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The

Fuceir¡ia

Ef,fect of Environmental ConditÍons on the
Ge¡mj*natlon of, Uredospores of

ergr¿4 Þ-triqlci Eriksso âÐd. Eu Heän" u Raee S6

¿lbstract

over a rånge of leç¡els of eertaín envi.ro¡rmental factors "the gerrnÍnation eif uredospoï.es of Puccinia grarn-inis-tr"Ítíci"
R-a"ee 16, i-s charactenized by qualiffisffit:-ve
differenees in respÕnseå as well- as by pr.onÐuneed varåabj.lity
betrøeen sanpS-es. Both of these f,eatures are prubably dependänt
upon the level- of a self*inltil¡ítor evol-ved by these spçres@

Evådenee is presented. for the existence of the follo+r-
ing Í-nter"actions s

ê.a ïn the presence of låghù, but not in it,s absence,
tlre lsipec"Èng of tL¡e canbon dioxåde t,ensj-on eauses a reduetíon
Ín pereentage germination, and c'esu&ts ín J-ysis of ilee gerrn
È¡:.bes u

bu In üer¡ns of lo'urer percentage gerrninat,íon, *redo-
spÕves are more sensiti1re to the seLf*ixa!:j-bitor a.t 1$.s".i canbsn
dioside tenså+n j¡ the presenee of J_íght"

ûo Uredos¡:ores ar"e more sensit,ive to Islw Ð$ygen
fensions at" loro earbon dioxicle {:.enstoi:, j¡i the presenee oflight,

From the above considerations, it app*ared, Likeb¡ th"aÈ
the effeets of earban d.ioxide, olrJrgene anrl ånhibitor conàen-
tratÍons r,¡ere interrelat'ed, anrl that t*le suppresslsn of ger-
minaÈåon of si:b¡nes'ged spores !râ.s proba.bry associated r¡"iilr thei-r
sensitivåty to t}¡e inTribitor,
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II{TROÐUCTIOI'}

.åt tlie present time, tLre niajor obstacle to .the stud.y.

ef, oì:liga1:e parasj-t"ism i-n furrgi, in this instance, pgec.-iq+q

ST'aq!+a,-s_:tri-tiqí Erikssu & E. Hen]]o, Ra.ce 16, ís ttrai. tltese

c'rganisns cannoi be growrr apa::'L from theír J-ivi:rg hosts, thej-r

metabolic aci:ivities k'eing ini;inat,ely assaciated with, anri

hence cbscu":'ed b¡r, those of the krost, pr.e,nt" Ttre.r'e is, howerrer,

*ne rel-a'i:i'*eì_y hrrj_ef, phase¡ the gernri.natiÕn of fr:*ngal spores,

whíeh can proceed for a limited time inc'tependently of ,ehe host,,

For tL¡is treasone the physíology of spore ger:uinai;ion has re-

ceived consider.abJ-e at"'benti ûn "

.{pa't frc¡m their vaSue Lgr sÊs st,u<Lies Gn sprre germin-

a'{,ion provide tt¡o means of reveal j_ng irr greater cietail- the

dist,irrct,ive eh,ar"acterist,ics of abligabely parasitic fungi 
".

Ï:y cornparing the germinai;ion beha.viou"r sf spÕres of the

parasiti.e t¡rpe wi.th tha.t, of spüre$ of norrnal l¡i saproph¡rbic

fu:rgi, and by noting simirarit,ies and cl.ifferenees beti^'eerr the

irrdependent phase and tl:.e resr*Èing parasi'bic one,

unlike the majei:'ity of fungar sporese ít. was noted in
this labor¿4;e¡r}. (fsaac), tha.". Race $6 uredospores frequ-entl;

did not germinate çrhen csvered r¡iÈh a thin layer çf wat er,



Sj.ne:e tiris ec'u-]d concei-vab1";r be d-ue t'o ei'þhes' an insuf.fli.eient

$x16en suppl;r, or to an aceumìf,lation af an rnhibitor k¡own

f,o l¡e everlved by these spores, it ç*as suggest,ed tha,t an en*

quÍry i¡to the reia.tionships beüween 'bhe gaseous envirorment,

and gerrninat,ion, and a"lso the role of the inhÍbitor¡ mighf,,

be cf some assj-st'anee ín explai:ting thÍ.s 'oehavíour*

Before ca"rr;ring out, the mai-n body of the inrrestiga-

tiorr, eertaln inconsÍsteneies írr the germiilabilS-ty cf the

spÐre sarn;o}"esu involvi-r.rg storage condit,j-c¡ns, required atlen-

t,ion" These are d-ealt r.:ith Ín. Part, I" The effeet,s of ca¡:t¡on

dfoxieie cone:entration and or{ygen supply, are treated in

,?art,s fI and III respee'bively" Fírral1y, j-n Far"t ïV, wit,h a.n

asses,snÌent of the inJcr:nation- gathereci from 'i:he previous

seetions, together with more d.irect, evídence, an" at,terrpt is

made to in''cerpreü t,he problen of wlty the genniration of sub*

rnerged spçres is red.rreed.



YIETHODS åi{Ð I'î&îERTAÏ,S

The Raee $6 eultrire of ured&spÕres of ft¡ccinia

_gqgnj.n:¡::q*tÏ-itiei Es"iksso 8¿ E, Hennu was originæ.Ily ohtained

fl'Gm a welL*isCI1ated- pustule and- gr"Õ!ûn cont,inr¡ally on }ittie
CIub r,¡hea'b (TrÍticqry comp%rtr;S Host," ) und_er normal greenhouse

eondition-s. Tiie genetíc stability of the rust, eorlee*Íon-q was

r,est'ed. periodica,lly on lhe standarel set r:f tarelve differential

hc¡sts" Bot'h the ru"st, materi"al and the ¡¡¡k¿eat, seed, were ki,:rd]-;i'

provided it¡r the Ðo¡:inion Lak¡crat,e¡r;r of Flar:t FatÏ¡ology, Fort:

Garr;r, l/ianitebå"

ÇoI1,ry!èan_gt the SpeEe{i-"

The s3;ores Trere eo3l-eeted" dai.try wÍttr a e;relone ha.r-

vester, whieh ís sho?¡n díagnania.tieally Í.n Figure J-" ft ec,n-

sisted of a !0 ml" boil-ing-tube (¿], a tlro-hole ru.bber

st,opper (B), a.nct intake tube (C] ç¡i'eh a Z mm bore, ancl a

$ mm ou.tlet, tube (D), r+ili-cLr +¡a5 conneeted wÍth rubber Èubing

to an asp:-nater FtmF. Tube (C) extended- abouS ha]-fvra¡' dç6'¡¡

tire side of the boiJ,ing*tube, and ç¡as bent to an angtre of

abouÈ l+5Ó (ef), so that, the spor"e.s ïr¡ere d.ireeted downr,¡anels in

a eircu1a.r direction a$ they were drarm j_nÈo the boiling-f,çþs.
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frre tip (c2) vuas sligkrt,ly fl-atterrecl harizont,all;r. The outlet
tube (D) d.id not extend as far into the boil-ing*¿ube as (C),

and wa.s flared at the Ínner end"

-tdhen th.e eollectcr ¡-¡as at,taehed to an aspirator punp,

the veloci,ty of the air'passin6 thr.augh (c] was sufficient to
tarry the spores int,o 'þhe boiiing-tuhe; here the drop in air
veLoeity broughf-, abou,t through the increased- cross*seÕtiÕnå.1_

ayeae eause<l 'bhe spores tet l:e preeÍ.pi.i;*j,ed to ,c,h.e bot,com of,

th.e ti¡heo

Sroe}1e tiqn_ Te cfuu{,ue,

The apparatus illustrat,ed. in Figrx"e 2 assist,ed in
dispersi.ng the ÍRoeu]-u¡n evenly over th.e surface of the med_ium,

sc that the spores were r+e]-L separa.ted fz'om eacÌ: othex. tc

faeil"itate courrtingo This was aceompl:'.sh.ed by uíbrating the

spÕres through a ffne eopper gau-ue sereen and arl_owi,ng ttre

spüres to settle ont,c a rotating ;oeÈri dish"

{ t:ananereia} vÍbrat5rr.g tool- (a} rias fittect with a

metar cyl-irrder (s), to the bot,èc.m of ¡¡kri-eh was solclered" a

cirç1e of gau.øe ser"eeníng" A tucntable (C), such ae that, used

fon ringS::g miereseepe sti-de.$e wås plae.ed dtreetJ-y beneath *he

vib:*ator. !ühen air eury'ent,s eaused the cpores to drÍfù, it
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Fr9 3. D,ogr.rrn

lnoc u lot ron of
of oppo-otus us€ d fr. t he

ure,jospores. see text. fcr- delorls.



TÂr¿¿-q somet'irnes founeì convenient, lo enelose the area above tire

petrâ d:ish lqith an inve*bed_ polydhe.ne eontainer (n)"

To i¡oeulate the med-iwn, the spores were placed in .bl:e

eontai.ner (n), trre turntabl-e and petri d-isl:r were set, j¡ moùÍon,

and the Ëpores were subjeeted to vibrs"a.tiori for fåve tc fif*een

se0ond,s "

No significant differenee i_:r final pereentage germÍna*

t,j-e¡n r,ras fourirj betr,reen spores rtvibratedt, j:¡ the ahcve me,nnetr,

and those clusÈed. ont,o agar uii;Ïr a camelts Lrair brush.

Itlot,e 
"

Both pÍeees of ap;oaratus deseribecl j:r this section

?rere assemh"!-ed ín the Botany Ðepartrnent, U" of lii.

G ertû igìa t i on_lq orylé'h :l o q_q 
"

i'i.any of the germisration trials to be reported here r¡ere

earrj"ed out in a grruwth*ehaml¡es" nhieh. pnovided u-iaÍform eo¡rdi*

tíorrs, These s'¡ereå

l,ight ea, 2h0O f,Oe¡t-eåndleso irtl:en exclusíon

of li-gkrt' was desjr-ved, the gerrninatíon vessçl-s id€re vryapped jn

a.l"umi-num fq:ii,

Temperature É-66q Z0o 0 + a*ZS

Hu*ridåty 65"Å + Ê Relat,ive HumidaÈy



ljg.t-g"

By 'i:he fol1owíng te¡røs which eppeår througliout the

w*w\;.0 the eond.itíons i:erplied aree

frFåain agas"rf __

Co¡ttPositione

tÐiJectr egar 7,5 g

Di-st,i11ed v¡ater LOC0 rirt

fhe agar waffi pÕured i-nto $t mI- petri. dÍshes, and u.sed

nof rnçre fhan fou.r hours after preparat,iorr" rn any experím.ent

i:'¡nvol,-.¡i¡g low earhsn dioxide eoyicentrati.ons, the dishes .Fï-eï.e

kept, orrer ZCIØ po'bassimi hydroxide,

E¡fresh $Frrest¡ -- spÕre,$ that had. been produ_eed due-

ing the twenty-four hours previous to üze experfunent,

*r@¡ee _o4 *c-eå g+ë!rîï'S.

Tne appara'cus shov;'n schematically ín Figure 3 was ¿le*

signeCr hc prepare mixtuz,es of earÌ:en dioxide, oxygen, and

nitrogen cf any desired comb'irration" Essent.ially this is
aehieved by witLrdrar+íng a knoro"n vol-'u:rne of 1_iquid frmn a graclu*

ated. eylind,er, creating a pa.rtial vaeuurne Ì;h_en brj.ngj_r,"g the

pvesslr-re baek ts atmospher1.c by adcling the requÍ.red ga.s ,eo

the cylÍnder"
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tl,

?he 'øert,icaJ- gJ.ass ey1Íxder {C}, with a capaeity of,

t"*cr liùers, ancr grad-uated in r0 ¡nr inter¡rals, i.s oonnected at
th.e base v.rith a four*liter aspirato:. bottle (B], c,:n*bainlng

5,4 siiS-phur"'ïr a*id.n .Á. rsf,ine adjustilenl,rrin the foz"rn eif a $0 rrr.l-

gradua'ued }:r:"re'ht.e (D), whieh- 'çøa.s aLso ai;t¿r¿hed to the naín

cylj-nder {C}, pruvåded a rneans of ç¡:!-thdrawjng neås.uyed voJ-¡-.unes

*f aei-cl of l-ess ij:an 10 rnl"

cas'bcn dicxid* is gener-'a-Ì,e*d by fo::ci:ng srir¡:huric aai-d

in'bo bhe filter flasìe (G), contain,ing sciili_*rn. carÌ:onate, by

meân'$ of an atomizer bulb (F) wj-"'r"h a one-way varve u &_ 'rh.e

carbon dioxÍcte :ls evolvede it, is dr.awn into one of the tr¡o
eÍght-ii-te:" aspira'"c¡r ì:ot,i,res (p) over 5.{" sulphuric acid"

tyiinders of coinpres"sed. ni.È,rogen and rx]¡gen, as r+ell

as the ca'bon dioxide supply are coniìeeted bo the ¡na.in sJ¡1in-

der (C,l through i:he iaps (i'), (Z), and (3) respec.bÍvel¡r" The

rnannme'l,e-r (Â), containing acidifieel Frr:die¡s fiirid, opens .bo

',,Ìre nanifold th::ough a three-?råX tap (&).

For prs¡:s.red ox;,rgen and rri.b.*ogen rnixtut"es, an extu.a

s"l;*rage T:o'h'bl"e {A) tras forrnrJ c*n-reni.ent, and. the çoda_Lime

+hinnneys (r g.T) r.re'e add.ed Èo the Õï)¡gen ¿nd. nitrogen rirres

ëi.s å preo¿utio¡r against earbr:n dioxide e*n.i;ar.n:i-nat,ion-" G1ass

'bubing or th-iË1c:*nal-1ed- nrbber tubirrg was i:secl. thryushor:È.



'1 I¿-L

'linee a posilirre p:.e.Ss-Llye î.rras maj-nf,ained. in the gas lines Curing

tlre prepara-tion of, the g*-s :nixlure.9, eûn,r,arnina.tiçn by atnos-

plter:i-c ra:"bon dicxicle was proì:abl;, a neglÍ-giÌ:le factor"

The ger'alLnatÍ*n vesser-s (e) consisted of 6uîÐ ml d.esic-

câ""r,or-s, each of whÍch was bored. to a-cìmi-t a rubber" stopper and

a Fyrex t,ep"

Those parts of the apparat"us ,oha_t u.ere frequenttr-y clis*

c¡:¡rneeted (e,g., cles:i-ccaL,crs aft1 sam¡_._l_i¡¡g-bu.Ï:e) r¡ere fiiteqj_

z,:t .l¡-'r,'n ba"]tf- and, s*cke.i; joints"

F*r ihe anal¡rsis c,f the gas rnirl,aye,ss a Ha1Cane*type

cf ap;oaratue¡ the PF"ffirsr0N msldei ef the Fischey "s¿j.enÈj-fir";

[ìontpany, r'ras ernp[6ysd-' Tts sensi'Li-vity '¿¡as fou:lrJ tc ì:e åppyö]r-

:ma'i;eÏ¿r 0.1 per çent"

Tc prepare the gas 
'nixtr::ieu the manontetei" fh.l_id iEas

drap¡n uË to tap (l+), and re-Level"led- b], admi,bôing ni.t,rogen"

This tap rsas then cL*eed" The gas iines l¡ere fluEhet:tr t:ut 
'ith

lheir respecùive gases and taps (r), (2), anri (3) were t*z-ned

*ff u Finall¡r, l,lie main e¡r)_i_nder (C) and the manijold were

fj-1-l-ed ïrith aeid and Èap (5), at the outl"e'b of the manifol-d"

ç¡as shut off.

the ga.ses r"¡ere dra.um j-nto Nhe main c¡rlind.er one aù a

Èime þ l-o"¿eri.ng the aspir¿'i:o:. bnitle {B} ansi. alr.oï.ri-ng the



s-úid ''ro flcru¡ eir:t of i;h-e cylin,J-er, neanwhÍl_e introdueing srnall

amor¡-nt's of the gas, so that, a ved,uce,l pres,sure r,ia_s rnaintaj-ned

in the cyl-ind-ez'" The liqui.cl fl-ov¡ r,ias stopped ab th.e appropri-

ate lev+i (i.e,, at the neai"ee'b 10 ml inark on the c;rli,nrle;.

plr-ls the an'rsrurt, rernoved through .bhe ï:urette (g))" Tap (fu) r"ias

openerÍ at this point,, and the presaure in the *;rlinder we.s

bnerught" 1ø atmospherie by introrirrcing snal-l ad.ri.iti*n¿ll amou-nt,s

of ge.s" Tl:e pruces$ r/¡as iiepe,à.t,ed- for each gas nequ¿red,"

Tc¡ l¡iix the gases, arr tap,s rrrer.e closerl and. the ey]--

ånd"er v¡as detaehecì fnoru Èhe ïesÈ of 'Lhe appa::atus a.t, (Ì..t) and

(F,ì" flu $rå.s inverl,ed a fe¡g "bimes, anel :re-eonnee.Led. tg .bh*

rnanifolcl-,

the gas mixt,'r¡-re TqTas nÕhr ready foc. ü,se, One or two

j-noc¡rl-a*,ed pet:"i disires i.rere ptr-aeed in eaeh desircateir, and. a

desi-ceator ç'rå.s atj:aehed to a gas*sarnpling tube (R). Botir

T¡rere evaruated. for one ininu{:e* amd eonyrected to the eas mix-

ing apparatus,

ai

ïrio signifieant differenee in fln.al percenÈ¿]"ge ger-
mina*io¡t eør;l"qì bç a{;tri}:u'bed to thi.s treabnenf,o
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The manifold"roras flushed ou-'o þ iurni-ng tap (6i sf
the gas sa-mpling-ti¿þ¡e so ilrat sene a.f the gas mixbure ?Íås

foEsed through i,he manife¡l-d tr¡ the external- air, The ap-

propr:-at,e 'oaps i+ere then turnec Èo estai¡lish eonneetion L:e-

tr+een the desieeator and tire main c;rtrÍ-nder,

Aeid f,rom the aspí::a*,or bottle (B) -was ad_mit.Leci to

the eSnlinder, and i"ihen the p:'essuï.e i*n t,he sys,cen 
"r*s ap*

pr*xi"ma,Èe"ì-;r a'unospherie, th¿e .ma.no¡neter tap (l¡) røas openeeì.,

a.nd a fi¡ra1 acÌjustrrrent r,¡as mad.e. TaÏ:s (6) a.nd. (l) of the

sarnpLi-ng*t'*i:e and (8) of i:he desicep.tor were el-osed_, anct tne

tvrçr were disconneeterJ,

Åft,er eaeh ar¡all.sis¡ the sampling-tuìre was flushed

with airS the d.eniecatoEs iore:.e ¡çashed theii:c¡ugh3_y after ea.ch

geraina.ti-on tniaJ-"
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PÂRT T

TTIE FRÐBLFÏ{ OF VÂRÍABT],TTI. Â" TITE ffi'F]T.CT O!'
STO&AGE ÇOi{ÐrTTfi}I.s

ia'L the ou,t'se''a of inqr:s"bigations of ge:nninaÈiçn und-er

çarious eonri-it,ie¡rss we were confrontecJ -Þy variati,ons in the

sp0re sanples, sueLl thaÈ the pereentage germinatÍon varied

frmn fifty to nin.et'y*nLve* unaccounÈable var..:Lat,ic¡n.s of a

simils"r natilrç have alsc Ìreen çr:*ç¡rrnter.eei by other ç-¡orkey.s

(2, 3, 19, 22, 26u 3T).

"41-tesnativel_ye in ç*lne experiments the contrçl-s aereerJ

a-itirin around one per een1: of each other"

It was felt neeeösar;r to devote some tjme to Èrying

to 'brace 'üh:is scuc'ee of va::iabil-it,y, beeause i-f {,here ís a

¡narked d-i-fferen-ee ber3s¡e*n tkre ÊEcontrolrr result,s i_n essentially

sj-:nilar expe::1-mental- conditíons, it, is invalíet to at"trtbute

any resu-lt ob'bained to '¿he factors being t,ested and. no com-

pa.z'iscri ean be macie betr"reen experj¡aent,s"

À number of factors -w.-ere studied r¡ith a vie-r,r t,o redue-

ing t,he lange err.Õy vani-anee3 suekr J-iketr-¡r ones as age of

pustu"l-es, tirne o.f day tha.'o tele spores Hez.e colleetecl, position

*rf 'h|¡e pusàrile on the lea,f , dífferences between planfs,



ciifferenees beÈween J-eaves on the sane plant, g-:"eerrhr:r¡se t,em-

peraturel ¿.nd humidí'byz dr*ring spore format,ion, ?reire all founrå

to be i,¡íthout sÍgnificant effec+" urrder the condit,ions of this

series of experùnentsn

The follorr¡ing experi_:nents ?rere cam:led ou.t" Ín an aù*

føapt, to dete¡:nine the particular eondjt,i-q¡ns of storage a.nd_

gezmination- tiraí eaused'Lhis varj-at,j"r:n,

Exnes.irnent, T, The Effec'b of ,storage Conditi-ons
And" 1t{jxing on Pereentage Ger¡rinatåoi:

F:'esh spüres frorn fçilr lax.ge pla.nts were bu"Lked and

divj-ded inÈo t'ç+o Iots, Â anci B. Lot, A r.ias mi:<ed therroiighl_y

t¡ith a camelts haír brrrsh, while Lot B was clisturbed as 1it,È}e

as possible,

Samples frr:m À a¡d B were shaken diree'N,J-y onto plaí n

agar and ke;ot at, 20(} e "

L
Temperatures tesÈed--Bso F ancl 55o f'

á

R.elat:lve Ì:u:niriitie s**SC-f, ãrld T 5/,
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The remaining portions of /* and F were agairr sub-

divåded into lots C, D, E and F, and kep't, a,r, 50 e fe¡r two

d.ayn" Àt the end of this tfu¡re, 0 and E (frexn tà anrt B

respectively) were mi;ced- 1,¡6ysr.lgh1;r, -,*hi-1e D and F (from A

and B) r.¡ere left unrnixed" ,41 and AZe futf- taken from A, and

selwing as controls on the treatments at 50 C, urere left
slanding in 'che la'borat,or)¡ àt approxjma.t,çfy ZAa C for .bwo

da¡rs* Sa'np1es from al-l t,reatmen'L,s y..rere "bhen shaken ont,o aqaE

and- ger:^nina*,erJ at 200 C.

The::e were foi-rtr :.er:1i*a.Les, tlrat Í-s, fsrlr pe.bri disl-les,

f'on ea,cir treat¿nent,"

?ne resulis as'e srrmmarized diagrarnaÈåea3ly i-n Fi-gure

It'

Fz"esh spores, apparerrt}.;r, lrere highl"y viai:Ic anrl

-uni.for¡n i-n their behavior¿r, r,r-herea.$ those that had l¡een

stored" in the :'efrigerator exltíbited a sågnifiean'uly lower

peree'nt"age germi.natiçn, This deereasee fuy'oher¡nore, cli-d not

oetur uniforrnly '66s"çrr-ghout, the sanpJ.e, sj-nce the reptrieai;es

frorn umni-xed samples pÐsse.$sed a h"igher standard ertrelro

Heterogeneit;r i¡ this ease corri<} not, be attri-Ou-ted t,o

growing eonditÍerns, sinee there was no -signifÍcan'c differenee

be¿r,?¡oefl .a and B, br:'i, mirst have ncci:.rrecl after removal from the

planÈ"
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There ?ras no sÍgnificant differenee betr"¡een C, D, E

and F, although spores that had n_a.t, been mj*xed. galre moîe

r¡aria-b1e results o Cs Ð, E and F, h+wever,, were all n.ot,ice-

ably l"o'r+er than å1 and" An,

Sinee there Þ'ia-q no sign|fieant reduction i-n pereentage

gen'nina.tion after two dayst sto:'age uncìer room cond,i-tionsu it
r"a"s eonelud"ecl- that a la.rge part of the varia'l,iE¡n o*earreci. after

aolleetíon, and r*as probabS";r assoeiated v.r"ith ccrnditj_ons in the

ref,rågerat,or"

Experfunent TT" The Effect of ,Stoz"age in The
Refrigerator

Allen (2), r,¡orking røittr Raee 16, foirnd_ tha.t, protronged

sterage tencled to d,eerease the rate of germinat.ion, and to.i¡r-
creð"se the tíme required- for germínatíon to commeneeu simil_ar

effects have been not,ed i-n this laboratory, 'bu*o frorn prelimin*

åry experS-ments, ít Has for¡16. tha.t, there kr-as no direct, correla-

ti-on between age of spores a.nd decnease Ín vj"aìritrity, up ,oo

around si*x months" (r'igure 5,) rn some i-nstaitces, there was

a sì:ar,r: red.r:.*tion in pereentage gerninatinn aftex. as l-ii.h1e as

tr¡ç hours i¡r li'le refrj geratorS on" other oeeasianse Iit,ule

change occu:"red ovetr a period" of ten day;so ll,i:en succesçi¡¡e
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såaples Ì"rere rdithdrap¡n from the $amË spore col-l-e.:t,inn (Figure

6), jtt, -was fourrd that, after an ÍnítiaÏ :.apid reri-uctian, the

ra'be of r¡hich seerrred to vary consj-derably be'lween eollec-bions,

a rúoïe or less constant leve1 w¿,.s reached and maj-ntained over

a pe::iod of rnonths 
"

These obserirat,iöns seerûed to indiea-te 'ühat s,nme easual

fac'bor, o:' faetorsu a-part frorn aging pr"çresÉies alone, r:a.-e

responsible for the v'edu-c"biern in gerrnj-xratj-ein, whi-Ie the dp.ta

frorn ,i4:rperunent, r n'ould sugges'rj that ,chi"ç söurce of -wariabítri_l,y

*or:ld" be eonneeted'v¡ith s'tora.ge j"n the ref:e.igerat<lrx*

The foltror¡ring experiraent r¡as rjesígneci t,o ecnpar"e

spee:-fíea13-y 'bhe effect of stor:age rurclez" rosm *ondi-{,íons and

jn the refrigerator, a-c Hell as combj_na.bjons of .Lhe ti^ro.

Fr.esh spores r¡ere mixed thoroughly, and, approximately

eo,ual quantities Hey'e dusted evenl;r over the bot,tr:ms of 50 rntr

glass aontaj-ners, øhlch wei'È erverecj r,¡ith'ç¡s.:t çh^¿Las"se-qê

The following tneatirien.bs, wí*h five z.eplieates for
eaeh, 'rìie.:¡7. ç,arrieet 

'r:.ts

Á"n s'çorecì ín the ¡sfT"i geråtor for

B" sf,ored iyr ih.e refrigera,çor for

*xposed "oo roê:n i:emperatut"e for I eÌay"

C. stored" at roo¡n Èem.oeratuy:e f,or

days.

da;i", then

2 d,ays.

l-



þ" s'bcyeci at rclorn ,cemperaÈure fo¡: J-

p3.a.ced in 'i:he refrÍ-gerator for L eiay

those kepb, unrJ-er roÕm conrlî-t,fons were

eupboax'd, wi*h a ternpera'c,uye of ai:proxima.t,æly

da;r, l,hen

s'çored in a

?3t] c "

TABLE T

THE M'FECT OF STORAGE CONDTTTOÀIS Oi{ PERCFIüT.{GE G,UR],ÍINATION

Treatmer¡t,
Reptr"ieaÈe

CÞ

B6

B?
Bir

yq",

Õ\

B8
R?

B6
on
YL

R'lvl

(r¿l

90
^lYtl
AU

]

lt"

)
lvlean

Pereentage 8g "o
n 3"3 8V "6 2,8 8g"B g 2,6 88.6 + 3.2

i'fo" spores
coi:nted

a^C)
I 4t) ()t f {"r

The percenåage germina.tion of the spÕrës after esllec-

t:lon, a¡rl before stcrra.ge, hrê-s 96r\ t Z,A"

ConLra.z:y to expeciat,ion, there ciid not å.ppeå=. t,o be a.ny

signi-fiea"nt ci-ffeïenee in pez"eentage gerrnÌ-nation betp¡een. anlr

of the four treatnents, Á".i-.1_ f,or:r treatments, h*wever, gave

signifícanÈly lorirer resul-ts tha.n dic,i freshl¡r e olleeted sp+l"rs.

]-n Exper:lmenl fu i'b was forrnd" tl¡-at, a redua.Lion in

gennina"tion resu-lted ruitir s¡hrr€s kep'b in ilre refrigerator; i.n
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this experixen'c, tkrere appeared" to l:ie ylo differenee betp¡een

rc¡oin and re.fri.gerator s'borage, a.lth*ugit i:cth y.ielded a lcn¡er

per'eentage gerruinat'ion 'i;ha.n ì;Ì:a-t *f fresh sp*ï"eso

Tt 'n¡as eanelu,åed th;rt sorne factor (or factoz.s), røhieh

1cå.s åss*cíated p¡åth stcyage in. 'che refri"geratcn most ef the

t*-me, buf,, onl)¡ casualLy conneete,j. wj-th room eond:l_tionse tras

i:ending to reduee Èhe ganniirabilit¡r of the spÕl"es 
"

ExperSment III" Tne Effect of Light,, Druing
Stora.ge, Upr:n, Subseqrien't, Germinatior:

Tn exar¿j-ning bhe p::eviou_s two exp+r:-rneni,s fcrr any dis-

crepanci-es in condåtions tha'b mi-gh't, aeeount fe;. the r-eeÌr:rct,ic¡n_

ån pereentage germinaùion with roo¡n storage in Experi:n*nt rr,
bu.i; no-b i-n E"xperf-ment, T, i'L e¡ii-.]_ be not,ed. th.at on1;r in the

former p¡e::e tho eonta.iners lcep'i-. in the elar!;,

The effeet of ligirt on dr',ø sprre,s is gene:"alIy eon-

sj.de::ed to be inji:rious, 'Lhe effect æ-pparently being a. fu.ïletion

of the l-j.giit irrtensity and isave-l_engtþ du"ration of exposu,re,

type of spore pignr.entat,_ion", an_d, of th.e speeies u_nd.er sti"rd¡'

iT, B, L?p Lgs ao, 383 5i+)"

Tì:e ar:l"\*on of 13"gh.l:: h*r¡eoE*::, *:ìoe,t n*t. a.Lvta"nrg åppear

tcr fol-}or": a simple reiat,iørrshí-p"



/1

Ec]-1e3r (f ) formå 'tha.L lireejfjsporeF expased in i,est*

tubes t,c rìireet sr-rn]-iglit for one monlli sh_æted eni..v fif,ey peï"

cen'L genrij-na'oion, r.rhile if ì;he test*tubeÊ T{eï.e }tept, in 'Lhe

shade fov the sar*e leng'th of t,ine, they retai¡red .t,hei.:"

viairitr-it¡r. Tn a late:. påpeï, hr).inier"eï¡ he :.e¡nrt,ed- t,hat

spÕre.q eiçosed" to direet srm3"ight, for trr¡e1ve rla;re gç.irs

eiglt"L,¡r 'to nne hunrJreC per cenil gerrrii.nat,i.ern (B)"

Coehr.e,ne (fe ;, ¡"¡er::ki.ng røi'rkr lþg3g*.*_i#* 1lrrcg.933þA,¡

obta'inecl. a ma"rked .reduc'Li*rr :lrr ge:mÍna-tíoxr after oniy th"r"é]e

holtr"q of trÍght, exJ¡¡surÊ {ca" 3_000 f *e *}, trr:-t, no signific:ent

redr¿etion. i:r germina'ri-rrr e.fùer" shor4, expûsl)re pe¡:i ocis l¡hen

'Lhe spores t,ùere kept, i-.n 'i;hj"n-ualleci glaos phials"

H?üang (l8i noi:ect- that urr:dospo::e,5 eppeareci to kre nöre

resistant, to liglit afÈe-¡: stora.ge (atthough t,Lre r"esrirts r¡¡erç

ne,t ecr"sj-st,ent,), anqj. t,hrat, sa.mples covered r¡íl,h cel-l.c,pha-n-e were-

mo:'e resi"s'r,ant 'bkrå.n unrovered samples tç: f,he cii.rect, a.ct:ion of

J.ight. A sirniia:" observa-tiorr has been marle ín i]:is labo::a.toty;

it rsas fo'und tha-t, wLren .f,:.esh $pore.$ ç1iere e:{peìsecl tc f1uou.re.s-

*ent iight (ea. 1000 f.c.] in operr *cnt¿iners îçty *,-u,,e d.a;u-s¡,

'che subsequent' percentarge gefirrj-ilatiorr r.ias ern"ly abolr-t, .t,er: per.

cent; on i;h-e clher lianel, i.;iren'bhe spÐTe,s i,;e:.e k;e;:,ç i.rr co-¡erer-i

glass eont,ainer,F, Ðo signi.fj=r:ant rcd.uçtioy.l j-¡r gerrni.na-tion, a__q



oermparod wil:h that, erf fy.e¡ch sp6,rese wa-s a_pparerlt,. The ¿.larve

resul.t,s çioul-d Ðìr.ggest ti'ra-t t,he physir:l*gir:al ccrrd_ít"ion of the

spÕyese anri perhaps alsç, the ¡iltra*"rj,oje.l, ligh.t. jritensity

güverrrs tlit: reactic¡n of ihe spores to 1j_ght,_

The ensriing experjnreïr'1. l,ra-c ea::r:'i.er,j or¡,i; .Lo determíne

to,-hetherbhe exc-l-r:sion of )_igh.t, rshj-cii- r.¡a.s tl¡e câse i¡rí.Lh re*

-f:"i.ge:"a.t,or"" storage anrJ under the roo¡n conrlitions in kpec,i¡re¡rt,

TI , ma.y, a_Lso be resporisS"t¡l-e f,'c,¡r a reclilclion :j-r¡ gerrri_na.tron"

Simila:: sanples of fr.esh spæeLq were dusteci evenl;l ovez.

tl:re hotùcras of 'L,e¡r 5û ¡n¡n peür:ì- elisLr*s" The rids trere re¡:]aceel,

and five petri disÌres we-r-.er er¡råÍrped in a-l-tmlir"ri:rn foi-t, and fj_ve

were lef{;'ir:rwrap;;ed_,

The cl"ishes ?rere p)-aced on a la.bora.tor¡l ber:ch, ur¡d.er a

hank a-f f,luouvescent, ii-gbrt* (ca" tÐ00 f .c.), for two da;rs, r,.t

the end of tÌris tirre, bhe eont.ents of .i:he diçhes uere m.j.xerj,

øith a earnel's hair b:r.r.sh, a.nd sarnpr.e-c î4rer.e genni.nat,ec on plaÍ.n

agar at, roal temperatri¡"e {,?2"5Q ç.tr 
"
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ï{elo,r: Fercer¡taqe 89.8 9¿r -8

Tot,al- Irio" $pores
Counted ¿u-1() 995

Usf.i:g tþç tlf* t,est fe¡, the *mnig:ari,sör¡ *:f unpaÍ-red

difj'ev"enees (Fisrrer ig38], å çrter vaLue øf ?,33 was obt,arÍrr.erì,

v¡hi.eh w5.'i;h eight d"egrees of fr.eed-eme r¡ra.s ju_st signifieant
eLt, the five per" oent Level. Tt was eorreiuc-ìec from t,ìris thai:,

the redu-etion in germi-natÍÕrr often obserrred duri_ng storage

was probably associ"at,ed, direclly ov. i..r¡directty'e with ab-

sente of ïi.ght,.

The apparent djsere¡raneies in the lrtera.ti¡re úon-

eerrd-ng the effeat of J-åght, map perhaps her asecuntect for by

attendanr! vari.ations in other. fact,r¡rs, such as the amoru:t, of,

air cireuåaå:i.çn aÎ-rou{ the sampLe, and hy th-e faet. that the

çf,fect of cl-arkneËs.u åF **ell. as 'r,he efteet, of li-ght, must be

e onEid-eræci.



7A

THE FRÛBI,}äV] ÐF V,4fiTAETÏ.TTY. B" Tifi þü'}'J,J(IT O}-
GEAi'i]}]/"T JûIi CONÐTT Tüi\jS

rn the prerrierr.ls seet,i-on, tne suggestion was matJ.e that

a l-arge parå *f th.e exp*rirner:.Èal er.ï,otr oecurred durirrg tlie

storage of the sporese r¡¡hen ,stand"arelizeei conrlitj-or¡s vlÊre en-

pJ-o¡reel for germS-nati*n,

?he rersaining port,ion of Fart T qee*ls wi*,h what r'as

su"bsecluer.rtl"y found. to be the rnost inportant -qûìrr'oe o-f varj"*

abi3"5 ty in 'che e ç¡nt,rol-s r*'!rer:r st,anda.rd:Lc,ed gexminat,icn. e onci.*

'i,ior.¡n +¡ere not, emlrlo;red.

ftrpe:.iraen'b jÏo The Effeet, of The fnåtial
.Agar ?empena"t,urç Gn Feneentage

Germir¡aüion

The opt,in'rurn '[ernpera'Lure f,*r" the gerurinatiçn of u."ecì_q¡*

$p(:rês *f ¡¿osi; raees cf whea-È stemrusd genenaltr-;r ries o*¡åthir¡

'Lhe range from *en to tweni:y-f,i'¡e degrees cent,igr.ecl.e (1,.0, 55¡"

rt has been not,ed, here tlut Raee 5é uredospôres wiïr not. ger-

mina-te a't, 294 t,, a-tthough they ean w-Íths.t;and thj-s +_,rea.trnent.

for a.t Least. eíght h.onrs;, ç+ith a high su.'bseqìtenÌl percen:bage

gerrnina't,Í-or¡ a.t l"oi.¡er terrlpera,tures 
"

Tnste.ne*s krane heen neee,rded wh,er..e brlef exposu::es .b*

extts*opti:rra1 Èemperatures, fol_l r:p¡eeì b)' more n*rrnal eondi.üior:s,



Ë)çerh a deeidec effeet, upon the rörlz.$e of gernina.Èion *

Duggar (ZPi ancl Eriksson a.nd Henning (Z$), worki-ng

*;j-th aecitliospores of Pwelgúq. cËes.Ê¿g, tøunr). that; the high-

est, pereen'cage gewr5-rratiûn ?Jå,s obtaÍned kry placing the spüres

fç,'r a- time on me"ì-t,ing ice, tkren sou-rrrg tÌ-lem on waíer* The

nex'r best results r.rere obtair¡ed a'j:en ,che spores we3.e soakecì

for three hou-vs at JCI c" Th* poorest eesul-ts were secured_

øhen 'hhe sprres Þ¡ê:re sôrvn direetiy a"{: :"oom i;ernperatuz,e"

simíla.r resrrl"t-e erere formeì. s¡ith u:"eclospor-'es, -ï-n viei,i of the

re-sul'L,s chrta,ined b3r ålT-en (?), j"t r"¡oulci ê.ppeê_r j-1kely the.i;

tire temperatu-re effect was confourrcled with that, n¡ rrp3:e-

soakingtt, wl¡ich ha.s Ì:eer.r shor"nr to rargeJ,y overermÊ a Eor¡r-ee

erf inhÍbiÈi-on"

Ði*ki-r¡son (16) Ëiåbjeeteel genn-'rnati*ng *redospones an<i

Eqysipþe grarni4,is conídia to risi:rg and" fal]_j"ng t,emper.atr-lres;

no si-gnifiean"b dífferenee in percerrtage gexnrÍnation r¡a.s ob*

ser-ved +¡Lren 'L,he $pffes r+ere plaeed in a refrígerator, the

neeha.nj-sm of whj-ch ç¡as tì:en tucy?ed off, ancl the tempeya.tur.e

Hå$ a1lr-ra'ed t,o :.ise from 6Õ C to roøn tenqrer-atr¡"r.e cvernighr.t*

Î¡Then 'che rever-qe proce.s"$ was execut,ed (i,e,e freim rorrrn lemper*

ature j,o 6Õ C), tne spÐr:..es fe.j-1ed to gernina,r,e,
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Raedes" and Eeves' (l+g] found tha.t b;r tr.*.nsferring ,¿:,ede,*

si]o*es af Ft$gln,ie g]".qryiarunrc I" ggg.ni4i.*, and F" tr:!_:b:!.ci.le aft.er
e-Jl gerrninat'i-e¡n Lra-d eeaseqr at" ågt c, to 9 r:r l-0ô c, f*y. ferrtSr-

e5.gh.t kror¡r$ r"'esult,ed i-n rene.r+ed ge:sni-na'¡íE:"r.r" s:uniia.r3-;r, t,h,e

fra-rrsferci-ng of sliÇres frorvi fyeeairrg*p*irrt, to rosn temperature

resalted in ¡ene¡red gerrnj_na-tiol-.t 
"

Doetge (ar) and ,shear ancl Dodge ($l) were suecessful in
breaking t,h"e dorrnan+;¡ rsî Áse*boLus and, i'frniSi-a spores by sub*

j*et,ång ihe ånoe¡.i1a"tecå rneelta. to ternper.atures of over zïa t.
fei:' h,r"ief per:lods 

"

Gocìdar"d i31) uas eble to s.,crinul.a.,r,e gernri.natj-on of åscr*

$pores of' I'leyrospora sj-top.þi3^a, by a sj-rriåiar methsrd; thris

r,¡orker found-, noreever, tha'a the effeet of hea.t, aetivat,ion

ecu"l-d. l¡e reversed by pl_aeing the spores und_er anåero'rrj_e e6n*

dit-j-ens or in the presence of eSranÍ-d-e, and- that, react,ivation

oecurred after the spores ?rere exposed on{:e mÕtre to high te¡n*

peratu"re$,

Cnrran a¡C Evans (13] foru:d .hha.t, e

fcr ten minutes resu.I"i;eetr in .bhe ae'çi_vatic¡n

ntmber of therm,c¡-t,olerant. baet,er.j-a,

Coehrar:,e (il") clbtained an jncrease

urecìeispr:res of Fhragmjrdium iìtllqrggåÈlry Ði-rerr

t,e¡nperatrere erf 95Q C "

of the spores of a.

i:r ge::mi-na-tj-on fûs.

the inereul-at,ecl



rra.terial Þüa.s kept aþ 27û Ç, for ten rni-r¡utes" The r¿aximu¡rr in.-

eïease oeeurv.'ed. r"'íthin eight. hÕurs cf soviirig; after f,srent,y-

fcrir hou.rse the tem¡rerature treatment fail-eci to s.f,j-mril,ate .Lhe

prË(:es,s e

Âgar plate$ ?rere left ferr t hree hours a.fter prepar.â_*

t,iorr a1; lhe fol-lc'T,rír:g ternperatures e 5o u 20tu and Zgo C. Eae]:

plate ç¡as t,hen j-nçeula,ted" qui-ekJ-y with 'bhree and one-quar"t.er

m*nth old spnre.s, ancl p-Ì-aced at, ?fiÐ t,¡ gewr5.na.he. 01-rJ. spores

'¡'¡eire useeL sc that. an¡r Íncrease in pereenta.ge roroul_cl be re-

eor<ledg '¡'{ith. f,re.$h spores, the pereen'h*ge *f gerni-nated spores

alreaeì";' a"pproaehes j-ts top lirni1,"

T,qBTÃ TIT

THE EFFECT OF' AN]TTAI, AGÄR TFÍVIPT,;RATUR]tr O}I FTT{.AT.
PERCENTAGE GEAT"II I{,AT TO}i

*
ReplÍ.eate Ini..tial_ Teyn'r:eratr¿re

Irlo 
" ') (\) 
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To surr¡narize, ev5_darlee ?¡s.Ë presented f*:. the fo3lov¡_

ing c

J-o Plaeing ured,ospere$ on chillecl a.gar (!t C,), and- al_

I-oi+ing tì.re iempera.Èuc'e to rise tc 2c,o c,, resultedl in å såg-

nj.fieant, clecrease in percen'L,age ge;nrination, as cûrïrpared tcr

thcse rnaintained. Ín 2CrÕ threughout, the expe.i:J;aenÈo

2 o Plae ing uz'ed-aspores on r{asïTì aga.ï {z96 c" } a.nef a.r,ls'¡*

i-rrg tire temperature .i;o E1¡ç,:p tÐ p0Õ, pyodtr-eed a "signifs-eant in*
cr'Êase Ín pere.enia_ge gerrnina.t,ion.

Tne aborre re.$ul*;s âppeâr t,o conf_1..j-*t, w:lth tkre .finelings

of, Erikssr:n and Henn*-ng (a5) an¿ Ðuggar tee¡, who found tha.t

pre*ehr11:ì-ng i-nereased germj.nation o The great,er vaz'j.ab,i]-ity

assoeiated nritir *,he pre-chi3_ling treatmenf wc¡u1cl. suggest, that,

either uneant'rni-l-ed factors exer{ a more crit.iseil .Ín_fl"uenee at,

this i;empetra.tu.reu The ad-vers* effeet o-f chilrj-ng, incidentally,
h¿¡-s been obta-i.ned r.ii"tkr spores germjx_ated, on dj¡t,ilied water as

l¡el-1" as on ãgare and çúth sprres subjeeted. to dÍffere.nt. trea.b*

ment,s o '

Ä f irst applexirnat,ion of ti:e t,jme recruired. for the

Èemperature of tì'ie eontents of the ,oetri d-ish ,ac corne t,o

equ53"ibz"ir:m ç¡j-th i"he 'bernperat,r:se of 'bhe growth-ehex,"Tter (zoó c"i
ç¡cnl"d- be a.lm¡nd Èuen{i mÍnu.tesu suggesÈi"ng th.a.t. the resìclua1
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effeet of the i-nitial temper.af-,uye j.n,"'civeqg either a phys:!-ca1

plrenGmensme 0:' a process of an enz¡nna'c,i-e na.bureu rn either

evenÙr the initj-al- treatmenl had important conseq,'ences on gre

subseqr:e:at, behavicvur of the spore, and eonstitutecl_ an_ ea"sijy

overiooked, source of err*r*

DISCLÌSSTTN ÁJ\îD cONcLiJsrO}üs

The ae'b:3-v:ity of ma-qsi¡¡e sanrpres of spores d.*rj_ng

store-ge e¿ln perhaps ?:¡e dlvåd,ed intCI trr¡o phases¡ an jn:lÈial.

rapicl s"edr:et'ion ín ger:rri-nabíli.Èy, usuaxry oceuryíng .r"rithÍn a

ferr days, and a more rr less ecnstant ler¡eJ-, la.st,ing for
periods of up to a" "l-enst, "çix me¡nths, in whíeh seventy"or

ei-ghty r,'er eent, of the spore$ retain the abil:i..ty to gernrinate

under s'ba.nd,arC conditions 
"

The lack of correlatÍorr be'r-,r¡een leng'Lh of storage t:-rne

ai'rd percentage gervrí-natiçn recorded. in Figure 5 o,ra.s pr*babl;r

di-re Èo the marked differences beti,¡een inclivj_dual coileet,ion,t,

and tc the sensiti'rity of the sporese befcrc+ gerrrri_nation, to

environmental rii-sburbancee oecasiorreci ìry ::ewcving sa:rrpies, ex*

p#surÈ to vr¡orc conclit'i*ns for varying tr"engths cf ti-nie, etuu

b-]ren -bhe ecl"'ì e*i::i.r.:n$ T,rere ke;c"L i-::r. 'L,he refrigera,t,or ecntinrrally,

and the cnnte¡lts dis,cuyï:*d a-s lj-ttle as possíble, a mÇyÊ cotl-

ni.srt,ent, trend wå-q seen (Fig" ó)"



I¡flnile fa*tor"s sir.eir as Èhe depth af tlre incculun ar:ri i:hr:

i¿aÕil-ni: of air ci-rcui"at,i-ervr about, ùne :;ampie proìra'ni¡r aceoi.rnis

fr¡r Èhe *bs*r'rred differ"ences in iredu.o-r,i on in ger-rni-na_t,i.on of

va-v{-or":-s coj-1er:tions s'bcred. in 'che refrigerato:", th-er:e û.¡ã,s Rö

di:¿"+ct evÍclence ar these ¿g$uiiptions " Ttrere r{îð-s evi¿ìencee

itr:lrever, tha'b sic-'::_irg sanpJ-es i-yr c1,¡*ed *oïr.i;a.ine:-g j,n fi:e s.Ì:senee

*f light, res'ul-ted in dee.rep.sed ge:r-ro.i_nabili_t;r, å$ cúm.IralferJ ç¡ith

i;hçse eri:*secì to a ]-igh'{: i,ntensity af B"round- l0oo for:t*canil_1Ès.

r'b r¡ril-l- Ìre ob¡*e*ved 'Lha-t ùhe sl-rores *re n*t necessa:".!-ì-;rr

kil"j"ed ?ry s'tor"a.ge tre¿¡fuien"t,, bui oni";* inh1bi.be,:Ì from gei.rr¡inaÍ;-

ing, sinr:e 'bhis effec'b can be ]-arge]-;u *vel:cÕtì1e by a 'bríef ex-

p+s'ì:rre to tem-oenatu:r.es o.f' a.rould Tgt C"

Á.llien (2i not,ed- 'btra.t, ald- sp*iie srliectie¡ns gert",iinated

r'rj-th rl.j-ff:ir:ra1ty, and r¡itli va;riatrle results, bu''¿ that j-f rneas*

ures ì"Jere 'bake¡r tcr :reao¡re the inhihitoir" (e,go¡ h;r mpre-f3r_ra'b.inge¡),

a high percentage ge::nina"t'i-E:n was reaehed. r't, .seens lÍ-<e]-;r that,

.+"b l-ea.st some cf, -L,he phenomena noted ab*ve can alsc be attribgt,ecl

to the activi-t¡r of a self-inhibi"coy or i'¿s precuïsotrs"

fne irymes'iiat,* aim ctf ¡:htajning l:eåsona.bl;r unífazrn .spçee

sam¡:l-es øs.s aehieved ìr;r irsirrg spore.s ¡ct r¡o::e than on.e week *1.d.,

a¡hir:h ha.d, been Left in con*aine::ç covered, r,úlÌr a watch-g3ass at

l:öor;r tenpe:'atures, in t,he presen*e of lígh{, o 'fr:læ theoyetice"l^

äi".sireots af *;he problern, Ìro¡¿reve.y.¡ reraain" obsÇi;rç"



Ff¿RT II

TfilÌ ffi'IrEÐT ,3F CARtsON ÐIffgItE tOi{CENTRiàTTfr¡l
Á.o loT¡ ctït0FifTR,{TïOlis

.4n extev:na]- su3:rp1;r of carbc¡-l d-io:cide apfleP,-T's -br: be re-

qu.-'Lrerå by a nrrnbe.r of micrr:or"ganisrrrs " Frobably the firs'i;

dem.onst,ratj-on of the sti¡nrliator¡r ac"r"ion *f ea.-rb'r:n diryxåde ,.:¡r

the gro'rrth of heten*'bro1:hi-c cz"ge.nis;ns v¡as t,ha'b ,:f Bang (l+i

*-nd iilotuak (li6) for i;rucell-a a'bo:rtus" E;r l9?? i-t ç¡as knot'¡n tì'ra.'f

"Lhe spo.r:e gezrninatÍon of Fggf_qp-Õ_li1gg æåW (Zir), Saeeh*rcra¡rces

/¿-\ í/ar' ::-í.5L)r.AspergÍi.J-t:t-e ($0"1, encl the groi.itir o:i a large nu:nJ:e:r of

ba*i,eria {.51u 59}, vtexe st:imul-a't,ect by l"kre pyesÐnúe of sac"borr

d.i*xåde"

Roakr'¡elt and i{i"gtt}>erger (5:"} for¡nd that the inhj-bitis}n

of gro,,.r't'Tr b:'erugh-b a'ocut. througiri,he loares"ing of the cay'bcn ci"i*

oxide tensisn uas great"er ån a.cid meeJia, and. 'ilha.'t, i'¡Íth in-

creased amountis çf inceululn, lc,rrl earÌ:on d,i"c,;\íde tensiçns ?.¡ere

not as effeetive in ::edr:-cj,ng grorrltÏ?e

Go)-,t.i"ng i3h ), ror gq-*!q,-lltr*r rugfgËt,!, obsèrved. that

ihe stj-mnl-at".ì-o¡.l in gr"nwtir brought ¿'bçul: b;r th* ¿d"ç:l,j-tion ,:f smal-l-

amçr.lnts cf ça¡"br¡n díoxid"e took .olace soÕner aþ" 'r"he lower ?"elir-

pe:"etrares"
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Steånbei:g (51¿) re-¡ealerl an interaefÍon betB¡een ce::"baj-sr

t'raee elenenls and, the carbon riic:ri-eìe supply cn the gr*wtlt af

AepefgjLi}gp n,lågË; he founci 'çhat the effec't, of renoval- cf eari¡on

dLø:a!t-ð-æ io'a.s greatø:', i-n 'berns of der:::eased yiel-d.s, uiren the

fol1ow-ång elemen'f,s we:"e l-a,*ki.ng 5n the nu.trient rned-iar galJ-írnn,

n5:ne, cçppere moiybdenrun and- iron"

F o;. a review of some of tÏ¡e knos.,¡n naths c¡f carbon di-

oxi.cle fìxatinn; see Krebs (Il2) and 'the S.E"B" irìtrrnìrez" \i (5ó)"

All-en (2), i"'or:king r,li-th Race 5ó lued-ospores r;f ¡,;Ìrea'l;

sÈem-ru$'ú, for.md" a markerl. Lncr:*a.se ín tr:er*entage gerrrnination

in bhe pr€senoe of inhÍbitor i*hen carbc¡r dioxj-de s¡¿s added t,o

the atmosi:hrere; however, at ver,v lor¡ inhibítor e,rneen't,rai;ì-ous,

'bite rate of gerrninaùåon appearerJ. t* be stirnr:1a.ted" tr;r the re*

.noval of earbon diexide frsu 'bhe ai:r*strea*1,

Fkper'iment V. The E'ffect of-' Losu tarbcn Ði.çxide
L'eqel,s on Pereentaee Germj,nation

frarly expe::.d-ment,,$ crrl R;,.e,e 56 ureclospores, w,ii;h tire ob-

ject +f test,i-ng lott oxSrgen con-cen'Lration,s, tend-eri" 'ho i:e r"ez'¡r

e:rratÍe "u,rhen the gas raixtu:'e r.Jås rnari-e r-r.p w1-Iy 1,*n¿ ûi+rgen ând-

ni-troogen and n-it,nogen, but, less so ç¡hen the same e,rncentraf,io¡rs

rççre obta:"ned lr;r d3.1"ir*,i"ng lab,+rafor¡' aiv wíth n-j"trogen" Tt a¡as



decåded 'Lha.t this effecf, nicbt be due to a diffevienüe in ea:'bon

clío:rirle leve]-s o

.A mi.xture of nine- to seventeen-Ca;r o1d spores were

ni-xed thoroughtr-;r, shaken oi"lto piain agar'e and. exposed- to ùlffer*

ent carbon dj.oxinle eoneent,rati"r:ns, as described in ,HEYJ0DS 4j'JÐ

Ï!i&TE JAIS 
"

The desiceators lEez.e flushed u¿th t¿nk nit,rogen for five

mi.nutes, evacuat,ed and filled wi,th. the gas injx'bu:"e t*'ríee¡ then

p3-a"ced in 'N;he g:ruvrtn chanber" The oxygen eoncentrâti*Ð. for al-l

t,;reatments was Ztfi. Thp îîOn per cent' canbon riioxid-e treatrnent

s'efers to 'l,he desiccatox"s eontainÍng 20 mI of lûfl potassium

hydroxide,

TABTI ÏV
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Th.e presenee *f Ìru¡"s.b lipsii rdå..s rßl,r.ch rrirlre n<¡t:!-eeable

åt ttO¡t and 0"003ft earbøn d:toxåde than at the highey ]evels,
fn'e fo1low5-ng are rougrr es'i;Ímat,es eif the proportioir ef sp,lres

with E{rr-lrst,sere

ffinîfq

0"0Ð3

a"o?5
I
Y

^L o \JU

cÐz )u-þ*

1q.

&lc

less l,han

Fvr:in an inspect,i-cn of Ta"or-e rv and Figure Te t,he:"e ap-
peared- to be ån åpproxj;rnaÈel¡r iinear rel_at,io¡rship rriti: per_

*enbage ger"mÌ-na.tinn from ?rtrg t¡o e^0L2,{, ca.rb$n dio:ej,de and a

levelJ"ing-off in percentage fx'oin 0,ora ta r"atfi carbon di-
ogid-e"

Ex}:*riment VT" The Effect cf .Ðensity of fnoeul,an
CIn Fercentage Gerärinatåon at ls*+ Carhon

Ðioxi.eie toclcentcattons

llredospores evolve cai:ben dioxíde d-r"rrÍn-g nonnal germj_n-

ation 3:roeedures; henee, s-s shoun b)r .Roekvre_ì-i and. High.berger

{5}-,\t a pCIss-i.b-l-e souree of ¡rar;latj-an t¡h_en earbon dioxiråe becsme_s

Fcx'a.n exariopl* c"f th¡is effect, see Fl-at,e TIJ.' T,ig, Z,
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i"irni,ting f,ot" nor"¡nal gerrnÌ.nation cou-1d be due t,o the effeet of
spr)re cl-ens.Lt;r"

varyíng amçr,ntË of fresh *pores ¡,revç shaken on.bo agíay s

a.nd. pÏ-aeerl in :!,nctividu*l- 6oo rul rlesÍccatc:i"ñe ó.ser ?fifl g"rotassiunr

hydroxr-de* Tire eTesj.*ea.t,otrs Tqïeïe pi:-í rind.er a bank sf flr:.oures*

eent lights (ca, l-tûcì foot**andles) at a temperatr.r.s"e of approxj_*

ma-tely ?.2e C" .As *ontrols, the spore.s ?re.-re "breafed ån simii-a::

fashion, exeept, 'bhat they i¿ev'e not pJ-a.ced i-n ciesie{:atÐtrs"

T4J]IÐ V

TIIIJ RET,A?TOIüSHIP BEfilÆÐ,j PERcmiTAGE GERj'iT{ATIÛN
.Aï'lÐ SP0RE DE"I$SITT CIIER KOH
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in appearanceu the spores exhj_bj-åed_ a graded series

fno¡n e-xi:reme effe*"í,s a'b k¡r¿ spore*densi.ties ,¿o ns ohserr¡able

ù:Lfrereneem fc'orål 'Lhe eontn¡ls at t,he Ìrigher Elensities" råt a

density øf 2"hrà4 tLre t'ubes i+e::-.e çjtnrt, a'l;rd cìjstoz:ted, 'r"iith fre*
cluent sriel-lings a¡:d t¡ursl tlpse as j-n F-l"atc rrru Figs" L an.d 2,

The cs'ít,erion ueerì t,c¡ distinguish etgerinirratedr! frorn 3rungermin*

atedr! *cp{)ï'e-c ¡,.¡as that 'ehe S"engfh of the germ tube had tc be

grea.'ber -fJran the l_ange:: dj_r¿ecr-sj_*n of the sËrore.eij since at th.e

l-or-^¡er densi'ries¡ iîãJ:jr of the gerrn tube,s hrere ex_.t,reine13r silart,,

classifj,e¿"oie:n uas nften d"iffieu_l_,¿,

ft r"'as cc¡n¿l_uded t,hat eay.'lron díq¡xide i s prob*b]-;r

ev*lved by the germinatång spox"esr4 *rren i+hen the a.bm.osphe::Íe

suppS"y iç lo¡sc a.nd tlre-t, ir.r any açsessnent of the ef,fects of,

l_or,s carbon dioxicle col-r,]entratÍ-on, ühe fa.ctor rrf, spore clensj ty
rnr.¡-çt, be taken i-ntr.r eonsideration"

4r

The fi-g-u_re* rep*esen.L, the are,:age nt¡¡grbe¡: of sperresper nricro.seÕpe field (approxirna.tel¡r 1 sq" mrn).

1flf

Çorqoaz"e Fig" B and ,çhe :respûnse äo lo,;r ea.rbon di-
çxide edlr"l*çn'brations, !'i"go T,
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-tx;oeriment VIl.. The Eff,est, of Light on Th.e Reaetion
0f $pores to lor.r Carbon Ðioxj"de Cancentrat,ions

Á.1'l,hougi: a la.rge pari of the exper:i-menital va:.åati-on

e*uicÌ" be at't'r"ibu1;ed t,a the amou¡r'o of inncrllum per ¡;etr"i clish,

lange #rror"s íri pex'centage gez"lnination *ver poi;assi-um ir;rcìr"onid-e

a.il-'sm appeared wherr i;he spr:ne,s ?rere germina'becl undez" c'oom eondj,-

t,ir:ns, å-s eonipa-red to genninati_e¡n :Ln the growth-chamber".

sine e e-r"peri-rnents ha"d Ì:ieen perf çr.ned at dif,ferent, tåraes

of *uhe dayu it ap;oeared probabT-e that, lígh"i: intensity was

aroÈher factcr tha.t had to l:e *onsj_dered"

G*nninating spoi:es åÍe mo:"e uuscept*_.lr.l-e tc¡ the act,j_on

of liglit tl,.an dr¡r sprr"esr aecaz.d.íng 'to Ðj-l1an tr{es'bon (lg)"

$toek ($!) reporLed no effeet of si!:rong l_igirt on the

gennin.at,ion of uredospores cf Fucci-nia. tritiej,ng, I. ËiËpul_s=,

anrL F" cc;'ona'bq, except a sj,i.gh* d,elay in the 't,ast ,c,sjo sp*e:ies

i-r¡. the tune of r*ovemen-*, of the pratop]-as'c into the gerrn tu'[:¡e.

ïn the ea-se of FT.ee j¡i¿ grgnljl!€¡ ger"rrri.rra.t j-ûn ?ras so¡reuha..b de-

]^ayed b;v strc¡rg 15-gh"i,, but, i'* e"¡en'ci-ral-1;,' at'baj-ned. a.e high a

l-evel i-n'rhe lígl:¡t, a$ ìlr ihe d¿rk, Hart, {iT} note,l ao differ"-

*nee bet'i¡ieen 'ol:e genuínatíoEr of ureri.*sperres *f Me3_ai:nps*r.a lirij,

-'r;r. the iish'b and ín 'i,h* d"ark 
"

, :-i'; l:;,i.]i,". , ,.",.,

,i ' (\ '.,tìf\

i 
t- f ¿-g,:*a ¿* re y Ì'\ourrt;;. .*¡ ì*"""';ïg1.,I*?:*:,,..
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Th.a ex1;erjmen.bai des:ign coi:sis*ed of. +. ? x ? factorie_J_,

*¡ith one large deçieeat,rr f+y ea.ch .breatneni; e+mblna_ticns

ä.e eyp*sed ile _!_ighi; (i), a,L a.tr::rospheríc Çùp {+}

h, r? r! rr (1"], aver ü,lH {*}
e " kept j-¡r .the Aark (Ð) at atnospher":i.e C02 (+)

rl. E3 ¡r rr rr (Ð) orrer. Kûl-f (_)

The d,esiceators feE. .i;he das.h t::eai;nentE

in ahr¡o:ìnr¡:rr fni"J-u and fsy: .bhe iow carbon dioride

shall-CI"r"¡ 3e^y*r *"'( LÐ,4" KÛl{ nas kepÈ i_n .l;he bot"bcn

T tì ÊT.E IfT

t'HE EFï-jitT CF LiG¡l.l ,,{i\ÌÐ ÐåRifiV.ESfi üt{ FIIRCEï]T,AGE
GEF.l,tïruATTfli,i 1r"T T¿Iû lEVEl,S ilF C,ERESIü
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Tire effect c,f s- lou *a"::,"bon cli*xide t+r¡siayr ûn the

gr*l"rth ]rai:j-l:, i"rr the preseyjÇtì of ligi:.i ï1,äF rnuch mr:y.e rta.ylteej

'i,ì:an ií wor¿3ri å-ppeô-3. frû*r an j_nsper,c,isn af Ta.ìr1e Vf " Ever.i

-hÌte "repliea{.:es to'ith ¿bont, nine*¡i" .oe:: cent, genir:ine."i,5-qtrr e¡"Jr:!,bij;ecì

.qtunted" ancì djstcr'Í;eei germ iu.bes with a.ì:r-¡_nd,an"b sr{el,}ilrgs a.::d

burst tips"

The v'e-'¡na.inÍ-r:g three eornh:'-siati.orrs, * anrl * earÌ:o:¡ rji-
*x:!-d"e irr t,ite dar:lc, a.r:.d * earhern di.ox:ï.Ele Ín iíght r.rer.e rior.pho-

I-*gica1 3,;r indi-s'hir,guishab].e fr.orri eacli *"bher.; t,hey all exhi-bi.ied

lnng gerxrhi"rhes c,f ¿.n e''¡en rliameì;er., p¡if-,h bra.nchecl a.nd rin-

hvanchecì fo::ris, and sorne thaÈ a-ppea_red s-bre't,ckred across the

sr:.yfa.ûe a-f "the a,gqtr.e

Frr,¡r¡ tk-re &.bo"¿e informariorr, it, wcurd ð.ppear that, *n

extesry:,¿:1 sor.r-see of ca:r'b*rr dj-cxi¿J.e ås r:equ:ì-r-.ecj Ín- .t he p¡.eseÌ:ìce

of i-j"gtrt for" noc"raai gernrj:iai;i*n, lrut, no.t, in the absence *f
'ì -î ah*...

rn the e'iarks icwerår;g *f the e.ark¡orr eji_oxide tenr¡i.on

lr]' lhe presenc* *f îa-Á KûH seenec't 'r,c be of titt,re cürr.segu.enee-*

mor'3:hologi"c,:allrr, Õr Õfl. a. percerr"Ðage Ì:asiso

In the preser¡û€i cf ear];cn cì.io:rtde, ther.e u,as

¡iif -l-c an'b d j-:ilf st e¡"e æ in ;cre re en'[a.g e geysç¡ j fie*" -'uorr bet*¡eçn

ge:r-n5-nat,ed. i-n tne l-Íghf", an^d "in *,!rc dayk,

no sig-

$pe}TeË
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Á"s fe"r' a-q can be ascerta"ineci f:r.r:i¡ lhe pu-Ì:li-siled irr*

for-¡natiern on <:thev hete:'otrrrgrhic r.ryg¿n,:l_sTÌrss ured"osperes å3.e

't-mique r¡:it,h r*$Fec'ç tü ì,h.i,s i"i.gÌ:"t :i.n'Lxrnsjtyel-or.i cs.ï"he¡r ¡lj*:r:i-eje

j rrT*¡'ac'hie;n .

Exp*ri-nent 1iïï1., Tl¡e trffect ¡¡f trlylþ¡iþj_t*r.r¡ o¡r
Fercen"i;a-ge Ger..mj-na.-,iiorr at Tlç.r<t Ï.eve,l s of

Car.bon DÍoxåqìe

Ði-clts*n {J-8i founri, tha'i, a nr:r*ber cf, ¡rire*orrlen'e å$soei*

¡.t,eci riritkr the g*zvn:i.rra.t,i*n çf ry+_rå gåa-i;i"r,rås:-trì*jjjgj, r.iyeeLc¡*

5pô11âfã efru,lc.l- be eXl:j-A:i-rred on'ckre lrasiS of Ì:he evoìud,:t-c¡r¡ of a

naturr;l inh i.h:ì.ter 
"

Fo:'sJ¡'bÌ: (a8) obserr¡eqi t.hat, the u.redo-qpor.es of Race ilB
ancl r*¡i-clen'rijied fiei-d colJeef,íons erf I" @, as

wel l- as tlierse of l" coronq"L,q, germi.nated poor:l¡' in cl.os*d. l¡Jaz.*

bu-rg fl"aoks, a"s cornpareeì ?ri._'bh gerîfij-rra.{ion irr open corrtai-neï,_qo

Thi-s íriÌ.iibi*,1orr eCIul"d, be cvere*me b;r inct.easing tne amou¡t, cf.

water':r,n fhe fl-asks, anrl by tire additj.*rr o.f the foj"l"owin¿ suÌ:-

stanees to the eent::e*vells ZCr,% Àgt{0 j , I.hdl" acetoneu or 0"06ivj

arffilc:ni-a 
"

sinc<'r tÏ:e abserpt,ion" spe*tr'uri nf the abscrbed inhi."pi.r:cr

eiosel-y apprcxlirnted 'bha'L, of t::iwret"l:3,'3.eth;i1*ne, anei_ thj.s suh*

sta.nç* pr¡ss*ssr*C ;nh;rs;;-çl-**5-ca1" prc¡rertíes s:-nl1Ia.r t,o *,hose af
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th¿e natr-¡s¿-l inhibit,err, ForsS-bh coricJ-ucÍ.ed. -l,hat, {:he tï¡,¡o r¡ey.e

prc'bably j-rjentieal." The ef"fec'c of the jnhj.bítoy. å,I-Jîr€$.ï.s tc be

t?tat, of prevei.rt i-r t.g g *yrr\i ]1Ð.t ic.¡n 
"

Â.l.l-en (2), r"re,l.kirrg r"rir-',h the sane race of rrrst a-s ü"sed.

effeet, cf L,he i_nhi'bitor couid_in this 1a'bora"l,o::;., found_ thai: the

be la.rgeiy Õvereorrre by the a.ddiÈjon

ge:vninat,ioy¡. v.essels; t,h.e effeei;Íve

of carbon dicxicie Èo the

csn.een't ra.t,i on va¡.i ed. 'øith the

,epür'e eol-lectå*n.

To de'berynisre v¡hether the sa¡re effeet enul_il- be çhtaj.rred

with e rlj-fferent ryulture r:f the såJße :.ace of :rust, :å,i:r e3perj-¡nenl.;

si¡¡r:i-'lar to Al-le*!s Þ;.'å.s ear¡.j-ed out"

0ne*teni;k¡ af a gram cf noldrr spor"es .T,;,ere çjus,c,ed or,.to

sha.l*l-ø¡r petri dishes cont,ai¡:j'ng zj rr-t" af eiist,ilred wal,er, ancl

piaced ín each eif i,he 600 ¡nl- ciesj"ccato:'s labelled ffTtr¡ :for the

prr:ciu.cticn of i"::r"hibttc¡r* The spoz,es -Füere l-ef,t for -form hourç ir¡

a ciark cjupbsard, after Þrh.iq:h L,iilie, iLre pet,ri- disl:es were c¿ui*kL;,r

removed, so that, the atrnospirere ¡r'ithin the desiaeat,or was c{às-

tutrJ:ecl a*s lif tie as possibre * Fresh sljÐres r"¡ere useei eaeh. d.ay

of *he e.eir¡-a-1" expez'åirrerrt, ancì, g*rrnj.rra"tiÕíl.hrâ,s eur."i-*¡ c¡rr-t at, a

t,em¡ler:ature of ?Arí:54 C ", rinder a. ìrank of flu.ou-rescent light,s.

There r.;ere'|.i.:o 3evc"Lç of ca-rbon clioxi.eìe-**atmos¡;Lrer_.åe:

{+), and over 20fl KOH (-), ancl. tu¡o level-s of j¡trj.håtnr-**T ancj
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ïo ni-gnifies that no irrliibit¿lr was ¡:r'esent, exr:ept, tÌ:af, pro-

rlu.ced 1r)r the fr"esh $;ûrres themselv-es"

T/.lEiE i/If

'j'HIl EFFI.AT 0],- 'ttr\jHÏBflltRrr Á,T T1{O i,EVEL,q ÇF CÂ-EBOtl
ÐIfiHfDE tXI FBRCIS]Î:.IGE GEp¡rf,NATTÖ¡i

ïst
?r'i.a1

?-¡d
Tri"a1

n1rl-

{
^¡Y'I (J^

fl
o¿{

rrtean f. g]-.5 * L.5 1".*3.cr å l0*? gï,z5 É 2.T 68"? å 7"g

Tire syrnpt,orns ûf eas'bon dioxide defi-cj-ency ïÂrere typíea]_

ín 'uhe ca"se of the spores gerrn:-nai,ed over KCH, i-n ti:e absence of
ad-decl inhibii:or'. 'l¡Jl:en j"nhj_t¡itor ï,raf; å.d_ded, and the carbon dj-_

cxi,de tension l-or.rer.ed, the effeets ï$eï"e even more d-rastieS spûre.S

uitrr no visj-hle ge:tn tubes irael bimsl, r,,eleasi.rrg their eonten.Ls ün

-*}he srirroundi.ng rnecìiu*n, "¿h:i-Le the gern .hut¡es that. læ_d. deveio.",,ec

uetre exüçeeìj-ngtr}r short and, dis.i:orted"

-vln,;n at¡nr¡sph-e¡'i-o ca:i:b+n dtoxi"de r"¡as a.vai]-a-'bJ-eu t"here were

ner vi-su-alJ-y diseei:rri-bLe di"f.f,erenee*s ìretr+een, the i;u.ç:atsrs+r,ts ssf.tk¿

nr w:i,tkrou*, add.ç*ù i"nhi-Ì;itoz" 
"
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Evj_dence was pre$ented. for: th.e foitroaårr8*

3-ø ,lesicea'r,or:s in whieh large quantitiÊs erf old #por:e.q

ha'd been gerrrrinated exerted a resid*e-r effeat, on suhsequ.ent

spåre gerrnilration., tendj_ng ùo redu.ee tire perc:entage gerrnj¡a_tien,

b, The residual effeet' rt¡a.s gr"eater r¿hen the ca.:.bon- di-
*sj-de tensiol-r v¡as lordered- b;r the pr.eser.rce of K0H,

ït apreared J-i-ke]-y that the r.esÍoìi-rar ef,feets noted

ahnrre s¡ere du'e to the aet'vit'of a. vo'ai;i=e prorlu*.r, of sI,rôre

gerrnírrat,j.orre a self-j,nhj-bitot,, as ::epoy,tect by A.]-J-en (2),

THE IF'FECT ÐF CAPùOI{ DTOXTÛE
B. HTGH COÌ,ITE}ITRÂ.T]ONS

The retarc:-ril:g ef,fe<;t, of hÍ-gh earT:on cri.oxide Õoneeï.rtr¿]._

tions varies rnarked.J-y wittr the speeíes and ùhe exlæ:-i_nientaJ-

cc'nditi*ns 
"

Fräniq:el. {29)s as clnot,ed b¡r Br*.ran (g}, found. .r,hat cer-
tai'l:' specÍes of the t*:e heer yeast,s eo-r-L?d- grôw as i"¡eil in a.n

a.tmosphere r:f *ne*Ì:.undu'ed. -per" cen.i: carborl cli*x:!-de as 5-n aj_ru

althorigle the najor"Í.ty of f-ungi were inhitriteeì by sueh ty:eatme::t,.

¡ldams ancL tvli,ll.er (1.),

ea¿'bon dioxj-de eÕnc:ent,¡.at"ions

pressed å.qc.ospÕre foz"m¿.tiorr j-rr

an the e¡tl¡er hand, n,:ted {:h-a-t,

greater tha.n four per een.L d,e-

,Sacc4ego'nyc eË c el:"ev:i'q j,ae .
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Golding {llr"u S5} obtai-ned groa,,th in cr:Itures cf

{ç$.qi_lfrq} rqqileqg!¿, 4p_p*ggl_&j-i,s gtåçy., g. -g:cfftF.s-,_*r 4,

fÞyrg, and QgËpofa laq&iq upön eryù*qure tç¡ seventSr per cent

*a'rT.'øn elioxS-de, ai-'bhor-rgh the a¡noun,c of g::ororth r¿as signÍ.fÍ-,eantt¡r

redueeci" Tl¿e il:}libit,ing effee:t* on grrurth appeared to be pro-

portione.l lo the sol,ubi.li-ty of th-e earben dio:ride in the

mycei,:lum or med.ir::nn rn su;opor'|, of this is the ol:ser,ü,atiön

tha.t, ear"ncn dioxide becomes mov.e effeeti-rre in re,¡ar.di.ns

grouf,h wj-th decrease in terrupe::atu.r,*"

L,'pr:íore (l¡J) ilcrted. a d.ecr.ease in the rate *-f p;ernj-na*

ti-on of ioíucov mueedo sfïrl'e$ at" t,ert per cent, carbon cji_oxj-d,e"

B:"owrr (g), orr s.tudyir:g the effect c¡f caE"l¡çn dioxide

on gerriiua.tion j.n a. numTrer of fru.it;-rot oz,ganisrnsr-;" fo.trrrd_ that

spores sor¡n, in wat,er sere inhibLted a.t concen*::atíons of ta¡en.L,y

tø thirty per cer,r1:, arthough ilre concen*:-a.t,i_on 
"orodu.eång the

same effee'ï, "r¡as i:-rcreaeed tr¡c- or threefolc r,¡hen the s;ooÏes

T{iere sÐÞn.r :i-Ti" nu'cïient nedia" penj,e¿liíum gjgqgrp and, Fuea.riuq

spo were particuJ-arl¡i resista.r,rt tr"r sa.rL¡on dioxj-d_e"

î,lgrriJiaffit ;ËffiTsEffiánE-ET o"*.æiffi,MW
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Gassner" anci stra.ib (3ú) n*ted no d.Íffererr.ee ín per.cent*

a.ge gennínat'Íon of cerear rms'e uredÕ.spöï€s i-n a.brriosph*:.es con*

taini-ng up 'to 7,5/, ea,yLwn ctioxide; Stcek (55) obt,aÍned f'ål
gerrnina-'r,icn in the presence of ZtrÅ eark¡n dioxÍele, a_l-thor:gh ü¡e

ra"i.,e cf gerrri.lrati-Õne c{ãnpå.red -o¡j_ilr 'bha,t, i-n aír, ltras r.erl_u.ced

'r'¡ith each in*rease i-n ear'son dioxide cor.rceni:rati.on"

lo.li:en gernd-na"t,i.on and g::orrr,h a.re inhi-bited b;r earr.r*n

di-crx:i-des hoir¡e'oer¡ Lhe naù*ria.i i-s n*t necessarily Ìeil-led by
'f,.Lrj-,"¡ t,yea-tnen_t,3 $ee Ey"cr¡n (g), Cof*:i-ng (jti,,) , a.nð. Loprj.*re (Lj),
fn 'bhj"s jab*rator¡r J-t, was observcd fl:at, lr¡"e<j.rsl!Õres smdn Õn

0.Zivi soclitrin bj"earbr:na.t,e dj-cl no"* gerw:Lrra.le ç¡j-,rhi¡r .bv¡en",iJ¡*four

ho'rsu aithoi:.gh a higÌa percent,age geni-rina.tåon was ai:ta.ined.

'ariren t:hey' TJere suìrsequent]-y transferred to a large vol-rwre of
rÌis L,:i."1-l ed. r¡at,er 

"

fn fh.e *pini"on o"f fnoz"n.ban (SV ), å.s exemptrifS.ed by

exper-4-merrt's on _,s!:l.erot j-nj.a f r.ur:t j-eæl'a, .l;he inhib j..t, j-n g eff ect,

cf ear'ï,-cn dioxide is due to an inerease Ín the alkalinj_ty of
tÌ¡e I ivi¡g f'ngar h¡çh"ae, pe::h.a-ps ð.lre 'r,ö the formati-on. of bi--

car"honates 
"
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ri:rçerÍ:nent' rx" The Effect of Hi,gh Çarban ÐÍoxide
C, øne ent z, aíi ons on Fer.c en.i:a,.ge Ge:mine.t,1on

The gas ni-xtwes -wer:Ê p'epar.ed as dessri-bed_ i-n Ì,{ËTli0i-rs

Aifn i'i4ïFiRritrå'q" Freçh sFÕres$ rv-hích had treen stored i-n the

refrigerat,ar fos' ten hourse T,/etre u.sçcln The desi**a'ceirsu each

cerntai¡i.ng a"n inocu-lated pe'cr{, ciish, Þrere evacu_à,red rnce,

fi"l,leci rrithr th"e ga.s rnår'Lu-2.e, and plaeeel or¡ the -ì-a-herat*ry

beneh e""E etpptc¡x*i:na.tetry ZZÕ C. The cxygen l.evçl j¡r al]" eå_Eìes

a¡as tr,¡entJ¡ pe:" **nt,,

?å-Bã,fi ilrl:I

TIIII EFFFlcr 0F HrGI{ cÁfr.Bot\i ]rïcHrÐE coi'ffiEhrrFßTr0r,ü$
Ðl{ FER.CEiIT/ùGE GERüII{JÈTIOI]

/, lza $.1t1j-r-ration
Appea"ranee2flOZtz

'031 96 92 stretchi*ng
93 87 ÍÊ

5,5 B? 9? rr

15,0 80 gnarling a.ncì. stagiroz.rrs
l-7o0 78 @ gna.:åj-ng
20"0 6V 79 îr

?!"9 \3: V\ ge::m tirbes sh.e,r,ú and grre_ried
25 "5 5A hB gerrn tnbes sh*r4,
l{o'i f)
3t,Ð o

't/
*/ cr:ntrçig**eÌ/åür_t_Ð..n*e! +nee, and relea.sed to ai-y*
å't-'ervÌånûlcgy is prånarii;r ij;a.i. nf .ilj"ck:!.nçon (l?,1,



lta
?i-

T!:e clrop ir.i percentø-ge 8e'ninEÈion r.,;ith high*r r:arbcr_r

dinride Õüìrü*n'ü3-aÈl*ns øas qui f,s prü,nÕlirjsed, Þroducl._r:rg c,:t"l_

pïr*te ilrhj_Ì:itir:n e".b 28 pe:: ce*t ca"ri:on dj,+¡2,.Ì,rì.eo

Ti:e Ì:ra¡:eNring ha'r:i'b al-se çee¡¿ed- t,o bc irrfluer:ced b;u

'¿he car'l;,:n dir:xide -ie're3; ihe ap1:earå'çe af erstre.bched?r gerrn

Èi:bss ise* PÌ-ate l, f!g* Z) i+as cì:ser"ve,* oni;". in ilre ccn_.l,r,r:1s

a.nú. a"t, 5,íft ca,rhon ,LiariCI1c---ab high*;. cçncenÈr"a_ii-*ns, the

bz'anryhes !íer* fur1rh.er civiôecl-, b'ut, shcy,ter i.ri. lengibh, gi-.rring

'Lhe llstaghornr¡ ëå;opr;Ì.r.ånce (,1-sil tûg)e anrJ" í_*,_na.11;r, onl;,r rud.i*

îíI>n.iiat7 ìçiobs "ore:-e <>bserve,J ( r¡gnarT-i.ngrø) 
"

liOIEs "r¡firÍl-e ge::nrirra.bå$n !,rê.Ë Ínlhibå'å;e,_r at ca::t:o¡r d.r,:xiri_e

cçneent.¿ati-ç:ns higher than Z?.!,i,, "t\te silûrÊ,e ¡rere ¡r*t neces_

-*¿"riJ"lr ki.l-j"ecï bJr ihj_s t::ea.l-,ner:i;" Tt pras su,bsr*c,¡,;e1"i:.J_;r fqrì,nd

1,ha1" r.rÌ:i-Lle len-Ca¡r old spo¡es clid. noù genn:lna.Le ¿:.t 28% carbon

cìin:ride, j:hey coulcì l:e exposedr to this concenl,¡:atj_,:n for a.L,

leasii three da.¡rs e.r'rd si;il-t ge::inina,{,e a-ft,ey ai.r ç¡as ílushecl
'i;h:'r:rigjr the d,e*ic*a.tors. The final ¡c:"cnn-tage gerrn:_nat,i-on

'u'¡-p.s aÌ:oLtt eighty per cen,b, and thr,; ge.sn t"vhes î,reï,e lor:q and

ai:u;: C-antl nr hs: a.nen*d. u
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"/" cAREOf{ DtoY,tDE.

Frg-9. The effecb of hrgh co.rbon drox¡de
11. ;1Þercentoge gerrnrr-lcttrort.

concÊntrctlons
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p,[pT T]'r

THE ET'F¡ltT ÐF ÖXyG.L:îrI

Th* lnajor,it¿r ,:f fung:i årreàr tç be i_nsensiÌ;il¡e io i¡arj__

eri-lons in orygen pressuJ"e, uiçtli.n r*iid.e 1i:nits "

Po¡oclkc¡ (lr8), i.n a_n erlensåve sl-Lï¡¡eJr of the çL_SgÊÐ Ï.e*
qrz3.renent,s öf a nr¡r¡bey of fun.gi, sueh as åb¿ggt¿g::t **þ,
¡isp-qrg4fqË giæg, P+:rigi"i-Li.urn gþ.lg3{.u anri i"juc¿¡r llgloq*jgs
(as ne]-ì" as a n¡:rnÌ:e:" ci-'. irac'Le-ri,p-)¡ fcurr¡j 'iha.t trre inin:.i¡lum r):;.gei1

*ûner¿yL'j:rã.tion ::er1ltir"ed- äas o.ften helov¡ Õne llef, cent,"

-!iraij-ar3,;i, Ei.<llrn {?) feru::rri i,Ìla,h a susi:ension of Bai;r:yti.:

"rj:Ìorr?s v;as no'|, inh:i-i:it,ed from ger.minatù:g ,;rri,i.l_ .rhe oxygen *r3n*

*eni;ralion of j,he $u:r.ï.tLrndjitg a.i,auos.oheïe ç+¿;is r:edt¡_cecl Lo ahoi;-t,

flne per cent"

Ðenr:y (15), investrga-Lj,ng 'f:he öxJ¡geir recliii-r'enen-Ls o,f

{ei-lqosirgr? 'p 
j,tggþ+le, ob'ta ir;eci good. ïlJ¡eeliål- gror,r,c"}r a.L ü 

"3i,à
úxJrgen, altlrorlgh on-]-;r a tra*e o-i grovrth occu::rerl a.t, a"arþ; *he

fo.rnai:iorr of per:it,h.eclao hone.rer, l¡as i-nh.i.bi{:ed. be],o',r 0,!/i
ûxygene

str:ck (!$) ab'r'ained equal-i-;r go*rJ geirrrinatior.r in îrpr]-ï-err

Ð:r,yg+-ne nif;rogen v-1-trc Zll ox),genå end. a-.1r, -fo¡. th.e r-i.r,edcsi:ore,s

rlf seve-r";,i *eræ+-l rU"st,ço iB. nitrUgen ;e"i l;þ. arrri_n a "i:*a.Ce ..rf



t'l
.?f"1.

üY,{ge'fi t geïïïli i:tài;:ion in

25f" (in a:î-.r) 'us ïia"

Fr"r,ecj-¡r,.i-a'Lríe"Ícina was rerjilted.,f.ru¡n

Tire ias'b r:bser"rs.tion t¡rä.-q repea-i;ed :'-rr .Lhis l-ai:ora..i;or¡r,

t'rith TiÊgþ$ gïq.reirris-'!{_itjci; it ¡.¡as found t}rat -ro'iren f'nusi:ed

periodical1¡z p¡;i¿¡ l;a.¡k nifrogen (câ" 0oeí,r ûzj, urecLosi:or.es

eominenced tc ger:ninate eft,er approriinaÈel¡r fç.¡¿J¡*eigirt, irrtars,

attaíning a high fi.n¿r} percentage,

*.J-len (?i rec.o:rcleri a. shar"p ,inc¡ease in ¡.a-be of gez*-

rnina.i:i-on frolvi i?ûre t,o appr.e.rxiiae.teî¡r f,Vå r::*y,genu í,o:" pre-fl*aÈed-

'n:"eql"osl:*¡'e,$¡ r.;if,l1 a levelj_j_ng*off in ;:ate of geiuina{:ion fr¿:¡n

5i( 'tg 2Ð1á o:r;'gen, For un'l:r.eated ureclospûre*s, there appea-i:+d

t,* he a io¡e.11^defi-ned opt,imurn aj; fr*m b,s,, w) Bf" oxg,ge:a"

,Seheffer: ancl Livings.t,on (5e) fou:rd that 'bhe minj.mum

')lrygen ,nreù6ure for the gror bii of Po-HFLiË1,.!ìg _r{qlqé-ec,lgt a,as

appr*xirner'cel¿r 1"5 nur; the;r foun.J-, rncreü.rer., i;ha-rï ihj_s ievel-

ï{a,s no"i, j-n-fLu-enced. tr-i a.n.;tr gnea-'f, exten.b from l-?"5o t,o 33,5t ö"

l1te general- ruJ-e, hcxrever, appeårs to be lhat the ninj..mu¡n

requ.å:"ed Õx]¡gell eoncent,ra'l-,ion r:Ì"ses l;ith increa.se in temoe;"a-

f,r:"re (see, for exarnpJ-e, GalcÌing (32, 3\),'"

äla-ny worker'ç fçrrnd r¡_ú i.nr:rease in ge;,ini_na"tion at ox¡r-

gÊrÌ coi:iÉenf:ra-L,ir¡¡:s ex*eeeL5"r'-g tha"t of a* {,52, $!), rihiÏ-c in

s$ÌÌle û¿ùse,s, h-i_gir #,-,Jrg*!1 ç*nçen'*yatj-ons ¡^¡ere j_nhibi.t,ory (p, fu:i),



Tt, is 'beJ-ieved, 
rìG'une.rer, fl¡at none of the .fi"r-a_rnentor,Ìs funsi

can exlsj: an$erohic*.1 )-;r"

ãxperi*ei:t Eu The Effre*t oí Iii-g-h ûxygen toncentration
0n Fencentage Germ:Lna,¡;ion at, Two Level_s

*f Car"ì:on ll_i_oxiC.e

gampïes of a fjr¡e- i;o ser¡en-d.ay ol.cr rn:rx-r,u"r..e cf sF)ïes

f¡rrrm i,he refrigeratc:' were exposerJ 'bÕ '¡lr.¡o rer¡el.s of çy.ygen {?5fr
a"nd ?-a!')o r,riùil and r.¡i-thr:ut, ad.ded c¿¡:b+n d:ioxi.cì.e i37Í anc, rrç*),

The desj-eca"t,':¿"s çith no addecr- ea:r.hcn ci"i-cxir-de con"{;ained. j5 mr- cf
2û7; K{-):E in "i,he botùryn 'øel-l; t}rose .ro,ith a-dded cari:on d-!-oxÍcie e,}n_

tai-n.ed a-n +o,ua]- amor.urt tf 20,îá cusû¡ t,r crnpensa.be for hi-r::nirJi_ty

eh.enge's brou,gÌ:'b a.bç:i:'t by bhe KçH'r" A- totat o-f eight desicca.tors"

uith ts,io petr:Í qiishes i^n each, riere empl*¡red, provicÌi_ng taro

cl-esi-ccators for eaeh. rrea"Lrnent csmbi-na.ti-Õn" Genninet,ion T.¡as

earrÌ'ecl out ín the gror+.bh*cha-nbern

.-Þ
"å- later experirrrent r.evealed no signi-fieant, differe.nce

ln p*Igg"tage genrrina-tj-or¡ du.æ àc vari_atiqrni in relat,ive :rianieityfrçil 3A,/" *,c gg,¡r" (apprux").
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TABTfi JT

PERÛtr'ITÄGE G-dilTIl{4TiCì'i ÂT }JI}üETY-FIVE FEn CEiiiT
OxyGEijj, ¿t\iil THlt EFFECT 0F C.ARRCI{

ÐÏOXTDE

A^^f ^C1)7c \rt ^1dl ^Y57r IJn¿ r'¡, ._¿

3% caz rr0ît

4{)J
o!)
'j'il
Cr\

Re\

B6)
rol

B?)
vil|

88)
8o)

ettrl

'1"1,

15 J

a1l

Mean Blr.0 * 5"lr 53"25 å h"B gT"Z5 * l+"g r'c' n I
2) dtJ * t.atl-

Tire fj,gr.rz"es encJ-osed i.n bracke*s 
'epr.esen.b 

,çhe "i;wo petri. clísLres
f:rqin the sa"r¿e d.esiccato:1.

Ás i.n the previous exper:rnents, gerrnj-.na.f,_,ing $pores oirer

potass'iian hy<ir:oxide resu_]_ted j-n clelet,eriori.s eff,ects*__morpho_

^-l-ogi-ca11;r, and on a per.,cent,age Ì:asis,

The effec"i, o.f low carl:e¡n dioxictre tensÍons cjj"rJ. n¿rt eppeâ.r

t"o ire nod,:Lfj-ed ìry increasÍng the olrygen coneentratj-cr.r .fron t*,,enl,y

per cenf &lr nine'c¡r-fÍ.ve per r:entu

ït '¡:as conel'uded. 'r,h.at r:x¿vgen cÇnúentrations atlove -r,ha.t of
air llad lj-i;tle e-ffec'L on pçreent,age gerruinati.on, a-ncj. henee, çraÌ;

Ìr5-gh oxygÊn concent:"abions s'lur-d be negleeùed in furthe:¡: str:_dÍçç"



Experi:nent XI" The Effeet of Four Levels of 04¡gen,fn C*rnblna.t,jr:r: .t+jth Fou:r" Leve_],s o.f Car.ì¡on
Ðioxide, cn Fer*entage Germj_nation

t*ihil-e i-nformatiÇir eoncerni-n¿ t}:e effects of ox;rgen and

ca:'Ì:on d-'Ì-oxlde on ,spôre genni_natic¡n j-s fair"l;, well r.epr..esent,ecl

j"n th.e lite.raÌ"ure, tirere åre no indj,cat,j¡-on,ç erf tire j-¡rter:.ej-a-

t,i<"rnsì:ríp *f these i;*ro faetors" 'i.he ÍaJ-lor.iing experi,rnent r,,ias

ca.rrie,J, or,¡.t i.n 'rhe hope thai; ùhis short-*oming uroutrd be at
least pa.rÈJ*y met, for lpqqigia" grarninj.sl!tr:i:f :iqi.

Cne-:¿eek oid. s¡:ores, wh:lch he"d- heen kept

p*ra.t¡¡ç, ïret"e ÊxpúserÌ tr va:::!,ous concentr.¿.tj-ons

carl*n di-oxide, i..u er¡ç¡;r eonbina,lian *f the twc:

$ eaxbrsn dioxi-de***

fl"
rttrf

,'t" øxygen-*-

n-
1J'-
vOj

UoU-Í

(1

.1

a.f rnorn fem-

of o:;t'gen arrrì"

C),
rñ n

tJ!tl
4\Jøl.J

f ì^-¿'ln
0.
,Jn', ^l t

there ç¿ere fo*:" repli,eate.s -[or^. ererJr r:ornbinat,ion, givirrg

i"l:; l¿ x l¡ æ 6l+ single deterrainat,io¡rs (one petri. d.ish pe¡ cìesie-

cat.or.) 
"

The des:iccat,r¡r,s T'iere e.¡a-cri-aterl ¿"nri. fi,l-led wi-*h. the pre*

pared ga-* mix'buxe t,fi"ee, and. gei"mina.'Li-nn w-as i:amåed o¡:t at



r'a)r,

:r'ûom tetrperâ.titre (zL*nÕ C") ruidar a bank of fluourescent lights

í-s¡" e.;oerío,l crf eight ho-urs (! 5 mlns")"

A.t 'tJ:e end of the gel:mina-tion" period, 'Lhe spores !¡ere

tßlix.edlt fo:' approximaf,ely 15 mins. by plaeing "bhe pet:ri dishes

in a eo¡r*"ainer over glaciai a*e'bic acid"

The mean percentage gerrnÍnation :for each. treatment cerm-

binatiori i-s i:eeorded i.n Tabl"* E" For. the ,statistÍcaI treatmenb,.

see Á.cpendix iT,

T43tft H

IlF;Ai\r P.,îRCEI{ÎAGE GERI'iIl[ÁTïCIi'], ÀFTER EIGHT i{OtJRSe
ê.T E{]UR IS/8T,3 OF CARBON ÐTO}iÏDE A.}ID FCT.TR

LUlEf,S OF TEYGE}I

\(') rs0' 0"03 5"0 tO"0 i,îean0'
a"5 52.5 8l+,5 81".5 B5"o V6.6i"û 80"2 Bg"5 ?1,0 ga"T B7"g
5 "çs gÐ "5 g!+"5 93,5 90 

" 
o g 2 "l2û.Ð 89 

" 
û 96,-t 95 ,t 91" O g2,g

lviean 7B"T 91..3 glo0 Bg"a

I'lin:-nrucr signifir:ant difference for treatmenl,
/ l¡JIûeånS s þ"1-¡¡"

Mj,nj:nrun signifí-cant cliff"ey"ençe f rsy coiumn an-d
îÕhi ï1Êå.11,5 = 2o66,
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:I,4-EIE ãT

TIid EF}''EC:I OF CAF,EOÌ'I JJTCIãiNE I::,Ì¡iD OãY,Gþì{ CCI"IBT¡IJITIO}iS
OiiI THE AF¡?E.ARÂJ\¡CE CF ?I{E Gfi.i,Ð,I 1IïJBES

)' Íril?f 0"03 1ñ ô

^-ue) ùpner].cal.
søe ì li::gs

,SE¡r:l len
tips

Tubes short
Bursts

l-"0 lu,be"s fai-r3";.
Lûr1Zi íj()iìj€
bi:rsts

Gna.:."!"ing

) aU !)Ome

br"lrsts
Gna"r1Í"ng

fipherieaS.
swel i.Í ngs

Swelled
t,ips

Br¡-rsi,s
Gnarling

GuanI-i-ng
and
b::anehing

Some
bu-c's{:s

Gna"rli-ng
a¡-ri
trr"anching

r +1"ìå ?t | -l ?ì c/-..'.*.-*"i]

Gna":r1.ing
anrl
s'bre h*hi lrg

Fr"ee brancb*
i"nE

Staghorns
,Sorie r,¡ith

se*oncl;;-ry
l,nìre,*

Staghours
Gnarli:rg
Scme ¡.¡ith
secondary
t'r¡ï:es

,Spherieal-
swell-ings
al*ng tu'be

Gna.:r"1-i-ng and
branel:ing

,Staghorns

S'i;a.ghorr.'.s
and, gnarling

St,aghorns
G;rarling

^^^ztJ qu GnaT"Jl_ng
a"nd stag-
hö:"ns

Scl¡ne
Ìrr-l-rst's

-frccessi-vely
branehed

,5*ne wi-ttr
sho:rt
s e*onrJ,an;r
i;ubes
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'ou ¡ui i;he l+i"r ox;rger: )-*veås, nr ,$ign"j,fj_e:ar¡t, d:i.ifeneneçr

*"ri prt:r'c*ttc.ge gerriisra'i,jsn wå.-$ y-*eüï.cled íroro û-03f; t* 3-f{ó ca,r"bon

d:i*xi-ele; at, t'he higir *4.gen ier¡eis , *n *,he o'*h.er hand, a de-

{:T{+fr.#É) i-r"r ¡terceniage gerrri:inat,ion l,'as note¡d. Hhen the car"bcr¡, di*

c:l:irLç cüRcer¡btatjoyr ¡.¡å.-q increa.secl f:"cr'r 0"ûj t,o l-ûÍí"

The ciifferÉrnees r.ecc¡r'cl-ed, a_bove, r¡?¡i_le sigrrifice.nt., a::e

not la-rge; 'c,hey nâ;r represent effec'|.,s r-rpûn 'l,he r.a,t,e cf gert,;jça.*

't:,i-'en, :'aiÌ:e¡: 'the.r¡ upsln the .finel ¡ercei-L,e,age genninatj.orrs si-ne*

'i,he ir.i-e.1" vr*"s on]-;r c+nd-tci;eel ûver" å per:i.cci of ei.gitt Ìrc¡ursu.

Tn a.ny cä.see t-,he ior,,¡ *onc*nt,z.a.i:i*rr_q r-.'f *r:;rgen and çærÌ¡eiri

d.í*xide fo-r-r:rd :ln dis-i,j-l-J-ed ç,ra,tes.l" l",ol,:!-d nût, ¿,ccounw îr;y, t;l:e eor**

plei;e :i-nì'rib:Lijnt: oft,en for¡rrJ for s$Ì:nergeei sp*r"es, Fr¿:¡r¡ r:aLcrr-l-a*

t,ionsr' Lhe ccncen'å;f'a'Lìor¡ of Ç?:Jtgen a.nc *f car-he¡n c¡ioxide in diç*

tíil-ed- r,;a.t,er (o/o), Írr +qu.itri'by'ìurn wi.{,h th¿t of .b}re a.tr,losph-er,.e:

ï;as e$'ûj-firated to be app::ç-:":ina'1,+3-;r g*Sflg a.nd û"0262í resÍ'e:c-bive1;'o

fn -bhe' 3:resen't, *".lper.:r-nc;ri+., a,'t, corriparable coneeri.L,¡:"a-t,jr:ns i,e,9îí a.nA

0"ûO37í rtr, the per'centa.ge ¿-eniii.:ia.li*¡i, r¿aç eigirt;r*fj.çs 
"

*The pl{ of r, suspensj-cn r)f $Ìrúr"e$ ever-. a. pe:.j-od t:f p!_i

?.louy'.s T,¡as ï:of" fou¡o t* be l-ess than ó"8"

ô
'ûa"7.ctrt-p,.',,ed. f::*n Eas sej-u.Ìri1-it;"tabl-es {äa.ndberck of

C4Sg:.+!ry arr-cl tn-i'¡sicå" 2$th ed. Cl-evel-¡rnrJ " tgEfãTT'JîfC ",as$l¡:lr-i ¡-ig 'hha'l äenr,Ïrs lu*rT.i liol-cl,$. {¡v'eT. the enl,r.r"+ Tã,.Tifiaa
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THE Gffi]VJI}IATfOi{ OF SUBi'{ERG}'Ð SPORES

triti-ci
The spores of a number of fungi, such as Ulecystis

(l+5), "4"spergi11gs. (223, and the fruit-rot organisms

studlecì. by Browr (9), germin¿te well in aqueous suspension, or

under a layer of water. Brorru obserwecl, however, that for

Þotr¡fbíS cil€Le.1, the percentage genrrinat,ion and ihe average

J.ength of the germ tube were rp¿rkedly dir¡:inished rrith inerease

in spore density"

There have been indieaùion-s throughout the lii;erature,

partieularj";r with reference to the obligate parasítese that

the spores of certain speeies are adversely affected by sub-

¡:ersiono

As early as 1855p Tt¡lasne (58) pointed out ttrat r¡hen

the spores of ,Ags¿4igrn rpnuncrl]"ajeanm were submerged in water,

they did not gemiiaar,e as rea.d"ily as ruhen pl.aced in a darnp at-

rilosphere" DeBary (1h) also experienced difficulty ín germin-

atj¡g spores of Puccj+l3 graminis under water" The general

belíef r.r,as thá.t lack of olrygen r,tras the causative factor"

ïnstances of a similar nature have also been recor.ded

for PqggtqB' tf.itiej-qg ([a] and EryFiIhç sraryin.j:s (ro).
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Blaclcnan (ó) founci 'l;hat teleutospores of Iþryg¡nicttm

not form sporidia under çrater.

rùi did

DureIL (233, in his suggestive study of the factors

affecting uredospore germinatíon in Fuccinia coronata" found

that spores j¡ suspension failed- to gerrrii.::ate, or did so very

srightly, but that r¡¡hea the drop cultures were in contact ¡sith

paraffin oil or vasellne, 'i;he percentage gerr.nínation was

materially ilcreased"

Allen (2)u r*tro observecl that inhibitor-d.epleted (ioeo,

rþre-floatedn) uredospores gernii-nated reaiLiry when sutrnerged

sr floati:rg, whereas untreated spores dici not germinate nhen

subnierged, concLuded tlrat the reduciion was probably'not due

to lack of oxygen, but to the presence of inhibit,or"

In the present .ctudJr¡ gezrnination under .lrater .Ìda.s

characterízed by extreme varia-bi1it;r, rerniniscent of the re-

sults in Part I"

There were three general observations, however, which

served to suggest an outline for furttrer ¡¡orkr

ao submerged spores, while i¡rJ:ibited from gennj_nating,

remaineC, highly viahle for at least three days"

b" a high percentage germination r¡as obtained. in ciepths

of up to at least 20 c¡rs of water when iire spores were spread



errenl¡r over the surface of a glass stirri$g-rode but not .¡.ihen

the spores were clunped together"

c " gern-ina.tion was not stjiiulated by reducing the temper-

ature frorn 2oo c., which ¡rould. be expected. i-f avairability of

orygen r'¡as the limiting fact,or.

ENperiment Xff . Germi.nation at Ðifferent Sepths
of .A,gar

ff o4ygen is the main limiting faetor for the germina-

tion of submerged spol€se gennination should. depend upon the

dijfusion gradient of the gas, arul hence upon the depth of

the spores beneath the surface, For conven-ience, o"Ti?l agat

was used in place of roater in testing this assurnpti_on.

Freshly-prepared agar ?ras poured i_nto !0 rnm petri

cii-shes, and allo¡¡ed to cool for truo hoursn Three day old

spores from tlre refrigerator v¡ere shaken onto these plates,

and l¡arm agar (laoo c') was poured. over the spores to varying

depths. ¡fter gernrinati-on i_n the growth cha¡aber, the depth

of the spores was measured by means of the graduated fj¡e ad-

justment of a microscopeo
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TitBLE XfÌ

TIIE; FF"FBCT O}- .&GAR ÐEPTH ON }ER,C¡,}¡1'AGE
GEAT,1ÏNATIOI.I

i'lean Depth
(t*) I Germinatíon

0
UeO
vo7
1"1
I"þ
2"L
2;]
h"o
4 "-L
l+"6
r, I2øL

90, 86
B5
BJ+

BB
Ro

7B
91, Bg

B6
B9

79
75

ïn all cases, the germ tubes ÞIere long and unbranched..

There did not appear to be any correration betr,reen the

depth of agar in which the spores were submerged, and the per-

centage genrrÍlation, at least to depths of aror.¡nd. five milu--

meters"

A" second series üras run, u*sing similar methods, except

tliat 300 rnl beakers uere used, and wa::n agar uas poured to depths

of up to eight eentjmeters" é.s jn the first series, no eorrela-

tion was foüncÌ, and the average percen'Lage gerrrrj-nai,ion was ap*

proximately eighty-five per cento rn this series, there lias a

delay of about twenty-four hoi:rs before germinatj-on commenced,,

horuever, suggesting that while the rat,es of cüJ'fusion ¡vere not
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liniting dwing gerndnatior¡, a certain m:ir:.iml¡m level of oxygen

and,/or carbon dioxide hacl to be attained before com¡rencement

of germinatíon.

Experiment NIIT. the &ffect of Ðilution on The
Germination of Subnerged Spores

If a product of spote ger:nination is responsible for

the behaviour of submerged sporese the i¡hibition effect çiould

depend upon the density of the spore suspension"

' A suspension of one*month o1d. spores t¡as prepared. by

shakj-ng up 0"0! g of dry, spores with 30 nI of distilleo lrater"

A know-n volume of this suspension ?ias pipetted into 50 mrn petrí

diskres, and distilled vater trias added to make the final volume

five milliliters in each caseê The petri dishes vrere placed

on the laboratory and germinated in cü-ffuse light.

T¿,BT,E }TlfT

T¡M EFFruT OF SPORE ÐEÌ{SITY Oi,ù GMÞiINÀ?IOI\]
üIIDER tdÀTm

m} spore
Suspension

/" Germination i{ean
q

001
1r0
2"4
3"0
l^

4oU

85 82 th
70 Bo 75
b9 62 6h
hz l+o )+6

l+o 31 36

83.6
75 "o
5B "3\2,6
35 "6
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A change in the appearance of the spores nas noted l,rith

increase in spore density; at the Io¡¡er densities, tJre gezm

tubes were of even diameter throughout their length, while j¡

the petri dishes contai-:oing three and four milliliters of spore

suspension, the gerrr tubes exhíbited spherical or irregular

swellings. (See Flate fI, fig" 2.)

It will be seen frorn Table EïII that there lras a defi-

nite relationship between spore density ancì percentage ger-

nination for submerged spores, with a red-uctj-on jn germination

of about forty per cent w'ith increase in spore cÌensity fron 0"03

to 1"28 mg/ml"

Under the conditions of this experiment i-t was not likely

that such marked reductions in germination with increase in spore

density were due to competition for oxygen; this i.s indicated by

the following observatj-ons*

ão no increase i¡ the geraiination of submerged spores r'Tas

obtained at lower teruperatures, which v¡ould be enpected if oxygen

solubility was the lirniting factoro

b. a high percentage germination was apparent at oxygen and

carbon ùi-oxide concentrations roughly equivalent to thoseof

distilled water (Uxp, fI) "

lhe observation by .&11en (Z), tfrai; trpre-floatingn the
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spores increased their subsequent germination r¡nder ro¡ater rriould

lend weight to tJ:e berief that the reduction in germination
v¡ith i¡crease i¡ spore densi-ty, as noteci above, rras due to the
accumulation of a substance (s) given off by the spores.
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DTSCUSSTü{ ATIÐ CONCT,USTOIIS

The emphasis, in Part I, on the guestionability of mak-

i-ng comparisons between experiments containing a large <iegree

of variability appeared justified; i-t was seen that the re-
action to any given factor depended in part upon the previous

history of the spore sample, as well as upon the leveJ. of

other experimentaf factors.

Because of this lnterdependence, siraple effects ¡.,ere

often diffieul-t to assess; overrooked di-fferences in teehnique

and cultural conditions rnay alter markedly the reactions to

the ¡nain experirnental factors "

The follornring outline is given in the hope that it r¿ill
at least assist in staij¡:g the problem in more concrete terms"

There are factors associated ¡¡ith storage which tend

to reduce the subsequent germination. The rate of reduction

varies with the parti.cular spore colleetion, and is probably

brought about by such factors as the absence of light, the r:ate

of air ùi.ffusion through the sanpLe, and perlraps the amount of

spore material presento after the initial ¡¡eduction, the spores

exhibit a nuch slower decrease in gerrninability, with seventy.

to eíghty per cent of the spores still fr¡rctional after as long
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as one-hu¡r.dred and ninety days " The spores do noi appear to

be kijled to any great extent during storage, hol.rever, since

tJre percentage can be increased by exposing them, on agar, to

a ternperature of 29o c" for several rni¡rutes" The behaviour of

ory spores, as outlined above, aas tentatively ascribed. to the

activity of a sel-f-inhibitor,

In the presence of light, uredospores appear to re-

quire an exbernar source of carbon dioxide for norrnal germin-

ation, sj¡rce gerrnina.tion is reduced over potassium hydroxide,

and it can be i¡rcreased by the addition of carbon dioxide to

tlre germÍnation vessers, Jit low carbon dioxide coneentrations,

the length of the germ tube appears to be inversely reLated to

the light Íntensity (Appendix l). In ttre dark, the presence

or absence of carbon dioxide made 1ittle d1ffersÍrcêo
.i¡ihen the oxygen concentration was redueed below five

per cent, the pereentage germination !üas also reduced, par-

tieularly il the absence of carbon dioxj-de"

ft was concluded, in agreenent with the fildings of

.A.llen (2), tirat tj:e low and highly variable rates of gerrni:ra-

ti,on accompany5.:ag' the submersion of uredospores hras more

probably due to the accrunulation of a natural inhibitor than

lo low oxygen tensions, but inasmuch as interacti-ons exist
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between inhibitor rtsensitivityrt and carbon dioride concentc"a-

tion, and betl¡een carbon dioxide and o;ygen concentrations,

there nay also be an ìndirect i¡rteracÈion between oxygen con-

centratíon and. inhibitor ttser:sitivityrt" hence, at 1or.¡ oxygen

tensi-ons, such as occug wrder l+ater, uredospores couLd be

more rsensitiver to tlre i_rùribi"t,or,

It was not found poss1bIe, r,,rith the information at

hand, to elucídate the apparentr;r diverse effects of light on

germination, vi?", that for tdryt spoïese the absence of light
resulÌ;ed in a decrease in genninability, whereas for spores

geminati:rg ri:rder low earbon dioxid.e tensi-ons, the presence of

light was injurious. Proi:ably, with the conmeneement, of ger-

mination, abrupt changes in metaì:olisn iake place, with at-
tendant alteraiions in the response to the envir.onment" rt
may i:e that the reaction cf gerniinating spores to light j¡ten-

sity, carbon dioxide tensions, and inhibitor rrsensj-tivity$ 1"

a function of the preceding dark-storage periodo

Undoubtedly the most characteristic feaiure of work

in this field is the critical importance of interaetions be-

tween enirironmental and physiorogica-l faetorsi rûoreover, i;hese

jnteractj-ons must be taken into account in providjrg an accirrate

d.escriptiçn of the behasior:.r of uredosporeso
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FURTFGR. OBSffi,VATTOI.IS ON THE EFFECT OF IIGHT
.{T tof,1l cARBo}t DroxlÐE IEJSIONS

¿nother observation wl:icrr tended to support the vi-ew

that light i-ntensity plays a decisive role at 1ol¡ earbon di*
oxide tensÍons i-s given below. The effect produced was an

accidental result of the experinental design, but might be

of interest at thís poÍnt,

Fresh spores r.rere storeri_ in the d-a:.k, in stoppered

phials, .for approximately four hours" Each repl_icate r¡ras

taken from a separate phial-, and the treatments were earried

out i¡r random order' Two large desiccators lrere used, one

contai¡j:rg lül sulphuric acid (+C0Zlu the other, IW KAH (_C02).

The i:rocul¿ted petri di-shes v.'ere placed in boür desiccaÈors,

but due to rest'rictions in space, they had to be aryanged in
tr'ro layers itop and Botton)" The desiccators ¡¡ere then placed

j¡l the grolrth-chamber,
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TÂBTE XTV

THE tr'FETT OF I,ÏGHT 1I{T¡j]\]SITY O}ü FERCÐ{TAGE
GERI.ITNATTOiU OV-ER KOÏT
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the characteristie åppearå.nce of distorted germ tubes,

¡¡ith swollen and burst tips, T,¡as seen in the plates frorn the

top layer of the desiccator eontainjåg K0H" The spores from

the bottom layer of this desiccator-å- wære not quite as ex-

tremeJ-¡r ¡nocified in appearancee but r.epresented. an inter-
rnediate stage bet+¡een the markedry affected top Jayer, and

the nor:nal-appearing spores ge:sninated. over sulph,oic aciciu

See P1ate W, fig. 'l .
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The average length of the gerrn tubes of the spores

over KOil ¡'¡as also noticeably shorter ín the top layer, com-

pared lrith 'i;hose from the botto¡n .!ayer.

Before reaehing the boùtorn layer of peiri dishes, the

light had to pass through the first J-ayer, r¡hi-eh consisted d
an extra thickness of glass, and a plaque of O,TiiL agare absut

7 mm thi-ck. rt l¡as dee¡red more probable that the change in
ure intensity, rather than Í;lie quality of the light, was

responsibre for the significant difference between the tr¡o
layers "

lthile there may also have exi-sted a ternperature gradi-
ent betr'¡een the two layers, iudging from the previous experi-
inents, any such difference in tern;oerature ¡^,oulci not be suf_

ficientry large to account for such marked changes.
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Â?TENDI]T IT

STATTSTIC¿{J, TRtrAT..i'iEirI-T FOR ffiFERN'IM] T XI

Two sets of eight desiccators Ì{ere employed per clay,

for four successive days, rrith the aruangeroørt of treafunent

conibj¡rations slror"rn j¡ Table XV. The enclosed fÍgures, which

represent the percentage gemination obtained in each case,

are based upon an average cou¡t of approximately one-hundred

and sixty sporeso

TIi}LE EV

0r O2 01 0r,-L4

cl b,r, ,
c2 81' 87 gr2 92 g',u' Bg g7 , g5

lst and Jrd days

01 Ð2 03 cL

C3 90, 83 97, 90 90, 914 95, 92

CL 87¡ 6l+ 90, go BT, gZ gL, 86

lst and Jrd days
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01 oz o3 ,h

57 7E
l+B 83

85 Bó
85 89

79 85
86 92

83 9r
4 tr:3

Lr
znC[ ð¿ 4f'n daJ¡ 2nd & htir ¿ay

TASIE TVT

AN4.ITSIS OF VÁRIAT'ICE FOR TXPERTIffi\]T XT

C1
Q-ol

a2
/l

q7
/l

>4

u2

Ç3

^ ls.,1I 
BB

la?
¡ l/l
"2ü 98

^ lg3v3l 97

c
Ofì

Variation due
tos

Sum of
Squares

Mean
Squares

D.F. Variance R.atio

* Slgoz cooco
I fi(Ur co!?co
fr H(cõ2 x o,

Total

Error

Total

Standard

63ho.o

709:2 th,77

7Obg.2

single deternination =

u

L5

Lq

l8gB"h
2T09.O
L732"6

632"8
903,0
r92"5

ha.B{"
A't nliU-Lo\.,

13"d'r'

error of * 3.823IL"77

tí
Significant at the one per cent level,
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Mean difference betl¡een O"O3/" and 10% C0, levelsr

a" at 1ow 02 concentrations---

(8L.5 + Bg.5) - (85"0 + go,7) _ ^ Qr:
T:- - -vsv)

b. at high 02 concentrations---

L?4,5_+ 2l"A_- (go,o * zLg)
é

Mini-mu:n sígnif Ícant difference

2"0].

e 5"10

(p = .05) :

z+*,77 
=1":BZ.U
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THE EF'FEOT OF TOT,UE{E

Isaac (38) found that F"aee 56 uredospores could ger-

äii.nate in toluene-saturated water. The following two experi-

i¡'rent,s jndicate sorne additionaL properties of toluene vrith

respeet to uredospore germination"

ffi.PEüìll'iÄ-T A

Three-day old spores fro¡n the refrigerator were shaken

onto a solution of toluene (J parts of water saturated with
'toluenes/ parts of distilled water), or onto an equivalent

amourrt of water. one-hal-f of the 20 ml glass vessels used for
the erperirnent were placed i¡ a large desiccator contai-aing

2W I{ÐH, and the renainder were left on the laboratory bench,

covered with i+atch-glasses. There were three replicates for

each treatment, and a] f were continuously exposed to fluoures-

cent light" The following results represent only approxima-

tions of the pereentage gernination"

a" Spores germinated on distilled watez., at reduced ü02

tension (over KOH)---l+ryi ge:rnjrratj-on3 tubes short and unbyar:ched.

b" Spores germinated on toluene solution, over KAH---|!{,
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germinåtioni tubes long, wíth long straight branehes"

c. Spores gennínated on distilled water, e4posed to at-

mospherie C02---over BV" germlnation; tubes J-ong, mostly i:n-

branehed"

d. Spores gerainated on toluene solution, in tFre ¡::resence

of atanostr*teric C02**-similar to e"

Under roon conditions, genninating uredospores appeared

to be able to withst,and a eoneenÈratíon of at least 0"3 x "0h716

grn toluene per 100 ml water. ltt this eoneentration, furtherrnore,

the usual redueiion in geroination by low carbon dioxlde tensisns

was apparently overcone to some extent.

ry,F¡]RßMNT B

The Effeet of To}¡ene oa the Ger¡d-nation of
Submerged Spores

A suspension of one-rnont'h old spores was prepared from

0"2 g of dry spores in 60 mI of distil3-ed røater, tieven milli-

liter-aliquots were pipetted into eight petri dishes; three

mill1li-ters of a toluene-saturated r¡ater ertraet rqere added

to four of, these" and. three milliliters of distiLled water to

the other four"

After twentydoi¡r hours in the growth-ehamber, the

spores t'o çil¡ich the toluene had been added, sho¡'ied abouÈ fifty
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per cent gerftj.:rtatione ürhil-e those receiving onry iListirled water

possessed l-ess than one per cent of germinated spores"

T¡úhile too ¡nuch eniphasis ean be placed upon iwo such

isolated observations, they may provide a means of correlati_ng

the two phenomena of the inhibitorscarbon dioxide interaction
t 

-. -----t[jIxF" Vf]f) and the reduetion i.n germÍlation of submerged

spores "

The suggestj_on was put forth by Al1en (Z) ürat carbon

dioxide assumed a role in counteracting the effects of the self-
inhibitor; there is also e¡riclence that an inhibitor is involved.

in the case of str)ores covered wi-th a ttrin layer of r¡ater. rf
Ì,he inhibitor were rendered more soluble by the presence of

non-toxj-c amourrts of toluene¡ it could perhaps be more readily

ranoved fron the site of production, thus reducing the in-
jurious effects of Lo¡iering the carbon dioxide tension in the

presence of light, and, overcorning the isúlibÍtion associ-ated

r¡ith immersion.

Forsybh (28), for example, found that the inhibitor
given off b¡' germinating spores i¡r ''¡larbr:rg flasks coulcl be

absorbed in solutions of acetone, arunonium hydroxide, and

si-lver nitrate, thus sti¡nulatiqg gerninatj-on.
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MæLA¡üATTONT OF PIÄTES T - rV
spores photographed in situ

PLATE T

fÍg" I' rtfiJosn¿fßa genminaÈion, shoruing branched and unbranched
germ tubes"

fíg" 2" Genn tubes shot*i:rg ¡Nstretchedtt appeanâflC€o

fig. L
fíg.2.
the genn

fí9.
,fåft
¿+6 0

l-u

2"

FfutTE TI

mGnarlÍngîl and wstaghonasrr" See Dickinson (1?).

Gennination under ¡.rater, Note piEgnented bands along
tube, and sphericaL sn¡eL1ings.

PIATE TTT
germination at lon¡ earbon dioxÍde tensions

Note sv¡oLlen tips and short length oÍ gerin tubes"

Note burst tips, and irregular appearance of germ tubes*

PTATE TV

fig. 1"" Gecrßinatfon u¡rder conditions comparable to those infig" 1of Flate rrr, but und.er ro¡ser lighl intensity (boùtãnr
layer of desiecator in Appendix r), soñe da¡rage evident, but
the proportíon of i¡bursts$ not as hÍgh, and thã average iengthof the germ tubes not as short as irr fíg" I of plate rrr.
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