


AN EXPERIUGINTAL INVESTIGATION OF SEX
I THE RUBT FURGL.

Je He Craigies

The Rusts comprise s disbinet group of the
Bapidiomyestes. They are all parasitie, and soume of

stive

them may under favorsble conditions cauge destru
gpidonics, §ﬂ>&ﬁ§ﬁ&ﬁi ef ﬁﬁﬁi?‘@%&ig&%@'ﬁ&?&ﬁi@izmg
they pressnt considerable 4iiflevities to culiural
studien, Owing te this faet, possibly, ceriain aspscis
of thelr developmental eyole have ?@ﬁ&ﬁﬁﬁé CLBOETS.
They have, hﬁ%@?&ﬁ, bosn the ﬁm&ﬁ%@%& of B great desl
of investigation. The black stem rust of gereals has
been siudied mere then any other rust fung Qﬁ, snd, in
general, it may be said that the amount of study given
to & particular species has been aboui proporticmal to
i%s economie impuridance.

This . paper is aa&%nar &ﬂﬁ%ﬁihﬁﬁiﬁm to our
kngwledge of the Rust *an%ﬁ, particoulariy id respeet
Lo their %ﬁ&ﬁ%li%f; snd the obeepvations about to be

recorded have been made on Zugciuds graminis




Sur kneowledge of the 1ifs-history of Rust
Fungi made & grest adveuncde in the niddls of the
ninedésnth cenlury. Previous o %ﬁ@t.%imﬁ pach spoYes~
form was regerded as belongivne to o distinet genus.
The ﬁyﬂﬁi%1‘$ﬁ&gﬁ é$~%ﬁ@ V&ria@ﬁ‘rﬁ%ﬁg waE grouped

under the genus ﬁ;;;,ﬁ;&gﬁ; the aseial, under

sgeidiva; the uredinizl, under Ured and the telial,

under Fuceinis. Tulasne {98}, in 1854, showed that
the uredinial and telisl sori that are found on siens
of wheat are not derived from two rust speciew as had
previously been believed, but thet they are preducts
- of the myeelium of one and the same speclies, namely,

dnis. In 1865, De Bary (16) established

ex@%yimﬁmaaliy’ﬁﬁa genetic sonneation of the twe

stages of the rust fungus on wheat with the ascial

rberis Pers.) on the barberry. He

ingeulated barberry planis with sporidis fron germinating
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teliospores. From these lnveulstions arose pyeuis
and aseciz.  Vhsat planis incculated with the
gseeiosnorves produced uredinia and telis. Thus he

demenetrated that Yygodnd

; iz produsss five
spore-formy which appesr i yegulsy seguence}
pyeniospores in pyrenias] seclospores in sesisy
urediniospores in uredinis] telissveres in felia;
snd sporidis on the pepidiun derived from a germinating
tellespore. '
¥yenls were discovered by Unger (80) iﬁ
1855 and were considered by him te be the frustificss~
tion of & distinet funges. Singe that time the nyenis
have been the gbjiect of much speculation. HFeyen {(49)
notieed the close sssociation of pyenia and secis and
suggested that they represenited the sexual organs of
gre and the smme fungus, This view was supported by
Tulasne (79}, 4s the pyeniosporss wers apparently
laeking iﬁ,gggag of germinaiion and as ihe pyenis bear
& styiking repewblance fo strucbures in cullemaseous
 lichens which were believed to be sexusl in nature,
Tulasne {97} called the pyeniz spermogonia. De Bavy
{15} also ragsrded the pyonia as spermasgonis, but he

records that secls are somebinmee formed In the cowplete
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sbhegence of pyenis and, consegquenily, in these casas,
fertilization can not take place. In nubpisnt
solutieny, the gemination of pyeniscspores wes
ghserved by Cormw {10) and the germination of the
spermatia of lichens by MBller {50). The faet that
pyeniospores had been observed Lo germinsde sxd that
@@ai&'&ra sometines unageonpanied by pyeals led Brew
feld (9] to sopese the ides of sexualiity in the
rusts, and to consider the pyenis nei ag spermeagonia
vt as asexual reproductive organs Lo whish the name
pyenidis sheuld be spplieds ¥fisbahn (52}, fer
similar ?@%ﬁ@ﬁ%@ opposed the yiew that the pyeunia
are male organs. From a review of the iiterature

snd from his osu %xgﬁriﬁeﬁﬁéi rapulis, Plowpight

{60} arrived st the same conelusion; but he pointed
sut that if ithe pyeunisspores sre gonidisz they should
be avie Lo iﬁfﬁﬂﬁ‘ﬁﬁﬁ.ﬁﬁﬁﬁfﬁiaﬁﬁ, aithough he had
never been shle to prove suweh infestion sxperimenislly.
However, he chaerved the germinsiion of preniosperss

in suger sceiutionsg.

opinion of Brefeld was generally age

o

cepted wniil 1904, when Blsckman (B} revived the theory

of the sexual nature of the pyenia. le supposed that




the pyeniospores were once fumeiional like the
gpermetia of the red ses-woeds, bub that they

vecame functienless when the trichogynes disappeayed.

In support of his view that pyeniceperes sre funciions
less male eelle, he referred to the deunsily of thelr

poelel, the pasueity of their eyboplasm, and the thine

ness of their cellewnll. In addition, he pointed out
that pyoniosporss vossess wt fesble nowsr of
vegetative development and sref{as far ss known)
incapable of producing gnf&a%igﬁ& Christman {9)
inclined to the view %&&ﬁ'%%@ §y&$§g onge prodused

functionsl sse

ual gametophyiic spores » cenidia -
ng do the pyenidis of %ﬁ&éﬁgéaﬁagﬁ. He guesiisned
the belief that the pysuiospores are functisnless,
%i%&&ﬁg& h@,aﬁmi%%a@~ﬁ%&% Sigir nature was not very

evident. 1t uwme %a"&giﬁﬁfa é%@% belief that the

pyenia are isolated orgene and thet, whaltever thely

originsl funciion may have been, they are now guite
funetionless. Grove (24] advanced esight ressons in

sunpard of the ssswmpiion thai the pyoniosvores

represent funetionless msle gells. Later investizetors
aceepted sne o other of these theories, but the

opinien wes faivly wenimeus thet the pyenis, vhether
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they were originally ssexusl gametophytic rve-
 produciive organs or semusl organy producing
spermatis, they are no longer funciionsl. The
view that the pyeniospores are functionless was
very definitely expressed by Gwynne-Vaughan and
Barnes {25) in %ﬁ@ir texi~book published iﬁ i82%.
Cytologieal invesligations have made ime

portant contribuitions to our knowledge of the
Rust Fungi. 1o 1880, Sehmitz {66} discovered

paired mueleil in the myceliuvn end urediniospores

tolegaporin 3 Polrault and Baciborveki
{81} introduced the Lerm "gonjugaie nuclei® for the
paired nuslel, and made some cbservadions osn the

chromobonsl behaviour duriang mumolesr Tusion and

reduction. Two nuclel were ssen by Hosen {63)
the asciospores anmd urediniospores of Uromyees

pisl and Pucelnis ssard

e, et only ome in the mature

teligepores. A e&é&%@ﬁ%&%ﬁv@\ﬁéﬁﬁy of the wmyeulis
and fructifications of & layge nunber ﬁf‘%uﬁﬁ gpeuien
was wade by Savpin-Trouffy (68}, He found that the
pyenissvores and the hyphse whish nroduse them ar@‘
uninueleate; that Lhe aeciospoves, wrediniospores,

and the hyphae arising from ithen sre biaucleste, as
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are alep the sells of the imssture telisspores, but
ihat wefore gﬁxmimaﬁiaﬁ the pells of the felicspores
become uninwelsats throush the fusion of thelr
conjugate nuclel. Two divisions cveour in the besidium,
- pne of whieh is 3 vedueitlen division, se thai ﬁﬁ@ four

vasidiosperes sre unimucleste nvd produce unim

sleate
mycelis. He considered that the fusion of the twe
neelel in the telloscorve represenis n Lrue sexual
process, but paid little sttention to ithe erigin of

the binuveleste condition in the sociospores.

The exigin of ithe binuwelsute condition was

investigated by Blockmen (5] whe found ithat in

tacows the mucleus of one ¢ell migrates
tarough & pors inte s neighboring vell. He intervpretlsd
this a: the begianiag of & sowmwal aot whieh culminates
in the fusien of the twp muclel ia ihe ﬁﬁ;%%gﬁﬁﬁa@
Chrdetmnn {%}s in 2 similer study on Zhragnidi '

an. found thet fusien oscurs belwsen itwe

neighboring selis, and suggosted thalt the nueclesr
migration observed Ly ﬁi&ﬁkﬁﬁﬁxﬁigﬁﬁ have been duz lo
& pathelogleal conditlon, Huclear migreation has alsc
been observed by Velsford (88), Xurssnov (37]), ond

several othores, bul wmost of the later workers, Clive (57},



Sursaney {aéé, Fromse (22}, Haire {48}, Lindfers

{41}, ele., have found that the conjugats condition

of nuelel in the spoveshed of the secis of many
>fé$%‘$§@@i@$_iﬁ due to gellsfusion, although beth iypes
bhave been found in the ssme species {37, 41, 57}« Very

recently, Hasns {28) has shown @éﬁimfuﬁ&ﬁﬁ sooure in

af betersthsalliss is koown

to oeour in the Fhycowyoeles, the isscomyesies, and the

leeldionyoeeben. 1t bas been desunstrated experimentallys

in the ‘hycomycetesy Ly Blakeslee {8} in 2

Meor and other

Husorinese, and by wﬁﬁ$ﬁ~£%&§ %ﬁhy”"

ﬁg Betis ié}

»

ﬂ@@g& {%@} secuved Tergile kg%riéa from & orong

between B. gitophil
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and by Ziwvs Gileeve (33) in Fsilosybe sopronk
Among the Bmut Fungi, Falep {34] found

svidence of heterothallisn in Uptil

Stekman and Christensen (70}, in Ustil

inie grandnis was coa=
gidered te be 2 single spesies gapsbls of siitseking
21l of the common ceresle and grasses; wud in thei

vesr iyikeson {(21) showed that it consisied of seversl

pathogenic siraine or forme, each of whieh is specifie

insous hosie., These siraines he

Tor coviain gram

deeignated as “formae specisles®, and classified thenm

weeording o &

ar Alvae, F.

pose on Pom. ALl had the commen barberry as en ascisl
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hoet. Resulis of 3 confirnstory natupe wers ebiained
by Hostrup (64}, Ysgoue {42), ¥itehoock snd Carieton

wazd (86}

i not o simple form, but eonsisis of st
pathogenis sirains. In the following yeayr, a third

girain wvas identified Yy Helghere snd Parker [48) and

s fourth one by Levine and Stakman {39). By ueineg
twelve standurd warieties of whest, ealled “differential
 bosts®, Sialwen and his co-workers {71, 74, 78] bave
beon %%E% o ﬁi%@iﬂgﬁéﬁ% B lsrge nuwber of pathogenie
Torms by btheir ?ﬁﬁﬁﬁ@%m o these hoste. Hewlon, Johnsesn,

and Brown (88 have reperted sight additional forms.

&g the marvhologiesl shavacters of il these sirsins

ot

?%%@:&ffiﬁﬁﬁliﬁﬁﬁﬁﬁﬁﬁlﬁjﬁh@ é&%ﬁ%&ﬁ&ggéﬁg of theiy
reagtions in coneidered Lo be due is physiologlosl
differenges in the strains, snd henee the siraing are
now referved Lo as “physislogic Forme.®

%ﬁg only has physiclogie specialization been

found in Puccimis graminis tritiei but it has been

demonsiyoted by fiskmmn, levine, and Bailey (72} in

g, 20d by Levine and Stekuwen {(40]

it hee alse been shown i
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geeur in other rusie. lains ond Jocksen (44) distin-

x

guished twelve forms ia J dning {43},

These eitstions ave sufficient to iﬁ@iﬁﬁ%@ that the
phenomencn of physielogiecal speeialization cscurs more
or less generally smong Hust Fungl.

From the bistoriesl summary Just concluded,
it iz evident that prisr te 1938, st which Sime the
iﬁ%&ﬁ%ﬁﬁ%%é@ﬁ.?$?ﬁ recorded wse begun, weny Tundemenial

facte comesrning the life history of Iuseinis greninis

bed been brought teo lizhiy it wes knows that his rust

is heteroecious; ihei fusion of the conjugetie nuslel

sopurs in the iteliosperes prior te gersinstion; thal
reduction fskes plaee in the b&ﬁi@iﬁm, that the ﬁf&?i&ia
give rise to uninuclieste mycelia; and Uwmi the aseiespores
sye binuveleste., 3By inference fraﬁswﬁaé was known to ggour
in ether rusts, the binuclesis &amﬁiﬁiga.gf the asclospores
was suppesed to arise eliber Ly e¢eld fusion or nuelear
migration in the ascial spore-bed. It was kuown also that

physiclegical specialization in jmgeliais

proucunced, Apnd, fizally, 1% %&&.%&%@f&%iy agraed thal,
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whatever the original function of the pyenis might
have boen, that function had been lusia.
¥o aune up W the yeay 1527 bad ever siudied

the problaes of mex in |

g zainds or any other
rust experimentally; bui, in that year, the writer was.
able te announce that lugginle gragiais ie hetsrothellic
and that the pyemia are functiensl (12,13). 4 further

communication from the writer (14} in 1928 contained

additional obpervations on sex in the Rust Fungi.

The Dominien Fuel Resesrsh iaboratory was
organized for the purpose of finding some means by
which the ravages of blasck sten rust in wesiern |
Lapade might be prevenited, or, at least, mitigeted.

1t seemed pessible thet the end im view might be
attained by bresdisg rusteresistant verieties of
ceresls. It was heped to produce verietles of wheat
and pats which would he vesistant te sll ihe physiolosie

forms of Ea gEy igd, and Z. g
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at loast resistant te their nest ?ﬁﬂ?&&%ﬁﬁsfﬁﬁﬁﬁﬁ

To attempt to do this seemed sufficiently diffieunls,
even if there wae no possibility that other physiclogic
forme might arise which would be more vipuleni, or
eapable &fiaﬁﬁﬁﬁﬁiﬁg & wider range of host nlants, than
the forme already known: Thelher or not new @h?ﬁi@&ég&ﬁ
forme arise from time 4o time under natursl &aﬁéi%&&&ﬁ

4, IF

was not known, but it wee argued theoretieally i

inis is bhetevothalllie, sny twe physielogie

forme of this organism mey hybridize on the barberry and

a0 produce new Foermes which mey render bwreeding for rust
resislange more or less fubile. Stakman, Levise, and

Leasch (74}, as esrly s2 1919, mentioned the poseibility

ﬁf’hﬁhﬁiéiﬁﬁ%ﬁ@ﬁ'@§~§%$ﬁiﬁi§$iﬁ‘§ﬁﬁm$ sgevrring on the
%&w@%@%y@-vﬁﬁﬁﬁﬁﬁﬁ'ﬁg not aybridization does lake place
is & guesition of very §£§aaiﬁa£.$m$$$%%ﬁ§$% ze well
as one of conpiderable seientific interest. Dr. D. L.
Bajley, fgﬁmﬁr%»~$£f§gﬁ§ in Uharge of the Rust @&ﬁ%ﬁ?ﬁﬁ
Levevetory, proposed o the writer it he investigste
the problem.

1% spesmed obrious to the writer that the fivsi

step in ihe investigation was Lo discever whether Puge

graminis is homoiballic or hetercthallic. Both home




and helercthallic species are known among the Basidip-
myeeles. le sexual differentistion was found By diss

Hounse (Bl) %o exisi in the basidicsperes of S@in;&;

Blery

ullimug or of G. steyeorariys, or by ‘runswik ( (),

iﬁ the vasidiospores of {yprinus nuo

3*é$$‘ On the other hand, Enien {3&} showed that

the basidicsveres of Ystilass

3t

into two sexual gyoups, and & similur condition was

demensirated by Vandendriss {83) in Goprisus radd

and by Mdee D. . Hewton {84} in Coprinus &

Four sexusl grovpe of epores were found by Eulep (33, 38)

if whe sporidiz of this rust sve nebt dife

ferentiated for sex, or im other words, if the speciss

ie bhowolhaliie and its sporidis are sil sezusily alike,
an infecfion of & barberyy leaf hy & pingle sporidium

showld produde 2 ﬁﬁ%%hl% in whiah noraal aseiz would

arise. If the sporidis were differentiaied for g8X, oF,

in cthey words, if the smpecies is heterstiwllle and its

spores are divisibls sexuslily into 2 er 4 groups, an
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infection by & single sporidiwa should produce a wyeeliunm
which would vemain in the hapleid conditien. Aecia would
not be expecied to develon, i&@f@férﬁ, in such a pusiule,
unless, indeed, a spontansous change from the hapleid to
the 4ipleid conditiocn cscuprs, similsy to thet found by
Vandendries (84,88) in Copplaus redd | |

. and by Hiss D. ¥, Bewton (B4) in Soprimus |

hecis sight be expocied, however, %@ arise in a compound
pustule formed by ihe coalesgence of two monssporidial
pustules of oppesite sex, ot uot in = ﬁﬁm@aﬁﬁﬁ pustule

formed Ty itwo cpaleseing pustulss of the same sex opr of

2

two pexss ingapadle of interacting sexuslly.

In sttempiing to elucidate the sexy

z1 eoudition

ginda greminis from the peini of view of ihe pes-
sindlities just discussed, it was necessary to oblain
two kinds of pustulew: {1)simple pustules, ssch derived
from the sowing of = single sporidium, end {2) ecmpound
sustules, esch derived from the sowing of two sporidia
yery clogse to oue amother and from the ayentusl conl=

esgence of the ten simple pusitules resuliing therelrom.
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iV,

4g the primeyy objest of the work was &

study of the sexual behaviour of Zuceinia

thie rust was used throughout the investigation,

and excluosively in 1926. For veasons ithat will be

mentioned later, Iyccinis helisnthi Schw. was used

sxbensively in the szperimente of 1997. The souree

of the telisl usterial of Pugeinie praviois was

heavily infectsd culms of wild barley {(Hopdews

Jubatum), snd that of B. hglisathi, withered lsaves

of the cultiveted sunflower {(Helienthus sunuus].

“ollections of both rusts were made ai the

sgricultural Cellegs, Winmnipeg, Mauiiobna

For epuvenience in handling, only swell

plents of the respeebive hopte were empleyed. The

berberry plants veried from ¢ to 12 inches in %ﬁﬁ‘&%ﬁ@a
and grow ﬁiﬁgig in G=ineh flower pois. Sunflower
seedlinge were grown in similer pobs, usually four or
five Lo a8 pob. They were imooculsited a: scon as the
firvet foliage leaves were one~ingh in lougihe

Uwing te the feed thad barberry leoazves
become very Bighly resistent fo infeetion after they

4

wre twelve daye old, onl

¢ yeung lesves of this plant

were sucesssfvlly ingeulsted. Horeswer, sz a lesf
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grows older, it appesrs %o offer progressively
greater resistance Lo the spread of the myeelium
through its tissues. The él@ﬁz the leaf when
infected, the smaller usually ie the pustule

that arises from the infection.

Inoculations were made by two methode,
A and B, By wmethod A, sporidia were picked off
thelr sterignsts and é&?&ﬁi%&ﬁ, either singly or
in pairs, in a drop of water gu the leaf of the
bost plant. By methed By sporidia were sown
sparcely over the leaves of the host plani.

Hethod A was employed exclusively during
1926. It was not, hewever, very productive of
resulis, but as it was the methsd by whieh tﬂé
first vesults were sbiained and as, in the epinion
of the writer, the compesrative failure stbending
ite employment was not inberent in the mechanism oy
manipulaticn of the spore~picking spparatus, bui

atbributable o anpibher factor, & deseriviion of the




spparebihs and its opevation will he given in detail.

Before im@@ﬁi&ﬁi@ﬁﬁ sould be nede by this
method, 1% was necessary to consiruct & spere-picking
device which was amenable to raiber guiek manipulation,

& dyop of waiter begins to fovm at the wase of a
| sporidivm jJust sbout 15 geconds before the sporddium is
discharged, The formsilon of ithis drop indicates that
the sporidiuvm is meture, Only maturs sporidia were
dgaired for inosuiating bevrberry lesaves., Contaet hed
to be made with & sporidivm while ite dyep wae being
exereted, f.g. within s pevied of 15 peconds. Also &
moist chonbear was required in whish an opiimum humidiiy
for $eliaspore gevaination eoculd be mainteined and still
persit resdy seeess to an instruwsent to plek of{ the

pporidise.

spparatus, The iris diaphrags was removed from
o Leitz nicroscepe and te the prejestiiocn which supporied
the diaphyrags was clsmped in an inverted position &

mechanienl stege {(Fig. 1} The swing srs of the atege
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wag disioined and st ite plase oY atioghwent was
erseted a wooden pillar, A, as shown in Pige 8.
At the top of A, ®» shord wooden arm, B, wazp fixed
2t right angles. ©n the upper side of 3, a epring
elip, €, was Lirnly secured.

& short piece of gzisse tulbing, 5 e in
diameter, was drawn sul fo 8 Tine espillavy uore.
The uwnreduged part was Fitted into the and ef a piece
6f soft rubbey %&%igg abgut 8 inches in length and of
the same ﬁi&mﬁﬁﬁf &g ke glase tube. Thus connegted,
the twe were mounted as seen in Fige 3. The »art of

the glase tube sovered by the rubber tubling wae plaeed

in the noteh {Fig. 2] eut on the voper gide of B snd wag

held im position by the spring elip, G The eapillary
pard of the tube resched Lo the proxlmel edge of the
figld of view of the microseope; and the fres end of
the ?%h%@? tubing, closed by a spring cleamp, rested
on the table [Fig. 3).

1t was then possible to raise or lower the
capilisyy tube by means of the rvack and vinion %ﬁiﬁﬁ
sarved Lo gﬁ@ﬁ%%'%ﬁg gvbstage of the sicroscope; and
1o move i% fron right to lefd, or from front to resy,

within limite, by the inveried meshaniesd stage.




To fors 2 wmolist chanber, z haavy siriz
pf Bristeol beard was sul tp the petlern shown in
Figs 4 and folded along the dotted lines) se tﬁa&;
when completed and eemented to & gless slide, it
presented the sypesranse shown in Fig. &. tsefore
being cemented ko the slide, it wae dipped in lguid

peraffin to prevent waler sbsorpiien when in use. The

rectangular opening in the Ffront {Fig. ﬁ} afforded
seoess Lo the interisr. & filler=paper pad lined the
iﬁ%ﬁ%ﬁ%faaf the other three eides. Hidway seross the
chamber lay s =mall wooden pin (Pig. &), supported at |
sne end By a smell hole in one side-wall of the chauber
snd, at the other end, by the noleh eul in ithe vpposite
sideswall. The pin prejected shouts half an inch beyond
the gide of the chamber se that it counld easily %e
reashed by the hend and be rolsted %3 the thuxe and

fingere

A miraw bearing

numerous Ltelial serd wes soaked in waler fer sboul

an hour. From 1% was sul off a plece Just leng
enoush to reach asross the meist chumber. ﬁk@ %@aéa§
pin wos passéd through the hollow genter of the plecs

ef ﬁﬁ?&§ ﬁﬁﬁ“%$$ then repleced in the chamber as shown
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in Figs 8. Sufficient water was added to the Filter
vaper pad fo wet it th@?@ﬁghiy; Thugs both ends af

the. piece of sirew were in contact with water, and,

ge long ae the filter paper remsined wed, the telisl
sori werse kept daap. To prevent the mowmi from dyying

ver {all the

duying ihe ensuling night, the moisi cha
apparatus shown in Pig. 6) was set in & petri dish, the
botton o which wee devered with %&%ﬁ?@

s seoura basidiaz which srojecied ﬁ%ff%&i@ﬂ%&y
from the straw, i1 was necessary te keep the ielial smori
gevered wilh o thin filn of melsture. Ho suset dsis on
the opiimms moisture reoulrenent were lakens %ﬁ%@#ﬁﬁm@@
slhone served as guide., Pebt when & esriain fhickoess of
film was present, ihe basidiz were sonewhst longsy and
stogd well out from the sori, in which case 1% wss easy
te bring the gepillary tube inte contest with individual
sporidia, If %gﬁaﬁﬁgﬁ.ﬁmi$%m§@~ﬁaﬁ»gxﬁﬂﬁﬁg* the basidia

were distorted and produced abmgrmal gporidis,

tion. Yhen the teliocspores in the sori

bogan to germinale, ibe moisk chanbey was renoved from
the petri dish and covered with & cover-glass. The shanmber,
thue completed, was then mounted uwnder the micrvescope on

the vegulsr mechsnical siage which had previcusly been



moved somewhat to the right to prevent the chanmber,
when belng mounted, from coming inie contect with

the end of the eapillary tube. The capillary tube

was then rewoved from its position and Tilled about
twomthirds full with distilled weter. This was done

by Tirst releasing the end of the rubber tublng froem
the spring elamp and then by drawing the thusd snd.
index finger of the right hend aleng the tubing,
therehy creating o peariial vacuusm in the tubing while
the sapillary end of ihe tube was held by the lefi hand
under water. Vhen the desired smount of waler was
drewa wp, the spring clewp was ¥eplaced and the iube
mounted again in its former position, the caplilary end
of ithe tube ﬁ%ﬁ%ﬁrﬁ#g at the edge of ithe mievescopie
field {¥ig. 7). |

By means of ihe mechaniesl stege, the meist

chambsy was meved fo the left until ihe piece of siraw
bearing the telis appesred atb the side of the field of
view apposite te thes @éﬁﬁﬁigg by the end of ihe sapils
lary tube, the gggiiiﬁﬁ? tube having bsen adjusied for
height eo that it passed freely throuzh the reelengulsy
opening in the side of the chamber (Fige Tl. .ﬁﬁ&?g%

waes then nede for & sumevwhat iscolsted basidive bearing




a gporidiun vhich wae appresching maturiiy. ¥hen
one was found, i1 wae %ramgﬁ% dirvectly opvosgite the
gnd of the eapillsry tube {Pig. 8}, but not slese up
to it, so that other speridis which might be discharged
wiile this oxe was malturisng would nod come inlo gens
tact with the tube. I1f by any %ﬁ&ﬂﬁé s wowanted
spoeridiwe 4id cgome iunte coniact with the tube, the
tube was vemoved, sterilized in beiling wetey, welilled
with distilled water, and put beek initc poesition again.

Thenever the drop of wateyr which forms sl
the bape ol the sg@rﬁﬁiﬁm first became visible, the
mount and ﬂ%yi&lawy tube were moved lowards one snoiber
o that the sporidium and the end of the lube were
ﬁ%y&f%%%é by & ?@3§ emall distavws. .ﬁ 1ight prespure
ou the rubbsry tubing csumed the water in %ﬁ%‘ﬁghﬁ o
wlepe out in haméagh&%ia@i'fﬂwﬁ; Jugt far snough o
eotablish contect with the speridium. On relesse of
the pressure, the water was dvawn baeck into ithe tubs,
caPrying wiih it the spovidium.

The mount was drawn back se quickly ss
possible by & reverss movement of the mechsniesl siage
o prevent sontemination of the tube by othsy svoridia.

The tube was rewoved, and, B & 1ight pressure on iths
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rubber tubing, & droplet of weter conteining the
sporidiwe wae deposited on a barberry leaf, The
plant was $hen plaeed in an incubsiion chawber for
i@rﬁyﬁgigﬁ% hours. AL %hé end ef that pevied, 1%
was sot on o beneh in the greenhiouse. Afber cach
inooulation, the capillary ifube wae slerilized in
boiling water,

If 2 biesporidial inceunlation wan io s
made, the provess wes ?ﬁ@@&%&ﬁi snd the %@ﬁ.g@ﬁfiéi%'

wers deposited on the leel in ihe same dreD.

Benerelly the second and third speridia on
& basidimm mature firel, and 2t sbout the same biumej
dater, the ons tewsrds ﬁﬁ% %iy; and finally, the one
situated nesrest the itelicspere. The lalter one not
infreguently aboris and collapses before it resches
. m%&?ﬁﬁ}*’: .....
| | ?&ﬁmﬁﬁﬁﬁﬁﬁaﬁi?@af&iiﬁf&’ﬁf‘%ﬁiﬁﬂ%ﬁ%&%ﬁ of
iﬁ@@&&&%ﬁﬁ%~%@@m@@ o be due culefly to physleal causos,

The way

cutisle of & varberry ieef has 1itile or ue
affinity for a dropletd ﬁﬁ?ﬁﬁéﬁyg so that, w.en one wes
vlased oo & leaf, it reusined in aluest svheriesl Torm,
as if plased ou an oily surface. It seems probable that

the ggﬁggggaﬁ,wﬁﬁ.ﬁaﬁé in the drop of water snd sither
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4id net germinate, or, if 1% 4id germinate, its germ
tube had little opportunity of establishing contect
with ihe lesf,

Tnis method way much simplers. Petri dishes
containing sufficient water fo cover the botloms were

used ap gersisation chasbers for the telivspores of

elianihi were nade as
folliows. Fleses of rusied sunflower leaves were
seaked in waler for au hour. Gome petri-dish covers

losyes were plaged flat in fthe petri-dish covers so

4 with the filter . e

that their upper sidew were in contas
Wﬁéﬁ’ whils their lewer sides, which bore the telis,
were turned upvarde and smoosed %o the sirs The
moleture eaused the filter paper %o adbers o the
vovere, snd the leaves, in turan, to the filier pupery
go that, when the covers were set on thelr respsciive
dighes, boilh the Lilter psver and the nieces %}f laaves
revained in posiltion.

i incoulations with 2. @

aninis were to e
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made, the procedure was similesyr, except that the
rasted plieces of oulme were supported by short
pleces of twine (Fig. 9), ithe ende of which were

mede fast to the covers by msans of sesling wewx,

the sane m@%ﬁé& of inceulstion was supleyed. The
plant %o be incoulsted was First covered with o
fine filw of water. Over it waes inverted a hollew
eylindser {¥ig. 10}, 8t the uvoper ¢nd of which was
held s peiriedish cover bemring the lesves on whieh
the sporidis were developing. The cover was keph
vﬁﬁﬁﬁiﬁ%%iiy in motion by & eivoulsy movement of ihe
hand. %he eylinder prevented sir curresis from
sargying the eporidis sway from the plant, snd the
movement of ithw @@?@&'i%ﬁﬁ?@é_aﬂ even distribution
o the sporidis over the lesf-surfaece., Aftey
inceulation, the plani was plaeced in an jncubstion
shamnbver for fepty-eipht hours, A% the end of that
perivd, it war ploced on & bench in the greenhouns.
Ag & pule, thes sporidiz setiled on o laafl
gt mome ﬁié@&ﬁ&% apart; bul, sometimes, two of then
settled close togetber., The speridis were net setually

seen on the leaves after they had setiled, ut thelr



loeation was inferred frem the position of the
infections to which they gave rise [Pise 1l).

The time vogulyed Loy &a&&.i&é&ai&%ﬁa@
varied inversely with the nunber of sporidie which
were belng produced. An index of this pumber was

evtained gﬁﬁﬁ.%ﬁfﬁxa the incevlations began. &

glass #lide was plased in esch petyi disk direscily
below the telia and was lelt thers for ten minubss.
Thereafter, euch glide wos sxanined under the |
wieroscope, the vumber of speridia whleh setiled on
it was noted, snd then the time necegsary Toy an

inseunlintion was sstimeted and merked on the oubter

surfase of ihe cover of the pelrl dish. If the

sporidia were relatively ngumerens, ihe time during
whioh it was necessary to expose the leaves to the
falling svoridia wag sbori: if velatively ﬁﬁﬁ&@ﬁf
the time was looger. Usmally the time varied frum

two to Tive ninuiss.

Turing the year 1926, inomulations were

made exclusively by Hethod & By it fwo monos




sparidial pustules of Je graminis were obiained on

barbverry jsaves. (une of these ﬁ@?%&?ﬁé.ﬁﬁ & Foung
ieaf on July 9. 1% developed rapldly and svenitually
atteined 2 diameter of 6 milliimeters. The siher one
sgourred on & comparatively old leal om ﬁﬁ%ﬁé%ﬁ@g it
grew lesg rapldiy snd scsreely stiained half the
diameter of the Tirst one. Hoth pustules, hewever,
develoved pyenisz whieh emnded neclar containing
nameyous pyenisspores. But, although both pusiules
remsined benlily for five weeks, neither of ithem
produced asela. & gybtoloeglesl examination aof each
?ﬁﬁ%&iﬁy.wﬁﬁﬁ,fi?ﬁ”%@%kﬁ\ﬁiéﬁ showed thel ite myeeliun
wae 83111 in the hepleid soudition.

three of the bisporidial ingeulations by
thie methed were successful. On one of the leuaves

dnvculated on inguet B, tws neighboring infecticns

sececurred. These appesred firet se tiny, pele-yelloew

mime epard. About siz days

pugtules, approzimately 2
later, the two pustules coalessed. Five days alter
coalesgance, secia began to appear la the compousd
pustule tius formed, On August 19, twe olher
varberry leaves were successfully inceulated. Two

vastules, %Eﬁu%'z mme sparit, develoned on sssh leaf
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and ceslesced seven %o elght days later. Ascia

appeared in one of the compound pustules so formed

within siz days, but none appesred in the other one
within thai time or therealber.

These resulis, sithough few in number, were
of considerable significeance, foy they ab least
indicated that ibe myesiis of ihe pustules, and
songeguently the sporidia from Bich the myesiis

originated, were of two sexes snd that in all

probability

“ugelais gx

piads is heterothelliiv. They
slsg were lndicative of the behaviour that mighi be

expeeted of pusiules in furiber experimeniation.

inig was euployed; bub, o8 the teliospores of this

rust begin to germinats rather lale in the spring -
towards the eund of spril in Canads - it was decided o
selest ancther rush, one in which telisspore gormination

- pecurs serlier, for the prelimineyy investigstionsl

o or lienthi wae chosen. Its feliow
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spores wers kuown bo germinste esryliier in thes soring

than those of Fo grapinis, snd an abundance of telial

material was suelly procurable. Horeover, ae ths

writer wished to try inmveuletion Hethod I, this rusi

seemed well adapied o Ris purpese. Iﬁ~§£§ﬁw‘§ﬁ'%&%ﬁ
teliel meterial available, a 1liberal supply of rusted
sanflower leaves was collected late in the aubuwan of
1926 and stored in ithe bmsement of the luoboraiory.

. Towards the end of February, 1827, the

keliospores of I, heldanih

L began te geraminste. Sunw
flower seedlings were incculated by sowlng sporidis
sparsely over the Jleaves, ss sliready dessribed. Taw
fections becomg menilest aboul slght dove afber inooules
tien ag tiny red pustules on the lesves, Very freguenily
the pustulgs were iselsted, often only one on a lesf, ov
ﬁ%@ oy three rather widely peparated from one another on
the same leaf. Less fressenily, itwo §@$€%&%ﬁ-&£$ﬁ@
relatively close legether, from 1 o 4 mm speri, asd
later sonlesced to form & counpound pustule. fegnsionally
three or four pustules ccourred in a clusier, %ﬁ%>ﬁﬁﬁﬁﬁ
wars disecayded forthwiih,

As moun as the rustules besaue visible, the

pesitien of the pustule, or pustules, on eoach leal was
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mapped oo & label which was then stisched fo the leaf,
in thies way it wes posnible to deterszine, when the
pugtules became plder, which pustules were simple in
origin {monosperidial}, and which were compound in

origin {bisporidial}. I1f the disiance between two

neighboring pustules wug @gﬁ&£ar'**ﬁﬁ-é mim. each one
was ususlly considered as a siuple pustule. Usually
twe nedghboring pustules were suffieiently far apsrt
when they firgt appesred io be readily distinguishable
from sue another (Fig. 11}; bui, oveasiounslly, it was
@iffiﬁﬁi%'%ﬁ deaide whether or not ithe infsetion givieg
rise to & pustule was of monepporidial or of Bie
sporidisl origin. In these cuses, which forbtunalely
were not mumerousn, the pusiules were ceonsidered as
monesporidial in owvigin.

in %h@ gourpe of the iavestigsbion; nuny
sunflower seedlinge were inceulsted and, as & resull
of these incculalions, n large nuuber of pustules %é?ﬁ
made avallable for stuwdy. On secount of the wiiformity
of teghnigue and the similarity of resulls in all the
sarlier experimenis, it is ubinecessary to deseribe the
experiments, in consecutive vrder, or io record sep-

srately the dats for c¢ach one. It will suffiece to pive
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& general deseriviive etatement concerning the

develepment of bolth simple wnd cwwpound pustules,

and & swmsary of the experimentsl results obisined

with sach fype.

The simple (monceporidisl) pustules of

bugeiale helisnt

i developed vigoreusly. 4 few of
then finelly atieined o diameber of 12 mm., but
ugnally the dismeter was mush lese, from & to 8 mm.
Pyenis developed plentifully on the wpper side of
all the pustules, and rather rarvely (¥ig. 13}, or

5

nat 2% 81l on the undsy side. Yhen they were pregent

en the undeyr side, they were geunersily woest numersus

in the peripheral region of the older pustules, uany

of whiokh were bagisming o d4ie ab the eenter, leclay

containing nemerous pyenicspores was exuded by the

were relatively eclese teo one ansthar, as on the upper
side of the E}&a%ﬁi@ﬁ# e é‘;&@%ﬁﬁlﬁ% af li%ﬁw; na @iiif}‘f
grew larger, ssse into conbast and fused, se that

eveuntually the whole surface of the pustule was govared
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with & layer of pectar. The prosess is illustrated
disgremmetically in Fig. l3. :

The majority of the simple pustules never
produced accia (Fig. 14), slihough some of them
remained alive for upwards of five weeks. Aecls,
hewever, appesred ian & minority of them. Owk of & tokal
of 2,183 simple pustules, 1,641 went through the whole
course of their develovment without producing secis. The
remsinder, B12 in =sll, at ene ilims o ancther develoved
B60% B |

Fo regulerity or periedieity marked the
appearance of seclis in theme pusiules. The Lime of iheir
&%@@aﬁ&ﬁg@ in & pustule seened to bear ne relabtion o
the age of the pusiule. The sudden a@é\%@%ﬁ%&ﬁ%§#ﬁ
shange from the bapleid to the dipledd condition tosk
place without any apperent cause. Relference has already
been made bo & psrallel y@&mamﬁﬂﬁﬁ in the Hymenomyuetes.

Bach compound pustule cune %Riﬁﬁ%ﬁiﬁgzgﬁ &
vesullt of the cosleseence of bwe neighboring simple
pustules. The time necessary Tor two such pusiules to
aeconplish conlescence depended largely on the distance

they were geparaited, IT the twoe pusitules were about 1 =m,
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apart, they soaleseed eavly, within twe or three days -

after they sppearad; if they wore move widely separsted,

they conlegesd laley, possibly from & to 10 dave siter
they appeaved; bubt if they were move then 4 mm. apert,

they rarely esalesced.  Prier to voaleseeuse, e¢sch of

the fwe pustules developsd independently ze & siszple

pustule. Follewing coalesconcs, one of bws things
beppened. Elther seola appesysd in the cospound pustules
thus fomaed within fyek five Yo aix days {(Fig. 18] or

they 214 dobt sopeey {(Fig. Ziﬁé. OF the 246 compound

mretuies ﬁﬁ‘%}\»wwvnwﬂi» rader shaeryation,

bt wame
308 developed amesia within frem five Yo siz days, while,
in the 138 others, ne socis sppoered within that tive.
However, some of these 138 pustules produced ascis st

gue time oy znother altsrwards, so that, By the time all

of the 246 pusbules had died, theme that k&ﬁ'éﬁ?ﬁi@?ﬁ%

aeeis had inersased from 108 $o 145, lesving 101 that hsd

failed to produce sesis.

Experiments gimiler to these Jusi described



were made with Fugeinis giaminis, and similer resulls

wers sbbained., As $he barberry plante that were
suitadle For inooulsiion purposes wers somewhat lizdiied

in suwber, the pustules available for obgervation were

fewer than these of Puceinis helianthi. Both simple

g ﬁﬁmgaaﬁﬁ'gm@%m&ﬁﬁ‘&gﬁ@@@%ﬁw Yaoh pustule arose ss

2 tiny pale-yellow gpob on the leaf. The diffieulty in
deternining vhethey goriain pustules were of monos
sporidial or of bisvoridisl origin was sgaln ensountered.
Possibly owing to the greater vesistence offered by the

ileaf tisesue of the barberry te the radisl advance of the

myeeliws, the pustules of I granir .‘ d4id net prow so

rapidly, o7 beceme so large, as thoee of B, helisnthi.

Very fow of then exceedsd § sm. in dlameter. Un seoount
af this vather restricted growih, cosiescensge of pustules
more than 4 mm. apari rarely ocourred. On ihe other hand,

&

the pustules of Py graminis

prodwed neels

y more copiousiy

than 4id the pustules of Px helisninl, aud they rosaesged

grepter leongeviilys The sunflower lesves aged more
gudckly than the barberry leaves, and the sariiler aging

of the P. helianthi pustules seemed Lo be atiribulable

more Lo the decreased vigoer of the lesaves than Lo any

isek of witality on the spart of the orgaunisn,
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the date coneerning the g;@ﬁ%ig pustules of

merized as follows. Ten days

may be sus |
sfter the fiﬁ*ﬁs% sppearance of the pusiules, the mumbsr
of sluple :gmﬁ%ﬁl&% in which aeeia had deyeloped and
the nugber in which ascia had ast ﬁé@%ﬁé@&%‘ﬁﬁ?ﬁ
recorded. Out of a fohal éf 174 sinple pustules on
%ﬁiﬁ% a%g%$véﬁ%%wa were made, 11 produced secia within

that time, while 165 wer

¢ without secie {Fig. 17). From
time to time, one or anether of these pusiules devoloped
apolza, so that, when preeiically sll ihe pustules had

fiéaﬂ, it was fou

d thet altogether 5% of the sinpls

pustul e had produced seeis, and 117 had Fei led fo
produae ami&. The afggz&mv%}kg spoatansous change from
s hapleid to & dipleid condition of the rggwliwg; as
evidencad by the produciion of &mm in & esriain numbey
of ihe gﬁgmﬁﬁ%@f ?ﬁ@ﬁ&ﬁ%@iéi&l ﬁri&’iﬁz% thus was obeseryed

in L gromipig, Just as in 3. helianthi.

In the compound pustules five or six doys after
ganlesgencs %@,t%%é@@z‘? effected, & record was sade of Lhose
‘pustules that had produced seciz and of thope Lhat had
not preduced secia. Ia & few of these pustules, soals
epeence was el thoreushly sceomplished ad that iime.

The manber in which necis were pressat was 24, ssd the
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mamber in which asciz were nob present was 35. At
the termination of the éxperiments, when most of
lﬁﬁﬁ pastules had &ﬁé&* the proveriion ws 36 ﬁiﬁh
asein and %5 withoul acels.

Figure 18 shows the under gide of a barberry
lesf which wae photogravhed 20 daye aftey 1t wae
inosulabed. ‘@ﬁa%%% el

hand side of the midrid
appears & compound pustule besring sseis. On the
right=hand side are three simple pusiules in which
ne sscis develoned. The pocked sopeavanes of these
thres pustules ls due fo the formalien of wells of
hapleid byph
vengath the

se which develop in simple pustulee jusi

epiderniz and simulate In general contour

& young acciuvm.

%&a@ﬁﬂa{éaﬁ mada of these plructurss by
Clive (88] in 1911, He believed %ﬁ@m e be sherile
secia., They wore observed by the writer [14) in
1926, Raosa {[38), in 1920, referved Lo them &s being
*gyvidently bapleid rudiments of aecial eoups waiting to
be siimuleted inte furibher develepmenial sgtivity.”™ In
the ﬁé@@.ﬁ%&?,.%ﬁﬁ% Hilen {1) stated thai they resemble

secia but "sonsist of heploid nmyeslium %ﬁiyiﬂ Ag this

paper is noi primerily concerned with the eylolegieal
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sspect of the prebiem, ne furiber yefersnece will be
made to these haploid hyphsl wefts. It might be
stated, bowever, that they were present in practically

81l the oldsr aiﬁyz& pustulen, and alen ia all the

The resulis thus far enumereied indiente

netevotheilie and that the myeelium of an Individual
pestule is either (4] er (»] in iis sexusl neturs,

o thst, when a {+} pustule and s {») pustule coalesse,
5 sexusl intersction takes place botwesn the twe wyeelia
which pesulis in the produstien of secia; bul thal, wihen
two pustules of the seme sex coalesce, L.8. & (4} pustule
with anether {4} pustule or & {») pusiule with snother
{=} pustule,ne ﬁs&:ﬂmﬁi interaction ssours and no seeis
are produssd. |

#1tnoush hedterethalliss moveunts for the

wehmviour of the mejority of the simple and compound

pustulss in s £F ki it gives ne

sxplanatien of ihe apparently

£

ppentansous changs Irem
the hapleid to the dipleid cenditien in simple pustules,

sr in gompound pustules which have long remained sterile.




4 partial sxplanation at least of this behaviour wee
brought o light when the funciion of the pyesnis was

disgovered.

The discovery of thie functlen came by way
of & fly which Prof. A. K. Reginald Buller saw alight
en & sunflower leaf and sip up the nectar from one of
the ?ﬁ@%ﬁigﬁi It fiitted abeut from one pusiule o
engther, sipping nestar, thus jmitsting the bee on his

beneficent niseion of prometing cross-fertilization in
fleweres. With choracteristiie intuition Professor Buller
concluded thet. the nectar produeed by the pyenia
attraeted flies, and that through theiy agency the

# of {+) pustules waw vurried

pyenisspore-containing nesbs
to {~} pustules, and of (-]} pustules to (4] pustulss,
and that very possibly the dipleid phase of the mycelium

wae indused by the germinatien of the pyeniocsporesg. A

series of experimenis was devised during the eummer moniths

Before tresiing of the individusl sxperiments




which desl with the funciion of the pyeuis, it might

be pointed oub thet in each experiment ithe ireatsd

‘pustules and those kepl &8 & ﬁ&ﬁ@%%l‘ﬁﬁfﬁ af tke zame
sge and of eonmperaile viger. ALl of the pustules were
of monospovidisl erigin: they bore sumercus pyenis,
mat ascis were enilyely aéﬁﬁﬁ%_fﬁﬁﬁ,%ﬁﬁﬁw A% the

b, Bhe mindom

m age of

Beginning of sseh experim
inis pestulen, was 16 days, and of the E.

tesimioue desanded it, ithe inglrumente used were

thereughly sterilized isn an aleebel [Nane.

in ene experiment with Fugeinis ke

the &&%%ﬁﬁ:ﬁf‘ﬁﬁﬁ simple pustunles wes inters

i xed by means of & small seslpsl, so that the

neetar of sach pustule was distributed over the
surface of several sther wustules, This prosedure may
have coused s slight irritation of the ﬁ?@&?-ﬁﬁfﬁ%@%ﬁ
of these pustules] and, therefors, to provurs
eomperable conditions in 174 oihexr siniler ﬁﬁﬁﬁﬁiﬁﬁw

which served ss a contrel, the neeter of esch of these
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pustules was stirred separately with the sgslpsl but
not wized with any other nestar.

Five days ofber the beginning of the exe
perinent, the condition of the pustules was ae
follows: of the 184 pustules 3:;3 which ithe neetsr had

been mized, 176 had produced secis, 4 no asols,

and 4
had wilted and died ihrough leaf-fnjury; of the 174

pustules in which the necter had been stirped Bul noet

mixgd, ouly 20 had produced sscis, while 154 were
entively free from aseis {(gf. Fig. 19). _ |
An experiment similer to thst just deseribed

was made with Fugednia gwas iﬁ; The negtar on the

upper surfsee of 116 simple pusiules was intersdized;
while, a8 & doniyel, the necter of 80 other similar

@s%gwg%ﬂg at not nixed with awy

pustules vas stivred
sther neebar.
Six deys after the &

sperimant bad begun, the

gondition of ihe pustules was as followsi of ithe 116
pustul ¢ in whieh ihe nemter was nmized, 102 haed produced

secis aud 14 no seeis; whereas, of the 88 puetules in

whieh the neetsr was stirred but net mixed, 17 had

produsad seeia, while 68 were fres from seels (gf. Fizg. 20}.
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Proof that flies mix the neelar of separate
mpnosperidial pustules and so cause the mycelia of
the pustules to chamge from ihe hapleid %o the diploid

vhase, as shown by

the appesrance of aecla, was
obtained in an experiment %i%h:%ﬁf%§%§§'$gi§gg[§i;

- Fifteen to twenly fliee wers enclosed in a
iarge &@%@ﬁﬁﬁwix@,&ag% %iﬁg.%ﬁ%&%ﬁ.ﬁﬁﬁﬁ:&fvﬁﬁﬁflﬂwﬁr
seedlinge on the feliage xﬁaﬁ&% of which there were

96 simple puet

les beariag ??éaia but no aceis. Ap
s vontrsl, 158 ﬁi&i&&r'ﬁﬁﬁﬁﬁiﬁﬁ-mﬁ‘ﬁﬁﬁ inliage leaves
of Egﬁf&ﬁ%@f %ﬁ%ﬁ&%ﬁgﬁ,%@yﬁ_yg&ﬁéﬁﬁﬁé B¥ & soreens
wire @ag% from the visits of filies,

 Zight daye after the beginning of the
sxpériment, 96 of i&%f%% pustules to which fllies had

%&ﬁ@%ﬁ had @f@ﬁﬁ&ﬁ% aecia and only 2 no aseisg %ﬁ@?@&&@
only § of the 159 pustules to which flies had not usd
aggess hed prodused ascis. |

1t seoms very probable that many other insscis
are setive agents in bringing about the transfer of RN

nectar from one pustule io anether. Hathay (82) states

that he observed one hundred and thiviyefive 4ifferent

species of insects, belonging to the Coleoptera, Hymenophers,
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ﬁ%@ﬁggar&, and Biphers, visibing pustules of twe

Gy s&?e@a&gﬁﬁ& species and alse pustules of the

commen cergal rusis. Shear [67], Grove {24},
Heineke {47) snd Spaulding {69) also have peinted
out that ingects are altracted uy ithe neoisr.

That insecte visit rusi nusiules is mot
surprising. It ig known iﬁai~z@a~@§gﬁ$&1 nesiar of
many ruste is sweetish to the laste, and thet in sous

rusts the pyenia have & distinet odow. Bathay {a2],

by chemical itests, showed that the nectar of Symmesporanciws

binag contsined dextrose and laevulese. The edor of the
pyenis of seriain rusis have been mentioned by Persoon
(89}, Tulasme {79), Léveilid (38), sud fsthay [62).
Plowright (60}, peinted out that ihese odors were possibly
to attrest insesis, mimicking as they do the perfume of
- flowvere. ¥Ho odor bhas %ﬁéﬁ:éaﬁﬁﬁgﬁé by the writer in
' » but e has found ihat the

negtar of the former ﬁﬁ distinectly sweeiish o the tasie.

By anctbsy &x§@§§m@ﬁi it wae fouwnd thet hesting

the nestar of D 2




temperature of F0%C. for thvee hours ts kill the
pranisspores rendered the nestar ineffestive in
induedng the preduction of secis when it was apolied

to the pyenis of individual simpd

e sustules,
Heetar war collected from approximetsly

fifty pustules of Puceinis graminis by means of shori

espillary tubes. One tube was used for emch pustule.
The nevtar was then deposited in a s&ﬁgiﬁfﬁﬁﬁgf mized
thoroughly, and then sucked up iake twe fine zlass
tubes, sach tube teking up ﬁ?@?@ﬁiﬁﬁ%ﬁ&y the soume
aaount of nectar. One wnd of cach tube was stopped

with sealing wax axd ithe olher, By & plug of eotion

ooks U(me of the tubss wos plosed in an oven sad

kept for thres hours at 709C., the other was hept at
room tempevatures for the sane length of time, The
beated nesiar wee ithen alloved te esel %o room

temperature, and & mmalil gusntity of it was ithen

depoeited on sseh of 29 sisple pustules, ?ﬁa-&xw@i@%
on each ?&%%ﬁi%iﬁﬁﬁ‘ﬁiﬁﬁé thoreughly with the neéutar
of ithe puetule $o which it wee azpplied. 7The unhesied
nectar was similerly distribeted suwong 20 éi&%% similar

pustules of Iugeinis praminis,

tix daye later, the conditien of the pustules
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wae ae follows: of the 25 pustules %o wiaieh the

heated nectar was applied, enly 1 developed secis,
while 24 were suiirely frse from secis; of the 20
pustulss to which unhented necisr wes appliied, 1% devals
oped aescia, whereas only 3 were fres from ascla.

Fig, 21 illustrates the resulis. The pustules
on the left of ihe midrid, to which heasled negltar was
applisd, have produced no sevia) those to the right of
the midrid, to which usheated neetar wae applied, have

produced aecin.

milor experiment was made with Z. helisnthi.
Hested nestar was added o 27 simple pusiunles, and une
hested neciar to 25 other similsr pustules. 2t the end
of five days, segie wers cosplelely sbeent in 23 of the
27 pustules te which the hested neotar vwas ndded, 4 only
having formed secia; while, of %ﬁé 28 pustules %o whieh
the unhested nectar was added, all produced secia.

These twe experiments indicate that 1t is the
pyeniceperes which are ithe aeffeetive agents in inducing
the Toveation of ascis and uet the neular. The evidencs,
however, ie not sbmolute, 1% is recognized that 1f the
sgent were an enzyme in the nectar the heating might

destray its seiivailing properiy.
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snother experinent was designed to show

s

whether or not the pyeniespores of . grasianis are

of bwe kinds, {+] ané {=). The nectar of one mano~

sporidisl puatule of . graminie waes drawn off by
weans of & sapillary tube sud divided inte %ﬁ%@%&%
drops, and fhen the dreps were applied eingiy to
t&@ wyends of as ssny pustules as Lhere wers drops.
The neetay of olibher simple pustuies was divided in
like msnner and disiribvuted among other pusiules. Al-
together, 74 iﬁﬁi?ﬁéﬁﬁi.§ﬁﬁﬁﬁiﬁﬁ ware Lhus treated.
Six dayvs later, 30 of the 74 pusitules bad developed
aeeia, whiles 44 were free from seeis. A5 & vonltrel,
26 piwilar pustules were lefl unitrested. Ascis
appeared in only cne of these.

Pig. 22 is illuetrstive of the resulis.
.§§ﬁ§&f'f$ﬁm one pustule was appliesd to esch one of

the Teur pustules. 4Ascis arose in tws of them bui

not in the other two. Usuelly, hovever, swong pusiules

on the ssme leaf, the ratle of thoge with asela %o
thope without asecis wes loss gvenly balasneed.

the experiment Just described was repested
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heliantihd., Pive days alfter the drops of nectar

were applied, 15 of the 48 pustules treated had
developed aecis, whereas, 33 of %@ﬁw,%%?ﬁ'%iﬁﬁﬁﬁi-&ﬁéi&g
in & gontrol of 66 similar pustules, only & produced
ascia within that time. |

Theorstieally, if easch basidium bears twe
{+) speridia and two {=)] sporidis, the nusber of pustules
with aecis and the nusber withoutl aseciz should e egusl
in sach experiment. The ratio shisined with the pueinles

sraminis is possibly as near ithe iheorebicsl ratio
ay could be expected with such s small number of pustules.

#ith the pustules of F. helisnibi, there is & much greater

- divergenes, yet nob so grest a one as appesrs in the cone

trol. The rather indifferent ratic given by the pusiules

of Px« helisnthi is very probably attributable, in sous

way oy eother, te the mesgre guaniiiy of neplsr which was

 weing produced by pustules at the time fhe &

perinent was

perforned.

14 will be ebgerved thst in all the expeviments

gn far diccussed assis developed appearently in & spenians
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eous manner in at least some of the monosporidial
pustules. Vhen the effect of mixing the neetar of
pustules of oppesite sex was discovered, it was
thought that possibly mizing of nestar kad taken place
by some unknown meang snd %%&ﬁ; snder gorefully cons
trelled @&ﬁﬁiﬁiﬁﬁﬁybﬁ%ﬁ’&w’ﬁﬁﬁﬂ of the pustules would
develop secia. It is to be noled that in the sariier
experimentsr (1] the pustules were exemined frequently,
and Lhere wes the pessibility ihai, in the repested
handling of the leaves bearing pustules, nectar was
trangferred from one pustule io ancther; snd that (2)
as proteciien was efforded the pustules f?%ﬁ;%%§ %i$§%&
gf’fii%ﬁ’%f‘ﬁ%ﬁﬁ? impects which ﬁﬁﬁﬁi‘ﬁy‘ﬁﬁgﬂga have
been in the greeshouse. / o

A more g@i%ﬁ%ﬁl~§£§§¥i%&ﬁﬁ than aay of those
&&?ﬁﬁﬁi-ﬁaﬁﬁfﬁéﬁ'W@$ §§?iﬁ@%'@i%ﬁ>& view to preventing

-%be aeceidental intemmizing of nestar.

 Sunflower seedlings were incoulsted in the

gresuhouse by &iiﬁwis%'ﬁﬁﬁ?iﬁi&?ﬁffﬁsvgﬁiiﬁgggi.gﬁ fall

sparesly on te the upper surfece of ihe first tws foliage
leaves when they were aboub ome ineh in leugth. Usually
about six seediings grew in & pot; but, whenever the mine

ule pusiules sppesred, sach plant shwwlng infestion was
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planted by itself in z separaie pot and sovered wiith &
serecn=-wire cage. oy keeping sach plent iu sn individual
‘aﬁge, the sppvorbunity for the transfer of neectar f?@m'é&ﬂ
pustule to ancther was reduced io a minisum, ALl une
infeoted lesves were resoved, and 0o new onee ware
allowed to develsp.

only pustulss which were entirely free from
ascia at 17 doys of age were sclecied for observation.
of these there were 228, distributed as follows: 93
sustules were borne @imgiy on ag many plants; the
remsining 135 vustules wers borne on 89 other plants &1l
of which bore st least two pusiules, ususlly one on each
1aaf; but 2 small number of the plants bore three pusiules,
and a v@fﬁ few, four pustules.

siot all of the pustules persisted for the
same length of time, BSome of them 4ied when about four
wesks old and msuny afvﬁﬁﬁm;%%fa?@ %ﬁay gare pix weeks old,
wut s few were s£hill living snd exuding negtar in their
peripheral region when seven wesks old « the time when the
final dala were recorded. ¥ithin ihe seven %ﬁ&%ﬁi.ﬁﬁﬁi%
developed in 11 of the 228 pusiules. ©OFf the 95 pustiules,
seoh of which wae borne on & sepsrate plant, only 2

produced ascia. ©Of the 1356 pusiules, af which buwn oF




moyre were borne én individual plante, 9 sroduced amecia.
Altogetiher 217, or 96 per ceni, remained free from
agcia éﬁfiﬁg.%ﬁﬁ whale ecourse éf the experisent.

From the time the pustules firsi appeared,
daily inspectione were ﬁ&éﬁ.ﬁf the plants in order Lo
destroy any insects which might h&#@:ggiﬁﬁé'gaﬁﬁgﬁ to

them. Fhite fliss (&

gyrodes) =nd thrips (Heliothrips)
were ithe soly onegs discovered, and ihen only ianfreguently.
The former were rarely found in soniact with the %ﬁﬁﬁ&iﬁ%ﬁ
but the latter seemed to be ativacted by the nesiar and
fed upon i% in preference to %E@ ieaf tissus. Conssguently,
in spite of the precauiticans taken, ithere wos the poge
sibility that thripe carried the neetar of one pustule bo
the pyenia of another pastule, especislly on leaves which
bore two or more pusiules. This asswsplion is supporied
by the fact thet nine of ihe pusiules whieck produced adela
ocourred on leaves bearing twoe or mere pustules, and only
twe on planis bearing it e ﬁiﬁ%ﬁ%r@ﬂﬁﬁﬁiﬁ*

if, in the expeyiment just éﬁﬁ@?i@ﬁﬁi there bad
been an absolute exelusion of insects sad s guaplate
absance of auy means by vhick the Lrsasfer of neeter could
have bteken plece, it ig possibis thal no sccls whatever
would have develoved in any of the sustules. 41 present,

it ie jimpomsible to say that secls never develsy spobe
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taneously in simple pustules of F. helianthi;

but it
ey %&éﬁ.elgarly shown %ﬁa%; under the conditicns of
the experiment, the perscentage of pusgtules ithat
zoetually vroduced secis was exiremely smell, noi mors
than § per eent. The experizment was vot repesied with

pustules of Z. gramind

3y bub later observalions showed

ithat, where monosporidisl pustules of this rust were
protected from the visits of insecis, w%wgﬂiﬁ% of ihem

developed accia.

Se far ae the writer ie aware, it is not
recorded %ﬁai-guﬁiaiaﬁ af,ﬁaﬁ@agﬁxiéiaz.axigiﬁ;@ﬁaﬁr
in neture, &lﬁhgmﬁﬁwﬁﬁéﬁﬁﬁﬁﬁé&y gaﬁ&vyﬁﬁﬁalgg have
been seen by &%&%r’ﬁﬁﬁﬁ?V@rﬁv&ﬁﬁ migtaken By thenm
for young pvusiules iz whick aecie bad nol yet developed.
Cheervetions made during the susmer of 1027 and 1928, in
the grounds of the Agricultural Cellege at ¥Winnipeg,
Hanitoba, hove revealed that, in nature, pyenis are
frequently usaccompanied by smeeia in the following

rusts: Pugelnia
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purpures; P. coronsis O g, on

2« Ering

ey

;gﬁ@iﬁi&ﬁﬁjﬁiﬁﬁﬁ on Hibes g

(eultivated amd wild); and s Cymnosporansimm s

(poseibly corniculans Keru.) on Auelanchier

glnifoiis {(Fig. 23j.

. ‘Leswes of thepe hosis bearing young and
sppsrenily momosporidisl pustuler were maried by
wmeang of & éﬁazi~%&g ap g@ﬁﬁ sx the pusitules wers
neticed, Yhen the pustules were gbout 14 or 15 days
old, those which ghowed no sizns of ascia were
selecied feor f&f@h@r:ﬁﬁﬁﬁyﬁﬁﬁiﬁﬁ. It was thoughit that
pustules of this age could not include any compound
pustules of two myeslia of opposite sex, for compound
gﬁgﬁa&@ﬁ gf this iype wownld have ?&%ﬁﬁ@&ﬁ ascis when
geverul days yoOuURSer.

&% fntervals during the pexi fhyee or four
weeks, the tezped pustules were examained. ¥ithin
ghat tine, some of %hg»gﬁatala% produced ascia, ut
othare 4id not. &vf%w sf the puetules persisited Loy

& week or wore lenger, bub ameng these there wag note

whieh bere aescis. The resulte for 1937 sre summarized

in Tedble I.

1% should be noted that none of these pustules

were protmcted in any way from the wisits of insects,
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and there is 1ittie doubt that jusecis did acbuslly
transfer nectar from one pustiule to another, ss
inseste of various kinds were meen [lying shoul, or
erawling ever, the leuves of the heost plants, and
some of them wers even observed in contaet with ths
pustules. However, it should alse be mentioned that,
en asccount of ihe excaessive precipitation, the pustules
were freguently washed, and only very seldom was there
any notiseable ampuni of neoiar svailable f@%‘@#&ﬁﬁf@?;
FPerhans aﬁa.r@ﬁaaﬁﬁgﬁ-iﬁ the amounit of svailsile nectar
agcounts Tor ihe fallure of su many of %%ﬁ‘§&§§@3%$ o
srodues &%&i&;.éﬁﬁﬁiﬁﬁ the sctivity of ithe insecis.
Puring the summer of 1928, ga&ﬁg mustvles

B wers

whish were avpsrently sppospovons in orig
agein marked, but i@ﬁﬁ@&ﬁ of lesving them exposed, as
was done in the previous year, mosi of the leaves
bearing them were covered with one layer of white
sheese-cloth in order Lo prevent insects from vielting
the pustules. This protection excluded most of the
winged insects, but was less sffective againsi anls
and szall spidere.

Hot 211 the pustulee marked were found an

soun as bthey appeayed. At the time the coverings were




applied, some pustules were al lemst one wesk alds
most of them, bowever, were just appearing or were
not more than twe er three days old. Unfortunately,
tue pusiunles svailsble Tor study were much less
numerous this year theu in the preview yeal. Thers

were 20 pustules of Z»

rea, 2 pustules of 2. gorpnsls

zis. ¥o pustules of the Uymuosporangiusm

sp. coourred on Amelanchier aluifoli

&bout one~third of the pustules on Hibeg

were left unproteeted to servs as a check for the
protected ones and for vomparison with the data col-
lected in 192%. The results for 1928 are swmuarized
in Table Ii.

It will be seen fyom Tadles I end 11 and
thet: (1)} a mweh smaller pevecentage of ihe covered

pustules in 1928 produced senlsa than the wu

neovered

ones in 192%; and (2) that, in 1928, less than 20 pew
cent of the covered pustules of 2. Zzisgshelmiszs
developed secis, as compared with BO per cent of the

ones which wers not egoversd. Apparently, by preveniing

the free sceess of junseris Lo the pusiules, B
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opporbunity Tor transferring the nestar of one

pustule to anolher was reducsed, and conseguently

the number of simple vustules wihich remmined free

from aeccia was augmented. It ig not probable

that the cheepe~clolh sovering intereepied
puffieient sunlight to inhibit, or retard materially,

the formation of aecla. This supposilion iz sup»

poried by the fact that aecis formed in a2 small
mamber of the covered pustules. The development of
secia in these pustules was very probably induced

throug

s the transfer of necter te them by insects
before ihe coverings weres spplied.

%ra% the faoct thal, under nstural conditiouns,
wonosperidial pustules of . gozonabs, of E.

fripgeneimipna, and of the Gymsosporangium sp.

wave Like monpeporidial pustules of Bu

antd, from the faet that I graminie has been shown

experimenially %o be heterothallic, it mey be infer+

red that ¥, sorons




Shile the datas recorded above were helng
gellected in the field, it was noticed thatl, ce~
casionally in a pustule, aeeia developed only on

one side of a pusiule and net all over if. This

vhenomenon was obaerved in pusiules of . ﬁ%?fﬁaﬁgk

f L L : 55#?*@%§;i§i%@ 2Bl. 4
plausible explonation of this behaviour is %&&%i
nechar from s pustule of opposiie sex had been
deposited on the upper surface of the pustule but
on one side and only over ithe areas mﬁégx‘ﬁﬁi@&,gﬁg
aecis had developed. | |

sn sttempt was made to réproduce experimen-

tally eimilar resulis in mﬁ%ﬁﬁﬁ@fﬁéiﬁi,@ﬁﬁ%@iﬁﬁ‘ﬁf

Yestar was colleécted frem abeut a dozen

@Bs%ﬂi&ﬁ amﬁ‘ﬁag&ﬁi%ﬁé en & zlass slide in one drop.

As {+) and (=) pustules wers kaown ta oseur in abeut
ecual numbers, it was sutieipsded iﬁa@ in the drep
soth (4} and {~} pyeniospeves @&ﬁiﬁ-%@-@?ﬁ&ﬁ%ﬁ* The
ﬁ?&?’%ﬁﬁ-%ﬁ%ﬁvﬁﬁifﬁﬁﬁ te distribute the twg kinds of
pyenioeperes evenly through it, and a small pertion of

this composite nectar was spread over one~halfl of the
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upper surface of a pustule thatl was twenty-five days
old. Several other pustules of the same age were
similerly treated. Befors this nselar was added e
a pustule, bowever, sas much as possible of its own
nactar was drawn of § by nesss of & capillary itube
in order that the nestar whieh wss being added might
be more definitely restrieted %o the aves for whidh
it was intended. '%i%%iﬁ'ﬁiv@ daye, aecia Jdeveloped
in esch puciule on the under side of the trealed
parte, but not of the untreated paris {Fig. 25).

The experiment was repeated with monesper-

idial pusitules of 1. heliss

bhil, and simller pesulls
were obbained.

in mopt aﬁ'%&a.gﬁﬂtaﬁggi pariicuiariy in
those of Z» @%{iagi&g, the ascie renained lecaliiszed
in the manner Just deseribed, buit, in tve or thres

pustules of Pv grpuinis, there appsared Lo be a

tendeney for the development of secia to extend
subsequently from the frested half of the pusiule,
firet to the adjseent untreated pari, and finally
te the rensinder of the pustule, |

The extension of sacial developnenl just

referred to may be explsined by assuming %ﬁai@ in
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the goursa of a few days after the compoeite neelar
wae applied to the pustules, the preniompoves on

the ireated parts were corried slowly agross the
untreated parts by = flewing movemenit of ithe neelar;
for the upper surfases of the pustules were usually
convex of conocave, rarely flat, aand day by day, as
the pustules secreted more neclar, a state of flux
wan ﬁg% up, and thus the cemposite neclar was brought
into contaet with ihe §$%ﬁiﬁ»&f the untroested paris.
in ﬁa@@@?§»&§ this sssumpbion, it may be sentioned

that in pustules of P. helisathi the amounit of neclar

exuded is much less than in pustules of I. gramiais,

end that in E. belisnthi secial developmesi wes

&%ﬁfﬁﬁ@% to the paris which recsived fhe composite

nectar. Asnpibher vossible explaonstion is that the

- myeelivm of the treated pard may bave advanced

gradually inte the untrsated psri and there in some

way or other bave coused the development of aecia,
From the above it will be seen that the

phenemenon of the ogcurrence of aseis in one part of

& wenseporidial pustule, as obssyved under naturel

conditions for Z. gergnats, ¥

nis, Ias been sucessefully veproduced in the
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iabvoratery in experimenis made upen

ﬁaﬁiﬁg the investigation, seme of ihe ascia
which bhad been csused to develoy by the application
of neciar to the pyonis of pusiules were given Lo

Dy, Rewton and ir. Jehusen, of ihe Bualb Resssreh

lLavoratory, in order that ithey might identify the
physiologic forms represented in these aseia. 1%
was bthoughi that possibly in the felial meterial
that produced the gporidis which led Lo the develop~
ment of the pustules twe forms of x@$® m§g%ﬁ have
been present asd that, in some of the sxperiments,

hybridization of two formes mig

bt have teken place.
The form {or forms) present in the parventisl teliow
gpores was nol known; but it wee argued ﬁ%ﬁ&,.ii’&
@hy%ialﬁgiﬁ:fgﬁm hitherto unlnowsn could be identified
by sowing the aeccliospores on %ﬁ%&§z§ﬁ§mﬁﬁﬁiﬁg
sultural studiss on ihe difTerential wheat varietles,
ite identification woild Bbe partisl evidencs at least

that hybridization had cecourred, OUn the olhsy hand,




there was the poessibility ithet, i¥ = ney form was

found, it =ight have been present ian nalure

previcusly withoutl having besn diesovered. However,

as the survey for phyeielegis forme had been guits
thorougk in the vicinity of the Agricultural College
where the telial msterisl was collected, 1% was not
very probable thst an exieling form had escaped
detection. The likeliheod wes thal, if any new
form could be isclated, it would be the product

of & eroes, oy the resuli of segyegsiion in s

W

paysioleogic fors, which of iteelf wuld be evidenve

o

A;

af the bybrid nsture of b

rgislogio forms,

| ¥rom one of the sesiel cullureg, . ﬁ@@%ﬁﬁ;
gnd Br. Jehnsen {858}, in 1928, iselated s pew and
distinet y&yﬁiﬁ%@%ﬁ& form of stem pust. This form has
been aspigned the number, Ho. B7, by Biakman and

lovine.

Sinee the investigetion hers described was

garried osut, senfirmatory evidence thei phiysiolegic




iz graminis do hybridize on ithe

barveryy has been obtained by several investisgstors,
The sroseing of physiclogie forms was effected vy O
the various investigators by trassfervisg pyonisl

nestar in the mannesr desarib

by the writer in

1927 and in an esrlier port of ihis peper. Westerthouse

{87}, in 1929, reporied that he had oblained 3 new
form of rust in iustralis from s eroes made beblween
two other forams on the bevberry. Newbem, Johnwon,
and Srown {56}, in 1988, working st ¥inunipeg, foumnd

that, when ceriain shysielogic forme are selfed on

the barberry, segregstion %&%@@ place with the pro=
duction not only of some old ferms bub siso sone new
anes. The ié@@%iﬁi@&ﬁi@ﬁ,ﬁf thene old @ﬁ@,ﬂ@%‘f&?ﬁﬁ.
indieated thait the eriginal forme nust bave besn

beterozygous for pathogenicity and therefore hybrid

in thelr nature. Hewton, Johnsen and IJrewn found one

form that woe homozygous. Furthermore, by making
reciprocal srossss betwsen ferms, they obtained
other forvms whiech wore appavenily the products of

direct crosses. Olalmes, lLevine, and Cotter {73),

in 1989, working =i il University of BHSH0L8, Tew
ported successful croeses betwean Zussinis sreminis

triticl form 36 and [yceinia grosinis agrosti
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which they obieined forms which were different, id

regpect %& pathogenicity, from both forms.

Experimental evidence from (i) observa=

&

tione on simple {(monomporidisl} and compeund

{pisporidial)] pustules and from {2 cbsevvaiions on
the effect of transferring pyenial neetar has bsen
prepented which shows that simple {(monosporidial)

pustulen i}f

fale grondad disathl sre of
twe kinds, €+i a&% {*} and that thess two kinds ave
aboul equsl in numbers. 45 & deduetion, it folluws
&ﬁéé'ﬁﬁﬁ myeelia of the pucsiulss, snd, therefore,

‘%h% s@ariéi& from which they originate, sve of tw
different kinds, {+] and {=], and sve about egual

in numbers. This sugcesis that segregation of the [+]
and (=} facitere takes place in the basidium deving the

puclenr divigion in the some monmer as it was found So

A4 oytologiesl gtudy of the myeells of I,

.

readnds and F. heilsathi

nag not beoen nede; b, from
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the resulis obiained by sowing twe sporidis of the
same sppecies cloese together on 8 lesf of the
sppropriste hest, 2 thesretical exnlomilicn of whai
takes place may, for ihe present, bs offered. i%,i%
as follows: Vhen a (%] speridium snd & [«] sveridium
are goun ¢lobe togeiher on o leaf sp thalt the susivles
arising from the two infections coalesce, the two
mongsporers mycelia come into contsed, fuse together,
znd give rise to bimucleale auvciospores, emeh conjugate
pady of nueclel foramed in the spores-bed counsisting of
s {+} and of & {«) nucleus derived from o (+) znd & (=)
myeeliws respociively. On the other hand, %ﬁ%&fﬁﬁa
%ﬁafiéza'ﬁf the same gex, ﬁﬁ%ﬁ%ﬁ‘%ﬁﬁ:{*% gparidias oy
twe (=} sooridia, are sown &%ﬁ%@ together o 8 lgad “ |
so thet the twe pustules srising from the two infections
conlesee, the twe monosporous mycelia come into sentast
but 4o not Interact semually and censssuently do aet
give rise to ssciospores. |

The investigsiion hae act finslly disposed
cof the sge-long guastion xag&rﬁéﬁg the ryeal ﬁ&@ﬁ?%‘$§
the pyeniosperes, yebt it has produced some tnngible
evidence from which seriain infeéerences may be drawn,

In the first place, it bas shown that pyenia develoyp in
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gvery pustule of m&ﬁﬁﬁ@&fﬁ@i&l $?§§§$>&&§ that they
a1l produce pyoniospores; secendly, thail {(+] prenis
grﬁéﬁﬁs (+) pyeniespores, and (=] pyenia [=}
pyeniospores; thirdly, that the %ﬁ@i&é%&i@ﬁ,af
pyenionpere~containing nectar taken from a {+)

pustale to the pycaia of & {«] pusiule, or Zige~

yersa, lesds to ihe preduciien of seeiz in the pustule

to wnich the neeter is applied; and, lssily, thaei,
whan ihe ﬁyﬁﬁiﬁﬁﬁ&rﬁﬁviﬁ the nestar are killed by
heat, the negler lgses this seiivating gﬁﬁgﬁ%ﬁﬁk

Binee pyoniosvores are produced by the
prenia of every moncuporidisl pustule, it 1s clear
that, if the pyeniosvures sre malﬁ'@ﬁﬁgéxﬁ‘iﬁﬁﬁﬁmﬁiiﬁ},

i are not divecions,

In sther words, the zovosporidial myesiies are nolb of

two kinde: {a} male, benviug spersatia, and {b) Tessle,

apt besrivg speranaliis.

Avmunding that the pyenis sre male cons

gepbacles and thai the pyonivsepsres zre gamebes, it
i logicol W expect that Tesmale cownbterpazle vould
alse be pregent. fuch counterpsris, however, have med

baen discovered. Their abeenge nighi be explained by

thelsr complote degensratisn; bub, in the evelutionsry
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development of other Ffungil, in these forus wheve
degeneration of the sexual orgaus cceours, it ig the
male alements that first underge degeneratien. If in
the presium-producing rust fungl the female structures
have entirely disappeared, these fuugl sccupy a
%%@iiy-&ﬁﬁmﬁiﬁﬁﬁ vosition ammong the fungl. Yertieularly
i# this true if She pyoniospores perform some definite
funetion. The evidence advanced in this paper indlesies

gquite elearly that they do. Complete degeneration has

then overtaken the female slaments, while the male
@1@&&%&% have retained their prisiine visor.

That the pyonlospores are nob maie gametes
Beeme ﬁ&ﬁﬁ‘ﬁfﬁﬁﬁﬁiﬁm The writer is inslined be regard
the proniospores as sonidis corresponding te the

uninugleate oidia of such hetersthaliie Bymenomyseien

oilyniz velutipes., In these species, oidia ave
produged by both (4]} and («) monesporeus myeelis, and
gell fusions between {+) and {«) ﬁggﬁlﬁ& initiate the
dipleid vhass.

The pyenis mey then be regavded, nob as
netdonal

spersagonis producisg nonefw gperantia, bt

as active ovgane which develon sither (4] or {«)

pyeniospores and atbract flies and other insests by
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menns of which the pyenissporss of one sex are car=

riet to the yyenia of another sex. They ceour echiefly
on $he upper slde of leaves where they srs yesdily
secesgible Lo inseels, and they &xé usually red o
yellew in eoloy by which mesns they are ssde sonepiouous.

Cders are enitited by the pyenia of some rusis snd in

many species the nsolsyr is sweetish. These properties,
ne doubl, are advanltagseus to the speciss thal pousess
then in thai they stbrect fifes and oiher insests and
thus enpure that the funetlen of the pyenia is fulfilled.
it Bes leng been remsried that, in those rust
fungil whieh posmese them, the prenin are the first
spore~producing organs to appear. Sines they play
such ot imperiand vart isn changing the anplevhese inte
the diplephese and in inducing the foraniion of aﬁﬁiﬁﬁ
thelr sppesrance on the myceeliuwm in sdvange of ibe secis
289 h@,?@éﬁﬁig underastood: ﬁ?@ﬁi@ précede ascis becauss
by their actlen aevls are formed.

Undey naturel condiitions, thers ave at least
two wave in which pustules of %&ﬁﬂ%@@fﬁ@iﬁi o¥igin may
shapnge Irem the hapleid te the dinleid #ﬁﬁ%ﬁ%ﬁ@ﬁ% %)
by a (+) sporidiunm and o (=} speridivws sebiling on &

iesf cloese ftogether se that Sthey form pustules which




coplesce in such o way that the {4} myeeliuvm and the {«}
mycelium gome inlo contast directly; awd {2} by means of
fiies andé other inseste which seryy ibe ?@ﬁﬁﬁﬁﬁﬁﬁﬁﬁw
eontaining neotar of o {+)} pustule Lo the pyenis of & {-)
pusiule or, conversely, c¢arpy the sreniesporescontainiag
nectar of & {»] pustule to tke pyenia of & [4) pustuls,

“nether or not & spontanecus ehsuge fronm ithe
hapleid ito the dipleid comndiiien cecurs in ithe myeelia
mast e Turtber investigated, 4 phencwmencn of ihlg

kind oceurs in certsin Hymenomycetes, but in J. g

and I, helianthd, the spparently sponlancous change msy be

tentatively attribubed to the fortuitious internizing of
the erossing of twe phyuielegic forms of

heterothallie rust species which behaves like 2.

greaipis wod Do belisntni may teke plags in twe waye:

(1) vy the union, within the tissue of ene and the
same host plant, of the (+) myeslium of & pusiule
belonging to one fovm wiith the {~] nyeelium of a

pustule velonging to & d@ifferent fors, or yigs

and (2) by the application of the pyoniospore-

¥
*:

eontaining nectar of & (4] vustule of one phy

sislegic




i

form, or by the spplication of the vyeniosporew

sentaining neetar of 8 (~) pustwle of one physw

iologie form te the pyenis of & (+) vustule of
another physiclogic form. The second method is
wmuch more simple than the fiﬁ*ﬁ; and it was used

by =il those investigators who bave regenily sue-

ceeded in crossing physiclegle forss of ruste
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{2} An sppatus is deseribed by which smingle
sporidia ean be picked off their sterigmst

(3] Two methods of inceulation are deserived

which make it possibls to obials moncsporidial and
bleporidial pustules.
{4} Pyeaia develsped on the upper side of sach

and every pustuls of I grs

and, sesaglovally, oun the lower side, parbievleriy
in the peviphepsl regiong of the elder »ustules.

{8] The pyenis of esch snd svery pustule of

thallic.

{7} A large majority of the mewesporidisl pustules

hellanthi feiled to produce aseia.
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{8) 4 sumall minority of ithe monosporidial

pusitules of 2. _prodused

.‘:i“‘“g” aud ef n’—a‘f ﬁ%imﬂﬁ »5.-.

aseia at some time during the course of their devels
opment, possibly m@iﬁg te o fortuitiovs wmixing of
their nsetar by %*z-amé}.mg or through the sgency of
jnsects. §

(9} Approximately balf of the sempound (bl

svoridial) pustules of Z. Zrosminis

produced aseis, while the remsinder did not produce

BE0ite

The {*} pustules are sbhowt eguel in number to the ()
pusiules. Thisz fact indicates that, im all probablilily,
the sporidis which are produsged by the basidls aund to

which the pusitules owe thelr ovigl

i are divisible inte

4

groups, (4] and {(~}, whieh sre sboul egual in
Haber.

{31} Intermizing the necter of monoeporidial

pustules of Fs gr

the Formabtion of mecisn in the pustules so treaisd

within from five Lo six days.
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{12} Flies are sctive agenis ia carrying the
nectar of one vusiule to ancther and in thus effect-
ing the transfer of pyeniospores from {+) vustules to
{=] pustules, end of {~} pustules o {+1 pustuies,

{13) Nectar hested to 70°C. for ihres heowrs to
kill the pyoniospores does not induce the formation of

aecis in the pustules to whieh it i appliied,

{14} Soeme monveperidisl pustules of Pue

ape {corniculans?}, found in nature, Ffailed to produce
aewsis, thereby indicsting thet these speciecs ara
hetercthallic. | .‘

{18]) Heetar of & {4} pustuleé applied %o ihe pyonia
ian one part of a {«} puwlule induses the production of
aggia in thati part 4o whieh it is applied, and revely
beyond ihad oark. | |

{16} The origin of & new phyviclogis

Zygeinia graminis is reperied.

(17} Two metheds are deseribed by which a crvoss

way be made belween Ywo physiclegic forms of a hoters

-othallic rust which producses pyenia and sseis.
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Fige B = Top view of molst chomber

showing the filler-paper lining (white)

and the pleee of siraw bearing telis
mounted on the pin and ready for use.

Aobual sizé.




?&g,fh - View of middls portion : of mictoscope

| mwiﬁg moist chamber | {gzwramg:méﬁ mwv@ei} and
aﬁ@iﬁf&wmﬁﬁ :iﬁ position. The mﬁaﬁf tha
é&?ﬁ&i&ggvgﬁﬁﬁ“ﬁgﬁ vassed ﬁﬁ?@ﬁ%§ %%ﬁ &ﬁ%@éﬁ@gi@y
Gﬁ&éiﬁﬁjailﬁh%;@@iﬁ%-@h&ﬁhér &gﬁvhggrﬁggﬁéﬁyaﬁé
ﬁaﬁ mount of ﬁﬁi&ﬁgw@ﬁa?iﬁg ﬁﬁrﬁﬁ.%hiﬁﬁ iﬁ‘

supported by the wooden pine




Fige Bo = Diagrammeltic representaition of a
microseopie field showing ithe end of the
eapillery tube appronching & mature sporidium,

The dotted %&&f#&irﬁi% reopresents the hemi-

sphericsl giobule of water Lhat comes into

eonlact with the sporidium.
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showing pyenis prasent on bolh

gnifiestion,

sides of the pusiule.

300,

erephobogravhed by ¥. F. Hanos.
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Fige 14. = Under side of & pordion of a
fuﬁii&@m‘ lmzf owing 8 ki&&a}?@?&éi&i

%ﬁﬁ.% af h@';_';wmi Wi f*ﬁz zmﬁs m@
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| Fige 1B. = Under side of & %@§§ 
flowsy leaf g:&%ﬁﬂg $4@$%§aﬁﬁf 
pusiule af §3f§£1iag%$$ astride
© the midrik, with assecls, and &
monoaperidial pustuls without

ascis at the righi-hand edge.

Fhotographed 16 days after inoculas

galfication, 1.%5.
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24 days sfter inoculation. Fegmificetlon, 4.




© Fige 1%. - Under side of s portion of a
- barberyry leaf sbowing s monosperidial

‘pustule of F. greminis witheul ascia.

 Photographed 25 deys after incoulation.

gnification, 3.
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Srami ngd
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 Fige 21, - Under side of a barbevry showming four

wminie, Sixbeen dayn

- menosperidial pustules of . gra
after inoeulation, the magtules were fyee fron aseis.
At ﬁm% iism necbar hested for luree how s ab *?f"{i;
o Vs:»;@giiaé Lo %z@ uppey surfage of ézzza e pustules
ou the left of the midrib; whils unheated ﬁ%ﬁ?&?ﬁ' was
applisd 1o éfm upper surfsce of the iwe pusbules en

the ?igﬁﬁ sf the nidrib., The right-hand pustules
: &1@;&; neve developed asein. Fhotogvaphed & é’i&*@;‘ﬁ

after the neetor was spplied. Tsgnification, l.5.
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23.,« ﬁwéﬁf gside of &
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Fige 2%. = Under side of a leaf of

Agelenchier alnifolis ehowing a
pustule of a (ymr ‘ '

corngenlane?) which was six weeks
old at the time the pholograrh was

aevis. Hagaifieation, 2.5.




24, = Under side of & burberry

" phowing asele preszul on the

_ 3eft-hand side, but set the right~

‘wand side of o pustule of F. grs
~which arose from an infestion by

- matural inceouletion. Yegnifieation, B.
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aaﬁ%&r'wggfaggliﬁé te the upper surfsce of that
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Cpart wae laft undlisturbed. Eﬁ@%&gf&@ﬁgﬁ i %&gﬁ‘

sfter the neclar was sprlied. Hagnification, Zu5s




