.

—-—mmmea— b e d e ——— et e e  — ————— ———— — - - - ————







Table VI contd.

Meddum

1st Ser.
mgse.

2nd Ser.
mgs.

Average
mgs.

Description.

1646

26.9

20.2

No ring, no sclerotia,
white mycelium, Royal
brown patches on the
surface.

£331

13.5

Abundent white myceliume.
Concentriceally arranged
sclerotia on the
surface. Narrow, black
ring discontinuous.

421

Mycelium brownish.
Concentrically
arranged sclerotia on
surface. Discontimuous
black ring.

5511

10.1

10.0

10.0

Mycelium pale brown.
Ring indefinite.

4341

12.8

8.7

Mycelium pure white.
discontinuous, loose
black ring.

4431

Mycelium nearly white.
Wide, compact, black-

ish brown, discontin.

ring.

4521

4.2

Mycel. dirty white.
Black, compact,l cme
in diam. patches on
the surface.

4611

4.5

Mycel. brownish. Inde-
finite ring brown in
color with sclerotia.
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Table VI

Temm T 1

36821 !

3711 4

contd.

P moeoccmcmaes -

2nd Ser.

p o

b 11.0

2.9

+ Average

b 6.5

b > e
- e o en as @ o=

b cmoaoeocmacs

e o o " w» an o= an a® > o» -

boocacecas e,

- e e e Er D > e S G = > en G > on - e

Descriptione

P e e e e e e e = o

White mycel. Thin
ring with eclerotia-

Mycelium neakly white.
Thin ring with scleas
rotia.

Mycelium brown. Thick
brownish ring.

Mycel. brown, ring
indefinite, sclerotia.

Mycel. brown, ring
indefinite, sclerotia.

The mycelium from the different flasks was examined mioro-

scopically. The black or brown pigment was found in the mycel=

fum. The bodies referred to in the table above as black sclero=

tia were tiny tangles of mycelium. Sporulation was found corre-

lated with the color. Brown or white mycelium showed no sporese

Transfers from several flasks showing white mycelium on Oat

Meal Agar grew invariably black. This seems to indicate that

the varlations in color were not fixed but were due to nutri-

tional factors, whébh prohibited the formation of spores espe=

cially towards the Potassium-phosphorus side of the triangle.

Sporulation seems to be linked with the color character. heek

Whenever the aeridd bdblack ring or the black sclerotia were

formed tre mycelium was white and spores formed, but when no
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DIAGRAMS illustrating the regions of greatest growth and
development of pigment in cultures of Colleto=
trichum lindemuthianum gromn on Coons NedIum
veryihg in composition according to the trangu-
lar system previously described.

Enn Most Growth.

Y Black Color.

8.5 :
snnn f#NN
3351 3441
Asparagin

3rd Figure-

WsP
*nnn
6331
WDP
Ronn
4341
WRS BRS
rene 2 2.2 ]
3351 3441
Legend: W=
B=
R=
D=
S=
P=

Maltose
1st figure.

4.5
Laa s ]
4611
2.9
saun *unn »nun
3531 3621 3711
5 Potassium
Acid Phosphate.
2nd Figure.
WRS
f*nnn
7311
WRS WRP
anny fpnr
6321 6411
BLS BS
nuNN *enn
5421 5611
WDP WP BsS
sans snnn *unn
4431 4521 4611
BRP BRS BRS
annn »unn frne
3531 3621 3711

White mycelium

Brown mycelium

Ring present

Ring discontinuocus

Sclerotia

Patches.of brown mycel. on surface.



‘ odde
such structures were produced the mycelium was brownish and
nol spores were found. Lack of proper nutrients more than any
other factor caused these variatlions and sugar and nitrogen
seem to be essential for both color and sporulation.

EFFECT OF LIGHT ON VARIABILITY AND COLOR.

lioroorganisms in general are negatively phototropic under
strong light. Direct sunlight is detrimental to most bacteria
although some fungl are resistant to it. Fungi grow well and
fruit regularly in diffused day light, which in many instances
seems to be an essential factor for reproduction. Coons (24)

found that with Plenodomus fuscomaculans light is a factor #%f

directly concerned with pycnidium production, the fungus refus=
ing to frult when kept in the dark,irrespective of nutrition,
aeration, substratum or strain. Makemson (£4) found that light
had a retarding ef?eot upon the growing germ tubes of Cladoe
sporium fulvum buththe ultimate length was the same. Végotative

growth and sporulation was Alao.more profuse when the fungus

was grown in the dark. Stevens (83) observed slightly lees
gzonation and less aerial mycelium in the dark than in the light,
working with Helminthosporium sp. grown on Petrli dishes. Smith
‘and Swingle (81) report that diffused day light affected consid=-
erably the color of fusaria and Sherbakoff (78) found that
diffused daylight inteneifiee the color of Fusaria, while intense
light dulle it. He did not f£ind 1ight influencing other chara=
oters in fusaria. Older literature reviewdd by Coons (24) and
Harshberger (41) 1s Just as contredictory. It seems that differ=
ent fungl vary in their response to light of varylng intensities
some vegetatlng best in darkenees and requiring the light
stimulus to induce frulting, others growing and fruiting best
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in diffused daylight or in dafkness.

In order to determine whether light had any effect on color
changes and variations of the fdngl under study, four sets of
media as desoribed under Nutritional Studies (p. 32) were
inoculated with the white end brown strains of Cladosporium
fulvum. A eet of each strain was grown under a bell jar
completely darkened to exclude light. A second set of testw
tubes arranged and fastened on the walls of a battery Jar,
covered by a bell jar , was exposed to strong diffused light
and gradually rotated to overcome differences in intensity.
Alr was circulated through both bell gars. The Jjars were not
disturbed until the end of the experiment when the colors of
the cultures in both sets on each medium were studled and
pioctures taken.(Plates 8-11.){n general light did not seem to
effect the color or growth of the colony or the number of
variations. A detailed description and comparison of the
cultures on eaclj medium in light and dark is given in tables

VII, VIII, and IX.

Tables VII and VIII are dlagrammatic, being further cmmple-
nented by table IX and Plates VIII= XI. Slight variations in

color as given inthese¢ tables were nelthser consistent nor in
8 definite direction,to be taken into coneideration in conclude

Ing on the effect of the factor under study.






TABLE VII.

AR
ore Brown 3]

Color Variation of Cladosporium fulvum, parent form,
grown in light and dark on Coons medium varying in
composltion according to the triangular system.

MALTOSE.

7311

Light Dark

1. 0chvaceons Townysl 1. Bufly dlive 30
2. Brownish olive 30/3. Brownish dive 30

|

ls. 4 white colonins. |3 3 white col

1 o adi
Light 6321 Dark Light 6411 Dark
\. Grayish Olive 44Groyish Olive ALI \»D:L\vo-uauﬁ.[awny ucwy;.u Olive #¢
Fetes) < 2. Brownish Olive 30/Brownish 0. 30
5. white 2 [s. € white Coleny  [Whiky 1 co
R Lv‘ - 4
Light 5331 Dark Light 5421 Dark Light 5511 Dark
ew ke Br. 28| NonDyke Bromn 8| |u Bister 28 |\ Saccardds thbers rwcsels Bv. 3 [iBrusscls Broen 3
»fight Olive Grey 51, Liqht Olivs Groy 51 [ et + Brownish Oliv. 30 |2, Brownish Olive 30]
it B St s wvhite 3. White . White |
B P ki T [ Brown. Oliv. 30 - --- |
Light 4341 Dark Light 4431 Dark Light 4521 Dark Light 4611 Dark
f Mu.“MY Rvown 15| ..Mwmm’ Prown 15| n TV\MM’ Rw. 15| Mmm( By 1S 1 Bister 24 |o 5‘(’“"‘ 24 o )
e PR BOBLEs 5. 0 riea v IO 2. mres e 5 el a‘v‘
5 Wik 5 White 5 white by S kb S
4 Covols Bvown Wi, Cavoly Brown b River P b ool BTy b
Dark Light 3441 Dark Light 3531 Dark Light 3821 Dark Light 3711 Dark
BN By Givouon Vinowous Pioh | Olive Brown o Bister a0 L Bister 24  Row Unber 3 1. Row Umher 3 I Medel Bronge |1 Medol Broma
Sidne B 0 ] e e i AL 1vol et ehy
N ot a Hiase rtimane 5. white 5. White 3. Whity 5 . cEE T
Mavs violet 38]4. Kivev Br. b UNork Miwsval fiud 2] 4 Dovk Minerol Rid b Livev Bro by oot Fe

1. Surface colore

2. Color of the submerged growth

3. Variation on the surface.

4. Pigmsnt diffusing through the
medium.

PHOSPHATE.




TABLE VITII,

Color Variation of Cladosporium fulvunm,

-47-
variant form,
grown in light and dark on Goons Wedlum varying in
composition according to the triangular system.
MALTOSE
Light 7311 Derk
Cream Colov 16 [Noples Yellow 16
Kl b Whike !
3 Yellow Ockre 15 [5. Jellow Ochrs lsf‘
4 Dusky OF-Greemif . f)uky Ohivs br. 41|
Light 8321 Dark Light 8411 Dark
24/
\fole Ochvoceons 15]faly Ochvogous s Bt Olive Bufl 4o
Solmon S \
e ST E PR o2 White
3. 0chvoaous Ovavgu pOchvorous Bulf 16 3.0chvoct ows Buftls Cirnomaons Bl 26]
e Husky O Greenit ADusky O Graen Ly usky O Green #)
Light 5331 Dark Light 5421 Dierk Light 5511 Dark
L White it Cwhite fiukish Bull 24 l.,wh:n ) MJL‘Q 7
Comes link 20 12 Giwmac finkiab  folt ksl Gan?t|ihibe e 2 Tillew! Buff oo
. 0k Red 21 . Ochve Red 21 3. Vinoceous Towny? Ochvy Red 23 3. 1sohello Colov 30]3. Isohillan Colov 30
3 vy O Greenthle. usky O1.Gv. a1 4 Sepie 29 [Dovic Olive o [+ Dovk Olive o[ Pavic Olivs o
Light 4341 Dark Light 4431 Dark Light 4521 Dark Light 4611 Dark
i T
L White Lwhite 1 whity 1 white wowhit |1 white 1 White /'w
TR ColRIRNC ey Tleul Bull #o [r fole lloe 37 R ys- (e 5 5
;gf \\:\MWVW, \&";, Nelmtom 38 1, M;(:Milm gr).¢,,a.;,¢,ﬂm1 5. Fervnginow [;_(’,v,,-w Rud » > Light Seal ? 34 fb’ /
- nb.'m,o\‘-wkzln & Sight Seal B :aJ 4 Q&\{a Pv. 39 Hission Br. 13 . Brownish Olivead . Dovk Olive. 40 b Brown- O 20
1 Dark
Ugnt 555, Dark  Light 3441 Dark Light 3531  Dark Light 3621 Dark Lightisrd
; s « Light Bulf s | Light Bult 15
[ Vs ot £ Givouous lilog, 1 Eivid Brown3fi Whilky Lkt . Whiky - Light Buff s | QL P )
[P San e B A e ) 5. Qight avt.mw;; 2 ool (It X gevs ,odwwmmj . o»& . 2% e
2 3 Owin vy “. welds . L.l
oS ok o cons o) 3 Mavs Bovewn 35k dusky fongli . Svev By 15 |3 Madden Bos 13 e b ey By B el
1) . i v - L & e 4. Prowt™s Bremn fr .
ok Olive 4o 49ovk_Olive 4o i L of S
ASPARAGTY

1. Surface color
2. Tinge

3. Color of colony seen through the
4. Color of submerged growth.slant.
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TABLE IX.

Compo=
sition
of

medium.

7311.

6321
6411

5331
5421

5611

4341
4431

4521

4611
3361
3441

Comparison of two sets of ocultures of Cladosporium fulvum
Parent and Variant grown on Coons Medlum varying 1n
composition according to the triangular system, grown

in l1ight and dark.

Description.
Parent Straln.

L.(Light) and D. (Dark) are very much alike. Good
growth. The color is the same, except that the
buffy olive found in the center of a few colonies
in L. colors most colonies in D. especially towards
the base of the slant.Ochraceous tawny is seen at
the margins of the buffy olive colonies of D.

Remarkadbly uniform. No submerged growth.

Quite differsnt. D. 1s composed of a large colony
with white aerial center, uniform in zolor. Abundant
spores of same color. L. is composed of small colonies
ocovering the entirs slant, tawny &live in color with
a few buffy olive and one white.

Remarkably alike. Reddish brown and Van dyke Brown.

Alike. L. more brown than olive green. Both show whits
variations.

Exactly alike. L. has more white variations thanD. No
discoloration of the substratum.

Alike. One large spreading colony in both.

Similar in surface growth and amount of white variations.
L. 1s made of one colony and shows color in substratum,
D. is composed of small colonies and shows no color

in substratum. At dry top of slant both show buffy olive
growthe. '

Almost alike. D, is a 1little more brown and shows more
white variation which is not compact but loose fuzzy
growth at the center of the cclony. Submerged growth
and xmk pigment through medium are of the same brown
red color.

Broken.
Codor allke in both. Colonies smaller in L.

About the same. Vinaceous in L. rather brown in D. Color
through medium more pronounced in L,
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TABLE IX Contimued.

$631

3621

3711

7311

8321

6411

6331

5421

5611

4341

4431

4521

4611

338}

3441

3631

3621
3711

Surface color and type of growth similar. D. shows more
pure white variation, a eslight white fuzz on one colony
in L. Color through substratum the same in bothe.

surface color the same in both. Colonles in D. amaller.
NXo substratum color in D.

Olive green. Mostly drled.

Variant Strain.

D. and L. are almost alike in general appearance. Colonles
large ( 1 om. in diam.) fluffy, raised. D. 1s slightly
darker and has a smrface colony of pure white. The under
side of the colony as seen through the agar is yellow
ochre while the growth into the substratum and in the
water of condensation (submerged) is olive green.

D. and L. exactly alike. Mat like single colonies, white
tinged with pink and ochre. Large guttation drops in

the middle. No submerged growth in L.

Uniform in shape of colony. L. is strongly tinged with

ochre,more intense at some points than at others. The
edges of D. are rather olive buff with the center white.

Identical-

Shape and form of colonies alike. Both show the buff pinke
ish tinge, L. being lighter, however.

Smadl rounded colonies, white tinged with green. Some
pink in D,

Shape of colony the same. Colonies covered with small
drops. Tinged with violet, more so in L.

White colonies slirhtly tinged with purple. Under side
of colonies of a mixture of purple, brown and olive-

Flufify colonles, with no drops on the surface. White
slightly tinged with pink and ochre. Under side of
oolonies rather red in D., yellowish in L.

White growth in both.

Alike.

D. white, L, brownish purple.

White colonles, purplish tinge.

Alike. Tinge slightly varying.
Alike.






EFFECT OF REACTION ON VARIABILITY AND COLOR.

The reaction of the substratum has recently been reco-
gnized as one of the most important environmental factors
influencing t'e physlology of plants. It had been formerly Xkm
thought that adjusting the reaction of the medium used, by
some sort of titration,to a point above or below the turning
point of an indicator, usually phenolphthalein, was a satls~
factory method of securing an optimum reaction for microorgae=
nisme., Bowever, with the diecovery and perfection of methods
for measuring the active acildity in media, investigations were
conducted which proved that the Hydrogen ion concentration
should be classed with temperature and moisture as an important
environmental factor. It was also found that besides influenc=
ing growth in general, the reaction has an effect on color pro=
duction, fruitiqg, zonation etc.

Sherbakoff (78) in 1916 found that acidity induces the pro-
duotion of red color in those fusarla which make a grey=white
growth. on neutral media. Acidity also lowers the rate of
growth and makes zonation prominent. Fungl are able ‘o with-
stand a comparatively wide range of pH variation. Meacham (E8)
in 1918 round that Lenzite sspiaria, Fomes roseus, Merulius

lachrymans and Coniophora cerebella would grow from pH b=1.7

on the acid range. Webb (913 in 1919 studying the germination
of spores of different fungl at different pH found that the
range of spore germination with respect to the reaction of the
medium 1s between pH 2=10 with maxima at pH 3-4 and 7. Johnson

(46) in 1923 found that the reaction best suited for the
growth of molds lies towards the acld range of the neutral
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point. Goss (40) in 1924 found that Fusarium eumartii is

capable of growing under a wide variattion in the H-ion
concentration on 2$ dextrose potato agar. At optimum tempera=
ture no appreciable difference was seen in the growth on media
varying in pH from 4.6 to 8.5. Hopkins in 1922 (44) found

that by adding 3 dropes of &50% lactic acid to 20 co. agar,

a strain of Colletotrichum lindemuthiangm which produced few

spores in neutral potato agar, sporulated freely.

In order to determine the effect of varlation in the pH
of the medium on which the fungl under investigation were
grown, the following experiments were undertaken. Since the
variations observed were in two directions, vis: a lack or
modification of pigment and the suppreseiocn of sporulation,
it was thought best to use two kinds of media; one favoring
fruiting and the other favoring vegetative growth. Coons
medium (24) was found by its originator to actually favor

fruiting and the behaviour of Sphaeropsis mallbrum in the

present investigation also indlicated the tendency of this .ar
medium to induce spore formation. Richard:s medium E (687)

has been frequently used by many investigators as a general
synthetic medium with good results. The modification by

Karrer and Webb (49) was used in order to avoid the precipite
ation of the phosphate in the alkaline rmmbers of the series.
Liquid media were used in this experiment and the filter paper
cone preparation-dish method was adopted as reported by Coons
(24) and recently by Bonar (12). Thie method consists in
growing the fungus on a filter paper cone placed in a small deep
petri dish (preparation dish) with 10 cc. of mediwh. Schleicher
& Schull No 696 7 cm. in diam. paper was used. The deep petri






«50=
dishes about 6 cm., in diam. and 3§ cm. deep, were again pro=
tected by placing them in large molst chambers or under bell=
jars. Under such conditions the fungus grows on a solid sub=
stratum of pure cellulose kept at constant saturatioﬁ. Both

the white and the parent strains of Cladosporium fulvum and

Colletotrichum lindemuthianum Exp. Sta. Str. II were grown

in duplicate series of 10 different H=ion concentrations varying
from pH 2 to 8.4. Besides the paper cone cultures, the fungi
were grown in an exactly similar serles of media in test tubes
with the proper indicator added to the medium. The purpose of
this experiment was to determine as far as possible the shifte
ing of the pH by the growth of the fungus.

Previous to atartiné the experiment the titration curves
of both media to be used were determined. Karrer and Webb (49)
report a titration curve for Rioharﬁfa medlium E modified, dut
the present writer was unable to duplicate their findings.
The pH of Richard's solution 1s éiven by them as 4.8 while
with the particular chemioals, apparatus, etc. with which the
writer worked,it was found to be 5.0 . This finding necessis
tated the retitration of the medium. Table X gives the number
of o6c., the normality of acid and alkall, and the number of
cc. of water to be added to 26 cc. of double strength medium
to make 50 cc. of medium of a desired pH and of the proper
concentration in nutrisnts. It was found that by using weaker
solutions of acid and alkall than those recommended by Karrer
and Webb (49), a smoother curve could be obtailned. Fig. 1
gives: the titration curves and Table XI the titration values.

The preparation dishes with the filter paper cones in place






TABLE X.

Cc. of Acid or Alkali and Water to be added to 26 cc.
of double strength medium to obtaln a series of media
of varying pH and proper concentration of nutrients.

PR L cc. HC1 l Normalityp co. NaOH l Normality}p cc. HgO }p Volume
RICHARDS ‘ _
8.0 11 N/20 - rve 14 50
2.8 7 N/60 »e PP 18 60
3.7 1.6 "o rve s 23.5 50
4.8 «26 ne nn »a 24.765 | 60
5.0 »n » »n »n 26 &0
6.8 P -n o5 N/20 24.6 50
6.4 »x F¥e 1.0 .. 24 50
7.0 nn »n 2.5 " 2236 50
76 e nn 4.0 "o 21 60
Sed »e »n 8.0 "o 19 60
COONS , y o . y
2.4 20 N/50 e »n 6 50
2.8 8 ne nn »e 17 50
3.2 4 " nn FYe 21 60
3.8 1.5 we »e an 23.5 60
4.2 o8 we nn »n 24.5 60
6.0 »n ne »n »n 25 &0
5.6 e »a o5 /20 '24. 6 50
6.4 nn » 2.6 " 22,6 60
7.0 »» " 5.6 ne 19.5 50
7.6 T¥Y Ty 746 .o 17.5 50
8.4 an nn 9.6 "o 15,5 50







TABLE X.

Co. of Acid or Alkall and Water to be added to 25 cc.
of double strength medium to obtain a series of media
of varying pH and proper concentration of nutrients.

PE L cce. HC1l } Normalityp coc. NaOH l Normalityp cc. Ho0 } Volume
RICHARDS ' __
2.0 11 /20 o Fve 14 50
2.8 7 N/60 »e "o 18 60
Se7 1.5 "o »n ' 2 23.5 60
4.8 «26 ne nn ns 24,76 | &0
5.0 nn L 2 : % »n 26 &0
5.8 »n Y o5 ~ N/20 24.5 50
6.4 o - 1.0 we 24 50
7.0 »e »n 2.6 "o 22y6 50
7.6 »» ¥ 4.0 "o 21 50
8.4 ¥ » 6.0 no 19 50
COONS , o » p »
2.4 20 R/50 »e - 5 50
2.8 8 "o »n »» 17 50
3.2 4 " Ve rve 21 60
3.8 1.5 wo »n an 23.5 60
4.2 . we nn nn 24.5 50
6.0 »n »a »n " 26 50
5.6 e nn o5 N/20 24.5 50
6.4 »» »n 2.5 "o 22,5 50
7.0 “n e 5.6 we 19.5 50
7.6 »e " 76 we 17.5 50
8.4 ne ne 9.6 "o 15.5 50







TABLE XI.

TITRATION DATA FOR COONS AND RICHARDS SOLUTIONS. cc. of
Acid or Alkali and Water to be added to 26 cc. of Double
Strength medium to give 50 cc. of Medlum of a certain pH,

pH ‘ csc f cc.Acld] oc.Alle pH l cc Bzolcc.Acid cC.Alk .
Hg0 N/50HC1| N/20Na0H N/50HC1 | N/20Na0H.

COORS. RICHARDS.

2.2 L3 26 - 242 5 20 =
2.8 15 10 »n 2.6| =% »a E2s
2.8 19 8 n 2.8 20 ) *e
3.0 20 & - 3.0 21 4 L33
3.2 21 4 »n 3.2 22 3 L2
3.4 22 3 - B4 23 2 -
3.8 23.6 1.6 L 3.8 23.56 1.5 e
4.2 24.6 -] e 4.2| 24.5 6 e
5.0 26 L e 5.0 86 »e L3S
6.0 85 »a e 6.0 26 e L 23
5.4 24.75| #» «25 || 54| w4 nn TS
6.6 24.5 Ll «60 6.6 e » LTS
5.8 24 - 1.0 5.8 24.5 L) b
8.4 22.6 nn 2.5 8.4 24 e 1.0
8.6 21.6 L 3.6 6.6 2346 »n 1.5
8.8 20.5 »n 4.6 6.8 23 e 2.0
7.0 19,850 nn 6.6 740 22.56 " 2.6
7.2 18.5 . 6.6 72 22 L2 3.0
7.4 17.6 nn 7.8 7.4 21.5 »a 3.5
7.6 17.0 - 8.0 7.8 21 ~n 4.0
7.8 16.6 - 8.6 78] 20.5 L 4.5
8.0 18.0 e 9.0 8.0 20 » 5.0
8.4 16.5 e 9.5 8.4} 19 L] 6.0 .,

were sterilized in the dry air sterilizer while the medium, the
water and the acid or alkall were autoclaved separately. The
proper amounts were mixed in a thoroughly steamed inoculation
chamber an pipetted into the tubes and the preparation dishes
by means of sterile pipettes provided with cotton filter plugs.
A suspension of spores was used as inoculum in the case of the

parent strains of Colletotrichum lindemuthianum and Cladosporium

fulvum while in the case of the variante of both fungi a bit of

mycelium was used.
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Changes in uninoculated media after 1-1/2 months.

Goond medium + Indicator

=55

Richard®s medium + Indicator

art Final | Indicator Sgart Final
2.4 2.4 T.B. 2e 2
2.4 2.4 mn 2.
2.8 2.8 ?.3. 2. 8
2.8 2.8
3.2 8.2 BPB 37
3.8 3.2 " 37 3e7
3.8 348 4,8 4.8
3.8 4,8 4.8
4.2 6.0 5.0
4.2 5.0 5.0
5.0 5.0 MR 5.8
5.0 b.8 .6 BCP
6. 6 raded MR 6.4
5.6 Faded MR 6.4
6.4 6.4 BTB 7.0 6.4 BTB
6.4 7.0 7.0 BTB
7.0 7.6
7.0 7.6 R oxe | O @ TR
8.4 r nre,
8.4 6.6 BTB
¢4 8.4 T3
8.4 T







The cultures were grown in the dark. About 12 days after

inoculation thejcolor and the redative amounts of growth were

observed. Tables XII, XIII and XIV summarize these observations.
No observations were made at that time on the black strain

of Colletotrichum lindemuthianum . The variant however, responde

ed in an intereeting way. Its growth range was between pH 3.2
and 8.4. It grew true to type in the serles on Richards medium
producing a slimy growth at the beginning, of oreamy or white
color, from which white aerial mycelial tufts were given off
a 1little later. On Coons medium, however, it seémed to revert
back to the black form. It would have been interesting to
study this particular point further and especially to deter-
mine whether the bdlack color was due to frulting or not.

Cladosporium fulvum responded much more readily. The parent

form grew well on the media of pH 2.8 e 7.8 producing the
characteristioc dark olive green color of the submerged growth
which is produced on nearly all media at the base of the slant
and the growth under the agar and also the much lighter yellow=
1sh olive color, characteristic of the aerial growth. A

purplish color (Vinaceous lilac, daphne red) was produced towards
the alkaline side of the series and this color is characteristice
ally produced on certain media like Oat and Corn Meal Agar and
Prune Juice Agar. The same purplish color was observed in the
Variant strain also towards the alkaline side. There was a
greater variation in the color of the aerial growth on the
Richards series, but there was no characteristic distribution,
the same color being found on both the acid and the alkaline
side. No purple tints were found on ;1ther the parent or the
variant. On the contrary the buff color that tinges the mycel~
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um of the variantftowards the acid side was present throughout the
ieries on this medium. 1In general, as has been observed by many
nvestigators, fungi tend to shift the reaction of an alksline
mbstratum towards the acid side and this was the case in the
ixperiments just described. No further observations were made by
he writer on this experiment, but after 1-1/2 months final notes
jere taken by Dr. Coons eand these have been incorporated in the
ables,

It will be seen that in the case of both species the range of
wlerance toward acid and alksline conditions is practically the
jame. The effect of the parent and variant strain upon the medium,
taking into account the relative growth, is alike. The distinctions
in color are maintained; and what is perhaps the most significant,
in spite of the great variety of growth conditions presented, there
la a complete absence of sporulation in the variant as contrssted
vith heavy spore production in the parent forms in some cultures.

The differences of the two forms manifested in the previous

work seems to be largely maintained.
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Comparisen of the two strains of S fulvum in Coons'’
medium of varying H-ion coneentration: Cultures in test tubesa.

reat Form B Vatiant Form.

Color after Grewth |Color after |PH PH
sfter (1-1/2 mo. |after | after |PH after 11-1/2 mo. |after jafter
1-1/2 12 da.| 3-1/2| 1-1/2 | 12 da.32-1/8

m°‘___aL - mo.
& ‘n‘rel’ [ (l[ﬁr ely 2.4 2.4
starting) ! starting)
* w 2.4 | 2.4 + " 2.4
+ Olive gray [2.8 2.6 2.8 + Bluish gray 3.0
| green
4 " " | 2.8 + " " 3.4
. |
U Warm buff 308 368 ++ Light buff 3.2 Se4d
? ++ " " 3.2 ++ " b 3.4
b | b
| +++ [Pawny 3.6 4.0 [3.8 | 4+ [Light buff (3.6 4
+4+¢ " ' 4.0 ++ o " 4.8
s1es |Bucktnorny |4.8 | 4.6 4.2 wve | Dack(Sub- |4.2 (4.6

Brown ‘ m ed
++¢+ |Buckthorn 4.4 ++ed L l 4.6

Brown ) .
++++ |Buockthorn’?|5,0 6.8 [ 5.0 Y Light buff (5.0 [4.8

_ Brown | ‘ !
| et Dnokthorn# 5.2 .t " w . 4,8

Brown , .
+++ |Buckthorn |b.6 be6 |[be6 +++ | Light buff 6.6 |[b.4

Brown ,
| e " " 5.6 *+t " " 5.4

L
. Buckthornl | 6.4 6.2 |[[6.4 ++ Light buff [ 6.4 [6.8
' Brown
L+ " " 6.4 o+ " " 6.2
— |
7 7.0 |
~
++ Buekthorn 7.2 7.2 T¢6 ++ Light tan 7.2 7.2
: Brown .
e no. 7.2
+ Russet 7.4 8.4 ++ Pinkish 8.4 6.8
) vinaceous white
—— me g Jt't—-:——:—-ﬂs-ﬁ——-—égs—

- White island; ## 4 white i8lands; t 2 white islands.






Comparison of the two strains of C

Richard's medium of varying H-ion cencentration:

in test. tubes,

A 4

-59.
on

Cultures

Parent Form Variant Form.
p1/ Growth| Coloxr PH PH | Initial [Growth [Color PH PH
after fter | after | PH after fter |after
1-1/2 12 da.| 1-1/2 1-1/2 2 da. |1-1/2
, | MOe MOe Mmoe mo .«
0 2.0 2.0 0 2,0
0 26,0 0 2e0
+ lLight 2.8 205 208 + (Sub‘
Olive merged|) 2.8 2.5
|Gray
+ Lo 2.8 | 2.5 + Light
i Gull
| Gray 2.6
+ 'Gray o 3.2 37
+ :Jight 3eb 2.4 + Pale 305 2.8
. olive . Olive
gray Gray
++ Tea 4.6 4.8 ++ Ivory | 4.6 2.8
green yellow
++ n 4.6 2.7 ++ Lisht 208
grayish
olive
+ Mineral4.8 | 2.6 5.0 ++ |Olive | 4.8 | 2.6
Gra , buff
+ " 4.8 ++ Vina- 2.4
eeous
buff
++ Tea 4 | 2.0 D8 +++ |OONT-
green seous | b.4 2,8
tawny
++ " " | B.4 [ 2.6 +++ " 2.4
++ Olive 3.6 6.4 ++++ | Gray 8.2
lake
++ w n 2.4 2.4
++ Ilight 6e6 3.2 7.0 ++ Pale 6e6 2.4
Olive olive
gray buff
++ 011'0 6.6 2.6 ++ " " 205
grey
+4 Olive 700 266 7.6 +4++ Pinki 700 2.4
gray buff
++ Olive | 7.0 | 2.6 +++ " 2.4
Ta |
++ Olive 4.1 8.4 + Pinkigh 4.4
. gray buft
++ Olive,, 2.5 + " §. 5
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Comparison of the two strains of Cladosporium fulvum on Coons
end ichard’s media of varying H-ion cencentration: Cultures
in preparation dishes with filter paper cones.

Parent Form Richard’'s Medium VariangyForm,

_prowth Color Spores || No. PH [Growth Color Bpores
- 5 - -
;_ _ " 2. _ _
Jgpontam. 11 |a.8 + Greenish =
+ Dark Gray- Y 12 + " -
green :
y ontam. 1 3.7 Contam. .
. ++ |Dark Gray- + 20 . + Tan -
greem ,
+ Blue green - 27 + fan -
¥ .+ |Greenish + pg |4-8 + " _
+ Olive green - 36 |g,0| Contam.
+ L) " - 36 w
+ Olive green + 43 (5.8 + Pale vina- -
_ . . ceous lilac
+ Greenish black 44 + A _
Olive green + 5l |6.4 ++ Buff -
» " + 62 | °" | Contam.
~fOl1ive green + 9 9.0 ++ Bulf —
60 ++ " —
Blue green + 2] 7.6 ontam.
" " + 68 | '°° | Contam.
Blue green + 75 ++++ | Dark gray -

| 76 8.4 +4+4 " n —

Coons' Medium

t_ = WW
+ Grayish + 84 s "
+ Dark greenish + 91 ++++ | Graylsh _
2.8 12.8 black
+ Dark Green + 08 +ett | " " -
++++|0ignt bulf + 99 ++4++ | Graylsh —
5.# : 3.2 black
+4+++ " " 100 444 | " " —_
& +++ |Dark purple + o7 ++ TIght vina- —
Se 3.8 ceous lilsc
+4t " " + |(LO8 ++ Light vina- -
L . . ceous lilac
o +++ |Dark purple + ++ Light vina- —
4.2 : 4.2 ceous lilao
+++ " - x| + 16 + White, _
~ T a4+ | " LA + +~++ | Pale vinaceows —
5.0 PR L L + 24 500 +++ L] L _
; ++4 b : + 5.6 ++t " - _
° +++ + 32 Contame.
purple + ++++ | Lignt vinacepus —
, 1ilac, buff to
6.4 -
£ 1 0 £X 1. m . " —







mtinued.
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Coona' dinm(Continned)

Browth Color Ppores [No.|PH Frowth Color Spores.
++++ | Purplish 147 ++++ eep vinaceous -
Y- brown + 7.0 , lavender

44 " " + 148 Contam.

F+++ n " + 166 ++ Depp vinaceous -
et " " + 156 ++ "o " _
i+ Pnr—pzish - 183 8'{0*"’0 LA _
* xxF + ontam

-  — -
:-White Island.
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Comparisem of the two strains of Colletotrichum
lindemuthianum II when grown on Coona' medium of
varying oconcentrations: Cultures in test tubes.
RParent Form : , Varjiant Form
L [Relat ive |Color Moervuli |pH Initial Relative| Coloxr [Acervuli |pH
gxrowth ith after jpH growth with after
after ores |[1-1/2 after sporea [1-1/2
1-1/2 mo. 1-1/2 mo.
mO, mo.
0 2.4 2.4 0 2.4
] 2.4 | 0 4 2.4
Blaok 2.8 1te 8.2
+++ +++ 2.8 + 32
+++ Black | +++ 346 + ite 3.6
o 3.2
+++ " +++ 3¢ 6 + 1te# 0 3.5
+++ w +4++ 4.4 ]
, 3.8
P s+t 4.6 ++ itef| o 4.6
++4 +++ 4,6 4.2 ++ EZite# o 4,6
T 4.6 at itef| o 4.6
et " s 54 . o + White®| o 4.4
0 5.0 +++  [mitef| o 5.2
o N + Mmite ° 4.8
+ lack +++ 6.6 'I-'++ hhite# 0 b.4
+++ " e+t 6.2 6.8 ++ &hite# 0 6.
J2es " ++e 6.2 |
7.0
7.6
++f Black +++ 7.6 8.4
4t it 7.2 e+ Wnisef| o 7,2

rged.






Comparison of the two strains of
lindemuthianum

when grown on Richard's medium of

c

varying H-ion contrations: cultures in test tubes.

Parent Form Variantform
ial|Relative| Coloxr {Acervuli |pH Initial Relativel Color Acervuli jpH
growth ith after FH growth ith fter
after spores [1-1/2 after ores -178
1-1/2 mo. 1-1/2 0.
B0 MmO«
()
2. * °
0 0
Not 0 2.6 1) 2.8
record- 2.8
d .
0 2.6 + 0 2.8
++4 Cream + 4.4 5.9 ++ White |o 4.4
s " R 5.8 ‘e n o 5.1
. rnme# o 4.8 |4.8 .
+++  [Shell . |5.7 s White’ |, 5.2
pink
.+ White? | 4.8 5.0 ++ White7|o 4,6
+++ Shell +++ 6.6 +++ " o 3.6
ink
+ee El.ll ++ 6ok ++ White”| o 4.6
. ink 5.8
+++ Shell +++ 6.4
pink
+++ Shell +++ 643 6.4 ++ White# 0 5.4
pink b
black with
acervul
+4++ " " s+ 6.3 ++ " 0 5.0
f++ " B IR SO 662 7.0 ~|..+ " 0 5.8
++e " " oees 6ok +++ " 0 4.9
++ Shell + e 9
o pink 7.6
. n 0 6.0 + White® o 5.8
* ;higil +++ (646 5.4 + " |o 6.5
++ " " et 6.2 + " 0 6.2

serged.
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Comparison of two atrains of
janum II, whan grown on Richar
varying . H-ion concentration:

dishes with filter paper cones,

Parent Form

Fat

Richard's sol.

-68‘-

a o

Variant Form

Cgllegotriahum lindemuth-

8 and Coona me
Cultures in preparation

rowth [Color Lporea pH |Growth Colox Prores
20 -

++e Pllok + “ 2.8 -

1+ " + -

++++ hd + 37| Contam.

+4++ d + n

t+i4 " + Gontam.

.. 4.8

+44+ " + +

Gentam. 5. Contam.

+ee+ Black + "

+++4 " + 5.8| Contan.

Sepsam. ' + Creamy -

++44 Black - ++++ Cream -
6.4

’11+ " - Contam.

N w - Contam.

Contam. Te +4+++ Cream -

+e4t " + 7.6 *t** Cream -

2++4 - + +++ " -

]
++++ + 8.4 ++4+ Cream —
SODtaﬂ- +++ w —
Coons Synthetie Sol.

$- - 2.4 + Cream -

cont ° + " —

e+ Greenish - 2.8 ++++ Dark -

black ¢ gray

Pt " " + +444 nn —

P4+ Black + +++4 Grayish -
3.8 black

Pt " + ++++ Jet black -

in places
B Jet black -
e * 3.8 T in places
ret " + s " " =
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Continued)
Coons 3ynthetic Sol.(Continued)
t Form ' Varisnt Form
th | Colox Spores pH |Growth Color Spores.
Black + +++ Red brown -
4,2
" + ++++ Black -
" He ++ Black -
" + +4 " -
b " + 5.6 ++ " -
" + ++ " -
Black + Bl -
+ 6.4 ack
n + Contam.
1] + n +++ 3lack -
" + ) +++ " -
n L -
+ ".6 +++
" + , Contam.
" ++ ++ 3lack -
8.4
) " + .+ n -
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EFFECT OF TEMPERATURE AND REACTION ON COLOR AND GROWTH.

In connection with another experiment carried on in
Berkeley, Calif. both parent and variant strains of Cladoe

sporium fulvum were grown on plated Shive's Best Dextrose agar

(79) varrying in pH from 4=8 and kept at 30=~32° G.p 20° C., and
10° C. The medium was prepared in lots of one liter, brought

to the desired Heion cencentration by the additiég of acid or
alkali, tubed at the rate of exactly 10 cc. per tube and steamed
for one hour on three consecutive days. Duplicate plates were
poured, allowed to cool and inoculated in the center. They were
wrapped in paper and kept at & oonstart temperature as mentioned
above. At intervals the plates webe examined for color and

rate of growth. The composition of this medium is as follows:

MgSOg4 2,12 gms.
Ca(NOz)g .71 "
KHoPO4 1.36 "
FeNO; 5% 1 drop.
Dextrose 20 gnms.
Water 1000 oo

The following table gives the number of co. of N/6 KBPH re-
quired to adjust one liter of the medium to a given pH, as
determined by Sideris (79).

TABLE XVI.

cc. of N/56 KOH required to adjust 1 Liter of Shive's
Best Dextrose Agar to a giverpH.

pH L 4.0 b 4.5 } 5.0 [ 5.2 { 6.4 } 6.6 } 5.8} 6.0 ‘ 8.2 o

COe ’/5 *nn ) ok 8 H 1.0 L l.8 ) 2.8 } b.0 8.0 ] 7.6
ROH. |

pH L 6.4 | 6.8 | 6.8} 7.0.} 7.2} 7.4} 7.6 { 7.8 l 840

ogénl/b } 942 3115 {14.5 kl?oG 121.7 §26.9 {30.8 {33.7 r36.5 .
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TABLE XVII.

Effect of Temperaturs and reaction on Color and Growth
of the Parent and Variant Strains of Cladosporium fulvum
grown on modified Shive's Best Medium of varying pH and
kept at different temperatures.

Temperature 30-32° C.
No growth beyond the point of inoculation at which a slight
weak growth was observed 54 days after inoculation.

Temperature 10° C.
No growth whatever.

Temperaturs 20~-26° C.

Diam. AFTER 3 DAYS Diam- AFTER 8 DAYS
PH 4.0 mm. mme.
Par. | 3,0 | Slight growth, whitish. | 8.5 | Surf. Light olive green
Under.Red Brown.
Var. 2.6 | White. 6.5 Surf. White
Under.Yellow Brown:
1 ): 88
Par. 1.5 Greenish Brown 4.5 Surf. Light Olive Green
Under.Green
Var. 2.0 White. 4.0 Surf. White
Under.Dark Yellow Brown
PR 6.0
Par. 2.0 Greenlsh Brown. 3.0 Surf. Light Olive green
Under.Green
Var. 3.0 | White 4.5 | Surf. White
Under.Dark Yellow brown
PH 7.0
Par. 2.0 | Greenish brown. 8.0 | Surf. Light Olive green
Under.Purple brown
Var. 2.5 White 4.5 Surf. White
Under.Orange Brown
PH 8.0 2
Par. 2.5 Greenish Brown 5.5 Surf. Light Olive green
Under.Purple, white edge.
Var. 3.0 White 5.0 Surf. White
Under.Purple.-







XVII. (Continued)

APTER 654 DAYS

Surf. Brownish Olive 30

Under. Dull Greenish Black 47

S. White center, clay color edge.
U. Hessian Brown center, Ochraceous Orange edge

. 4

Light Brownish oliwe 30
¥. Dull greenish Black 47
S. Pale Yellow Orange

U. Hazel 14.

Light Brownish Olive 30

U. Dull greenish black 47

8. White center, Ochraceous buff edgse.
U. Hazel 14.

8. Light Brownish Olive 30

U. Dull greenish Blaock 47

S. White=lLight Ochraceous Buff.
U. Hesslan Brown.

.

S. Light Brownish Olive 30

U. Olivaceous Greenish Black 47
8. White-Pale ochraceous Buff.
U. Hessian Brown.

«B5=
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Table XVII givee the growth of the fungus |Diameter of colo=
nies in m.m.) and color of the aerial and submerged part,
three, eight and fifty four days after inocultion at the three
temperatures used.

Makemson (54) found that the temperature limite for best
growth of this fungus were rather narrow, the fungus growing
best at betwwen 20 and 26° C. The experiment reported above
‘ and the fact that the writer experienced great difficulty in
keeping this fungus in culture during the summer in Fresno,
Calif. (Av. temp. 520 C.), confirm these results. Temperature
therefore, did not enter as a factor in this experiment. The
variant was found to be a more active grower than the parent
strain as indicated by the colony measurements and both parent
and variant seemed to grow rather uniformely within the Heion
conoentrations limits of the experiment.

Regarding the ocolor, this experiment confirms the results
of the previous experiments on the effect of the reaction oft
the medium. No striking variations were seen even between
the extreme ends of the series, in either the variant or the
parent except perhaps the development of the purple color
in the variant towards the alkaline end as had also beeik
observed in previous experiments.

A repetition of this experiment gave similar results.
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PATHOGENICITY.

The majority of the varlations induced through unfavore
able environmental conditions have been among the eaprophytio
- fungl and bacteria. Of the sppntaneocus variations or mutations
reported in pathogenic fungl a few do not show reduced pathogenic
action while in others the4reverae is true and in still others
date are lacking.

Edgerton (36) found that the Glomerella mutant reported
by him grew very slowly on apple. The Brachysporium mutant
reported by Bonar (12) was not pathogenic on white clover and
came from a parent of reduced virulence due to artificial
cultivation for many generations. Bennett, who according to
Coons (25) investigated white forms developed from a culture

of Phoma apilicola found that they are also attenuated forms.

On the other hand Orabill's Coniothyrium variant (31) was
pathogenic as also were the Glomerella variant reported by Dastur
(32) and the Botrytis reported by Brierley (15). Definite
information is lacking in the cases reported by Burger (19),
and Stevens (83).

Pathogenicity experiments were carried out using both

Parents and Variants of Cladosporium fulvum and €olletotrichum

lindemuthianum. Potted plants of Stone and Beauty Varieties

of Tomatoes and Rust Proof Wax Bean were inoculated in the
following way. A vigourously growing young culture of each
fungus to be tested was macerated in a mortar under aseptic
conditions, sterile water added and filtered. Half of the

filtrate, a drop of which was examined miocroscopically for

presence of spores or mycelium, was sprayed in each case on
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five plants, the other half being used in swabbing the under
side of leaves of wnother set of potted plants. A third sot
of five plants served as checks. The inoculations were made in
the evening, and small flecks of sterile absorbent cotton were
placed on the inoculated leaves to prevent rapid evaporation.
Each set of plants was kept in a separate moist chamber in the
greenhouse until the next morning and were then brought into
the greenhouse.

These experiments were all unsuccessful, not a single ocase
of leaf mold or anthrmonose being noted on the inoculated
plants. This failure of the inoculatlons was probably due to
high temperatures and the heavy white fly infestation of the
greenhouse.

Cladosporium fulvum. The experiments were repeated in 1924

in Berkeley, Calif. Four potted plants of the Stone Variety of
Tomatoes were used in these experiments. Two of them were
inoculated with the parent strain, and the other two with the
varient strain of Cladosporium fulvum, the inoculations being
made in separate rooms of the laboratory under the usual aseptic
conditions. A drop of sterile water placed on the lower or upper
surface of a leaflet, was inoculated with a little mycelium
from a young vigorous culture and covered with a fleck of
sterile cotton. Each plant was put then under a large glaes
beldl-jar for five days and kept exposed to light near a north
window of the laboratory at 20=26° C. After this period the
plants were gradually brought into the Greenhouse. The experie
ment was exactly repeated using four potted plants of the Beauty
Tomato Variety.

Theese inoculations were entirely succeesful. Both the
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parent and the variant produced spots at every point of ino=
oulation, more that thirty spots being counted in each case.

No spots were seen at other than the 1lnoculation points and

and although these plants together with many control plants
were kept in the same greenhouse there was no natural inflection.
The spots produced by the parent straln were all characteristic
of the disease as described by Makemson (54). There was an
olivaceous growth on the under side of the leaf with an
abundance of spores characteristic of the fungus. The upper
surface of the leaf in the infected area turned yellow and
became dry. The spot spread irregularly from the point of
inoculation.

The spote produced by the variant strain were elliptical
well defined in appearance, rather dry with yellowish flakes
on the surface. There was no mycelial growth on the under side
of the leaf. Free hand sections through the 1infected portion
of the leaf showed the presence of mycelium throughout the
leaf tissue. Five plates were poured from leavos infedted by
the variant using Ozapeck Dextrose Agar for Medium. In every
case the white form of Cladosporium grew on these plates.
Similarly infected leaves were placed in moist chambers. The
white variant grew from the margin of every sespot. Plates from
tissue infected by the parent strain showed an abundance of
growth of the typical Cladosporium fulwvum.

Plate 12 shows leaflets of Tomato artificlally ffected with
both forms of Oladosporium. Igolations were made from the part
of the leaf infected both by the parent and the variant strains

and reinoculations were made on potted Beauty Tomato plants in
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parent and the varlant produced spots at every point of ino-
oulation, more that thirty spots being counted in each case.

No spots were seen at other than the inooulation points and

and although these plants together with many control plants
were kept in the same greenhouse there was no natural infection.
The spots produced by the parent strain were all characteristic
of the disease as described by Makemson (54). There was an
olivaceous growth on the under slde of the leaf with an
abundance of spores characteristic of the fungus. The upper
surface of the leaf in the infected area turned yellow and
became dry. The spot spread irregularly from the point of
inoculation.

The spots produced by the variant strain were elliptical
well defined in appearance, rather dry with yellowish flakes
on the surface. There was no mycelial growth on the under side
of the leaf. Free hand sections through the infected portion
of the leaf showed the presence of mycelium throughout the
leaf tissue. Five plates were poured from leayee 1nfedtod by
the variant using Czapeck Dextrose Agar for Medium. In every
case the white form of Cladosporium grew on these plates.
Similarly infected leaves were placed in moist chambers. The
white variant grew from the margin of every spot. Plates from
tissue infected by the parent strain showed an abundance of
growth of the typical Cladosporium fulvum.

Plate 12 showe leaflets of Tomato artifiolsally f?ected with
both forms of Cladosporium. Igolations were made from the part
of the leaf infected both by the parent and the variant strains

and reinoculations were made on potted Beauty Tomato plants in
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bloom. The methods used were those described above, except that
inoculations were made on both the upper and lower sides of

the leaflet. No spots were produced from upper surface inocu=-
lations. Typical spots similar to those described above
developed on all (fifteen in number).of the lower surface
inoculations. Inoculations on the calyx and stem of flowers
produced characteristic spots. Small tufts of white mycelium
were found at the margin of the spots pro#uced by the varleant.
Such tufts were examined undsr the microscope for spores.There
were no typilcal spores except a few spore like bodies believed to
be ohlamydospores. The mycelium was thin, densely branched,

and purple in color.

Dastur (32) foupgd that passing the variant form of Glomerella
through its host restored ite Rlost spore-producing power, but
this was not evidently the case with Cladosporium fulvum, since
it did not produce spores even after the seocond passing through
its host. From the experiments described above it becomes
evident that both the parent and variant are parasitic on the
tomato plant, dut growth on the hosé diqhgtfaggofgst properties
of color and fruiting of the variant. Bonar (12) working with
Brachysporium which had lost 1ts pigment but not the power of
fruiting found that the variant was not parasitic and the
parent had lost the greater part of its power of parasitiém
through prolonged cultivation on artifiocial media. This 1s not
the case with the parent form of Cladosporium fulvum, which

infected every leaf inoculated although 1t Lad bteen under

artificial conditions fop over four ysars.






Oollatotrichum lindsmuthlanume. Golden Wax Bean plants were ino-

culated with the parsht and variant form of Colletotrichum

lindemuthianum Exp. Sta. Strain II, using spores or blts of

mycelium in the same manner as in the tomato plant inoculations.
Inoculations were made on both the upper and the lower surface
of the leaves. No spores were formed on any of the upper
surface lnooculations or on the control leaves. The results wers
not 80 definite as in the case of Cladosporium. The leaflets
inoculated with the white form of Colletotrichum turned yellow
but no definite spots developed except in one case where typlcal
anthracnose spots were observed. No spores were found. The
leaflets inooculated with the black form of Bolletotrichum
showed typlioal spots of anthracnose with an abundance of spores.
690950 M AL 260 238 2 06
DISCUSSION AND CONCLUSTION.
L I IR R I

As mentioned at the beginning of this paper, the proposed
experimentation, that was intended to ppocure the arguments for
a discussion of the whole problem, was not entirely carried out.
Such experiments as are recorded here, preliminary in their
nature as they are, do not throw light on thls complicated and
muoch discussed problem. Perhaps it would be of interest to glve
here an account of further experiments that the writer had in
mind for the same reasons that the present experiments are re=
ocorded = to form the basis of further work.

These experiments are outlined chiefly with the fungus
Cladosporium fulvum in mind. They could be varied to apply to
the other fungi under investigation. And first, a fundamental

study of the nutrition of the present fingus is necessary to
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furnish the basis for nutritional work. Nutrition is credited
by De Vries as the cause of all modal or environmental modie
fications which are deviations of varying magnitude from the mean
and have been found to yleld to selection in schanging the mean
of a specific character. Brierley in 1918 (14) finds also that
modal variations are directly and constantly induced by parti=
ocular substrata. The present investigations show that the strain
of Cladosporium fulvum used in these experiments 1s in the state
of mutabllity according to De Vries, since the white varilant

has been given out frequently irrespective of conditions of
growth. For the nutritional experiments a strain should be found
not in a mutating state and this should be compared with the
present straln and an attempt made to induce mutability in 1it.
Further experiments along thlis line would be called for by the
progress of the work. Besides nutrition other environmental
factors should be investigated in order to corrgborate svidence
presented by other investigators working with other fungi. The
effeot of polsons, aclds, alkaloids, metabolic products etoc.,
the effect of hydrogen ion concentration kept constant by
frequent ad justments throughout the course of the experiment,
the effect of 1light, temperature, controlled humidiﬁy should

be carefully studied. These should be studied in order xm 1.

to induce mutability in an otherwise none-mutating strain, 2.

to find out if any of these factors regulate the appearance

of variants in an ordinarily mutating strain, 3. to determine
their effect in ochanging the mean of any specific charaoter.

In the case under investigation a study into the pigmentation

of Cladosporium fulvum 1s necessary.

From the experiments in hand one conolusion sould be drawn
safely. The environmental modifications tried, exerclse an
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effect on the color and fruiting of Cladosporium fulvum,

they cannot, however, induce the type of variations ordinarily
given out at unprognostigated and irregular intervals by the
straln under investigation.

One cannot but agrse perfectly with De Vries (87) that
"nothing is more variable than the meaning of the word variabilit *
(le0. Po 43) and perhaps the word mutation be substituted for
variability. At the beginning of this paper a series of inter=
pretations of the meaning of the term by various authors and
by the formulator of the whole theory was given. This 1list can
de extended, but without any particular benefit. The confusion
has led several writers to svoid altogether the use of the term.
Norishima (68) in 1921 reporting several cases of adaptive changes

“,Ll.‘ls

in baoteria, B.typhosus in particular, thinks that the term

mutation should be used only with higher plants and should not
be introduced into bacteriology "for the bacteriologist,

who studies his species not only from the morphological point
of view, but also with regard to blochemical and immunological
reactions, and who obser¥es not a few generatiogs only, but
hundreds and thoudands of generations, would almost surely
have to modify the conception of the term in such a manner as
to causs confusion to the botanist. It, therefore, seems
advisable to leave the term mutation to the botanist and, for
the present at least, to speak of atypical varieties of bacte=
ria or simply variants.® The present writer has also avoided
the term mutation for similar reasons. Stevens (83) uses the
torm saltation with a new meaning to ocover variations in none
sexual generations of fungi. Chaudhuri (21) followes his

example for the same reason.
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‘Bejerley (15) strongly objects to the use of the term
mutation "It is not the possibility of mutatlion in the fungi
(and baoteria) that is here denled but rather the compulsion
to accept that interpretation of the evidence as it now standa".
Ho reojeots the use of the term on the grounds that there 1is no
assurance of genetio purity in asexual fungi. Jennings (45)
in 1911, Blakeslee (8) in 1920, Shear and Wood (78) in 1913,
Brierley (15) in 1920, and Stevens (83) in 1922 agree that in
single spore cultures of asexual fungl we deal with pure line
individuals. The term mutation has been applied by De Vrles
to gsrminal va{’tions, arising i?ependently of environment.
remaining oconstant afterwards, in a rarely selfafertilized plant
grown from seed, the genetio purity of whioh has deen seriously
attaoked by Bateson and other genetlclsts and proven to be
a hybrid whose segregation 1s checked by balanced lethals as
1t has been recently explained by Bradley Davis (33). The
modern use of the term, however, presupposes according to
Brierley (15) and Davis (33) an absolute certainty of genetic
purity. In the homozygous asexual generatlions of fungl coming
from single spores and carried in culture for countless gene-
rations there 1s scarcely any chance of genetic contamination.
Anastomosing in single spore cultures cannot be accounted as
destroying the genetic purity. Shear and Wood (768) discussing
the question of xmmmtim heredity and variation in Glomerella
say "there 1s no reason to believe that the mendelian theory
1s involved or heterozygosla takes place as there is no union
between nuolel of different individuals and species. If there
ie any union between cells or nuclei of a single spore organism
there is nothing new coming out of the union, no new characters

trangmitted,ysseelt i3 hard to see how two closely related
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muolei in the same individual or ocell could add essential
characters to the organism. Individuals from single spores
rust be considered homozygous..." "Whatever differences the
progeny of such individuals might show would evidently bs due
to Mutation or some other internal cause, such as the renewed
expression of latent hereditary characters."

Brierley (15) rejects the possibilty of a mutatiwa
origin of variants in the fungus studied by him on the grounds
of contaminations by anastomosis in some remote time in the
1ife of the strain before its artificial cultivatkon. Although
conceivable, it is hard to believe of an interspecific or
other anastomosis in Cladosporium or other fdngi that would
80 modify the nuclei of a cell and build up a system of
balanced lethals covering auchp modification for many genera-
tions, finally breaking up repéatedly into the variation
observed. It would particularly be hard to thing of such a
happening in the variation recorded in this paper, vig. the
loss of a single character, that of frulting, which apparently
18 accompanied by the loss of the olive~brown pigment charaoter-
It is more probable to think of such a case as a retrogressive
mutation (mutation by loss) or class it with the begetative
wariatioms known as sports or bud variations which De Vries
also classes with Mutations. The doubt of a genetlc contamination
by anastomosls fades before the doubts of genetlio purity in any
pure line of higher plants where contamination by oross ferti=
lization and hybridization is much more probable than contami=
nation by anastomosis, in non-sexual plants.

or the variations 1in fungi reported in literéture the one
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moat , approaching the one described in this paper 1s the

white non=fruiting variation reported by Crabill (31) in 1915

in Qoniothyrium pyrinum Sheld. This fungus is pathogenic on apple

the white strain being also pathogenic. The loas of the olive=
brown color is accompanied by a loss of fruiting. It has been
obtained several times and has been constant. Environmental
modifications could not induce its throwing off. All these
correspond with the variation of Cladosporium fulvum and
Colletotrichum lindemuthianum reported in this paper.
BRRBBEXBR BB RNEBERRRBERERHRRN

SUMMARTY.
fsnnnnn

Albino forms with a loss of fruiting are reported in
Cladosporium fulvum and Colletotrichum lindemithianum.

A ocomparison of the growth of these forms along with
their parents on different standard media, and microscopi-
cally is made.

The parents and variants are grown on a series of media
arranged according to the triangular system for the purpose
of studying the effect of nutrients on color production and

variation. Color was found to vary in Cladosporium fulwvum

under the conditions of the experiment. Tﬁ% other fungi used
did not respond.

Light was found to have no effect on variability and color
of Oladosporium fulvume.

Both parents and variants of C. fulvum and O, lindemuthia=

num were grown on Coons and Richards ligquid media ranging in
PH from 2=8.4 1ln order to study the effect of pH on variability
and color. Both strains of the two fungl were found having a
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wide range of growth and varied somewhat in color under the
oconditions.

The temperature limite of both the parent and the variant
of Clad. fulvum are found betwwen 20 and 25° G. No striking

variations in color were observed on growing thids féngus
on solid media varylng in pH from 4«=8.
Both the parent and the variant of Clad. fulvum and Colle.

lindemuthianum were found to be virulent parasites on their

respective hosts; passing through the host did not restorse
the lost characters of the variants.
A review of literature and a discussion of the possibility

of mutations in asexual fungl 1is given.
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Achromatio Variations in Pathogenioc Fungl.

LEGEFDS FOR PLATES I = XII.

Plate I. Pig. 1. a. Septoria apili on Corn Meal Plask:
appearance of white tufts of
mycelium,

b. Oladosporlum fulvum on Corn Meal
askKe rat appsarance of the
variant form.

Fig. 2. a. Oolletotrichum lindemuthianum Exp.
5ta. Str. 11. Gulture on Corn
Meal Flask showlng the appearance of
variations.

b. Colletotrichum lindemuthianum Exp.
Sta. Str. 1l. Nopmal oculturs on
CO!‘n Moal .
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Plate II. A. Cladoeporium fulvume. Parent Strain-°

A. Mycelium. .
B. Conidiophores and Oonidia.

B. Cladosporium fulvum. Variant Form.
0. Mycelium.
D. Chlamydospores.

Camera lucida drawings. x 1100
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Plate II.




Plate III., a. Collototrio_hum lindsmuthianum. Culture of
The varlant form on Corn Heal.

b. Cladosporium fulvum. Culture of the parsent
Torm on Steamed Rice.

6. Cladosporium fulvum. Culture of the variant
form on Corn Heal.
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Plate IV. Septoria apii. Growth of the fungus on Coons'
Hedilum varled according to the triangular
system. Complete set of cultures arranged

as per diagram on page 34.













Plate V.

Gdlletotriohum lindemuthianum. « Bta. Str. I.
Trowth of the rungus on Joons leégum' varied -

TO )
acccdgfing to the triangular system. Complete set
of cultures arranged as per diagramm on page 34.












Plate VI.

Colletotrichum lindemuthianum. Exp. Sta. Str. II.
Browlh of the fungus on Coons Medlium varied 1In
composition accadping to the triangular system.
Complete set of cultures arranges as per diagramm
on page 34.










Plate VII.

Colletotrichum lindemuthianum Exp. Sta. II.

Browth of the fungus on Coonse Solution varisd

in composition according to the triangular systen.
Complete set of oultures as per diagram on page 34,
and descriptions in Table VI.










Plate VIII.

Cladosporium fulvum. Parent form grown in light
on Coones medlum varled in composition according to
the triangular sgstem.







Plate VIII.




Plate IX.

Oladosporium fulvum. Parent from grown in the
dark on Coons Medium varfied in composition
according to the triangular esystem.
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Plate X.

Oladosporium fulvum. Variant form grown in the
ark on Coons Nedlum varied in composition
according to the triangular system. .



Plate X.




Plate XI.

Cladosporium fulvum. Variant form grown in light
on Coons Medium varied in composlition according
to the triangular system.






Plate XI.




Plate XII.

Fig. R. a and b.

Co

Fig. 2. & and b.

Cladosporium fulvum parent form.
Under elde of the leaflets showing
typical infection produced by
artificlial inoculation.

Upper side of the leaflet showing
type of spote.

Cladosporium fulvum variant forme
Tnder slds of leallets showing
type of infection.

Uppsr side of leaflet showing
type of spot produced.
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