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Goroalo oro tho hoot ioportant of tho crop pionto grown

in iootrolia. Ihoot io tho loot widoly'groon of tho ooroolo,

toing ono of tho otaplo produoto of tho country.' Ihio io

indiootod by tho foot that in tho oooooo 1927-1928 thoro voro

12,253,979 ooooo under vhoot, yiolding o totol of 116,737,082

buaholo. For poaching bonofito will thorororo oooruo tron

anything onion con to dono to olininoto looooo in tho yiold.

Thot groot looooo do ooour io roll known, and onongot tho

oauool ogonto, plant dioooooo rodnoo yioldo in o ro-orkoblo

dogroo. Tho diooooo known ao ruot io no oxooption.

A dotaiiod oooonat of tho hiotory of oorool ruoto in

Auotrolio io boyond tho ooopo of thio papor. A groat doal

of infer-otion hao boon oompilod, but from it only a to! hriot

oxtrooto will to givon.

Root occuréod in wheat in tho vory oorly doyo ot'

ooloniootion or Anotrolio. IIt too can of tho oony obotaoloo

onoountorod. Tho difficultioo not with by tho oorly oottloro

A in~ thoix- ohoot growing have boon rovioood by Potto (118) but

Ionorfurthor rotoronooo to tho original oooounto noy to of

intoroot.

Tho oorlioot avoilotlo rooord is that writton by florid

Collins, tho Souotuy to tho fix-It Govomr of tho Colony.

Writing in Fotruary 1788 of tho dioontorkotioa of tho firot

colonioto, Colliuo (31) rotoro on pogo 1 to tho clooring of

o piooo of load, -- tho oito of tho prooont Botanic Gordono, ~-

- whoro whoot woo firot ooon. In Aoguot-of tho oono your,

rotorring to thio land ho ooyo (p. 41) ”who oood whoat that

loo ooon horo did not turn out ony bottor thou thot ot Iorfolk

Iolond: in oono ploooo tho ground woo toioo oroppod, ond thoro.

woo roaoon to approhond a roilnro of oood for tho noxt your.”

Tho noxt rotoronoo on p.88, writton in Dooonbor 1789 ototoo;

fin tho oouroo of thio loath tho horvoot Ill got in; tho ground

in oultivotion at Rooo Hill produood uplordo of 200 huoholo or



 

 

sheet, eteut 55 bushels of berley, end s snell qusntity of

oetg end Indien corn; ell of which use intended to be

reserved for seed. At Sydney, the spot of gronnd_eslled

the Governor's Peru bed been sown only sith berley, end

produced shout 25 huhels.‘

Golline on p.442 writing or December 1795 seye, "The

hervest ves begun this lonth. The Gepe sheet (s beerded

grein differing such “on the English) ees found universslly

to have feiled. An officer vho had sown 7 sores with this

seed st e fern in the district of Petershee Hill, on cutting

it dovn found it see not worth the rearing. this ess doing

to e blight: but everywhere the Cepe sheet ees pronounced

not worth the lehour of seeing.“ the 'bliggt' ley well here

been e olent diseese, possibly rust. 'Petershen Hill“

includes the present site of the University of Sydney.

Eerly despetohes fro- Governor fiunter (67) give further

information regerding these neppenings. A ooennnioetion

written in Iereh.1796 (p.564) stetes, 'Ie heve got our herveet

in, end it is, upon the whole, in point of quentity es eeli es

quality, very superior to enything which this country hes

before experienced, elthough e rev blights end other eocidents

bed diseppointed the sxpeetetions of some very industrious

settlers.“ In 11 further despetoh (p.557) deted April of the

sens yeer is soother reference to this "destruction of the

crors of some of the settlers by blight.’ The eetieeted

sheet yield in thet yeer use from “35,000 to 40,000 bushels.‘

the ecreege under vheet wee eteted to be 2721} sores, so thet

the herveet yielded en sverege of free 12 to 14* bushels per

sore.

Rueeey (125) refers to the firet recorded etteok of

rust in Austrelis. It occurred in the Dundee district et

Brush Fern owned by Csptein Cox. This is close to the present

Eestvood etetion. What is evidently s quotetion fro: the

‘ "sydney Genette' reeds es follows :-
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“October 21, 1803. A more beeutiful eppeerenee of

s successful hervest never flettered the expectetions of e

fereer within 3 weeks or being ripe: «n were full, pimp

end sell coloured, and in every respect gretifying to look et.

in 3 deys it wes completely destroyed by rust. The nrodnee

of 266 eores wee not worth £20. A loss of £4,000 wee node, --

en enormous emount in those days.” Potts (118) quotes this

sene stetenent. leiden (91) stetes that rust etteck wee the

reeson for sheet growing being discontinued st Fern Cove.

I Atkinson (7‘) refers to the prevelence of sent in the

sheet crops, end seys (p.43) that “rust sometimes eppeers, but

is not very connon.‘

Iontegne Smith (106*) notes on pegs 9 thet the plains

end forest lends of the Hunter River district of.l.s.I. suffered

from rust in sheet. He stetes thet the only pieces which

escsped were petches of virgin soil, although the weether

conditions were fevonreble for rust development.

Even with the extension westwerds into the drier

clinetes, rust denege wee not eliminated. Severe losses

occurred from time to tine in the verious Stetes. Grove (56)

stetee on p.26; thet in 1889 when there wee s set end muggy

spring, the loss due to rust for the whole of Anstrelie ses'

estimeted to be between 2 end 5 nillion pounds sterling. The

importance of this 'red rust” led to the convening o} confer-

ences of delegetes from the different stetes to consider the

problem. Several of these conferences were held, conneneingi

in the yeer 1890. The work of these conferences is ennuerieed -

in verions numbers of the Agriculturel Gesette of I.S.W. (126)

(128) (129) (130). Only one of the full reperts hes been

eveileble for consultetion. It gives interesting sideliehts

on the problem as it existed then, end impresses one with the

enthusiesm end soundness of the workers in those deys. It

must be remembered thet whet ere now comeonplece tscts regerding

rust were then quite unknown.
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At the “Rust in Wheat Intercolonisl Conference' held

in 1892 (129‘) figures eere given vhieh shoved the importance

of the disease. Anderson (p.15) estimated the damage done in

1891-1892 season at over 2 bushels per acre sown. This season

was stated to have been a favourable one as regards small less

from rust. _

Icilpine (p.18) considered that the loss in Victoria

that year varied tron 2 bushels to 12 bushels per acre, and in

some instances more. Perrer at this conference (p.25) affirmed

that he had the greatest faith in the world that the solution

to the rust probleu could be found.

Cobb (26} (87) (28) (29) (50) broke much new ground in

his rust investigations and made many contributions to the

subject. It is interesting to find Sir J.B. Lawes (129)

expressing the opinion that the solution would be found in

a rust-proof variety of sheat.

Icilpine (105) has made the nest valuable contribution

to our knowledge of Australian rusts. It is the only work of

its kind available.

Despite the wonderful wheat breeding work done by

rFarrer, losses tron rust continued. Thus in 1903 the 3.3.l.

losses through rust attack were estimated by Ir. a.n.x. IcDonald,

then chief Inspector of Agriculture, to amount to nearly 1

5,000,000 bushels, worth more than £400,000. The same

authority computed the rust loss in 1916 at more than 5,000,000

bushels, the damage totalling over £2,000,000.‘

Following the lead given by Farrer, attention has been

paid by wheat-breeders to selection for rust-resistance. Con-

siderable success has been achieved in this work. An even

greater saving has been effected through the developlent of

rust-escaping varieties. :These nature early enough to greatly

lessen and to frequently render negligible the attack by rust.“

In 1915 the late Captain E. Stephens was appointed the

first Walter and Elisa Hall Agrioulture Research Fellow of the-   
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University of Sydney. He commenced en investigetion or the

rust problem, but sfter holding the Fellowship for only three

months, enlisted for active service oversees. Science in

genersl end Auetrslie in particular suffered e greet loss when

he was killed in action. Results of the greetest value would

have certeinly been forthcoming hed he been spered to carry

forward the work which he so sbly began.

In 1918 the writer sss sppointed to the Fellowship left

vsoent by the death of Coptein Stephens, and upon returning from

ebrosd in 1921, the studies herein recorded were commenced.

The nsture of the problem demended extensive studies es

well as intensive reseereh into many aspects of the subject.

'hilet definite conclusions ere not possible from some of the

lines or work, in others it will be many yeers before definite-

ness csn be reached. But some of the general results obteined

seen earth recounting st this stage. These lsrgely hove to do

vith investigations curried out in the plant house, the only

preoticeble method to follow it full control of the work is

to be mainteined. _-But as fer es possible ettention hes else

been.given to field results. In this sort perticulerly.the

co-operetion with the I.S.U. Department of Agriculture hes been

invelusble. _

The work deals with rusts present on ceresls end certein

or the grssses. 0n wheet, the only rusts recorded in Austrelie

ere Puccinis grsninis trifle; E. e H. which causes stem or block

or summer rust, and P. triticine Erikes. which causes crease i

lost rust or spring rust. The yellow stripe rust caused by

P.51unerun (Sch-.) 8. t H., has not been recorded. an berley

two rusts occur, P.5rminis tritici E. a: a. sum: ceueee ste-
rust end P. simplex (Kora) E. t H. which csuses leaf rust. 0n

osts there ere tro ruets, P. greminis svenee E. h B. which

,7 produces the stem or blsck or summer rust, and P.corouete ads.

which causes the crown or leer rust. There ere eleo tic rusts

on rye, P.35sninis tritici E. h E. the cones of stem or bleak



 



TIE AEOIDIAL 'STAGE OF PUGOIIIA GRAIIIIS

this stege in the life history of Puecinie grelinis

is of extrene inpertence in the Icrthern Eeeisphere. {he

eredicetion of bsrberries in Dennsrk hes 1ed to s lost nsrked

reduction of sten rust in thet country (88). the berberry

eredicetiou coupeign in U.S.A. hes repeetedly shown thet the

destruction of berberries results in e dininution of ruet

etteck. lore recently (165), it hes been shown thet physiologie'

for-s nsy originste in this stege on the berberry.

Results in 1921

Prior to 1921 it use believed thet the Austrslien

stee rust see incepehle of infecting the berberry. In October

'of thet yeer it was shown (162) thet teleutospores from ehest

stree grown et Glen Innes produced noruel infections of e

susceptible herberry growing in the open st the university

of Sydney. Inoculetions of seedling wheet plents with

secidicspores fron the eecidis on this bsrherry geve rise

to the uredospore stege. {his culture use studied in

regerd to its speeislisetion, es res else the English culture

referred to in the sens psper. the letter use found to be

For. 27. Both were kept in culture for seversl yeers end

frequently tested on the differentiel hosts to be certsin

of their identity. The Austrelien culture proved to be

For. 46. It was kept in culture in the plent house for

four yesre end used in vericus tests. This sees for: use

isclstsd from uredospore materiel on sheet sent from exectly

the sene locality in December 1921 end egein in Decanter 1922.

Results in 1922

In lerch rusted wheet strse use received fro.

Puss, Indie. It res exposed to winter conditions et lewkssbury 7

Agricultural College until October, when the tsleutospores geve
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abundant garninations. They were then used for barberry

inoculations. Sixteen days after the date of inoculation,

spernegonis and aecidia were produced. Aeeidiospores were

used to inoculate ”Federation" wheat seedlings, but without

result. lo reason could be given for the failure. A recent

visitor from India, Irdtobertson Brown, has stated that

”Federation" grown in India is resistant to stea rust,a1though

other varieties are very susoeptihle. This may perhaps

explain the negative result obtained. levertheless a later

test with rust fro. this locality gave Porn 16. "Federation"

is quite susceptible to this fora.

Results in 1925

In April, when the positive results from the

teleutospore gerainations of Bawkeehury Agricultural college

neterial were unexpectedly round, barberries which had been

out back and were putting out new growth were inoculated

with the viable teleutospores. no infections were obtained.-

The fora of rust used in this test was For: 43.

In the seas loath, a package of wheatan straw

showing heavy teleutoepore infections of stem rust was reeeiVed

fro- A.D.cotton Esq., of low, England. the straw had been

collected by lies 1.8aapson at Iilton, Isles, and then exposed

to winter oonditions until larch, when it was forwarded to

Sydney. Upon arrival the talentoepores were viable, giving

abundant gerainatione. Barberry plants (sole of the. the

identical plants used for the above-lentioned H.A.college work).

were sneoeesfully inoculated, sperlagonia beginning to show in

eight days and aecidia in twelve days. From inoculations of

Federation wheat with aecidioapores, the uredospore stage was

produced. This proved to be For: 27. It has since been kept

in culture and is still aliVe. It was interesting to find

that the for: (87) was the same as that which had been obtained

'in the 1921 work tron straw.co11eoted at the some place. ‘
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It ie clear, then, that the conditione for barberry

infectione were quite euitable, and that the failure to eeoure

infectione from the H.A.college teleutoepore laterial wea'due

to eonething in the material itself.

In October when the H.A.college materiel wee

giving abundant germinatioue, further exteneive barberry

inoculatione were made. Again the reeulte were negative

in every inetance. Thie ace-ed to indicate that For. 43

cannot infect the barberry.

Reeulta‘. in 1924

At the end of Septelberrharberriee were inoculated

with viable teleutoeporee from rueted etraw collected fro. 7}

E.A.college and known to conpriee For-e 45 and 46. Spar-agonia

were produced but no aeoidie.

Further harberry inoculatione were made with

laterial free Rutherglen,Victorie, which had been expoeed at

Epping, H.8.W. Uredoepore teete with thie eaae laterial had

ehown that For. 46 wee preeent. Ae a reeult of the inoculatioue:

apernagcnia were produced. The unueual incidence of a cold

enep at thie time checked the growth of the berherriee and way

have prevented the fora-ticn of aecidia.

Another batch of rueted wheat etrew wee received

tron Devonport, Teenania, in larch 1924. Uredoepore teete

chewed that it was Porn 46. The etraw, which ehowed heavy

teleutoepore ae well ee uredoepore infectione, wee expoeed to

winter conditione at Epping, E.S.W., and teeted at the end

or Septenber. It proved viable. Barberrj inoculatione gave

abundant infectione. Spernegonia and aecidia were produced

in quantity. Uredoepore culturee on Federation were obtained

and proved to be Fora 46. Thie culture hae been frequently

oolpared with the uredoepore culture from the original etraw.

lo differenoee in paraeitien have been detected.
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Results in 1926

It hae been pointed out that acne evidence seemed

to be forthcoming that Porn 43 cannot attach the barberry.

In thie year's tests, wheat varieties were eelected at X.A.

College on the baaia of their known reaction to For: 45 and

For. 45, and telentospore laterial of three varietiee susceptible

to each caved. Ae described in the account dealing with the

“-Teleutoapore Stage” abundent gereinationa were obtained in

Septelbor.

During September, eix acts of barberry inoculatione

were lade. The barberry plante in too of the sets were well—

eetabliehed bushee of Berberis vulgaris growing in the open,

and in the other four eets, were sturdy but rather snail planta

growing in pote. Pro. one eet of inoculations; no infectione

were obtained. This set was on the outdoor plants. During the

48 hours incubation_of the young twigs in lamp—chimneys, hot

dry westerly winde were experienced. Attempts were made to

keep the cotton wool plugs of the chiyneys damp throughout

the incubation, but it is believed that these unusual weather

conditions were reeponsitle for the failure of this set of

inoculations. All the other sets in the plant houae gave

infections with production of spernagonia and aecidia (Plate I.)

In every instance the infections cane fro. the ruet on Alaska

Branched or American Club, which were known to be infected with

For. 45. The barberriea infected in this teet were Berberis

vulgarie, B.wglgaris var sangninelenda, B.Oegrgiana, and

B—Luoidii. The three last-named were grown from aeed kindly

uppnod by Dr.l.l.Levine in 1920. lo one of infection fro.

teleutosporee of Penn «3 was found. A aeries of fixations of

leaves inoculated with eporidia of Porn 43 wee eade for

eectioning and examination. The happenings in the infection

of the young leaf by the eporidie had already been traced

(161) and these preparatione were on hand. But a further

eeries of fixatione of leavee inoculated with sporidia from
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in the ordinary way. In material fixed 48 hours after

inoculation, the nninnoleate hyphen are preaent in the

epidermal cello and appear to be normal in every way.

Further etudiea of later atagea in inoculatione via: Porn

43 are in progreee.

From the aecidioeporea, uredoepore oulturee were

obtained on Federation and have been etudied for apeeialiaation. ‘

no for. isms cloaely with For. 45. on the mm baaia

for determination, it ia claaeed aa the lane. That ie to eay,

both moat be listed ae ehoeing a reaiatant reaction on Konrad.

But there ia a ooneiatent difference between then. Ithe atooh'

culture of Porn 45 givee no infection whatever on Kanred.

fhe aecidial culture, - tentatively liated ea 4.51 - hae‘aleaye

given a ”2" reaction on thia hoet under the cane conditiona.

The ease eoneiatent differences are ahovm on the Kaneaa vheata

forwarded by Dr.L.3.Ie1ehera under the nanee P762, P1066, and

91068, ea well ae on aeveral other varietiee. A further

inter-eating difference between the etoek culture offer- 45

and an. aecidial culture called 45A 1- sham later in

oonneetion with the bioaetrical atudy of the uredoaporee.

lere it ie found that they aporee of Porn 45A are very

aignifieantly narrower than thoee of the atoeh Porn 45.

Further Reeulta

In 1926 teleutoaporea of Porn 54, 45, and 45 were

viable in Septewer. In that month and in October inoculation.

of barberrie-a were made, vith negative reaulta in each caee.

On both oocaaione hot dry conditions prevailed during the

incubation period out or doora and are believed to have been

reaponaible for the failure.   
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In 1927 viable teleutospores on sheet straw free

India and of For-e 54 and 46 together present on straw from

Glen Innes were used. Barberries were inoculated at the end

of Septeiaer. The Indian material produced spermagonia only.

The Glen Innss material produced speraagonia and aecidia. fhese

were fixed and used for class preparations, not being tested

in the uredospore stage.

the results obtained in 19% were of unusual

interest. Ihey have been reported in a separate'paper (165).

In April 1929 a parcel of oaten straw with heavy

teleutospore infections was received from lies [.8a-pson of the

University college of Wales. the saterial had been collected

in county Iildare, Ireland, by Dr.lurphy. The spores proved.

to be viable and were used to inoculate a young barberry shioh,

although it was autumn, sea putting forth some young growth.

At the sale time two other barberries in pots were cut back

and brought into a earn spot in the plant house where later they

were used for a further series of inoculations. Very heavy

aeoidial infections were procured and uredospore cultures

obtained on Algerian oats. One of the barberry infections is

illustrated in Plate I. Specialisation studies, (referred to

later in this paper) have shown the presence of forms 1 and 7 oflf

P- gas-inis avsnae, and that in respect of colour and spore

size this rust differs from the Australian rust.

Bu-eagz

‘ Further evidence has been obtained to show that

Australian stel rust of wheat can attack the barberry. An

exception seems to occur in Porn 45. Plants of Berberis

vulgggis known to be susceptible to other forms of 2.5:aainis ‘

tritioi have repeatedly failed to give infections when inooulated

under ideal conditions.with viable teleutospores of this For. 43.

As early as 1925, from infections of a barberry with teleutospmy

of Fore 45, a form was isolated ahich.resslbles Porn 45 but

oonsistently differs from it in certain respects. This aberrant

for- has not been not with in any other isolation. Overseas

teleutospores have given rise to forms unlike those present in

Australia.
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Cereal Investigation

 

ecies of
SEEEEEEE! Varietal Kane Number.

I. compactum Little Club 0.1. 4066
T. vulgare larquis 0.1. 5641

. ” ‘ Kanred 0.1. 5146
- ” lbta 0.1. 5378

T. durum Arnautka 0.1. 4072
' lindun' 0.1. 5296
" Arnautka (Spelnars) 0.1. 6236
' Kubanka 0.1. 2094
" Acme 0.1. 5284

I. monocoecun Einkorn 0.1. 2453
T. dioocoun Vernal Rumor 0.1. 3686

" mapli 0.1. 4013

 

drain of these standard differential hosts was kindly

supplied in 1921 by Dr. 3.0. sun-m and Dr. La. Levine, and

has since been grown in pure lines for use in the determinatire

work.

Seedlings to the number of about fifteen are grown in

small pets. The first seedling leaf is moistened with water

and by means of a flat sterile needle; the nredospores of the

rust under examination are placed in this sater adherent to

the leaf._ The pots are then incubated in a saturated atmosphere

for 48 hours. They are afterwards placed on well-lighted

benches in the plant house to allow the rust to develop. Iotes

are taken on the rust dovelOpnent twelve to sixteen days later,

depending upon the prevailing weather conditions.

The types of infection shown by each host are recorded

by a simple notation. Arabic numerals from l'0" to ”4"

indicate the order of severity of infection. ”0' indicates

immunity, and "4” complete susceptibility. Fluctuations between

these types are indicated by plus and minus signs. A sixth

type is represented by I. This indicates that a heterogeneous

reaction occurs on the one plant. A single leaf may show all

classes of reaction ranging from 91" to ”4", and further ‘

simplification of these reactions is impossible.
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pun am moving the charactfirlstio‘ flock: produced by

For. 43. um rtrmlplmtod to an opal: bad at: m to sum-1:1.

A: the um um, tour Ming tho than-ant '4‘ typo a manta

'01-. 011-11114: “flan. lit mum-1:1, :11 the "an.“ plan:-

vero at tho 'Arnmth" typo, ‘3 “to sum of tho rm unmi-

nn... 3:: mo fourth plant proud to ha 1 Hum" ms:

«awn: ‘-Wm. 01ml!
“um-o o: rung: pain with than; or "banish" M um

place.

In 193?, grain «and tron “an or ma. non punt:

!“ an and touted as}: Pea-n 4a harm tbs auditing: In.

“mam-std to th- opon and grown to austerity. the may _

g: m: :1; 1-051th 91am:- a1 and run-um: nanny, mun:

then. or the four incapable. gnu n11 mmpuhlo mailings}

A: nun-1t; a mum- 0! undo. ”Instant. varying tron m

‘ u) an, «no we turn out: twly. ’ ‘ '

In 1923, m «dung: or the ulcetim can again

zoned um pm 43, with an sonny-um and: m:M

of the reactant plant. can resistant, and than at m an.-

«pun» up. muoyttmo.

A amtxni or m saucepan. 4m in that am



tuned to man my ”inhuman é:- um-m cultural aura-

unoc- hotmn than und the non-:1 Ara-nth: typos. man»

the mixing or 31-11:: or a Want" um“: um: um. or

Mulch could In ”0611: disarm am confined, the

oocurnneo of he apparently Manual typos moving lul-

«pawns: in one can and launches in the ethol- night

I011 1nd to confusion an: ”m in the and“.

find“.

. A It“. or arr-a" unnu- to that. ”pox-«d for

Anna“: Ian rm to cum with Italian, and In no. “and.

b.1936 ems mung. derived rm llama-ct: pun which

showed :11. «motor! necking with For: «us urn grown to

maturity, u were :1” two Inch lhfl’ldl. '3‘ 819. of nation.

Th6 lattor proved to ho Wsm' who“. again contouring to

LMWM- rm- mm" am
at an tin {1-1110- ahond nut tho: bod true for their

nut reaction; all this unit I“ confirm-d In a Wild”

uric: or test. in 1928 nude with run-thu- pullo- “leaflet.

in each at tho can". ‘

In m: can the aha-rant vomit.- um due to input-131

pf the pun.

5291‘s.

In that aux-1103: smug: and. 11th can null:

‘ mm in 1921 by Dr. 3.6. sum, u ”11 .s than. in

law you: Inca pain In ton-mu by Dr. I.l. Levin,

dopuwma from th. nay-:1 "gotten on thin bott were and.

For emu. pots of m1” mung. inoculated with rm:- ‘3

mammal: mowed. that down ”1-0. only“); two; and on.

comical: mmptiblo. almanac: a min:- o!‘ thin.



”lulu shun a from»: of tro- 5 to B! of mu «minim.

plums. hominid»: or a from pot of Ram-0d nth Mm

from a six-«pum- lam-ad "um gin t simila- remit,

prudently n11 tho seedlings hing human. I

A «My In eon-none in 1925 viii: grin: "on!“

from limsou in that your. noun film“ «area-dag to tho

lam-0d type 1: maturity ”a when at random andm it

each In tested with Porn 33. 4a and 46. mm nor-an:

in «.099:th0 term as IE1 imam. to Penn a In! 46.

ED grain or out: 9! than clam pinat- Iat dividud int. tbs-OI

portion: which rm own: in pot. for the annealing “on. m

nuult- tho-ad slut than an tin-u ulna: at ruin-o. In.

the that clan than "2'0 nix famine: which cash and sun—-

«ptihiliby represented by s. *3" nation to pm as. all

insanity (no nation Ingmar) to Porn: is and 45. In thy

um than an thm nun" which W flu «lo-pub):

reaction tam u ‘37 to Porn 33 and the medal-“011 retina:

'2' typo or "nation to porn 43 and 46. I: an mm um;

than nu two tannin which won ouch “nuptibII to 3m“

and Ill. susceptible to form 45 am 46, giving 3 '3' ricotta

throughout. Thou seedling "lulu are born. out by fluid

obnrvfitioiu. A: Ruthenium Agriwlturn 001103. chin

mums-van: grain or Kant-0d um um and who” Yam 4: m

‘6 are prawns, it In chained that tho “jot-it: at the

hand pllmtl Ion-o quiz. m or mu. but «animal 91m:

m a hour. attack of no: rust. ?°1'fl a; in a Guitar.

vhich 1- being up: maxi control in an. punt. noun, not

having occurred annually in Australia.

In 1927 that out of tho nix families winging to

:11: first sin: um titan at rando- and 8h. use discarded.

Pro-I Inch of thin than tunic,- up “11 u from tho this.

families bolmging to :1;- uoaua am: an! tn- tu- no hon-g-

in; to the third glut, an .1351. plant. were tuba m m1:
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progeny eubjeceed ee eeedling eeeee withehe three rue: feree.

In e11 ceeee {merited true to their eleee reeetien. The

only-departure free e noreel eteee of effeire occurred in one

of the ten plant progeniee belenging to the third eleee, where

two eeedlinge from e pet of fifteen revealed the “yen tuft”

mus. Further eeediee concerning this occurrence eee in

prep-en.

fin-1928 further pedigree teete eith 41 progeniee e! A

plente fre- eeeh of the three eleeeee eere nede. Again it

wee found the: the eeedling ,reeetiene eere tree to their elm.

In 1‘89 e “in further generation eae eeeeed, eeI-

prieing fedliee free eech of the three cleeeee. The reeetieee

given were cherecterietic of the reepective eleeeee.

In mm. therefere. there wee :1 mixture of eta-nee

indietinguidaeue mango-‘11:, m: Ina-ins m. divergeuee

in their met reactiene.

Kam-e.

m eeee ef thie differential bee been emlieeeet

by reeeen of the effect which altered envireweentel eenditieae

epperenuy heve upen the heet-pereeite reletienehip. In the

earlier deye er the inveetigetien, before chic effect; wee

reeegnied end when ether-pee were being we to eert eat pure

lines of the variety. ceneidereble difficulty wee net with.

in far beck ee 1921, eeedling remain lien stein

kindly applied by Dr. Steiner: elm-ed the mixed rennin

eieiler to theee fired: deecribed fer ether differentieie.

A: the nerve-t ef 1922, eight app-menu: identicel eingle

plate were eeleeted, end have been green in pure linee linee.

A very greet number of been heve been me free ”me te tile

with theee eelectiene.



Free the euteet, eel-keel differeneee were m

between the clam rednee. Time in 1923. the rename

given by Pm 2'7 '0". er the '4' type with eae er the feline:

end of '0' type eith another. In exect revel-eel of then

reeeuone eee given when than lame tee reunion em tested

with For: 46. me 1e to lay. the venetian on nabenke given

by each of these {ma eight have been lined ee eagle“);

meoeptible er mletely reel new. depending upon the pert—

ieuler etrun need in the test. me mt. of divergent remit

wee obtained in an extensive series or teete which ntilleed

‘55 different rust culture: Rpm-eating e11: different. eteek

phyeielogie tme. , .

In following yearn tease here hen exuded and the!

nun-'11 fixes the 115m; plentl sane-n at and» 113 1922 eere net 3

e11 genetieeny dike ee regard: met refinance, danish e11 »

eppoer to center:- so the Rubenke type. may ere «name

into three grape en the belie at the "estates: eheen in e

eeriee of tees: and. eimitneenely under m «dinette

to Pen-e as at £6. P1" or the eight vex-e meeepuble te

r 43 end redeem: to 46. one eee reeietene to 43 he eueeeytihle

to 45, and tea were meeepuble‘ to both theee revel. Further

, reterenoee to theee' remat- are nude in the enumeration of

venetian induced by enflronnentel shame. ’

om»- etrelne or nah-aka dented tree ..m We

are elee «ejected to test. For exupIe 31min at Intake .

0.1. so“. received train Dr- am. una- in 1980. mind like.

the tie-eh group or five tunnee lieeed above. ee did nee

sum it "mm 0.1. a". Greta at 'lhhenke 3.1.10” gum

reeulee [duller to than or the eeoend group. Grain c 'Ih‘eeake‘

supplied by Ir. 3.1. num- or can. Med mder m

‘eendtuone the: the eeednnge eere‘ equeny neeeptlble :e my

ene e: the ten pity-1010119 fer-e men were amiable fer net.

me urgent neeeeeity fer eenpeleue cm 1:: Installing

 



tho «I. pm 11m. 1: ml: at durum: contain 1! to ho

swan” in clearly brought out. in this mark with W.

Megan” a! lama 9:9“...

lutural unsung 11: p.413". tannin w ooénr at

unduly complicate results. Sour-3.1 cues have «I: u

light. .

In t m ton‘or "Indtm 12" at the University at

Sydney, two nasal-:1 cranes occurred. The grain and for

saving loan- tren a single au- of a typical plant you a

ILA. 6.1105. in 1924- In the m tout were noted two plat!

7min): an act fully boarded. In: thawed only tip-hearts.

Each I“ find and its grain ”In the tuna-1n; your. - m

prom: varied in "sand ta baud, aha-1213 gradationsm

:1st tip-laud and mm mm, Thor. mu :1» comm-u

for tho moth chaff and "Int fluff. than 1- 13¢th

doubt bat tint mturnl era's-lug or ”Indian 11m new at

34. 0011050 1:: 1924. ‘

mm:- as. did: with a 7‘14." orm

ginormous Pm. In 1984 um“ out of m "um"

of thin when: an none from C‘s-mags, England, by It. v.1.

booby 2h. grain of on. of the” in" II! “but out all

”In u: flu Mar-1:3 or swim: in: m tut. m. at tho

"sultan: planu was markedly different from the type, hung

a “vulgar.” when: with a tip-4am. m; was nvod m is.

grain sun thc next year. Summation ocean-a 115 "gm

to a number of shutout-I. an illustrated in Pluto 1?.

61031-1: 11:}an can the natal-:1 mu occurred It GaW;

Anvinum in on: Ill very striking. 09.13 of

"atom-m" arc-n at Gnu-n in 1926, n- can a a.» scum!

tho tone-dag you. A manhu- or 3133;. plan» an nmm‘ ,

an or am and gun 1m tum tho mun manna" gnu. ,
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A be: of 1: Ian mu and th- atdlingu tout-It sixthW

m1. m: for: 51'" u wanna: reaction on “manna“.

Tho not: should 103 reactant and 41 mucoptiblc plant.» M!

1| n ma:- :ppromh to a 5:1 ratio, and Indicates that mail! _

at Can a gnu-a1 mu human ”Mainland" and n mpufiQ

"riot: 11k. "Alan-18x" had case-n plm. '

 

Tho technique "played in the dItOMnltiun at

physiologic rm- bu nanny/boon rotors-ad :9 (9‘80 ’7 ting-,1

and the autumn: nude mu after inoculation the pot- or

”calling: m plant! on $011 11511:“ Masha: 1n the plant in...

\to allow tb- rust to develop. Mu- tho conditions such.

pundit in Iona nausea: 1a 0.34., mum: 1- 1.01123. In

11.33;. m. oppoflto 1- often the can. Hero than an m.

diva-aunt's: human ah: amnion: 1n the plans noun unfla-

Iintor nW with sum:- confluenc- m- “flu-mm:

in tho “mt-star“ an very connidarablu. ' Eridanus bu

«mud which than that: such a “finance in tho mum-

natal coalitions a: profoundly an»: tho mt man. was

particular bonus; ' fine. the {on deter-Imam 1.- bnull won

the not: reaction, this matter is of estrous input-tuna.

It is unfortunate that no temperature control max-Am

has so far bun “unable for than undies. It has that!!!“ i

only been poutbla to uk- adnntagd at tho talcum: in an

plant house conditions which tun bun lane“ .5! nun-1 '

ohms. 'rm to»: undo has practically involved a col—

pu-xm or ncnlu obtninod w.» unen- condition: an that.

w
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found undu- mr conditions. In thy oat-13 In": at th-

lork, this variation in the "can: obtain“ tn at: recent“,«
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Ivor-o ohtoinod thick: wore not than intolligihio- a. 'uoh

ovidonco has now aceunulatod, that it in quito “on flat

dotorminativo york mot ho dono with 8 mm row at '

fluctuation 1:; the environmental conditiono 1: m rennin m ‘

to have a valuo for compo-tin purposoo. If it hoW

that tho typo of. rotation which is taken note or in tho «W

ninativo work is a mum at tho hoot-mania routing-hip.  
it is not ourprioing, that the balance oxioting hotooon tho up»

should ho liablo to Variation as onwiromuontal oonditiono

change. It is not poooiblo at this Juncturo to indiooto

tho oxtont to which fluctuation: in the opocific mural-onto}. .

footers ouch u tomoratm-o and light wing about on duration.” 4

in tho rotations, or or the degrao'or the reopen“ undo by tho

hoot and by tho parasite to thou fluctuation» that mm

”foot: in tho root reactions are induced will ho soon to ho

. indioputabio'.

Iota-1&1 am! lo‘thodo.

A couprohonlivo am- of boot. on undo to pmido

infatuation roux-ding tho bhavim of tho Australian tea-n.

u won as a marina or thoir roaotiona with then or etha-

valoouo {mo union- nrying onviron-ontal conditions. an

Iona-ins torso tor-o uood io tho toot- :-

75 1, . mo I“ «grind tro- aooidiai intootim

of tho harhom produood by inoculation Iith «Joan-pm

max-1.; on most um mired from pan. India. in April 19%;

gm :7. m; m 1:. origin in ooei‘dial intootiu a: g.

o bottom produood by inoculation with tolontooporoo on moot

otru roooivod rm Iii-ton, Ialoo in la: 1925 from lino x.

‘ Sol-pun or'Ahryotvyth out! Ir. Ln. cotton or loo.

GED-E Thin rm Ian amnion! in tho Wow

otago by Dr. IJ. Loving in 192:.



gm: a, g; g, 46, 56. g. g,. Mange an

obtdnod Iran «1103:1033 or New aux-1:1 Id. at

dlflcmt that from vartoua localities in lulu-.113.

.mmgxou: tho «flu a: nun, the un- mum it _

ash or the 2m. In am. In no can III 1: nW

gamma, hat 1:. auction: on tho (“frown-1 host: an

"pascal: abound. or Form 45 we “can: cultural Inn

and throughoufi. Ono "um I“ that on. of than which

origimhod m- nomuspms ma 1| 4931mm For: «A. m

11in: given 1 '2' reaction on "Karon" when” :11 other

cultures of Porn 45 hump 51m n '0' station, and n non-ch

was hungm to find a wheat. which would um I: I '16.!-

du'tarontid of this culture.

that. fans are touted on a nub» of tho differ-

and hosts. Th3 result! an dunes-1M ”penal: unfla- I

the headings of then hosts.

Quanta.

Born-pact lu- alnudy bun undo to difficult!"

oncmtorod vith Knbmka a! a differ-Catlin .nd to tho fut

:hnt a OOI'IOI of .3133}. plan: collections 'ns I.“ or town! ‘

“rain: or thin variety in founding pure 11mm hut! Id. '

31.118.11.01:st with the one for: can «run: of than put-o

linen mound concludnly that; than in: tun-om guano

diversity as 90ng run naistanao. A good and of mi

uu done in cutting than pure lines in than resonant to

7m mnologic rm. undor varying environment-1 «Minoan.

with 13801-03121“ taunts.

in. strains 'or Knbnnn and um us fallout 3-

'Knbsnh lo. 1" “'1:qu 19.8'. mac 8 strain!

ma m1: origin in gun InlandWnan: ~
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applied by Dr. 8.0. sgm in 1921. m.mm In

inautn plot ash-minruwummymnmmu

of 1922 eight tingl- plants are sum .2 and- all has"

Aline. 23.03 W in pm 11110:.

I W". m- um has 11:. 31-1512: in t “.15.

at grain mt by m 3mm 01' Pint Maury of m MM

Statutbtpmunt at Agriculturo in 1919. ' Pro- a. M if it

‘a random «locum was made: of u 3:916:11 plant ”in a

LA. Canaan. It. hu nine. ban gram .3 1 part 1130.

IW.‘ m: 1190 can from pain of

*mm c.1. 20949 kindly «9911.4 by Dr. IJ. chlm in

1986. an 11m pol-n in pan-- 11:19.

W? munsmottqua-nmu

that at ”Rubin!“ 3094.”

W“. ml 113. can. from 51-1313 ma

by Dr. 3.3. am man this you. '

'W-. In 1922 I:- :3. mm at can ‘

minus 2m wand grain which bu um hon we limit} "

This strain bu hand. which are mm:- m cm: can in...

.c “nub-an 0.1. sou: m: 1: a nth» hand» can 11am

undo:- ocunuons pflvdling u; the mamas: at 87:13.: up!

IZA. college.

more rm, Shanta-o, tux-tun mains «aim.

for towing. ,

‘ In tho was 19;“ to 1927 a m;- of nan-gm “: '

111511 tn... 38mm Itrdiffamt timi- Ulla; thl Matted

cultures which hav- haen and W: tho «mm a

mum; tho par-nevi” rm, tumultuous: um and. In. _

an a. time. m "an“ an no: mum. to 11mm

the not 0: Variance: round. an. amas autumn an “mm 1"

m not on: in an tone-1n; “121.. V

ramble}. raftinggrained u g ml: ofMany

“Showman-act!

mnmmw.

 



 

 

 

lo. Oct-1984 Ooh-1m larch 1995 In: 1’. In: 1m.
,4-

37 4 2 3 a a ‘
35 a z x I 3

a4 3 x I: 1 z
48 x x x i I

45 2+ x 3 3

46 8+ 1+ 8 2 8
65 x 3 8° x 8+     
 

  
It '111 he soon thus a good 6.0.1 of aviation in M

in the reactions shun by the an. for: in than “an.

Mfordty in tho result- 1. lacking. am there no indica-

nm‘ that than mmpuunw 13 greater in than to!” ad.

in tho hatter unthi- ’

cum cut- nun-1n; othorl of the ltwm or mama ‘7

gun "nuns-which were stuntinny similar. ,

To better 1310.813“. this indium in {in nation:

a non col-plot. and omega" uric: at to": um carried out.

no has: worn and. in pan and urn pox-form “in. '0?

the first p.11" n tingle plan: or can at flux-ton put-o 11nd!

of mm In. um. m: of 1:: grain In and for flu

‘mr “It", nude in Pious-nary 1m, and the muse. 1h tho ‘

C'Iinnr toot" and. in June 193. For an ”can! pair at “It... E

moths:- ling}. plant. or no): lino III and, mu tho grain hing!

and 1a m "winner muff nude in July 198, and the ”mm A;

of thy grain from um um plant and 1a the "nu-u- an“ an

in January 1929. m «(caption coma-tum Fan 11. and

'In Pm', which an and in January 1929 cad July 1939,

at mung hon I'dlflblo suitor. .

In 0.1 can. mry magnum III sum to mmM

m 1noou1u- and n- in: 1: purported to an. Mu- :a can

test a {on dons-Illusion on th- standu-d utnmun- cu

Id. to calm that no ecu-13:15:31.1: of tho mun-o hall ssh-u
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place. The inocula- und In taken from an mmrigto

mmptlblo host. All tho inoculation: of any particular

tout '01-. undo on the “no at: fat: :11. pct. of “all“.

tngtod 1n the un- way. no bolt possible conditions)!

light vex-o given, :11 the pot- hing plane! on n mm

bunch of the plant hon“. loco-emu; on ogch toot “a that

on tho can day than 1:11. auction: were fully 4.1.199“ at 3»

results ohachd $10 day: later.

The following table at: out tho results.
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“rho nouns om non-1: that thou 1- no» ”noun

nanny bun-n tho otraino of mm on ganged by m1:-

mo: roostinno. Thu-o oro mums indiueiono at this. I»

oxmlo candor the rotation: to Form 46 ginn in tho first

of tho oorioo of too”, 113., '31—” 1923'. . ”mm 1"

51:10. '1'. "mm 2" 51m- '4', and “mama s" giro: ”v.

Porn 87 in tho “no toot glut on tho one ”labour: 1' "It".

on "hunk: 2' 1: givoo noon, «a on "mm. 5' 1e glvoo W’fin

m ;h1rtoon Ital-aim oooo to toll into throo mo

 
within which tho unborn «mutant clouly room-mo out: «not.

w. Right of tho Itmno hobo", 1n the non. in oh. so...

on. rho: on Hub. 1. 3, L 6, a. W. nan” all

A 0.1.8. It. to honovod Shot sm-m "prom ,

tho tm Kuhonh our-in on and in tho «tor-luau."

mt. It 1o hulk groin at tho mm mam which

1o used on tho mm “and la tho nonhuman

wk on tho manage rmo. root- undo fit}: this “I

hulk groin hon simfjroonlto 81.113!“ to Woo at

am‘ 1. V . ,

ml. the» or. three at tho «min which oppou- to ho

rolotod, 113., lab. 5, Hub. 7, and ma. Goon. All

ton tor-o 51v. rotations mob in coma-o1 moo .

tbooo otrolno. I ’1,

arm a. ho rot-gluing two otruno, vim, Hub. 2, m mchgifl’;

oho'o rooolblancoo to ouch 0th». E It on: won-tutti l

that through u. out): tho lottor u. eulttod in m

and. «rho and only can yoar'o max-auto tootonfl

undo um um. c.1.1o. an on thio nun thou u o. ‘

comm spool-on: bum tho tic otrdno. ‘

mo two-out batman tho too manor and tho Soc

311180:- nuttmo to not dbooluto. In toot emu tho dingo-0o»

mt 1: 311.1115. _ gun 1-". 1- panned out that aura-om: u

tho sodium p’rovdling in tho plont moo no: «Mac. to
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thie leek of me. In addition, the condition:

preveiling at the tilee ehen the hue miner teete were made

were not identicei, nor were they ehen the tee winter teen

were carried out. Him:- ee-pereem-ee preveiied in the me:-

Beet or 1929 then in m 1933 teet. an: in the min. there

ie a eiuiierity heteeen the we eerice of tests.

within theee three we certain variations occur.

Exect «melee: ie mm: to be exhausted. Injer verietieae

between the ext-er uni winter reeetiene ere chm in my

cues. me Pen 33 an lab, 1, sine '3' in the center m

‘3 ' in the winter. he! other teats III. during ”rim all

m. evidence ie eveiieme the: internediete nectiene ere

to he expected then. In the pleat house, pertieuieriy lb.“

adage eeriee or teen are in prep-ecu es the one tile. is

ie nee peeeihlc to arrange e11 the pate e! eeediinge ee‘ the:

ever: we m1 be endea- cacti: the use envimneatei

edifices. For can-pie the degree of lighting end we

men: of beet received from the an: very ceneiderehly. this

my reeult in In certain Variation in the reaction enun-

m1: then edema central epperetne vie available cea ehie

point. oenclueively be cleaved up. in: eithin certain

11-3: of variation the ensuing m. m- three greupe "an

eeee :e be valid.

It ie cieer the: «resin {me chm e we): more

sex-he verietien between ehe "ea-eel- em winter ”senescence

do ether-e. m- Pme 16, 2‘7, 45, 46 em 55 do not exalt

e very eel-bed difference heteeen the eua-eg- anti the winter

'reeeeiene. m the other hand, Fez-II 33, a. ea, 44 end 54 ‘

cheer, in Ice: ceeee. e eel-led centres: beteem the teatime

given me:- the tee eete or conditions. hie sense the:

in the rim cue the heet-pereeiee eenie: ie nee lee-Real;

effected by the me at eeemel venetian. ehereee in the

  



noon! on. 1r. if. It s.- m In mun-1m can «1m

in W: {mar-d undu- ecm bonding: toW sh

' contention that Fm! 43, 44 and 54 no new: 61ml:

”In“, :3 m :1» For-- $5. 46 and 65.

but.
m

m: tho gran poo-ind tro- nmutn 13 1921.

run:- eypion plus: Ion-o minced a nude. 1:. 1992 m

m mm- uloctionc are nan. Mar tho at" has 1,

A0301. 3M3. tbfiynflmfllimd. mun-mm:

apply or gain realm tro- Dr. Levin. in 193. I rug-thus ' ‘

auction tn nude and dgugnaud "m mm." A '

uric: or tut: 11:11:: to than undo with the unsung!

of mm III conduct“ with in. un sultan-u on than

nu strains of Anne at v.2:- u-o nun glut the mm

«at. you din-10¢! out.

no ”cult.- m not out in tho following nun-



4.
3.
11
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. -37-

Table 6 . loans of reaction on certain strain: It in”

glut: by physiologic forms of Puccini: m1 is

tritici 1:11.11 “and undu- dittoronf ‘51 roman 1&1

00113! E!on: .

 

 

 

  
  

   
   

 

          

AGE. A013. - Acme AGED, A0310

,x' lo 80 3- “inn.

1*. t
gate“ 1? 2"“ 1“?“294 '1‘}:th 19°F? 2'34

p l 1 It , I- d h 3

1 1 H 1 1 1 1 11‘.
51:41:». 5-. s. H1H1L¢ ' 1 1 i 1 E

'30:“ 031.33 03103 312:1: 3:31: 2:13;

‘ gags: §n1gmggg+§ ”3 1" ”1 *"
H0. U14 'r" 3H: H -.-c 1-H g .5. fig 5

, it;wi=,mga=1mt mzmizmk :01: «nth/:5:

Y 1 . i ‘: : . 1 1
11 1 13 x— 13 x: 1 5 x=u 1 1311:: 15 x:

1 1 . 1 3 ‘ . L

151 3'31413 3131413 31:54:: 331313 4314.3
1 1 1 ‘ i 1 - 1

27 , 331315. 4221143 413113‘ 451413 13143
i 1 ‘ ! , 1 1 1 1 l

3 1 v I 1 I ‘ '3 1

3:5 5131311: 5 31313 3131333 3111313‘ x 3;: 3‘

3 -’ 1 - 1; 1 " ? ‘ 1 : a 1
54 x 3‘1: x 5111:1313 1911:1511: x+x1511 saga :5

1 1 t ‘ , 1 1 :1 1 1
4a X-e;15+: x2113“ rims-v; 1:151; 1-513 ;

1 1 1 1 1 5 i ‘ 1 E.

44 311131-11 41134-1 4113“ 13:113va 311133.
2 ‘ ‘ '2 I 1 1 E V 1 '5 € 1 ":

45 x111x-‘1x—x1x-3‘x-x1x1x 1: 1111111: 11111):

46 1 2-11- 2- 1 1le 12- 1 12:11 121 1 12,-11 22~ 1 12:1; .2-
; _ : 1 a i 1 : 1

54. 2:11-13 1: 1 1x 3+x— ¢ i1-13111- 3 1131111— ): 11:13a-

" 1 3 1 - 1 1 ‘ 1 1 1 E 1

55 xgxnc 11,111): x11 1911 x11: xixixax x’xgxax
1m :2 : ‘ s I t : i
Pom , 1311+ 311 1 511 a 11 :13 1

1 i , 1 1 1 1 1    
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l: will be seen thst'the vsristien the: eceure

between the streins is very slight. The difference hstsesn

she sun-er and slate: reactions is such less then in the

esse er Inbsnks. seas of the terms do shes a vsristien.

This is notshae in the esse of For: 45 end tern 54. where

the ehsnge from '3+’ in the seller to s fleck in'the

winter is extreme.

lsrggis.

Ihen the series of tests were in progress with

the seleetiens a: hunk- end Less, s pure-line or _m-qu1s

see else included. In previens work there use evidence

the: changes occurred in the resotions given on this hestf

The strain used eels from s single plant selected in 1922

from grein supplied lg Dr. fitskpsn.

the results are ss follows :-
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uni: it it ooon that“ not-Ind “riotous oom in

tho roottioao aim by oar-tot? torso undo:- mmo «quot!

with winter condition» ml. io notohio in tho «to of

Pom-no 46 and 55. in which on oxtrono "ago or tori-Mo: mo.

iehongoi’mo '4'too'8-'. ”moo 'Ct'toon '1"

rootticn 1: no or sojou- ioportonao on: ogoin lioblo to to

my upoottins in dotoruinotivo out-k. 'flmo Porn 55 1o

upmtod from Porn ‘5 on tho booio of tho nations at

Baguio; thio hoot givoo 't' with tho rot-Io:- and ’2' with

tho lottor. that than it o 41m»: ditforonoo hot-oo-

tbooo torso io ohm by ethn- tooto oiooohoz-o roportod.

Thu-o io ovidonoo thot intor-odioto dog-on or

rooiotonco (or monoptitility) no: to ohm “or tho into:-

Iodioto onvimnontol Mitiao mooning hotooou our out

ointort ' ,

ml in o toot mo in Polo-nor: use it too fond M

tin coitus-u at rm ‘5 «- including tho otook «um nod

throughout tho work - ooro giving an '1' roostian a oooo

lot-wail planto in dentin to o ‘34-“ auction on other plant!

in tho om poto. In ooch can. In- tho 'x' roottim ,

enltmo «to otu-tod rm tho ‘2' and fro- m “a” Woo

on tho “no loan, oo won on autumn frou tho? firm-root

'3?" rotations. Fro- thooo riftoon cultui'oo on Fodorotiolt; .

coupon-urn tooto on tho otuoiord hittorontiol ooto voro ado ,

in Apt-11. m ton-- in out euo on 1m 45, tho‘roootiooo

or Inqui- voryins rm "1-,! to '8'. m stock oultm-oot

You 55 ooo iuolmod in this toot for motivo mono.

It at" tho typitd notations, inflating tho 'c' on W.-

vgynou 111g g g m 9mm: 9mg.

Nth» ovidonoo or ’oxtro-o Von-intuit: in tbo not

nation- on account or oltoa-od avian-oat it ovaiioblo in

motion oith Pm 54. i'hio for. on first rum in
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notorn Aunt-alto 1a 1925. ’ m not: your 11: «mod in

It! South Halon am :3.an thon hao hoaa tho prolong” I‘m

in Anon-alto. Moo 1:: 1:. "attach: an M at tho

duru- durox-ontino luwo again and ogaln takun 913cc. In

tho manor tho nor-o1 mtmuhlo rotations which an 11“

for at no given. In: in tho that», ah oath-o1: «mm

Ion of rootstant rotation. “attain“. thou thou vinta-

x-oooticao Ion-o um ohms-ad it In «honored that t

dittoroht ton cu emu-nod. may ocean-0d oo frown:

tint tho nation: "I" 11am and town-dot to Dr. 83m.

m union-a . ”to? in that run. It 1'. m m that

1: at Fox-- a, an tint tron-luau botwoon tho two «our.

m- first on. am 1: an sauna rm chum

otru oolloctod at hum-t. Mo 'ao stout! 1n the non-a1

to; in April 192']. Var-11th»: fro- th. new). rotation 81“:

by for: M In m on the dun-mu. Instant! of ouoooptlblt

amino tbs-cums. tho "n1:- uoro Wish '4'. than ‘3",

89011-an '0',‘ mm: '1', and. Ann '3'. A "pianos ugh;

inocula- rm Littlo Club gave tho oa-o noun, “mun; that

than; n.. no- only on. man plant in m not men m-v

o ‘4' roman. thus: that athoro and nooks. A rm

toot vao nods, tho room: hung tho production or nooko on

math. unau- and apolmo. '1' an mm. «a '3' a

anon-loo 'x' on Acao. ‘ in?” further «to of Mermaids

Ion amidst“ frond «than: hoot; in August ofi again that

«no "not“: Ion-tote: vocations too am. an calm

as m}: w «handgun-tag on Moration mu 3m: man

who: it no culturod on tho oot of Mffcmtidt. It “'0 -

tho muoptiblo mutton. on tho dun-nut short-“unto of

[on 34. In Inn-ah 1988 tho oaloo not-Id Porn 34 nation!

ton oho-n. mmlsmmdma‘dnunthonnm

"mum. Innovations are m in Plato V. \

Author «Ital-o {not Iota-1o). colloctod ‘at Inga
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one up for teet to June 1917. It 3m the eeeteteut

reeetiene on the three durum. koala.” e1: 0: the

hoete, 113., Little (Blue. lerqule, [em-ed, Kete. hhenkeenfi

Acne eee need to lnooulete e1: further eete. '1: e11 eeeee

the reenlt eee the une- rm. or theee euboulturee were

need only in Septeeher en three further eete of urtemtiae,

ml again the I'D-intent reeotiene were ohm. At the one at

love-her theee oulturee were ageln need to inoculate eete.

rm- tiee the nee-eel eueeeptlhle reestione re:- .34 eere given;

Eight ethereal: reeeieed tooleuone from urine

localltlee eel-e dent nth in the em eey en! gave the Idle

reeult.

am of mm etoek ems-.m- mm bed been «W

in 1925 end einoe wt in culture eee planed ea e eet in June ‘

1921. The reeletent reeetleue ”fl sheen en the 4mm.

in. mnexpn eteek culture of Pen 34 which hen! been

leoleted 1n Deeeeher 19% end [bed ellnoe been need in repeetee .

teete, n. teeted in an. m- uy. In June 192-! my mum}

reeetlone eon-e given. In October 1927. tee teete sue the “

eneoeptlble reeetlene. The em reeult wee obtained la

Jenna-y an Ian-oh 19%; a: 84th. April, one eet eee lemme!

end kept in the other end mice pleat houee, “ mother

eet treeted in the eeee trey one hp: 1:: the oeoler end We:

plant houee. In the for-entree reeotlene vex-led in the you

of am- eeeellnge. A typieel reveult free e pot of elxteea

eeetnlnge wee thet flee eheeed '4', e1: ehoeed e fixture of

'3'; '2' end neoke. end four flawed nun only. In the eet

kept {inner the cooler eeaeitiene no oeee of allele '4'

reeetlone ooemed on the demo. (ea-the eeee lee! were

rm fleeke, '2' end F3" reeetlone, the letter «earring

each leee frequently than the neon end '2' reeeuene.

Another 9e11- er eete eee Inoenleted ens. lneebetee

Me:- the em eendlttene. In the earner eltuetlen. the



443'ka app-:2 nu.” , A

dam of (lean, '2' end a tee ’3' neetlene en the sen

leeeee eee m. In the cooler peeltlen only flesh

”surged.

_ a: 38th lay tee further eete eere treated in the

lune eey. In both eeeee only necks .eere dawn. -‘!‘he text

lnoculetlon eerie on 2nd July. (eve the fixture of ’0', ‘2‘,

end '3' la the em eltuetlon, end fluke la the tool glue.

in inoculation on am. Meet sen the eeee reenlt. a: the

10th setteeber the reeulte were tone el-ple ”4" reactions at »

ethere with the fixture or '0'. ‘84“ ”5" 1n the em

- eltuetlen, eat only '; ”. '2” efi ”a" 1n the cool looetloe.

an the an: mtohex- the reenlt en the m1 "at" «seagull-t;

la the eerie eltuetlen. wallet in the ooeler been there were

'4’ reeetltne an ease leeeee end the fixture of '3 '. '2' M '8'

on other leewe 1n the pate. In December 1998. the normal

'34” reentlene were elven in both leoetime.

It 1e cleer that the m culture ehowed oeueldereble '

venetian 1n lte reaction depending upon lte environment. the I

treeeltlon eee tenured tree mmptlullty to reeietme ed.

heel: to eueeeptlhlllty. ‘

Leena; the mature control. tailltlee, “other

method or etteek eee followed. Early 13 Jenner-y 193 1». 1m

wt of heevlly meted eheet etree end e eeeom betel: e!

elfiler heeley etru both 1n-e green condition were celleetefi

et lid. college rm tee plate mob hd reputedly m the

preeeaee of only I‘m 34. The eta-er eee cut into Inert length!

ena'elleled to pertleny dry out during two deye expeeu-e 1:

the leheretory. Bechhetoh tee then amen lute B equel

peehete er meted etree. he a: «.31: en need to lneeulete

e eet et differ-entitle. me other peekete, them“ te the

emteey e! Petere'rr heel-lean Denney Ge. Ltd., were kept in

can: lee-been. ' n mum-1: of about In fortnight e was

or the wheat» end eae or the berley emu eel-e tithes-ma

Ineeulue tree the etree eee eereped lute med-en tehee

  



 

- ooatoining diotulod tutor, on! tho datum of oporoo

tmoforrod to tho Motonod loans of tho dirforontiol

hoot: dimtly up to the not uood on tho 17th April. Thoro-

artor, waste loooenod nobility 1t Io: thoculotod on to

largo pot- of Podontion ooodnngo and thoneo on to tho ooto

of dirforontiolo.

E‘ho mum inoculation m. on the 4th. Jamar;

so." in ouch can tho normal 54 venetian. Each of thooo .

culture. nap boon up: alivo am. by ouhculturing on road»-

otion. 1m inoculation of onto Mo on 25th. Juno 1925 no.

tron oooh tho noiotaat ambient on tho dun-um. rum

ogoln in [motor 1988 I thoy so" tho mloto momtihflltz.

Iithdraolo inn. 24th Jmuj. 11m. and 21th

rota-nary, 16th. Ian-ah and 2nd. April save trachea-nail Ino-

«puma: on tho damn. Tho not inoculatod on tho

17th April gm tho dram-o of "of. '3‘ and '3' ”outlet“ on

tho m' loaf. Inoculul rm m. hut withdrud no. on
tho sou: gm woo not wanting“ ntfloiont quantity ru-
a not until 61:11 Juno. It then gave only ‘03' on tho m.

Tho “no appnod to within-11o undo on tho 14th. and “th.

n: and 11th. Juno. ’ llthdrouoll an m 86th. Juno an: 9th.

July so" inocula- tor m. on tho 15th. August all 11‘: both cases

gave!" tho '4' motion on oonoo loano. and tho '0; '. ”2" ond

'3' rooouogu oa othoro in tho out pots. lath or tho-o I

patina» oultm-oo ooz-o again put on to ooto 1n nonstop

and so" tho m1: uncouth roaotlom. Pan-tho:- tith-

drooolotnodo on tho and. July, 6th. and tho m. mot,

and an. 3.9mm. mud to 51" my lntootiqzo of tho

Podonttan ooodlingo. But it on oonoidorod wry atto-

‘tootory to hon hopt tho undo-porn in thin nun. coac-

‘ am» to:- n: mentho-

rm- toot than! oloorly thot tho nor-o1 ouoooptn

itao roootimo gluon by Pm so on tho ammo nm din-log

  



the date:- month. to reeletmt :yyee.

Mother tee: wee me. me use e betel! et

heavily meted than: etm can «shunned tm Gun 1:

$11119” tmmmerhere myrmum may».

lined. It Ill “(up into equalpeebu which were

eta-ed 1n the tee-hen“ and tested “interval...

the initiel tees nude an the 3031: July gen only

flesh on the three dame. ‘ m: initiel culture wee kept

until Imba- IOQ all egaln put on the Jet. It gave

couple“ memtiulity on the three dame. m the 23rd.

Manet all 4:11. 809mb:- there were '03 '. '2' an! '3'

reaction. a: the 24th. September some louve- eheeed '«t‘

where the fixture at '03 ‘, '2” and ‘3'. “Axum-mule were

Bede on the an 16th., and 30th. October, std 13th. a!

8781:. love-her. they gen the «an» meceptiullty.

Further utMJ-uale on 11th. end 27:21. bomb-r 1m
failed to give my infections. ' ;

me ”the of teen showed the: the “30,131 free

ehleh the resistant nations are obtain“: during the

Inner gate the enemy“ ble type during m Inner.

Apert from this luxuriant varieties: in the

renounce en the durum venetiee. use difference In

nimble en the other differential» (h Little Club,

Ian-qua. Rem-ed m m. the sun-o:- pounce; e: “a“.

'40. '4', end '4:' ma. nap-cunu 'ar'. '39. ”45—“,

em “3-“. a: Elam end M11. the lane:- reunion:

at '1!” in eeeh one bees-e W' 13 euh cue. Vernal

he: Med no eppreeieble change. Yul-mien of table

order he: nun significance.

 



 

Pmifilul wnmmmm
nuumm

”pawn: touted on m Guru-outta} an. that aux-$191.

aminmnmlontgimh
mmufl lama-um!

ma tum an: m W. In: dandy hon m. A

tartan- “flung Viz-13:10:: has mac-<11: has: moi cal 11

illultntod 1n Plat. V.

m tho mm at «memu‘m vmoulm

”on anti. roam-anon Inning: m and. m than tho
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Efiiberley and rye. Where infections were obtained, specialisation so:

.were made and then the rust on the cereal seedlings used to inoc'

   
  
nhlthé grass host on which it first occurred.

Rnste from the following grasses have failed to give any 6'

hlnfectionaz-

  

Aloyecurus geniculatus

Andreyogon gertueia

Ariatida vegans '

A. behriana. I

A lBromua mollis

‘ . :',§.--.,,...___.._£F2<M°av , .
Cznoeon dactzlon

, Danthonia bipartite

Featucu Hookeriena

Heteropogbn'contortus

Imperator*arnndinacea

rMicroloena'stipoides

fenioum aanguinale

’stiga flavescene

§.'2ubeacens

  
  
  
    
    

  
    

 

  
  
  
  

   

 

  
   

    

 

2..eemiennuleria

  

_V Seyercl other grass ruats Which produce a certain degree of

;_in£eotion of some of the cereal seedlings are being studied. wnenr

j greeulte are complete they will’be_eeparately repented. In this *6

fl there are numeFOus indications that successful infections of th_

 

lktakee plaee in the plant house at the high temperature of summer,

hriehereec no effect is preduced during the winter.

  
‘.PLAET nous; INVES?IGAT1038 axrn anssns 30R SUSCBPTIBILITY{WE . ‘ .

”*“ To RUST.
(QT-'1:

In additlon to the work dealing with the ruste whichoccur;
   

naturally on graseee, studies haVe been made of grasses inoculc,  
      

 

she plant house lffihoknown forms of veriOue rusta. The practice a

   

 

use stock cultureetar the inoculation, and where the result _

  'efnl to then $P°¢“$§§"3h9 appropriate cereal eeefiiings
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GRASSES TESTED mm Puooinlo 3%.Huge grigici-

AegilOpe divaricata

- he 078.38-

A. triticoidee
A. ventrioona

AegilOpB oomoea
Avena elatior
Browne,max1mua
B. un oidee

AndrOpogon tenereum
Agroehie exnrata
Anthoxanthum odoranum
A10pecurue prabeneie
Bromue mollil_
B. ereotua
B. inermie
Featuoa ovina
Holoue lunatus

Suacegtible.

AndrOpogon eoabrun
Bromua tectorum
rB. hordoaceue
B. arenurius
B. 'raoemosus
Hordeum murinum
H. maritimum

Sliggtll attacked.

Immune.

Briza major
E. minor
Ehrharta longifolia
Peetuoa bromoides
Koehleria‘oriatata

Hordeum Jubatum
H. bulbosum
Lolium tomulentum
L. percnne
L. ' Italiawn
L. oubulmtum
Lamorckia aurea
Poo pranenaio
P. annua
Phleum pratense.

In most of theee tests all 15 physiologic forms which are

available have been used. Some of the reeulte show that the grace ie~

_eusoept1ble to all the forme. In other cases there are differential

reactions.

 



Logiiopn d1varioata

Lu mu _ ‘

A: *11111a511tu

in :‘ Y‘afiricofia

Ettaoum.murinum ‘

K. mar1timum

_ 9121;319:115;

n

Algilfipl canola

Agropym,fi neabrum

:11fina013319:

Brawn; msg1mu§

B. -rsclmolnl

Br123 n1nor

Poetics bromaidaa

AgrOpyron tenunbun

Agrostinvoxarata.

knthoxnnthum adoratum

Llaplodrnl pratonsil

Browns unifieidoa ‘

“By arenariua

3:13: anger

~Ehrharta langiflera

‘Ecstuca ov1nu

‘Hdrdnum juhatum

,‘Koehlorid criatutu

“fiu11um tumulqfitum ‘

In 9319.“.

In 3-. mum

'L‘ ’ Infinlntum

Pea sauna ‘

 



B. hardsacuul
B a 7. ’ Statorm

3:133 minor
3'0 ~m393‘

{B._ uronaw1un
33- taeamosug
Fastuca brqmaidds
HordCum marinum
H. mar1timum
Kophloria cr1stata ,
Buchwannis.urusaorormis

$113111: “Mid.

Acgllops_owata
AYQnC olahlorv

hhrhur1u lfibz1tiera
Lolium tumulentun
L I FCX'CM.

L. . subulatmm

10311013 aamena
A. _ Md-ivarioana
~A. ' tr1tieoidcg
L. vnnir1goda
Agropyron aeabrumg
A. tnncxoum'
Agroszia- gxnrta
Aira aarybphyllata
Anthaxanthum odoratum
Alopocurus pratena1a
Eromnu ordotul ‘
B.‘ 1norm13]
rustuou ev1na .
Lo11fim Italicum
Phieum praxgnan
PQh annua

, ‘ 61151:».physlalog.a"i:
in!«3315.11fftrnntial rs . 
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GRASSES TESTED WITH Puccini. 3%.u.

Susoegtiblo.

Hordoum murinum

§;1§£t;z attackod.

AegiIOpI ventricona
Briaa minor
Hordoum maritimum

mun. o

Aogilopd divarioata
A. ovata
AgrOpyron scabrum
Avona clfinior
Browns maximal
B. unfiloidos
B. arenariul
B. raocmosul
Brian maJor
Ehrharta longiflora
Featuoa bromoidoa
Holcus lunatul .
Hordeum bulbOuum
Koohloriu oriatata
Lolium tnmulontum
L. perenno
L. tubulatum
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Sula. t1b1¢.5

AncilOps ovata

Brian minor

Brenna raonmoaul

Hordoum maritimun

Sliggtlz attacked.

AngirOPI divarioata

A. tritiooidos

A. ventricona

Bromun unfitoidon

Pestuca bromoidoa

Hordoum murinun

Lolium tsunlentum

Immuno.

Agropyron Ioabrum

Bromus maximu-

B. aronarlun

Briza major

Ehrharta longirlora

Holoun lanatuu

Loliun tomulontum

L. poronno

L. lubulatnm

Pea annua
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GRASSES TESTED WITH Puo¢§g§a cgéengta.

‘ . > '1 ‘ r l ‘.
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GRASSES ATTACKED WITH Puccini: §§lglr§a.

Slightly attacked.

Aogilopo ovata

Immune.

Aogilopl divaricata
A. triticoidon
A. vontriaoaa
Avon: olatior
Brenna maximu-
B. ‘uniloides
B. raoomosua

B. arenariun
Brisa minor
E. major
Ehrhartu longirlora
Fortuoa bromoidoa
Hordeum murinum
H. maritimum
Holoua lanatua
helium temulontum
L. perennt
L. 'subuxabum'
P03 unnua

 '3...- .:Exmi';.;...;..¢:_a‘ , , ..



  

 

studies of the arsenien cunning star met at can ‘

 

reveeled in other countries the occurrence er flee"flfiidfi;

   

  

    

forms. In the present. inveetigatione sane nttent'ten he 7

paid to thie met, thank: to the kindneee of Dre. 8 7

 

Levine 1n forwarding grein of their differential heete.

192). grain of Victory, Ltgoeo, mute Tex-tar, Green loan" 7;:

and Richland were reoeived. 'Joenette "L. sent in 1925, '

Therefore determinations prior to this date were inperfeéfigggt

they showed that the Porn present was either For: ‘1, 2, or”:

-”
'5

vi
v.

einee in no case n. White Tartar or Riehlend susceptible; ‘
J ‘y

Rhea deteminetione are consequently not included in the A_
J.
5‘-

reeulte recorded.

The following tebles summarise the reeulte obtained

|_
‘

"
.
‘
W
L
U
M
H
'

‘
J

fable 2%. ‘Rmery or investmetione of
uredeepere uteri-Lie: 2.5m;
avenue derived from differ“: , ,
eourcee 1n Anetreleeie. ’7

 

 

Period ending [arch of

 

1925 1926 1927 1928

 

 

  
a; g .31.! a 3

V .1 _ ..

For. Total 30 . of 3 '2 a 3 S 1- g, i
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2 35':81’ 1 1 19 —11
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tool. 25. sun-hr: or inwostigstions or nrodosporo
ustsrisl of P. s Inna. shoving
distribution 1: so a.

‘ 71

Differsnt henna-s rron which j

on Total 110.0! Total 30.0! mtarial 3—0.

Ito. Isolntions Localities »

“030's V16» Q. 8". '0‘. filo"'égg‘. ‘5

1 so 52 25 4 2 1 1 F

2 81 44 34 2 4 1 2

6 3 4 5 1

7 11 8 5 5

150 88 63 '7 2 5 2 7        
They on. from 311 the Australian states sud luv Zoslsnd,

slthough the grost majority cm from low South Isles.

sro as follows, tsking the season as ending in larch of tho

It will be soon that 150 isolstions wore studiod.

Tho different localities from which utorisl on.

”a £5.36.

1925 .

1926 .

1927 .

fox-a 1 .

For: 2.

Fons 1.

Porn 1.

For: 2.

221‘. .

For. 2 '0

 

       
3.1. collage, cons, xppins, Trans“, Duhho,
Inveroll, Coon-able, rmorth, Rugom, Usggs,
clan Innes, ioniors River, flatten, Q.,
lax-rib“, Vim, bookie, Vim, Adolaido,
Christchurch, 11.2.

SCAD,

Oowrs.

author-t, alon Imus, Gatton, Q.

B.A.Colloge, Onrrthubuls.

Willow Tron, stoo. Grsfton, con-s, 000mb)...
Blthnrst, Oberon, n1“, 8.A., Allandulo, SJ",
lorrodin, ILL, Ashhurton, 1.2.

54.001109, Glen Imus, Com, Rosovills,
Iorriboo, Vic” chumn, LA.

11.11.6011050, Glon Innos, Cshrmtts, hthust‘,
lsggs, Bouts, Carmina, Dubbo, Routine, Boa
blond, Armanlo, 61011110111, baton, Yahoo,

Univorsity of Symy Plots, Ionnrto, 34.,
Burimton, Tom, Tunnnok, Tns.



 

lot! 6. 'E.A.college, Grafton.

Porn 7. Berrington, Tee., ahetfield, 2.3., Peretteh,
Ten, onetee, Ten, South Preston, the.

1929. Porn 1. Genre, Wegge, Roeeville, Herribee, Vie.

Porn 2. K.A.Gollege, nethoure, Genre, Genevindre,

Ieneo, Purine, Gourie,,nethnret, finivereity
of Sydney Plots, Grafton, Glen Innee, Bookie,
v1o., Port Prairie, Vim, lute, 3.4L. _

Porn 6. Con-e, Bookie, Vie.

For: 7. Kentucky, Con-e, Gemin.

For: 1.

 

  

   

Thie wee recorded in eeoh of the five yeere deelt 31th?

and "‘ ‘1'°" 9°r“1317 Present in the neteriel exenined enema;

— .7.m" p”°’d1“3 W” F'PPI- It we: met ehnndent during 1925,,

With the exception of Teenenle, all the Anetrelien stetee end 7

 

lee Zeelend yielded eulturee of this tors. The 031! materiel :fi

received from Queen-land proved to be Porn 1. Gloerly 1: 1.

wide-greed in Auetreleeie.

Form 2. . _

This res isolated more frequently than any or the othlrroj

forme, end came to hand from New Zeeland and all the stetee ‘

except Queenelend. The number of localities repreeented ie

also greater then in the case of Porn 1. Excepting in 1926

then only three cultures were availeble for exeminetion, it

occurred in eeoh of the eeeeone dealt wlth.

For: 6. ;¥

Only eight ieoletione of thin ton-.vere nede. The:

occurred in 1928 end 1929. The neteriel wee collected at {ourzgi  
pleoee, three of then in Kev South Welee end one in Victorie.

F225 7.

Thin for. eleo occurred only in 1928 and 1929, end Ila:

uncommon. The 11 isolations cover materiel received tra-

three loeelitieo in Rev South Hales end five in Teenenie.
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Since the coapilation of these results, there has

same to hand from Glen Innes, l.8.I., a batch of eaten straw

from which Form 5 has been isolated. This makes five

naturally occurring forms of P. gassinis avenue-in Austrllastas ,

In addition to these, at least two ferns have been

isolated as a result of infecting barterries vith talenten’erfi 5:”
L

material collected in Ireland. is tested on the cat rust

    

   
   

  

    
  

s “1

differentials, one of these gives the reactions for Par: 1, ;~

and the other for Form 7. Both of these cultures differ I

markedly in colour from the Australian rusts. A strictly

comparative test was made, using cultures on a fully suaceptaé “

ible variety kept under identical conditions. Comparing ENC 1;

colour of the pustules with those given in Ridgway's Colcur ‘1

Standards, all of the Australian forms sere ”Iorocca Red’l of

Plate I, whilst the Irish rusts were "Xanthine Orange“ of

Plate III. This is a very striking difference. There is

another significant difference between the Australian Purl l

and the Irish-Porn 1 when the uredospore measurements are . _ N

biometrically studied. Furthermore, the Irish rust has shown 2%;

a remarkable tendency to produce teleutoapores en the seedling fin

cats. 0n varieties which are susceptible as well as on these;9

which are resistant, abundant teleutosori appear within a lentflgi;

of innoculation as a frequent occurrence. Exactly the same f+

thing is found on grasses, e.g. Peatuca broggides, which are,

susceptible to the rust.

GRA8888 AS HOSTS OF P. GRAI!IIS AVRIAK.

 

In the studies 35 isolations of Pt ggauinis avenae I‘m;

made free grasses other than cereals. This does not ineluubgi

isolaticns free Avcna fetus or other species'of gzggg,shieh

occur as "wild (actedI These have been very col-only found-Jf:

attacked with sun rust.‘ On account of their near relatifif'r‘

to the cats which are cultivated, these isolatious flan wilt
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eets ere not included here hut have been inolnded in those

from 'oets' elreedy listed.

To date eleven different greseee heve been found

ettecked by oet sten rust. Determinations hove shove thet

three out of the five forne known in Austrelie occurred on

these greases. One of these torus has only been found on

eight code-lone altogether, so it is not surprising thetAlt

hes not been found on e greet.

the results ere shown in the following table :-

Teble 26. Number of isolation: of certain physiologit‘l
forme or P. graninie evenee made free
certein greases.

 

 

 

 

 

 

 

 

  

       

‘ Porn 1. Penn 2. - 991- 3.

No. of lo. of Be. of -;
collec- Greee oolleo- Green oolleo- Grees
tione. Best. tions. Host. tlone. Eost.

7 Postdoc . 6 Festuoe l Phelerie gégfifii
hronoidee bronoidee ' '7.

2 ‘30h1nogggon l Calggggrostis

ovetns ee-nle

1 «129mm: 2 bdhlerie
egguls cristets

1 ‘ Koehlerie 3 Hordoum
crietete enrlnun

1 .555221225 1 E. neritilnn
' eoehrul

l Harden. 5 Phelerls
marina: einor

l Phelerie 2 Deotzlie

liner _ glonerete

1 Dsotzlie l Bro-us

glonerete eronerina

l Brixe

iInor

1'5 19 1

'9

 



’ came from 3.8.Ia1es. Vine collection from which For: 5 was
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listens breneidee was found twelve tines, sometimes infected_

with Form 1 and sometimes with Peru 2. latte-sly heavy A

infections involving practically all aboveogrennd parts of the

plant were encountered in the wheat-belt. This pertienlar

grass is a worthless introduction and it scald he a good thing,

if the eat rust externihated more of it. _It is notable for

its appearance early in the spring. At the tine than the eat

crop is not far advanced, Festuea breeoides is in head and.efth

severely rusted. Infections of the oat crop may thus be

initiated by the rust on this grass. With the exception of Iii:

one isolation from the Waite Institute in South Australia when

 
   

it was infected with Porn 2, all collections examined one free: :

New South Isles. , 'gi

Phalaris liner showed an even wider degree of in!eetied.1;fi

All three forms which have been found on grass occurred on this 'L

 

host. In aIl, five isolations were examined. Each eolleeticd " ”3:4
:31
:1
3

derived ves made at the Genre Experiment Perm. A neuter of

infected plants were gathered at the same tins, and free than

Forms 2 and 5 eere separated out. It is not known whether

‘1
D

.
=5

i.
":
j‘
h

13
“

"m
.-
$‘
i{
a~
!§
;g
gs
¥i
£e
=5
la

—
1-,1
1
1
.
1
%
.
}
.
1
.
‘
M
w
m
u
m
w
h
fithe two forms were present upon the one plant. At the time

of collection, the cat crop in this loeality was nearing "

maturity and was heavily infected with rerun 1, 2 and 5.

'Eordeua unrinna was found rusted on four occasions.

A11 collections came from I.S.Ia1es. Forms 1 and 2 were

determined on it. It is a striking thing that on all four

collections the oat rust was associated in the same materiel

with one or two ferns of wheat stem rust. lhen it ie remasteaelig

 

that barley grass is nest widespread in the sheet belt, and thfitLii

it occurs early in the season before the sheet and eat crepe fit

approach maturity, it will be realised that this host may be

important in producing early infections of the crepe.

Borden: maritime: bearing rest was found on only ene-

occasion. It occurred at Genre, 1.8.Iales, and was inreeted



am rust. 1m gnawed. Remarks ado co

mshe (pply hero.

metallic gluten“ yielded three 2911»:an V

ion either Rm: 1 or é. Intentions involving tho- *1)

as I011 an the other shave ground parts have bumW

One. of thy three sets a: material can tron “human I“

or this mun-e. '

‘ c: . :3th a. was. twice attain“! aid 11¢ ‘

ma. 1 and 2. It falls mm the sum categery u as.

lit-05211103.

thimmon gums vu trio: found in tho «an;

district or mama“ infected nun-.1; For: 1.

mgmcollected u: lamenting III '1‘

to b: infected with two foru- of 1’. mm; £71515; u '17:

n: with For: 1 of oat rust. .

' Ma a Ema-tun Ill found only on“. 1% m '4:

at. cmQ85“. haul: mm In 3361:1013 to For. 2,7

form at VP,‘ 3th tan-mu n. flame; it“? 7 I

W , V&‘ u was once found intact“! by can mix

prov“ to be Fern 2.

 



 

 

Lear rust occurs frequently in the wheat crepe, and

takes a heavier toll than is generally reeognissd. in some!

areas particularly it often does much damage. bequeatly

material or listen rust” which was submitted was round to

consist of a mixture of sten and leaf rusts. Sonatina it

was really leaf rust only.

In the earlier years of the work, a number of cultures

received from various sources were tested on the stander!!! set

of differentials as well as on a number of other wheate. I.

indication of specialisation was teund on these hosts. but in

1926 a culture tron Hawkesbury Agricultural college gave an

unusual result. The custnary thing was to find that Ferret‘s .

wheat known as "mew” was resistant to the leaf rust. In this

case the inoculation resulted in a mixture of heavy susceptible

pustules together with sharp flecks whieh on ageing produced

'1” reactions. A separation or the two was made. and it was

clear that a seecmd physiological torn had turned up. There-

after each culture of P. tritioina that became available was

tested on Thaw and recorded as Aust."l" or Anst."2", depenfiin;

upon the resistance. or susceptibility respectively shown on

this host.

There have been. striking proofs that these seedling

leaf reactions obtained in the plant house are to be directly

correlated with the reactions exhibited in the field. ln

Plate VII. are shown illustrations of the upper leaves of wheat

varieties grown at ILA. College under natural conditions when

both terms of rust were present. In Plate VII (e) are sheen

leaves or ‘Pederatien' which is suseeptible to both ferns of

leaf rust. In Plate VII (1’) are illustrated leaves or we

I

The nixed '4' am "fleck" reactions on these nature leaves are ‘ ',

clearly shown. Cultures were made from the susceptible '4'
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reeotions and gave only For: 2.. Stealer isolations tree

tiny ’1' reactions gave only Porn 1. It wee round thqe the

sense stste of affairs existed on "Japanese hated” and other

varieties which also hehsve as differentisls.

In 1927 or; 3.3. nam- kindly row-area grain or his

differential hosts. These have keen several tines tested

with the two Australian forms. ' several cultures rem-em

each or the two forms have been used free time to time. its,

result is that the reactions of the two forms sre identical

on this set of differentials. Although separation by these

differentials is not possible, it osn readily‘be ease-911M

by "Thew" end certain other varieties. The series of resettlflgg.

shown If the Australian rust on Iains' set or Cirrerentisls gégl

given in the following tahne alongside those listed kw [sine : .w

for his For: 12, which most closely of the 12 for-s listed,

approximates to ours. "%

Table 27. Reactions shown By eaeh o: the two Anstrelian ‘4

forms of P. tritieina on the differentiel

heats elem Jackson.

 

 

 

    
    

Variety I c .I . lumber 3‘32. $03: 1,3112% V

Islnot: C . I . 4898-4 3 9

york. 0 .1 . sow-2 3 o

time-ed c . I . 3756-4 4 4

do. 0 .I . 3778 4 4

Webster 0 .I . 5780-8 ; l

manned 0.1. 3747-6 3 0 - 1

do. 0 .I . 3779-5 4 4

lediterrenesn c . I . 3352-5 3 4

lussar C .I . 4843-2 4 4

Demos-at c .I . 5584-1 3 4

Kawvale c .I . 5274-1 1  



. These reactione are shown in the sense mane:- u theee

given by Heine (96). The variety lined at "turkey 47" hoe:

not been available, and an additional one, ”nude” In eent

by Dr. Heine.

It will he eeen that the Australian rue: differ!

free: my or the twelve recorded by Dr. Kaine. The more“ _

appreeeh 1- perhaps to m. For: 12, elthough marked «new '

occur even here.

Owing to the inability or than no». to asthmatic” '

the Australian fez-me, it has become the preetice einoe 19‘ L ‘

to ten; the lee! mete on "thew”. Prior to the: year the

tone were not male. The reeulte ere merited hereunder.

Table 28. Result- er exudation or ieoletione of

P. tritium: obtained from different eouroee.

 

 

 

 

 

 

1Tote]. 80.0: Different localitiee in tutti-alien -'
Fez-n 1"” Ieolatione. States from vhioh material in «new-mi \

‘eSe'e Vice SeAe Q. 'e‘e it

Period 1926 - L937.

met. 1 3 ’ ‘

Met. 2 3 3

Totll 6   

 

   

    . roundly}?! - :.

Ann. 1. 52 17 . 1

Anet. a. 10 19 _ 1 . 1

Total 122 33 2 1 , .

met. 1. so ‘25 a 2

Aust. 2. '71 2'7 3 . 2 8

 

 

        
  



 

 

 

 

 

 

   

fable 89. My 0: reeulte of milling eollectime

of P; Iii-18101:“. ~ .

Tet-.1 lo. Period ending larch-e!

Pm or he-

fio. leuone. £92? 1923 1939.

1.01 a- mtrer- Ilole- Differ- Ieele— Differ?-

tlene. out Lee— cione. ent. Lee- none. eat Lu.-

elltiee. um". Allister.

mud 115 a 3 52 18 60' 39

huhz 144 a 3 '70 21 71 34

Totale 259 6 6 122 59 151 St.   
  

It will be seen that in each of the three year: W

ooneideretlon'both tome were present.

2 was a little more abundant than Form 1.

In the egg-agate, m

30 fer Porn 1 he:

not turned up in neterlal from Weltern AnetrelleQ _!roa the I

other statee, both (one have been gleaned.

The ectuel localitiee from which the collection! I."

made ere ee followu- ’

_ Perledglfiafi - 3.327.

Form 1.H.A. College, Conn, Our-lens.

For. 2.H.A. college, Wagga.

$21; 1987 - larch 1928.

I'm 1.24. college, Cabramatte, Wenonah”, Grafton, Tram)...
. Gen-e, Quandong, arenrell, lethm-et, Parkville, lmfi

For: 2.1! . A.
 

Greek, Quelter '

Glen Innes, Currebubule, flatten, Q.

For. adiabcellege, Wollongber, bangle, (button, Griffith,

Bathuret, We, Trundle, Botfield, Com-e, mentions,

Grenrell, Pen-1:11.119, Wan-eh Creek, Quaker'e 3111,

Aruidnle, Glenfleld, Glen lame, Univereity of Sydney

’10:" G‘ttm, Q0, m‘pm, “CA.

52141 19% - flex-eh 1929.

Porn 1.3.11. Gellege, auburn, Leela Penal, Gun-a, Beggebrl,

beagle, Chutneed, Hesse, Ibenqniatx, lu-yabla,

Cools-en, Geonnble, Dex-risen, mneeby, Finley, e

Katoombe, Iollongher, corona, lingers, lathaure, Loom”,

linden-e, reageng, Gore's, Rachel-glen, Vic...

V100, DOOHO, '19e, Waite, Se‘m, “0.11..le 39‘s

Oakltndl,

I 8111, Ben Lamond, Sunnyeide, butane,

College, Gan-e, Hakim-st, 3035:1224, Trengie,
Pineolltt, Chetwood, tease, mutton,

lumeble, Cool-men, Countable,

61enfield, Peru's,

Barrigan, Brookleeay,

Finley, Iollong'ner, Cox-ova, Imus, hthme, Leekhert,

Oaklenae, Jinan-e, ‘roogong, Per-he, Gore's, Genoa, Q.,,

Darling Borne. Q., masher-glen, 71¢” Boone, V16"

Wet-rim, '10., Iai‘te, 8.1“, lallaln, s.A.
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BIGIITRIOAL erotics OF 128 lflfiffibiflfit'fiP SPORE F0318

Specialisation of the.rust fungi is shell by the

differential physiologic reactions exhibited on certain

selected host plants; lorphological differences here also been

shown to exist in some cases. Levine (85) (8?) and. extensive

studies of the comparative morphology of various cereal ate!

rusts. By altering the cultural conditions, pronounced morphei r:

logical differences were obtained in the uredospores of an

individual form. But the differences in the size and shape

of the uredospores of different forms grown under identical

conditions were in many instances considerably greater than

those induced by alteration of the cultural conditions.

Definite parallelism between the differences in parasitism and

in morphology was not found. It was concluded that although

there is a real morphologio distinction between physiologic

 

forms of P. Eganinis tritioi when developed under uniform con-

ditions, the forms are best identified by their parasitic

behaviour on standard differential hosts. ‘ -§

Henna (71) has shown that there are significant differ“: é

ences between forms of Eryaiphe graminis v.6.

It would seem, therefore, that a biometrical study of

the spores may serve as a useful tool in the rust identificathfltg?

work., In Australia determinations of physiologic specialisatfimgf

have been made only in recent years. In the past then severe l

epidemics occurred, no determinations were made of the forms

concerned. But'if bionetrioal studies can establish the identity '

of the forms, then from a study of herbariun material it may be-

possible to determine the form or forms which caused the damage

and perhaps trace the changes in specialisation which have I

occurred.

Iethods and Iaterial

Efforts were made to ensure that the spores measured

were truly representative and that the collections were uniformh':

In the case of the aeoidiospores, the infected harborry
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ehoots were lightly shaken ever slides faintly smeared with

albumen fixative. A 50% watery solution of lactic acid was

used as a mounting medium. From the same shoots further lots

of spores were taken and used to inoculate susceptible cereal

hosts. The specialisation of the rust concerned Ila then

determined by culturing on the standard differentials.

Uredosporee were taken from fully susceptible hosts.

A set of differentials together with a pot of "Federationl

wheat or of “Algerian" oats was inoculated in the early eel-eel :;

   

   

 

The pots of Federation and Algerian cats were kept in eimiltr f’ha

locations on e well-lighted bench of the plant house and_giwdfi'[

the most favourable conditions possible for rust development;

After taking notes on the sets of differentials and making

certain that the form used for measurement was what it purported

to be, uredoepores were obtained from the Federation and Algerfliflg

plants by lightly shaking the infected leaves over smeared ’“

slides and mounted in 50% lactic acid.

The teleutosporss were scraped from straw which hed YVLQ

been collected whilst some uredoepores were present. The latter 3

were used to determine the specialisation of the rust concernvdt E:

The straw in each case was later exposed in wire frames throughi_f

out the winter to weather conditions at H.A.College. The spereehe

were taken in the following summer for measurement. Lactic 7

acid was again used as the mounting medium.

No one of the cultures used was of monosperoue originel

To date over 250 single uredospores of ?. graninis tritici have“

‘g
n
u

been isolated and used to inoculate susceptible Federation wheet

plants. In no case has an infection been obtained, and therw~ J

a
.

,
x‘

fore no nonoeporous culture is at present available. levine’e

studies indicate that there is no significant difference betweehvki

the results of measuring random samples of uredosporee of '

nonoeporeus'as compared with composite cultures of the sane “lrt

physiologic form.

The measurements were all made with the same Zeiee

nicroscope,.standardised and calibrated in the ordinary’way.> ‘ ‘7; 
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An eyepiece nioroeeter was used of whieh each division under

»
4
A
L
V
L
W
‘
L
L
:
A
M
H
E
H
.
-
n
z

n;

the existing conditions measured 1.86/4/ lee-erelents were

made to this degree of accuracy, and hence its occurrence

throughout the work. The sane light intensity derived fre-

an artificial source was used throughout. The.syeree ln-eaeh

case were mounted in a 50f solution of lactic said in water. I

Every effort was used to avoid bias in regard to the partitelfir

spores measuredx- each spore encountered as the slide was Ifliiiii';

from one side of the stage to the other was taken. the :

greatest length and greatest width were taken in the ease of A

aeeidioapores and nredospores. the length or the telentosmv",

 

  

sas measured from the exterior of the apex to the point of

attachment or the pedioel, and the width taken mo” the

septa. separating the tee cells. The shape was determined _

by calculating the ratio of length to width of each individnal.'?é

spore measured; the figures thus obtained were used in the

calculations of the constants.

-
w:

A
'«
m
y
;

-

. It should he stressed that these conditions of working

differ frol those employed by Levine. Whilst strict camisole 75‘

or the union and Anetralian results are therefore not '

justifiable, a general agreement may be looked for.

ABCIDIOBPOREB

Pueoinia graninis  
As indicated already, the aeoidial stage is unto-Ion-‘

Vin Australia. Only three collections or aeeidioapores have <.
H—

‘n
iM
‘—
.L
>I
.>
LA
I
L
t
h

A
‘

"
'

a.
A

been used for measurement. Two were forms of P. figs-inis

tritiei and the other a torn of P. graninis avenae.'

Aeoidiospores or P. graninia tritioi is were obtained in 1921

when only 60 were neaaured (162). P. Egalinis tritioi 11

was obtained in 1928 under artificial oonditions as reported

elsewhere (165). In this case 100 spores sore measured aneer

conditions as nearly as possible identical with those obtailiat

in 1921.
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Tabla 30 .
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Variations and constant: for length, width,

rsww
f ~. vfi-rgp' I; ' ‘4‘ “A ‘g. _

Puccinia ggaminia.

'W"wn gmwwbmWWWl.if‘. 2;" ., v ' .1.

and ship. of ancidioapor *‘

 

 

 

    

Constants.

 

 

   
 

 

  
 

P.gr.av. 1 
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Spore classes in microns.

J .41 J I 1 Size - loan. standard Coefficienp of

Porn. 11.1 13.02 4.8 5.7 18.6020.4d22.32'4.1qz6.0427.
9029.75 . Limits . . Deviation . Variability

O
LERGTE4

P.gr.tr. 46 3 6 24 10 6 1 14.88—24.18 19.081.199 1.951.131 10.451.71

P.3r.tr. 11 2 4 22 38 24 8 1 1 14.88-29.76 20.681.153 2.26:.108 10.96;.53

.. 46 & 11 _ 5 10 46 48 30 9 1 1 14.88-29.76 19.151.126 2.291.089 1.95:.48

P.§r.av. 1 l 6 10 41 26 11 4 1 WI H 14.88—82.90 21.18;:155 2.29:.l1vv 10.a§;.5g E

P.3r.tr. 46 18 19 11 2
14.88-20.46 16.831.162 11.541.104 9.491.64

P.3r.tr. 11 5 . 10 28 52 5
13.02-20.46 17.521.115 1.711.082 9.711.485

..l46 & 11 5 28 47 63 7
13.02-20.46 17.121.098 1.781.069 10.401.41

P.§§.av. 1 2 4 25 41 23 5
11.16-20.46 16.581.129 1.911.091 11.49;.55 /

I Ratio of length to width. §§£§§o

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

P.3r.tr. 4s 14 17 10 a 3 5 1.0 - 1.5 1.1451.0155 .1481.0099 14.1531.025

P.3r.tr. 11 15 40 22 10 ‘10 1 .1 2 1 1.0 - 1.8 1.1871.0106 .1531.0075 12.881.625

P. ,,46 Ill 27 57 52 13 13 4 1 2' 1 1.0 - 1.8 1.17 1.0085 .154:.006 13.181.53

’2 26 16 15 7 6 1 1 1.0 - 2.0 1.2741.0107 .1081.0078 12.731.518  
 

o  



 



 

 

Table 31 . ‘Smnmary of differences between

or Puccinia graminis .

 

the means of the dimensione'of aeoidiospores

 

 

 

 

 

 

 

 

Shape.

Length. Width.

. Wrence’ Diflerence Malice Wren“ Difference erence

Types compared. in means in divided by in neana in divided by in means in diviled by

.nicrone. P.E. microns. P.E.. microns. P.E.

2. mini: tritioi 11 and 1.601.25 6.4 $91.80 4.4 .0411.019 2.2

g. h;n'l's Trifle“! 45. 3.0 ,

The total or .

P. rminie tritioi 11 and 46 and 2.031.20 > 10.1 .541.162 3.5 .104:.016 6.3

2-@Cum1. '

The total or r ' .571.225 2.95 1.46;.14 10.4

P. “minis tritioi 11 and 46 and

P. rmnio frIEIoI recorded by Levine.
__ L___ ..._.........

P. minis, avenae 1 and '

2‘.mInII 3235! recorded by Levine. 2.561.25 10.5 1.89:.16 11.3      
 

 



a
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It will be eeen thet there is e eignificent differ-

ence in the length end the width of the eeeidieeperee of the

two forne of P. greninie tritici. Porn 45 hee spores which

are shorter end nerrower then those of For: ll. the differ-

ence in the ehepe of the two is therefore not eignifieent, the

difference divided by the probeble error being only 2.2. !nr

purposes of further couperieon the conetente for ell the lie

neesured spores of these two forms were determined end ere

need as representing those of P. greninis tritici.

Levine reports thet of the different verietiee of

P. ggeninie, the eecidiosporee of P. greninis tritici heve

the largest erithneticel neen for both length end width. In Ilia

 

  

 

the ceeee under coneideretion it will be seen thet the eecidteed

spores of P. greninie evenee l. ere eignificently longer then ij

those of P. Era-inie tritiei 11 e 46 end probebly they ere

significantly wider. The difference in the shape 1e

 

eignificent. Assuming that the differencee in the nethode

employed do not preclude e generel ecsperieon of the reenlte,

it will be further eeen thet there ere differences between the‘t>

neeeurenente of spores of P. greeinis tritici es recorded by ‘{

Levine  and those herein recorded., In length the difference

 

is probebly not significent, but the Auetrelien eecidiesporee

ere significently wider. Agein in the cese of the eecidic-

eporee of P. greninie evenee the neeeurenente given by Levinet“i€

chow that the eporee obteined in Anetrelie ere eignifieentlyu.l;;

 

longer and wider than those of the Anerieen snoree.

UREDOSPORES

. The veriety of P. greninis which occurs on rye end

known as P. greninie eecelis hes ee fer not been deter-lace

 

in Austrelie. In all ceeee exenined the etc. rust an rye Exit.
  

proved to be one or other of the well known ferns of Z:_£££!§£&£%

tritici. 0n barley the stem rust 1- P. gguinie tritiei. ‘ 'l



  

gained and 1’. mini: nun“. Other vuriasiu if

‘u a canyon“. npociu. nu razor-d: 3 length or 20» $5

in which after the non-mat; or the individual tom,

7 given that airmen-10nd for :59 total at :11. fight form-a m

 

in Luau-311:,than, the only stem rust: mum‘ “

   

  

     

  

  

  

  

  

  

  

  

 

  

occur on «ruin gran”, but than 11-. not 1361“,”?

”amounts. _ ,  ‘

IoAlpino (105) records the rust on than flint;

guru the mum-aunt: of urodoaporu ot Puccini: 3W

a nun or 14 - 13 ,é/ it. .111 be notm that then r ;

unlike then found for the “riot: 1’. grain: tritiai u

whole, but no in fair tartan»): with those given by 1".

avenue as a whole.

of r. gar-minis fizz-1:101 and?.wnu aroma,

.raparta than: the fez-nor hat the urge: urodosperu in r

to both length and fidth. Ming tho totals of tho spam;

mama! .11: will he been that the same ding applies Fe m

Autumnal: mats. '

A «Miriam: of fuel. tie viz-10:19: of c.1315 ,.

31th than rocordod in u.s.A. not labor-“t. ‘

(t) P. gratings trifle;

In all, (thirteen phyxiologio forms were nfliltm

maurmnt. Tho results are not out in the {alloying

haw. ocean-«1 mtmlly 1n Auntrulin, and than the m

of an tighten: fox-stand."



 

 

    

 

 

 

 

           

   

Tabio32 .

Spore classes in microns. Constants.

E J J 6L . Coefficient
1' Form Size ‘Mean Standard of _
30. 120.4 22.3 27.9 29.7 1.6 3.4835.3 37.20 9&9? 0.92 2. . Limits DcviabiOn . Variabilit

43 1 6 6 13 23 21 13 3 2 . 20.46437.20 29.39:.24 3.581.17 12.10:.58

44' 1 2 3 9 E 28 20 13 9 6 20.46-59.05 30.79:.24 5.561.17 11.58;.55

54 3 5 21 30 13 9 5 1 22.32-37.20 29.291.21 3.081.15 10.051.48

34 1 .1 14 26 28 22 1 ‘ l 22.32-37.20 30.621.17 2.581.12 3.211.39

11 1 1 9 15 $7 13 7 3' ‘ 20.45-35.54 28.?61.21 33091.14 10.7 1.51

. 33 3 ’5 11 13 19 ' 20 7 4 2 22.32-59.06 30.52225 3.733.113 12.18196

' l6_ 2 2 9 9 11 17 21 15 9 4 1 22.32-40.92 32.09:.27 4.09i.19 l2.72t.62

45 1 3 4 9 13 34 15 15 5 1 24.18-40.92 35.55:.21 3.18:.16 10.651.55

45A 1 1 5 7 14 14 25 19 . 7 3 2 22.32-42.78 32.681.25 3.731.18 11.4 1.5

55 1 2 8 8 18 18. 28 10 5 1 1 22.32-40.92 31.641.24 3.391.16 10.70fi52

» 27 1 3 5 5 9 21 30 12 11 2 1 22.52-40.92 32.551.27 3.511.17 9.261.44

16 2 3 6 13 15 26 21 9 3 1 24.18-44.64 33.051.23 3.481.17 10.5 1.51

;;:I‘ 4 .'35 26 9' 3 24.13-33.48 23.571.14 2.08£.09 7.361.35

33:21 2 16 22 85 159 144 '165 ‘ 77 46 20.46-42.78 31.25:.09 5.63:.06 11.751.20

_ 3:281 3 21 45 155 262 221 251 120 70 20.46444.64 51.04;.07 3.701.05 11.901.15

 

  

 
  



Table 33 . Variation: and constahta for width of urodbsporos of physiologic forms of

Puccinia graminis tritici.

  
Sport-obaiooo-Ln#330,059.

 

  

     
 

 
      

06666516.. _

Spore classes in microns. Constanta. ‘

Bani Size Mean standard Coefficient of

' gi:r . 11.16 13.02 14.88 16.74 18.60 20.46 22.32 . . Limits . .Deviation . Variability

, db 6 53 31 10 16.74-22.32 19.441.09 1.401.07 7.211.54 Y

1 fit . 9 ' 69 17 5 16.74-22.32 18.94:.08 1.211.06 6.421.31

j 84 5 3 .40 38 16 14.88-22.32 17.561.13 1,931.09 11.0 1.55

g 15 4 15 >48 23 10 14.88-22.32 18.971.12 1.771.08 9.34:.44

‘11 2 24 60 14 14.88-20.46 18.431.08 1.23:.06 6.67;.32

14 56 26 4 16.74-22.32 18.331.09 1.341.06 7.3 1.55

29 33 36 2 14.88-20.46 16.95:.11 1.581.08 9.30:.44

1 10 4? 42 13.02-18.60 17.30:.09 1.281.06 7.571.35

2 10 57 29 22 11.16-18.60 15.984413 1.85:.09 11.591.56

15 30 48 6 3 14.88-22.32 17.781.11 1.671.08 9.4 1.45

I 15 25 51 7 1 13.02-22.32 17.691.11 1.681.09 9.051.43

l 16 28 54 1 13.02-20.46 17.45:.lO 1.481.07 8.50:.41

1 3 V 40 47 9 14.88-22.32 19.721.09 '1.371;07 6.921.35

2 11 -96 172 358 117 44 11.16-22.32 18.141105- 2.01:.05 11.021.188

2 13 130 266 619 212 58 , 11.16-22.32 18.35:,O4 1.88:.05 10.3 1.14

  

 
 



 

 

 

 

         

 

 

 

 

Ratio of length to width. Constants.

_ ‘ Size Moan Standard Coefficient of r

1.4 1.6 ' 1.6 2.0 2.2 2.4 2.6 2.8 5.0 Limits . Deviation . Variabiligx

17 4o 22" 6 V 1.2-2.0 1.571.015 .221.011 ' 14.0 1.68

15 5e 25 16 5 1.2-2.2 1.691.015 .251.011 . 15.601.66 .

29 55 16 5 1 1.2-2.2 ' 1.551.015 .22:.011 14.181.69‘

16 51 40 9 2 1 ‘1.2-2.4 1.701.014 .211.c10 12.551.50

17 45 22 9 2 1.2-2.2 1.741.015 .22:.011 12.55:.51

15 28 51 17 1 2 1.2-2.4 1.691.017 .25¢.012 14.8 1.77

2 16 16 5a 14 6 4 2 l.2-2.8‘ 1.981.021 .511.015 15.551.77

5 11 22 29 :5 12 5 5 1.4-2.8 2.053.021 .511.015 15.251,75 -. 0

2 12 1e 21 21 10 6 6 4 1.4-3.0 2.111.026 .551.01e 18.091.87 , i;

6 17 55 28 5 5 2 1 1.2-2.3 1.541.019 .281.013 15.2 1.74 ‘"‘:

5 18 51 21 ‘17 4 2 1.2-2.5 1.881.019 .251.015 14.891.73

4 11 _25 51 14 9 4 2 1.4-2.3 1.991.021‘ .51x.015 15.581.76

50 56 11 1.2-1.a 1.51;.010 .151.007 9.941.47

88 201 194 155 51 52 17 12 4 1.2-5.o 1.791.0031 .5591.0057 18.90:.33

180 559 514 251 65 47 25 14 V 4 1.771.0051 .5241.0045I 15.25:.25 102-500    
 

 
 



 



Table 55.

*‘r'rgqngzfi$wag~1w§i'1ewngtfl'wmi

Snunary‘of differences between the dimensions of the means or uredospores

cf Puccinia graminie tritici.

 

 

 

 

 

 

 

  

LODgth.
Width.

Shape.

Types compared.
'"Dirference Difference Difference Difference Difference Digterence

in neane in divided by in means in divided by in means in divided by

microns. P.E. microns. P.E. microns. P.E.

P. eminie tritici at large as recorded

By Levine and 55e fetal cf the 13 forms
-

measured in luetralie.
1.361.20 6.8 1.541.07 28.0

P. reminie tritici at large as recorded

55 Eevine and {He fatal or the 8 forms

naturally occurring in Australia. 1.15;.21 5.5 1.651.08 20.6

Totel of all 15 forms measured in

Auctrelie_and the total or the 8 forms
-

naturally occurring in Australia. .211.11 1.9 .11:.06 1.8 .023.01 2.0

P. raninie tritici 27 recorded by Levine

(Ed éfie cane fora Isolated from English

Btrg'h Australia.
20591039 607 le841e14 .1301 e32410026 1205

§. §_. BE. 43 compared with 2.35.35.46. 2.701.55 7.5 2.491.14 17.8 .41 1.026 15.8

'

V

{e E. E- 45 compared With £'£.2.‘5A. 0871.33 2.6 1.321015 808 90810035 2e?      
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It will be seen that the reeults of ueasnrenente_of' =7_

all thirteen toms when cclpared with theae given by Levine

show that the local types are shorter and narrower than those

recorded in America. In length the difference is significant =

though not to positive as is the width. The sane thing

applies in the comparison of the American result: with those

obtained from the eight naturally occurring Australian for-e.

of the individual forms, the only one con-on to the

two sets of measurements is Porn 27. Levine compared tic

isolations of this form, one from India with another from

California. ns found an appreciable difference in the width

of the spores tron the two sources, but considers that there

is no conclusive evidence of then having different morpho-

logical identities. He remarks that this For: 27 was the

most variable, as regards shape, of all his stock cultures.

The neasurenenta herein reported when conpared with Levine's!

chow very significant differences as regards length, ninth,

and shape. Apart altogether from the differences in methode '

of measuring, there may be difference in the genetic con-

stitutions of the roots obtained from the different sources.

Furthermore the torn measured locally was obtained from

aeoidial infections produced on barberriee free 'elah wheaten 7:

straw. It is known that this stage nay give rise to the if

occurrence of new physiologic ferns under certain conditione. 7

The genetic conatitntion of the for: need may be different

fron the iaolations dealt with in 0.3.1:.

Taking the eight naturally occurring Australian fer-fig:

some interesting facts cone to light. It has slseehere been

pointed out that Ferns 43, a4 and 54 show rather narked

similarities in parasitic capabilities. in. separation of

Forms 44, and 54 is not easy. An examination of the

nredospore measure-outs of these three ferns shomothat there fg

are striking sinilarities in length, width and shape. not I;

morphology alone cannot be taken as a guide to specialisation;

The contrast in parasitism between these three forms of For!



a'flfi (-
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~5-7 34 -- ihieh et present ie the predominent for: in Austreleniemmi}

1a lost lurked. And yet For. 3‘ conforms cloeely to the 2

neeeurcaente given for the Forna £5, 44, end 54. The

artificially produced Porn 11 which is peraeitically rether

einilar to For: 34, and one derived en a hybrid between it

end Porn 45 differ: but elightly tron it bionetrically. And

, yet again the rather weekly peraaitic Form 55 obteinea in the

E uredoepore stage tron Dr. Levine agreee in neeeurenente with

these two virulent ferns, 11 and 34.' Theee eix ferns together

conatitute a group with biometric einilaritiea.

‘5
7:
“
DA
V-
9:
33
;.

:-

Turning next to the other four for-e which occur

neturelly in Auetrelie, viz. Forne 46, 45, 45A, and 55, it

will be seen that they aha! ainileritiee in their neaaurenente;

he a group they ere longer end narrower then the rirat group.

This ie‘etrikingly reflected in the nonsurenenta of the ahapee;

Aa previouely reported (163) thia difference ney he noted in‘a

ceeuel exeninetlon of the uredoeporee. They are much lore

§5 ~ werieble in ehepe, end much longer end narrower. The ectuel

differencea between Forma 45 and 45 are eet out and are very

eignifioent.

Confer-lug to thia group of forne in which the

uredoeporea are relatively long end nerrou are the overeeee

Ferns 16 and 27 derived from India and Walee reepectively. ‘

The longest epore measured cene from the lot of Porn 16, being

over 44/0 in length.

or epecial intereat ia the remaining fern, deaigneted‘

the "Sew Porn.” It ney he renenhered that thie nae obteinee

fre- eeoidie on a barberry ea e hybrid heteeen Forne 34 and ‘5.

The uredoeporea ere the nest uniform of thoee not. They ere

the ehorteet of any of the torn: nee-urea, having e mean length~

or only 28.57;[.14 . ' They are ahorter than tho-e or any for: '

recorded by levine. Alonget the Auetrelian neaenrenente, they

approninote noet cleeely to those given by For: 11 which hed

ite origin on the berberry at the eene tine end in Inch the

eene feehion ca the low Fern. not only is it shorter, but at
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Table 56 . Variations and constants for length of urodosporoa of fuccinia graminis avenue..

t“ Spore classes in microné. a ‘ V Constants.
‘l , ‘ x . Coefficient
‘ {arm 4 l J * J Size Kean Standard S$aadaad of
‘.Io. .20.4 22.3284.1 26.0 27.9029.7 31.6 33.483513 37.20 9.06 Limits 1 ' .Dcviation . Variabiligz

. 1(1uat.) - l 1 8 20 22 28 12 9 22.32.35.48 28,681.18 2.67:.15 9.33:.45

1(Iriah; 1 10 10 1? ‘ 21 26‘ 8 4 ‘ 5 24.18-39.06 31.531.22 5.261.16 10.551.50

‘ l _ m 2: 25 12 42 2
‘ 2 }—___9__.i27413g 2&7 12 ? n . 24.18-37.20 30.521.18 2.711.13 8.901.42

" 3 1 . 4 7 24 25 24 10 5V 20.46-33.48 275811.18 2.72:.13 9.751.47

I‘ 7 ‘ 13’ 19 23 19 16 7 2 l 26.04-39.06 30.5lt.2l 2.971.14 9.75:.47

Total Aunt 1 5 16 66 82 103 as 42 14 4 1 20.46-39L05 29.411.10 2.991.07 10.14;.24

Sum Total 1 5 17 76 92 120 37, ‘68 22 8 4 20.46-59.06 29.991.10 3.141,07 10.521.25
.. ‘ L       

 



 

Table 37 . Variabionn and constants for width or urodosyorea of Puccinia_§raminis avenan..

 

 

  

 

 

      

Spore classes in‘microns. Constanta.

§Phru 41 .41 4 . Size Mean Standard _ ésflzzagx-o:

:30. .13.02 4.8 6.7 8.60E0.4 22.32 ...L1m1ts .Dcviation Variabi1i§ir

%1(Auat.) ’ 2 15 as 16 1 ‘14.as-2a.32 18.581.09 1.251.05 5.751.52

1(Iriah) 4 13 so 23 14.38L26.45 18.641.09 1.581.07 7.381.35

-2=. 1' ,15 32 4o 7 13.02-20.45 17.45;.11 1.591.08 9.121.44

‘5 3 19 ‘57 21’ 14.88-20.45 19.53;.09 1.341.05 7.23;.35

w 1 27 49A 23 14.38-20.15 18.491.09 1.372.07 -7.101.35

420321 Aunt. 1 21 98 212 57 1 13.02-22.22 13.251.05 1.46:.04 3.001.19

222m fatal 1 25 111 272 99 1 1302- 22.52 13.332.05 1.591.05 8.67;.18
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Table 38 . ,‘Varintiona and constants for

 

 

 

 

        

 

 

  

 

     

    

  
  

 

  
  
  

‘
Ratio of length to width.

Constanta.

férm .
Size Kean Standard Coofricie7

.gg. 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 Limits . . Deviation . Variawili:.

1(1uat.; _ 5 22 40 30 5 1.: a 2.0 1.811.010 ' .1511.007 9.871.45

1(Iriah) 14 30 84 13 7 1 1 1.4 - 2.5 'l.751.016 .2421.o12 18.721.88

2 10 22 30 20 12 4 2 1.4 - 2.6 1.881.019 .28 1.013 14.8 1.72 ..;3

‘3 3 8 21 45 16 s 1 1.2‘- 2.2 1.581.014 .22 2.010 12.92;.63 .-f‘

7 14 41 27 12 5 1 1.4‘- 2.4“ 1.711.015 ,.2181.01o 12.751.62 [1E

Total gust. 13 70 148 108 41 18 5 ‘ 2 1.2 — 2.6 1.891.009 .25-1.006 14,513.35

Sum Total 13 84 178 137 54‘ 25 6 ‘5 1.2 - 2.5 1.701.008 .24 3.005 14.201121j;
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wk - ‘ ’ Table fiiflh Summary of differences beteeen the means of the dimensions of uredospcree.

of Puccinia graminis avenee.

 

Length. ‘ ‘ . Width.' ~ Shape.

 

k

,
3?
)
T
‘
fl
h
é
y
‘

1»
.
.

. Difference Difference Difference Difference Difference Difference

Types compared. ' in means in divided by in means in divided by in means in divided by

‘ microns. P.E. microns. P.E. microne. P.E. ~

 

f!3pee.ef all forms measured id Australia v

and the U.S.A. type recorded by Levine. 1.49;.18 8.3 1.61:.09

typee of e11 Australian forne and the ='

.fcrm derived from etrew from Ireland. 2.121.23 9.2
n:

17.9

 

.382.10 - 3.8 .06¢.018 3.3

 

‘3A fern derived from eaten straw from
“Ireland and e similar fcnn obtained

Lfrcn Australian straw.
.1421.019       2.851.34. 8.5 £61.13 ‘ .45
 

 



 

ram. 46 . Summary of differencee between the means of the dimensions of uredosporee
of Puccinia graminis avenue.

 

  
 

 

   

    
 

  

 

       

Length. Widthe Shape.

Types compared. Difference ,Difference Difference Difference Difference Difference
in means in divided by in means in divided by in means in divided by p
microns. P.E. microns. P.E. microns P.E. ..'

2- tannin“ “an“ 1. andWM2. 1.341.255 7.2 1.15:.153 8.6 ”271,021 12.8 ' g _’

P.V ., ,, 1.. and Fe 3, ,, 3). ’871'255 303 0051-12 06 .031.037 09 i "3‘

V 3 P.‘ ,, ,, 1e and Pe' p. ,9 7e 10831028 605 _ 0091'125 e? 0101,0018 I55

‘ P. O! ', 2e and P0 p, ., 5e 2e7lie255 1006 10101014 7e9 e30$e024 12’5

P. '. ’, 2. ma. P. p, ’, 7. 001:028 .05 1-061e14 706 017:0024 7.1

' "P. ,’ ,, 3. and Pe ,, '. 7e 2070i028 9e? 00410129 e3 .131.021

 

     



  
 

      
  
  

 

  
  
  
  

  

  
  
  

 

  

    

  
  
  
  
  

 

  
  

  
  

If 1 “minor: be annual. uibh m -; ‘ “ "

ofW1: 111-3: a: "mud by m, if:

will b1 «13 that Wiper-o: of the nut 11mm in

Aunt-1111 it. significantly shorter and narrator. 'tht

uppiiel to the total of the Australian I01mrmntl in

when with the typo from Irolnnd. Bun though mitt w

when lat-mun the Mun-111m wwomntn 1nd the» sin!

by Lavina be not minim... such canpumiaons «n b. m

button tho Aunt-v.11”: uoammcnts and thou of the Irish

nut; than I.” 111 Ind. undu- idontiul conditions. M

the ”ado-porn of thc Ina-trail»: run: an mile:- this

or the guru:- type 11 man»- born. out by a cumin: it“

. the. stock culture of P. 5.55131: 170m. 1. thick: ”151311.11"

em froa imiboo, Vie. m4" an 12-11: cum. or r. 1.: ‘

m1. The “throne” in width 1:. not significant, '7

my u-o urtninly significant in "guard to both length «:5

than. or mdeaporn. It 311 Airway bum point“! 938 that

as flan-d1 colour or 1:353:10, and 1 striking undone: we

quickly from“ toloutosporol on mdling loan: of at” 13$

grunt, this Irish rush it obviously different: tre- that 7

altar. of r. ‘1'“131. 110m. 1.

Taking mxt the tax-a1 naturally occurring in his

mwfluns an narrative. Pan 1. is signifiuntly

ditfortnt from For: 2. 1: murd- 1onath, ridth, 1m! :31”

or ”cannons. Pdmitioully than two rm: no firm

dirronnt. Vary striking diframecs m 11» «on to

u botwun Porn: 2. and 3. But an matte on ch. sham;

dittmntinl: the difforonoc- Vbotwnn than 11-. coup-wt“!!!

flight. is in the an. of P. 511-131: tritiai. it. is

for. slur that than is no «finite pas-111011.: boa-m

dirrmnou in roam t9 mphology 1nd para-1:11..

(o) Puccini: tritium

It 311 Mon pointed out that in Australia that. ' J

“a phyaiologic fox-1.. Thou «am: but currmtitm
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[in n! g: «a; g.

 



.9

Table fi 0 Variations and constants for length, width. and shape of uredospores of two

Australian physiologic forms of Puccinia tritioina.

 

 

Spore classes in microns.

 

      

 

  
 

 

 

 

  

 

     
 

Constants.

Form 6‘ J sue & Mean Standard Coefficient of

No. . 16.7 18.6020.4 22.3224.1826.0 27.90B9.76 . Limits . Length . Deviation L Variability

kittr}. - LENGTH.

Aust.1. 9 18 35 51 7 20.46-20.90 24.351.133 1.971.094 8.11.39

Aunt.2. 13 24 45 11 7 22.52-29.76 25.131.120 1.771.084 7.06:.34

3.22212-

Aust.l. l 18 54 26 l 16.74-24.18 20.611.093 1.375t.065 6.671.316

Anat.2. 6 40’_\f1 7 16.74-22.52 19.511.095 1.4 1.067 7.171.54

M-

Ratio of length to width.

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7

Aust.l. 4 38 26 19 12 1 1.0 — 1.5 1.201.0074 .11 1.0053 9.171.43

Aust.2. l 8 20 30 25 5 10 1 1.0 — 1.7 1.331.0074 .11 1.0053 8.281.39     
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Table 41'. Summary of differences botwoen the means of the dimonsions of urodosporos
of two Australian physiologic forms of Puccinia tritioina.

 

   

  

Length. Width Shape.

Differencc In fiTTTCronco DIITerenco in fiIfforonce Difference in orenoo
means in divided by means in divided by means in divided by

Typos cgnparod. microns. P.E. microns P.E. microns. P.E..

Australian 1 and AusfraIian 2. .73: .117 5.2 1.101 .13 8.5 .131 (01 Tie      
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. It will ho «on that find my! for: to tigl ,

longer tad narrator thou tho first, and no to to to -

 

  

 

  

  

  

  

 

  
  

  

  

  
    
  

 

  

 

  

  

  

‘ significantly “flown: in ohopo.

lama. giro: the mafia-out: at tho Monro:

no 20-28% in longth and 18 to 21” in width. It will 3,!

‘mn thot n toga-do longth, thou nun. cam vim that.

found in Anotrolinn Para 1. In width thcro to not tho

agrouont, but. tho figm- opyrooch aoro mly to tho“&

Austrnnm For: 2. It would «on woboblo thorofm that;

both tho tom taro mount when ncAlptno cmiod out hto f

tori: o

rmgsggass

Tho idontity of tho mmoporoo tokon tor looms-

[moat can ho oocmuly dotoroiaod, And no on m ho mum

tho: a particulor for; ma a313- tho: for: to being «an;

Ioloutosporoo on amount non difficult to mama with

cortotnty. In tho com in paint, tho tolontooporoo '2

mo ohtoiaoé tron gotta-oily coming otrom which had alto

‘ carton mango". when idontity nu ootobuohod. at}:

tho; ono thy-1010311: torn ooo mount 1:: «ch oooo, and it i

moonoblo to ouppooo that this for: 1: oloa row-”ohm it

tho to lottooporos which ooro nooourod.

3031911» givoo tho toloutooporo dhonoiono far

mania Emmi; oo o ompootto opocioo no 55-5 at 143-25

with an ovorogo at 62 1 18/4/ . no out“ than; in at“ m

toloutooporoo am my mung in imitation to 31m

to whothor tho mom-anon“ or 10mm taro undo tron tho ’

oxtorhr'or tho opox to tho point or ottnehlont of tho

potato}, and tor‘jldth om” tho upturn «panting tho W

collo. At tho loot non'tionod opot, a canon-lotion until?-

owuro tad 1t oooao prehblo that tho 11x1” width b: M s

oporoo too ”than: mound. Tana tho ovongo rum

for tho mound toloutooporoo of?.maio tritgo; one

Wmanor-1t will to «on mymy
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Tabla 43 .
.0 .

Variations and qpstants.for length, width, and shape or coloutospores of
throo Australian physiologic forms a: Puccinia graninis critici.

c

 

 

 

     

 

 

   
 

 

 

   

 
 

 

 

        

  

  

Spére classaa'ln nicrohs. Conatantn.

30?“ 43 ' #14 .‘ 845 L J6 J 1 51:. Mean Standard Cocfficicnt of.
H0. .29.? v5.48 7.20 .9' . 8.36"Z.0855. 9.52 3.2 6.9 70.6 74.40 Limits . . Dcviation . Variabilitli

' LENOIR.

34 1 4 13 12 20 15 10 10 0 3 2 1 29.76-74.40 47.891.58 8.641.42 ”17.671.89

43 ‘ 6 19 22 18 25 6 3 1 33.48-63.24 43.541.41 6.071.29 13.871.09

06 1 11 85 25 19 13 3 2‘ 2 29.76f59.52 41.561.40 5.891.28 14.101.68 fl

Total 2 21 57 59 57 52 19 15 11 4 2 1 29.76—74.40 44.32:.25 7.40:.20 15.70:.47 £3

3

n. :5. ammm.zz mm ,

3‘ 8 28 52 81 8 3 13.02-22.32 16.781.15 2.201.11 13.101.63

43 14 21 45 11 3 1 11.16-20.46 14.531.14 2.791.10 14.28:.58

‘6 2 5 35 29 25 ‘ 11.16~20.46 16.411.13 1.951.09 11.9 1.58 '

TOtAI 15 34 108 72 54 13 3 11.15-22.32 15.901.075 2.271.063 14.25:.41

Ratio of longth to width. SHAPE. r

1.5 2.0 2.5 3.0 3.5 4.0 {.5 5.0 5.5

34 4 15 19 88 19 5 6 2 1 1.5 - 5.5 3.011.056 .826:.039 27.5511.38

43 1 14 24 36 13 10 8 4 1.5 - 5.0 3.091.056 .8291.039 26.8011.57

«a 1 so as 18 9 2 1' z -1 1.5- 5.5 2.35:.048 .7091,033 30.0011.55

T0381 8 59 79 72 41 18 15 8 2 1.5 - 5.5 2.921.027 .82 :;022 '28.123I95      
 



 



 

Table 4‘ . Summary of dier

or Puccinia ggaminie tr
rencea between the

i§ici.

dimensions of the means of teleutoepores

 

 

   

 

 

    

Length. Kieth. Shape.

"Difference Difference Difference Difference Bitterence Eifference

Types compared. in means in divided by in means in divided by in means in divided by

microns. 2.3. microns. F.3. microns. P.£.

The U.S.A. type recorded by Levine

and the total or 3 Australian forne. 7.481.55 13.6 .771.142 5.4

.
.

>‘g;

Form 34 and Form 43. 4.25:.71 6.0 '2.25:.21 10.7 ' .081.O79 1.0 +~g

Fom 34 and Form 46- 5.231.721 808 0371020 109 0661.07‘ 809

Form 4:5 use Form 45. 1.981.57 3.5 1.881.19 9.9 441.074 10.0 "    
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ere egein differences. Fox-n 34 1e elgnifieently lease:

Comparing the to“). at the three mmnm mug?

with the measurements given by Levine, it will be eeear m

 

the Lulu-alien met 1: eignifieently eherter endW

The greeter variability in etriking. I I

Between the three Anetreliea fame there ere +

.11.... Forms 34 and a differ significantly in length":

width. , Porn 54 1e longer and wider then 43. It is in?

more variable in length. In shape there is no eppreeie _,

difference between the two. Between Porn: 54 end £5 1+:

then 46, the ehorteet or the three tons. The 41mm.

in width is not. eppreeieble, but in ehepe the difference? _j .

Imnifleent .
s

‘ comparing Form: 45 end 46 11:. in teen thet For: {$5

1e eignifieently longer and net-rover then For: 46. 1m

1. also e difference in shape. The-e are juet the rem-fl

of the result: or the uredoepore memeente which "

thet 46 13 longer end nun-nee: than 45.

(b) P. fireside avenee .

(Two net: or nteriel were «.11.». for me

One betcha! oeten “rev-em from Gem, 3.33. B: * _

.13;

The other betel: ceme from Ireland end was in pert need he.

from this strut embed the for: to be P. grunt: evenee

infect e herbal-y. Free the eeeidieeporee, uredeepere

eulturee were ohtelned. The for: preeent proved be be

1’. 53351231- evenee l. Ithe reeulte ere given in the

following able. '
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Table 4.5 . Summary of differences between the dimensions of'teleutospores

of Puccinia graminis avenae. .

 

 

 

 

 

 

 

Length. Width. Shape.

Difference Difference Difference Difference Difference Difference
Types compared. in means in divided by in means in divided by in means in divided by

microns. P.E. microns. P.E. microns. P.E.

ln isolation of g. -raminis avenae l 1.761.31 5.7 .67¢.l7 3.9 .2501.07 3.3
from Ireland and an IscIaEIon of the

same form from Australia.

P. raminis avenae as recorded by

Ievgne and cfie isolation of g. v80+o8}-
graminis avenue 1 from Australia. .801.62 1.29 .57¢.l7 3.3

P. raniaie avenae as recorded by

Divine and tfie Isolation of g.

graminie avenae 1 from Ireland. .961.75 1.3 .101.17 .59      
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1:111]. be seen the: the results aim” “

taro intermediate in length em! visa between me: -

Anus-:11“; end the Irish ruete. Statistieelly m
   

    

  
  

   

  
   

 

  

     
    

no eignifleent difference between the Irieh end the 3.3

mete, but the difference in width between flee Meta-11m

and the v.8.A.-typee may be significant. 6011mm; the ,

Men-slim and the Irish tome, the lower 1: the longer.

The difference in 1mm1: significant, and this when;

is eleo the ease in width and shape. The erode-pore

neeeureaente mowed flat the irieh Ill signifieemtly low

then the Luau-111m rust.

 

‘ metegrephe of the’mioue sweeten: need in ,2

memmte are ehown 1:: Plate: X11: and X3311. .It 13 em;

that. the» cannot have n greet e. "he as the Magenta,"

, , menremte for identiffins tom. Le far as #0811th

5* ' truly‘repreeenuuve mu '9: the mic!” fame were plus

graphedto illuetrete the types, but a mu my at e

   
considered elem my be ”eluding. felon in «:31th

with the numemnte they are instructive.
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In tho oooo of annual two 1113 tho «roan, tho

undo of pox-:1 otonco or puthogono tron ooooon to ooooon to o'

oonoidontlon of tho utmot important. hot to no nuptial». ',

In tho Iorthorn Bod-photo, may om not “wot

hovo boon mo and such information occmlotod. tho ”Giana

otm on tho whom it of tho grout.“ 1-902-th in W;

It hos boon found that in plato- thorn this oltomoto hoot m

boon ordinotod, otou mot boo Mainland or 1o oltegothor

m. In north Alonso thoro 1o otmflont ovidonoo to M

thot m «amid mm :- usual-1y upon-m. At m tint ' "

1t woo cmfidorod that in tho liotiooipt Volloy, urodoopmo

 

I." aopoblo of mnintorlng and "I" lawman goat-o in 1;]

producing tho {trot tufootloao in tho ops-tag. loro romtly ;

it hot boon ototod (66) thot too nah omno boo boon 911001

on momma-lug urodooporoo in thot emu-y. A ~ i

It not alt-cod: tun polntod cut (182) thot tho

«amid otqo 1n Motrono hoo not boon found undon- ”moi

cos-ultimo. am it Mo boon satiation: produced on

 

_ ammo 036mm. Barton-riot m
not notivo, a ‘1”

tho: have boon plutod oo monontd Mb!
in ploooo,‘ tho:
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m not cotton. A fur-tho:- oonoidorotion to that in man-nu

tho mot crop is m in tho Into «tun: an only unto: ’

 

   

 

   

  

    

15 harvested in tho only Cm?- It 1., thon, during tho

hot dry tun-or tones that moot 1o not oultivatod. Inttoot.

of tho mot fungus having ta 'ovor-ointor' u in tho north-m ’?

Bodophoro, 1t hoo horo to ”our-m”. m: dooo not “1

thot tho toloutowmo in Australia; could not function u

routing Ipmo no they do in tho lorthorn ion-photo. my _

"ma unmo throughout tho hot dry nun-o2. In tho ton '3;j_’:

loto spring and out-1': sumo:- (Octebor no: to «Eudora tho

nook loath) tho: got-lino“ and can 1mm. the bottom. 13‘. ,

to ot tmo‘poriod Ihon tho «an. no: to profited that 15‘



   

- 121‘-

  

 

   

     

    

    

  
   

  

m-odumo Iago 1: aux-nay abundant tn m mm a»

«nun am. in m Ion-thorn mums may mu 7 _

in bringing mm an un: spring inrooiians or m m

From that ”a produced the abundant. anaemi- It

011de mu tho dun-unto but in thin country in m

imam and um than an: he «I. ”an. nth» than it

«claims whereby an organic; mun-Inn in tutu-nu

leaping (106) canudu-c was "volxmtoor‘ uni

arm}: mu: pnbablrhubmn the Wasp». was. at m.

gunman. and that m «mania peril-t- by this news.

hon-1n; upon thin In ”perm (160) in 1920. .

In tho pro-tn: that”, "t seen an}. of mm _:

intonation nu bun obtumd. '

 

m u‘ g... Quill! run-1g.

1‘qu first. the «no at no: run of mu. am

following an. shot: the petition.

rub}: g . sum: of the who: 91‘ «nylon a:
natal than“ 03mm during on): much
of tho patina.
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tho room for tho nono ”m mt” hoiu “1*“.

math thou tho mot io not ohundont. ham-ding tho . 533%}

rocoipto for tho variant nontho. it io ooon that ”lot Barr-9::

cm to hand during our: south at tho you». In tho oalia ,

you-o at tho «my hat littlo notarial was received. The mor‘ei

ohufiont oolloctiono daring tho loot throo you-o no in

noun-o duo to voluoblo oooiotoneo undone! by groduotoo

oppointod to country diotrieto. m colloetiono for thou

throo yowo indie-to aloaly that mot in tho ”doom “In! 1

io oloott eon-toinly prooont in that grain; mot in o tithit

condition on tho your mud. 'rho oolloctiono which no

ovoiloblo mu:- oxioting mitiono m «to:- dl no: «out;

A oidor north would certainly hovo brought to light may m ’

“loo at not. aim Soptonbor 1927 thou havo boon only I

tot matho than vioblo urodoopm utoriol hot not too:

oollootod. i'hio cloudy pointo to tho font that tho not

poroioto intho urodooporo otqo fro: ooooaa to oouu.

In thio cemoction it ohould to pointod out thot m

io o wry Iido rongo in tho conditions which provoil in tho

Mot—grain; wool of ‘Auotrolia. Roving roam 301on to ‘

tho omth—oootorn portion at tho continont, thio um mum -:

hunt in ooootol .orooo io oa-oti-oo out: in lot-oh forW

goon—toot! during tho ointor. acting in othor moo tmtimoi

throughout tho onouing months on into at July. similarly thatfi

io o continuity in tho hex-noting oporotiono. m1: amt :0

ho: no: to toton of! in Octobor, and baa-noting oporotim wk:

in moo right W until ovon Pol-um in loto niobium

m: mono o groot Gina-ones in tho dovolopoont and tho

mt Gt Valium!” ohoot, - both 'um-m' all wag-

ooon' - thick: is prooont in paidooko in tho voriéno diotriott- '7

prt- unsung:- rm thio comm. or otom not?
in dirtoront diotrieto, ovidonoo it not ranting tho: in o

particular woo, not io prooont on tolfintoor whoot tum ,
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the you}; was awning are favourable; In». na. my» a:

human, nun: Morton]: n march g: the ism-s» has»:

rm. In yobs-um 1937 a. first collection tan toward-6g ms

flaunt“: mm: April 1923, 1a can men run an 'H' k

or August 1927, rum .5.“ aux-a mung nun. 1:

of r. guani- sagas: um rammed. m’. amne- or m P

collection In tho on. men of Angus: my «11 In" bunm

to 1m. won-arc of ash»- duties limiting tho unreal. '

In my out six othor collections tron affix-out  

1.3. n1.- 1oenu1u on. to haunt during tint month. m

out than an on «11mm:- mus, other. on tho growing an;if

1mg :3 u can at that as». It can my striking to not

mm m: mt infection. 5: cm 1mm: of «calm: an . a

in the paddocks. '

A: 5.4. eon-go o. uric. at «illusion- point: a

“up that. of affairs. IE. 2.8. Harrison has {mud-4 W

my spools-n: tron kin. to an, and mm than m a9:

1:: m monthly aqua-non. than Iauld In”: nun. doubt a.“

the pron-m of 1111310 undo-pm: on "imam:- than tho -

mm. ‘

“than 1. ¢ pruned. hon-ins to this punt-tam.

of tho New “‘50. on volmmr that. ' Mina?! mm

vane; authen- cannot ha .190ch to nun-m it, for em

cultural practical at tho fiflmtt mum: Pm «a lot-
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’IfiEI of IhI IrIIIII which wIéI mIdI to give rust resistance,

fimnpinttly preventing Iny progreII b.135 made.

WrIII turtn have ocouxxed in thI P1 or a numbIr at croIIII.

Slim-mas drawn to this happenilnz by Mr. G-SoG'QI‘Wn 9‘ “"1”“ 1h
’ 622. HI had romid that from arous- or "Indian F" with "Joanna-an»

finly grass tuftI resulted. He kindly mIdI :urthIr IroIIeI betIIIn

'WfitVIrietiII and forwarded the era-III grain fortIIting purpaIIIr

gal thIng1nI produced grass butts, and although nhIeI were sternJ ‘
@flflflfIhI bfigt garden conditions and watered when nIoeIIIry, they I‘
r

3ggafiIIQIIuafit  beyInd this ItIQI. They d1Id without tlowIzing.

@he IroIIII which hIVI beIn mIdI and which Ihow this Iame III1:-

115”In as followI.

Herd Redezat1on x Cedar
FedIIItion x Cedaz
aCaanrrI x Cedar
Glnyaa x’CIdar
Wandilla x Cedar
KandillI King I CIdar
_1ndian F'a CIdIr
,Ceéar a Indian F.
Indian F I Jonathan
Federation x_JonIthan.
JonethIn n Canberra
FedIraLion x Warren ,
Hard FIdIrncion x Warron
cIanrra x Warren
"sun x DIWIII" x FIdeInion
Yandi‘l:la x Robin (this: made 5yRHEDwycr.)
Persian Black a FIdeItion

~ Albtrta hed u Perifln Bl.Iok
. FIdeation x Inmillo 7
~ " xheIrIeIIIan B.L.x flodIrItion.

K.

GrIII tattI inthe IIgreguting gIneratienI hIVI bIen IIIII ‘

fzworkIrI. In the work under rcview, the occurrInoI It QrIII J 
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5 fable LL>. Occurrence of grass tufts in F contratiani “£1 7

certain wheat crosses, compare with the 01p.@$fifi¢§

on a 13 : 3 basis. ,1

' ”tire-”.1 ’- n; ._ -,-.. __‘tvwrffigflwl,j§:§
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91-; V Grass Grass P?..

“ trout: of Cross. Totals Normal Tufts Normal Tufts

-, . ’ ' 8
a a Thaw ' 560 463 97 455‘ 9 105 3723 a 1.3

Wondilla - 710 581 129 577 123 7%61 = 0.9

I“, Gullen 585 ' 485 100. 375 110 2%gv » 129

Indian 9. 217 170 47 17s 41 3%39 = 1§§

Riverina 101 78 23 82 19 2%33 = 115

Federation 296 222 . 64 240 56 I?33 = 122

. Bax-ooga 4O 32 8 52.5 7.5 gig? = 0.9;?

#101 Luri ‘ 105 31 24 35 20 2%70 = lib

I; 1 Thaw 120 90 25 97 22 2%39 = 097

l 119 King u Thaw 325 272 63 272 ' 69 _§%§§ = 0

filjx Hoaeworthy ' 102 as 19 as 19 2733 = 0

_;f1 Mdrshsll’s Ro.3 9s 84 14 8O 18 2%3: a 1.5

$;; 1'3 16.5 x Thaw 150 116 34 122_ 28 3??? u 112

f Fodexation x Florence 586 320- 66 314 72 3%T7 = 112

23.0. 1 Hard-Federabion‘ 199 153 41 162 37 3%71 s 1;1

‘ tion 1 Florence ‘145 129 . 17 118 '27 %%TV a 211

“J; o A Fodefation 193 1515 40 157 36 . Elf—5'5 = 1.1;

mil: 2 Florence 351 293 58 285 66 2395 = 1,0;

13:. s Gulls; 366 292 74 297 69 5%51 = 190:

“ Florence 500' 410 95 410 95 3??? = Q. I

'x 1andi11a ”752 626 126 911 141 7%§2 = 2.1

1 Ynndilla King 100 80 - 20 a1 19 2% 2 = 0.4

““22 a Clarendon . 542 461 87 445 105 a§§2 = 229”

igiou,a maraoah = 166 137 29 ' 3%E§ v

lfi”fln;} fiena 172 .142 I 30

‘ 61¢r¢ndan 184 159 20

2 Bowen 469 587 82

7 f9nsn' I. 501 ~ 407 94

"hjfiqg x.Bomen 297 250 47

gfli 219%: 7 483 407 81

.11 n913: ‘ 196 170 29

agfinérra w ’ 04     



  
  

  

  
   

1 It will bc seen that in 3.0m. of the crosses the number or incl—A

igflfill available was small. The figures arc~given just as they wort

Vfiicén in the field In those 55 cranes; thoro in tho clear indication

of an-inhibiting factor in onch.ccoe. Examination of the results pointfi”

 cto tho 1hhibitor boing carried by Thaw, Florence, Clarendon. Bomen,

gRigti, Ridit, Chinese vhite, and ’1‘. cghacrooocoumshb

   
~ A study of on: F3 ramil; or the Canberra x Thaw cross further

,3 confirmed this roault.

F? 1/ In adaition to theac ocean in which there hacrbcon the 15 : 5

haw/rutio typical of the action of an inhibitory factor, there have been

1ythree in which n 15 z 1 ratio occurs.

$§I

/ They are as.follows:-

   
    

  

     

     

     

   

     

Table L7 . Occurrenoe_of grass tufts in F generations of 7f

certain wheat croaaon,'oomparo with the oxpoctaficy

on a 15 : 1 basis.

 

 

Observed; ' Eipcotod.

,'‘ Grail ‘UrTas

«”fircnto or Cross. Totoll normal Tufts Normal Tufts

 

m5u1gito x thaw 161 149 _ 12 151 10

fi§£n_x Warden 319 298 _ 21 299 20

'-h.nk x wan9111a 253 . 243 A 15 '242 16
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unexpected difficulties hen been net with in thin

eel-k. mere he" been mums ette-pte to eelne ereeeee

between verietiee or oete et the Sydney Univereity. To dete

ne creeeed gratin he: been obtained from over 200 peniuetieuet

Ir. JJ. minu- or Deere rm kindly emu-a coe- mend

greih from which e fee results have been obtained. Leeeee

free etteek: by grain each have such further Wm work;

The melee eveilebl-e have been -

1.. Baler (meantime) 3 Reid (reeietentd

2. Enema (susceptible) x Richie!!! (reeietent).

a. Algerian (mmptihle) x finite Tll'tll' ‘(reeietehth

4. Algeria: (neceptihle) x Janette (uni-tent). _

The only met need ea fer ieW1.

The reestione indioeted he” to do with thie phyeiole'ioM f?

In the 1'1 eeedling teete, there wee e aloeeW

to mine den-inane of reei etenoe. MI in the firet wee, .

the 21 reeetien eee '8+“ while the resistant ”and“ geve '2':

In the eeoeul even, the '1 reeoticn In '0'; eieiler to thet-

given by Eiflilend- In the third. ml ’1 dialed '2', lime}? .

to thet given by finite Tet-tar. In the fourth mu, the ’11?-

mention wee '2'. whilet Jeanette showed '1'. I?

m1: in m can or the that men hen I, reenlfi?

      

   

   

   

at nine been obtained- In the other aeeee, ieee e: guns _1: A

by etteek at ere: were in the field a by vein eeth in the?

let-rem: after hex-vest he: reamed the when "dime

too green: for the time to he» e reel eignitieme.

at I; Itdiee ere plenum! which use: give infemtien

the genetiee at reeietenoe. In the even file:- x m,-

eeee culture orW1. which»: team

the 1’1 tent. In need to ineeulete a group at I.

There were 1'" reeietent :S/Benmptiue plate, e eleee

to e 3 3 1 retie.
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An rug-rd- ndtunu to P. Emu: a2” 1, in

tho- mu 301::- x Raid than upmar- thouforb to ho a .1131.

4mm: (gator Ihlch dour-aims ran-tuna.

‘ wummx'rs.

Imp nu boon moaned mm the work rm «r:

Inn: was and 1: gainfully «managed. Proton" n.n._

use, noun or the nanny at Agriculture, 11: went!»

inn-tuna». han boon can-106 0113.11“ 11qu 517.: mu

panha- “nutmeg. [any unborn «t the man. Dome-ant

of Agriculture have sing: Savant-bl. nap. huh a". In

to the Under aux-nary tor Agriculture for «new «was...

an fathom.“ at the work. Principal l. A. may» of '

LA. 6.110;. but done :11 In his pm:- nines tho-commune .

or the work ‘0 minor- “unmet. a: personally M13111; 1: tat,

nut 91», by providing bound“: and “than“, and u

always cunning mum mun-z in Ash. innstlgauma.‘

Ir. “1.3. nun-1m also or 3.1. College, has bun imcfatmm;

in giving inflatable help on all occasions. a. Jd'. mm '

of the 0m: Export-out Pm In: bun at 33an to 11.1; IN» 7‘

an work :1an caveman-at. Icahn" or the 310103: km ,

ha” hnlpod 3:53:11, a bun ulna tho “floors of tho Plat

bonding bunch uno- its impact: in 1927: punctual” Mu;

   

  

 

  

I ‘1‘ the lax-V100: of lulu-u. l.8. mun, ma. Dun-ah. m _

3.x. Dvycr mm be m. in m- roan-d. my or m non
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Vlotuil. 0.3.‘l. 014m:- of Mt, J.R.A§_.~I'111I3 If

mean-ad. as: Dr. 1:. Curtis of the cmhuh mafia» 1a
1.3., Ir. A.D. Cotton of Kai, and I1” 1:. 8mm of

W11 ht” 01.11041 helped. Ir. 0. Mght 0! tan

Murat: at Sydney in. kindly loan-d photographic app-:18“.

To Ir. LA. Melitta at tho Haber Linux: 0-. duo that!

for 1:01; in contraction with tho historian: roux-an.

lulu. Potorn' Ltd. has undo apnea “1:11:21. 111 that 100

boul- ru- tho noting or moi-ins. “than: tho mi) of

Du. 3.0. sum M m. 1.0le of “math. 9.8.1., th-

an ant max new: not huh huh pen-11:19, and the uni-

Q9110. to Dr. 3.3. Inn. 1:: motion with tho 1“: m

“was. 'imill “fistula. m bun thankfully 20001101

from tha loom: noun-oh m as: tho mint-city at my.

fly to Ina: lent, the unbr- 01' the uttondmt It.“ hm

shun-tun: 31m 107:1 hip. «to: M0:- umm- or

grout Mfrlcnlty. and thcir nusiltuu is gratefully «huh-

1nd». '
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Studio: at various gunman- huts ham: has in proud-‘1';

tar aux-I1 its". at“ mnta tun Hound nightmtiug

ltd a: the... atom mlt of that hat had nut that donut *

1t.

Una-k with tho mum than of ngn 5;ng rm:

mm tho 01d stutmnt that m:- mt of that 13 ~17qu

hu 1m 1:: pom u «manna m has-ham. my , .

inaction: an chum fro- m-tnuan talcum“a

a 3m mtorhl rescind rm mruu. It appear. that

'7 .ufi-c.
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  of r. ‘ggggnlo grtggc1 :- copohuo of onceooofully tatcottan”

tho Whom. ‘ mm mum: ovidoneo In on“ flat

obongo 1n tho opoeioliootion of o run: any to.hroaght stuns

in tho “6141.1 stage on tho box-born. rho toloutoopm

rocoivod rm evoroooo hon given :1» to physiologic tom

of P. gas-1111c 325101 and P. gnu-1m: mm which no

unto than occurring in Mott-alts.

Gordmtlon otudioo ooro undo or toloutoopmo natal-on:

occurring on otru vhieh had boon oxpoood Wt tho

ointor ta with” condition» lwho moot ohusflant nor-imam

occur obmt Octohor, but oporoo gordnotiono oro fauna g.

only so larch. ' Butvoon lore}: on! Gctohor got-duties. m

opal-duo, out! they «an altosothor in lovnbor. m." to.

no atournohlo autos-onto botvoon tho gorilnatzloa copuity

or toloutooporoo of difroront physiologze'ror-u.

Mom otutuoo how involvod emotions or upon-nonna-

‘rooto at tho groin or variotloo nood oo‘dirrorontlol hooto

hon ohm tnot otopo not be continuously token to “dl’

tho purity of thou pinata. ’

It no round that vmatlono in tho onvironnoatol Mitt” '

in tho plant houoo no, profoundly innuonoo tho vocation! of

dung-snug but: to vol-1w. mots.

In tho cooo of P. await tritioi than woo ohongo tron '

eonloto oaoooptimnty in tho hottor month- to oonploto : ’

rodotonoo in tho coolor part of tho you. Tho romtioao

oa-oovorol at tho ditrovontiol hoot! abated thto chongo.

30. lphyaiologio {mo an no): not-o Violont situations

or this aoturo than do gthoro.

 

mango! fro- m: to unto:- condition“ alto:- tho "out”

ohm by P. man gm 1 on 'Jomotto' tn- col-pun.”

eoptimlty to onloto nototmoo.
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1* Elve- en cert-1n veneuee of when; are chm“ by .1

the environmental eating“.

Essentially sinner reenlte are shown byW.3"m

 

varietiee er buley.

anon njer vex-tenu- in the pension: given en gunman

been It] eeqaletely alter deter-tuna“ er the phyuelegt‘e

epeeleneetien er the {we concerned. In field ”can”

each change- uy else he of the utme: lupus-tune.
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But under identical cwuone of oultivatien, muoleflfi,

term may be sorted out upon the mn- 92 their met "at”

on selected hosts .

In humus... eeven natural: occurring tons a:2.1m

snug: have been may: lay an. lune. ' the: are you u.

44, 45,-“. 54 end as. For. n, e for: unuuuu«m
ran-- an, mammal-to meeerded rm have mm“ -’

free the “emu etegee on babel-nee. he other revue - 1&;_

ud fl - have einilerly been produced rm ever-en tel ' '1

uteri-1.

 

   

    

   

   

    

 

The distribution e: the» naturally «em-ring rem-e nu he“

studied in regard te time m space.

Me: to 1928, Fame ‘5. 44. £5, 45. 54 all 55 vex-e meat.

but in 1936, For! 34 en round in 'eetern hen-e11» I.“

u eeeurred 1n the lam antes, and at. me preterm 31‘5"

eppeere to be the only run we}: eeeure 1n men-31mm

1!. Email £31.01 1: nee: abundant in sheet crepe Mt

[eve-her. but xmeugeuwe have men: that u bee been

preterm 1n the viable endogen- etege en volunteer, “a; ’

en! ether been :11 the year round-
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3”on am: no a boot for various torso ofkm "

gflnc- . u doo'o 11.9 m. on tho lnttor crop, thou m

boon no indicotion of the prosonco of P. ammo goal; .

 

' 'aSOVOI'I]. anon hon Boon round to ho mum-a1 hoot: for 1mm 3
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Introduction.

There are several kinds of rust which attack the cereals

and grasses, but in Australia the one which does most

damage is the black stem rust, Puccinia gramiuis Pers.

In some seasons the losses it causes to wheat-growers are

enormous. In 1916, the losses in the United States and

Canada were estimated at 280,000,000 bushels of wheat, or

one-third of the entire cropl” Indeed the ravages of the-

rust have become so great in these countries as to consti-

tute, in parts, the limiting factor in wheat production. The

damage done in Australia is not so great. McAlpine (2)

states that the loss to Australia in 1889 was estimated at

between £2,000,000 and £3,000,000. More recent figures

concerning New South Wales are available. Mr. A. H. E.

McDonald, Chief Inspector of Agriculture, estimates that

in 1903 the losses in the North-Western
and Northern Table-

land Districts reached 3,000,000 bushels valued at over'

£400,000. In 1916 he estimates the losses. in New South

Wales at £2,000,000. All these are losses occasioned in

“epidemic years” when the weather conditions are par-

ticularly favourable to the parasite. But in ordinary

seasons the rust is to be found in most districts, and is

probably responsible for a depleted grain yield of perhaps

five to ten per cent. of the crop“ Such immense losses

have led to a very careful investigation of the fungus by

numerous workers.
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Life History of the 31131:.

In the 18th century farmers in Europe associated the

presence of the common barberry (Berberis vulgaris L.)

with the spread of rust on wheat. But it remained for

De Bary‘3’ to prove in classic fashion that the relation

between the two was causal. He worked out the complete

life history of the rust. Teleutospores on wheat straw

that has been exposed to winter conditions germinate in

the following spring and produce sporidia. If these sporidia

fall upon the young growth of the barberry or several

allied plants, they bring about infection and the production

of the spermagonial and the aecidial or “cluster-cup” stage

of the parasite. Aecidiospores from the barberry will

infect wheat and lead to the production of the uredospore

or “red-rust” stage. Later in the summer the same uredo

mycelium in wheat may give rise to the teleutospore stage,

thus completing the life history.

The proof of this connection of the barberry with cereal

rust led to the eradication of the plant in parts of Europe.

In U.S.A., a vigorous Barberry Eradication Campaign has

been in progress since 1918. A sum of $200,000 annually

is being spent on this work. In these countries the absence

of the barberry has been 'found to decrease the amount of

rust on wheat. For example. in Denmark“) a gradual dis-

appearance of the stem rust has been contemporaneous

with the destruction of the barberry. But it does not

always follow that the elimination of the barberry will

necessarily get rid of the rust. The uredo-spore stage is

capable, under some conditions, of keeping the fungus alive

on stray wheat plants and certain grasses until the next

season’s wheat crop is grown.

Previous Work in Australia.

In Australia no native species of Berberis are known.

But several introduced species are present in the cooler
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parts where they have been planted for ornamental pur-

poses. Up to the present the aecidial stage of the rust

has not been found in this country, although repeated

attempts have been made to produce it.

Cobb“) states that the aecidial stage is unknown in

Australia.

McAlpine”) made numerous attempts to infect barberries

from rusted wheat straw. In 1892 and succeeding years

various means were adopted. In some cases, rusted straw

was scattered round the barberry plants or tied on to them.

In others, susceptible wheat was sown round barberries,

and after it had become severely rusted,‘ was allowed to

die down on the spot. In yet other instances, “germinating

spores were applied directly to the leaves.” McAlpine

states that “some plants Werevkept under bell-jars, others

were exposed, and all were attended to and watered freely.

. . . . . Not the slightest trace of any fungus appeared on

any of the barberry leaves." He also forwarded rusted

wheat straw to Dr. C. B. Plowright in England to be there

tested on barberries. But in all cases the teleutospores

failed to germinate upon arrival in England.

McAlpine concludes that as far as Australia is concerned,

“the rust apparently has no intermediate stage.” This

has led most workers to consider that the teleutospore stage

is merely vestigial. For example Butler“) states that the

aecidial stage has been completely lost in Australia. .

Similarly Levinem says that the Australian rust has lost

the power of infecting the barberry.

In South Africa and in Ecuador, it is reported that the

aecidial stage has similarly been lost. But in the light of

the results herein reported, further experimental work in:

these countries would appear desirable.

The form of stem rust which occurs in Australia has

been determined by Erikssond‘” and other authorities as
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Puccinia gran/tints Pers. But if the aecidial stage on the

barberry cannot be produced, and if this feature is a

requisite(3) in the determination, then as McAlpine suggests

its identity with Puccinia graminis Pers. is not proved.

Inoculation Experiments.

(a) British Material.

It was planned to attempt the barberry infections in

1919. In July of that year a number of species of Berberis

were kindly supplied by Mr. J. H. Maiden, F.R.s., Director

of the Sydney Botanic Gardens, and planted as a hedge at

the Sydney University; a few were also planted at certain

of the Government Experiment Farms. It was not until

the present year, however, that the work became possible.

In the meantime the plants had been attended to and had

“become well established.

In 1920, while the writer was at the Imperial College of

:Science and Technology at South Kensington, attempts

were made to get Australian teleutospore material to

germinate in order to test it on barberries there. Rusted

:straw was kept in a cool cabin during the voyage and other

material was sent through the post in the usual way. But

.in all cases the spores failed to germinate upon arrival in

'England. These results are in accord with those reported

by Plowrightl")

In March 1921, rusted wheat straw from Pembrokeshire,

Wales, was collected and forwarded by Mr. A. D. Cotton

'of the Institute of Plant Pathology at Harpenden. It

showed abundant teleutosori of Puccinia‘graminis on the

sheaths and stems, and was in a viable condition upon

arrival in Sydney at the end of April. At this time two

plants of Berberis oulgaris, which had been cut back a

short time before, were putting out fresh young growth.

:Small bundles of the rusted straw were suspended over one
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of the plants. The straw and both plants 31/6116 Sprinkled

With water daily for a week. H

No case of :rust infection occurred. This negative result

was expected, because the same method had been tried

and had failed in England where better conditions for

infection—a higher humidity—prevailed.

A successful method which had been worked out at

South Kensington was then tried. It was there noted that

more abundant teleutospore germinations appeared to be

obtained by leaving the spores intact in the sori than by

separating the teleutospores by scraping them off the straw.

Fragments of the straw on which teleutosori were present

were soaked in tap-water for five minutes. The barberry

plants were sprinkled with water and thesoaked fragments

of straw placed on young leaves. The whole shoot was-

then enclosed in a glass cylinder (a lamp chimney) which

was then lightly packed with cotton wool at the top and

bottom, and then supported by a stake. (Plate XIX, fig. 1.)-

A very humid atmosphere was thus maintained within the

cylinder. The shoot was kept enclosed for 24 hours in some

cases, and for 36 hours in others; there was no discernible

difierence in the results.

In each case, after four to five days, discoloured spots.

appeared on the upper surfaces of the inoculated leaves.

In addition, in some cases, dead areas occurred, mainly at

the edges of the leaves. The causal agents were not deter-

mined, but similar necrotic areas were also present on

control shoots which had not been enclosed in the cylinders-

It appears, therefore, that the teleutospore inoculation

was not the cause of the necrosis.

After 8 to 10 days yellowish spermagonia became visible

on the upper surfaces of the leaves. Aecidia were produced

on the lower surfaces 4 to 5 days later. Aecidiospores
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were taken from them to inoculate wheat plants and pro-

duced typical uredosori. By means of uredospores the

British rust is being kept in culture for further study and]

comparison with Australian forms.

It was thus shown that the two particulur plants of

Berberis vulgaris were susceptible, under the set con-

ditions, to sporidia of Puccinia gramim’s obtained from

England.

(b) Australian Matcrial.

Numerous unsuccessful attempts Were made to obtain

viable teleutospores from straw of the 1920-1921 wheat

crop; some was kept at the Sydney University and some at

the Hawkesbury Agricultural College and forwarded at

intervals by Mr. W. M. Came. In September 1921, Mr.

L. G. Little, Experimentalist of the Glen Innes Experiment

Farm, sent specimens of rusted wheat straw of the 1920-

1921 crop which had been harvested in January 1921. Some

of the varieties were almost destroyed by the stem rust in

this season. Straw of these had been allowed to remain

undisturbed on the ground during the winter months, when

heavy frosts were frequent. Teleutosori were abundant on

the stems and leaf-sheaths. The teleutospores germinated

in hanging-drops of tap-water at room temperature (about

17 — 20° 0.). An abundance of sporidia was produced over-

night from each sorus.

On the 29th September and on several occasions during

October, inoculations with soaked teleutosori were made

on soft young leaves of the same two plants of Berberis

vulgaris which had been tested with the British rust. The

method of enclosing inoculated shoots in glass cylinders as

already described was adopted. The method of merely

suspending the rusted straw over the plants was not again

V tried.
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The shoots were kept in the glass cylin’ders for 24 and

36 hours, again with no appreciable difference in the result

obtained. After the removal of the glass cylinders, the

plants were watered from time to time when the weather

was dry.

After four to five days dark spots became visible on the

upper surface of the leaves. As had happened when work-

ing with the British rust, sharply defined necrotic areas

occurred on Some of the inoculated as well as on control

shOots. Similar diseased areas were present on leaves of

other species of Berberis growing close by.

Spermagonia appeared on the upper surface of the inocu-

lated leaves after 8 to 10 days (Plate XIX, fig. 2). Four

to five days later, aecidia were produced on the under

surfaces (Plate XIX, fig. 3). Aecidiospores were used to

inoculate wheat seedlings. Uredo pustules were produced

on the seedling leaves of Hard Federation wheat in 12

days. By means of uredospores the rust is being kept in

culture for study.

Aecidiospore measurements were made of 50 spores

shaken from an infected barberry leaf. The arithmetic

mean was 19'1” X 16'7 [L and the range from 24'2 It X 18'6”

to 14'9pn x 14‘9”. Groveu") gives the measurement as

varying from 14 to 26p in diameter. There is therefore

no notable difference in the size of the Australian aecidio-

spores.

Sections were cut. through infected leaves (Plate XIX,

figs 4 and 5). A comparison of these slides with others of

similar material prepared in England again fails to reveal

any differences of note.

General Discussion;

The results obtained show that it is not true that Puc-

cim'a graminis as it occurs on wheat in Australia has lost
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the power of producing the aecidial stage on the barberry.

This may be true for teleutospores kept in hot dry districts

where they lose their power to germinate. But in some

cases at least the complete life-history of the fungus can

be gone through under Australian conditions. Further

work is planned to try and ascertain the conditions which.

are requisite.

The infections here recorded were obtained under'

extremely artificial conditions. But careful observations

of barberry bushes growing in the cooler areas of the State

should be made to determine whether infection may not

also take place under natural conditions.

European and American observations have shown that

the aecidial stage is of great importance in starting the

early rust attack of cereals. Further, recent work of Dr..

' E. O. Stakmau and his co-workers at Minnesota, U.S.A.,.

has led him to belieye that the aecidial stage on the bar-

berry may be very important in multiplying the number of

biologic forms of the rust. His theory is that infection at

a spot of a barberry leaf may be brought about by sporidia

of two difierent biological forms. Each gives rise to a.

uninucleate mycelium. It is possible that the two mycelia

may intermingle. In the derivation of the binucleate-

aecidiospores at the base of an aecidium, one nucleus may

be contributed from each mycelinm. Such an aecidiospore,

having a difierent nuclear constitution to that of aecidio-r

spores of either of the two biologic forms, may be expected

to behave differently, and probably to constitute a new

biologic form. I '

It has already been stated that'no species of Berberis

are native to Australia but that barberry plants have been

distributed throughout the country. In view of the proof'

that infection may be brought about, this distribution

should cease. It is true that the positive results were

i



'286 W. L. WATERHOUSE.

obtained under artificial conditions, but it is by no means

impossible for the requisite conditions for infection to occur

in Nature.

A further reason for urging that the barberry should be

restricted is that American fodder is sometimes imported

into Australia. If teleutospores of Puccinia gramim’sk ‘

should be present on it and the sporidia find their way on

to a barberry, the resultant infection might lead to the

spread in Australia of a virulent American biologic form

of the rust.

The greatest danger is present in the cool districts. It

.is difficult to understand why the place of the barberry

should not be filled by one or other of our many harmless

native shrubs. If this be not desired, then at least the

distribution of barberries should be restricted to Berberis

Thunbergii, which is immune to the rust.

Summary.

1. Under set conditions for inbculation, two plants of

Berberis vulgaris were proved to be susceptible to sporidia

of Puccinia graminis obtained from rusty British wheat.

2. Inoculations of the same plants under similar con-

ditions with viable teleutospores obtained from Glen Innes,

New South Wales, gave numerous infections.

3. Spermagonia and aecidia were produced, and from the

:latter aecidiospores were used to reiniect wheat.

4. The aecidial stage produced by the Australian rust

shows no marked differences to the British rust.

5. The distribution of barberry plants should be discon-

tinned.
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Explanation of Plate.

Photographs 2 and 3 and photomicrographs 4 and 5 by H.
Gordon Gooch.

l. A plant of Berber-is vulgar-is with a young shoot enclosed in
a glass cylinder during inoculation.

2. Showing spermagonia 9n the upper surface of a barberry leaf
infected with' sporidia. of an Australian form of Puccinia gramim's
on wheat. x 2'5. '

3. Aecidia on lower surface of a barberry leaf infected with

Australian rust. x 1'4.
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4 and 5. Sections through infected leaves showing spefmagonia

andfaecidia. Fixed in rFlemmingfs‘Solubion and staine‘dgwith

Orange G. and Gentian Violet. x 60.
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INTRODUCTION.

Cereal rusts cause very heavy crop losses, and from the

. earliest days have received considerable attention. The

most promising method of reducing losses is by breeding

rust-resistant varieties. An understanding of the inherit-

ance of resistance to rust thus becomes important.

The first recorded genetical study of the inheritance of

resistance to disease was made by Biffen (6, 7, 8 & 9).

He found that the susceptibility of certain wheats to

yellow stripe rust (Puccimo, glumarum Erikss) behaved as

a simple Mendelian dominant character; the results showed _

a ratio of 3 susceptible plants to 1 resistant in the F2

generation. Nilsson—Ehle (29, 30) working with other

wheat varieties infected by this rust, obtained results which

were not so simple, but explainable on the basis of multiple

factors. Armstrong (4) carried out investigations with

this same rust and confirmed Biffen’s results.

The most extensive studies of rust resistance deal with

stem rust of cereals and grasses caused by P. grannimls

Pers. Results have been reported by Hayes, Parker and _

Kurtzweil (19), Waldron (36), Puttick (33), Aamodt

(1,2, 3), Melchers and Parker (27,28), Hayes and '

Stakman (20), Garber (13,14), Griifee (15), Hayes and
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Aamodt (21), Harrington and Aamodt (17), Barker and

Hayes (5), Harrington (18), Hayes, Stakman and Aamodt

(23), Clark (10), Dietz (12) and Hynes (24). The results

are very varied. This is to be expected where such an

euremely specialised pathogen and such a wide group

of host plants are concerned. A general discussion is

Withheld until later in the paper.

The inheritance of resistance to leaf rust of wheat,

P. tritium Erikss., has been studied by Mains, Leighty

and Johnston (26).

Parker (31, 32) and Davies and Jones (11) have studied

the inheritance of resistance in oats to crown rust, P.

coronata. Cda.

The results of studies on the inheritance of resistance to

leaf rust of rye, P. disperse Erikss. and Henn. have been

reported by Mains and Leighty (25).

Apparently no study has yet been reported of the

inheritance of resistance to the leaf rust of barley, P.

anomala, Rostr. Frequently this fungus heavily attacks

the commercial varieties. of barley which are grown for

green feed in the coastal regions of New South Wales

(Plate IV.). An investigation was therefore undertaken,

of which only the results obtained in the glass house are

herein reported. Barley is also susceptible to stem rust,

P. gramini-s tritici E. and H. Work dealing with this rust

Will be reported later in another paper. The studies herein

described are divided into two sections (1) varietal tests

and (2) cross-breeding results.

MATERIALS AND METHODS. ,

Several collections of P. anomala occurring on barley

crops were made. Cultural tests in the glass house using

some of the commercial varieties of barley which are usually

grown gave no indication of physiological specialisation of
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the fungus. But it is not improbable that further tests
with a wider range of host varieties may reveal the presence
of more than one physiologic form of the rust. The glass
house studies herein reported deal with only one physio- V
logic form. The culture used was obtained from material
collected by Mr. G. S. Gordon at the Werribee' Research
:Station, Victoria. No other culture of the rust was grown
in the glass house throughout the course of these investiga-
tions.

Barley crops in the coastal areas of New South Wales
have always, when examined,,proved to be more or less
heavily infected by the leaf rust as they approach maturity.
Although the attack in some cases has been severe and the
loss considerable, there is no recorded case of the crop
having been completely ruined. But if similar varieties
0 “Cape” and “Skinless”, resistant to the leaf rust could ‘
be obtained, a good work would be accomplished. A
search was therefore commenced for a variety or varieties (
resistant to the rust.

Grain of as many varieties as possible was obtained from
difl’erent sources. About a dozen‘grains of each were sown
in pots and the first leaf of the seedlings used in the tests.
Where any doubt existed about the result, sowings were
replicated until definiteness was reached. ,

The tests were made in the usual way by moi-stening the

leaf with distilled water and then introducing to the

moistened area a quantity of the inoculum upon a sterile »

flat needle. When first used, the strain of rust had been

subcultured in the glasshouse for at least 50 uredospore

generations on a susceptible variety of barley. After

inoculation the pbts were incubated in a saturated

atmosphere at ordinary glasshouse temperatures for 48

hours. Preliminary tests showed that incubation for 24

hours gave results essentially similar to those obtained



Journal Royal Society of N.S.W., Vol. LXI., 1927. Plate IV.

 
Four stems of “Cape” barley from a naturally infected crop

growing at Hawkesbury Agricultural College, N.S.W., showing
the teleutospore stage of Puccinia anomala VRostr. attacking the
leaf sheath.



Journal Royal Society of MS. W., Vol. LX1., 1927’. Plate V.

 
C D

Representative barley seedling leaves illustrating 4 classes

of reaction to the leaf rust. In each case two leaves show the

~ upper and two show the lower surfaces. All were photographed

12 days after inoculation.

A, Highly resistant, styled the “0” reaction.

B, Very resistant, styled the “1” reaction.

C, Moderately resistant, styled the “2” reaction.

D, Very susceptible, styled the “4” reaction.
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from the longer incubation. The longer period of 48 hours
was adopted in order to bring this barley leaf rust work
into conformity with the usual glasshouse routine, which
deals mainly with stem rust; the best result with this
latter rust is given by 48 hours incubation. After removal
from the incubation chamber, the pots were placed in
well lighted positions on the glass house benches to allow
the rust to develop. Light and temperature variations *
markedly afiected the rate of development. Tests using
the same rust on the same varieties in cool dull winter
weather and in bright hot summer showed that normal
development of pustules took place in 14 days under the
former, as compared with 8 days under the latter
conditions.

Notes on the reactions given by the plants were taken
when infection was best developed on the susceptible

control plants. As already stated, this period varied from
8 to 14 days. The following classes of rust reaction were
recognised, depending upon the type of infection produced
on the leaves :—

Table 1.—Leaf rust 'reactions used in the determination of
resistance or susceptibility.

Notation. Class of Reaction. Type of Reaction. .

0. Highly resistant .. .. No uredosori produced; flecks of
a necrotic nature present.

1. Very resistant .. . . . . Uredosori few in number, small,
and always produced in the centre
of necrotic spots; frequently many
of the hypersensitive areas show .
no sori.

2. Moderately resistant. . Uredosori fairly abundant, of fair
size and always produced in ne-
crotic or very chlorotic areas.

3. Moderately susceptible. Uredosori fairly abundant, of
moderate size and produced in
areas which show no necrosis, al-
though sometimes slight chlorosis
occurs.
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4. Very susceptible .. .. Uredosori abundant, large and

' produced without necrosis or

chlorosis. Occasionally a chloro-

. tic ring occurs round the pustule.

Classes 0, 1, 2 and 4 are illustrated in Plate V.

The strict differentiation between certain of these classes

was difficult, e.g., between “1” and “2”, and especially

between “3” and “4”. But the distinction between the

resistant and the susceptible classes could always be made.

On account of this difficulty, and because results in the

first of the crosses studied (A. Cape x Manchuria) in-‘

dicated that a change from “0” to a “1” reaction was I

not of genetic significance, in a good deal of the work the

notes were taken to record either resistant or susceptible

reactions, without specifying the particular class to which

the resistant individuals belonged. It appears that a

change from a “0” to a “1”,from a “1” to a “2”, 0'!"

from a “3” to a “4” class of reaction may be brought

about in some cases by simply giving better environmental

conditions of light and temperature for development of the

rust. But in other instances, under extremely varied

conditions, certain barley types showed striking necrosis

(i.e., a “0” reaction) and only this reaction. Throughout

the work the class of reaction referred to by Stakman and

Levine (34) as the “heterozygous or X class” was not met.’

EXPERIMENTAL RESULTS. -

1. VARIETIES.
' .

The varieties subjected to the glasshouse tests are here

. grouped according to the classification of Harlan (16).

The origin of the seed is stated in each case. Those

indicated by a Cereal Investigation Number (Cl.

No...... ) were mestly supplied by Principal E. A. Southee

of Hawkesbury Agricultural College, who obtained them

from Dr. H. V. Harlan of U.S.A. Drs. H. K. Hayes and

.J. J. Christensen supplied seed of a number from
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Minnesota. Mr. G. S. Gordon of the Werribee Research
Station, Victoria, contributed a number. The greatest
number, however, came from Mr. J. T. Pridham of the
Cowra Experiment Farm, who has always been most
generous with his material. _

As already stated, in these tests about a dozen plants of
each variety were used. Where any doubt existed as to
the class of reaction, further sowings were made and the
tests repeated until definiteness was reached.

The results are set out in the following tables :—

Table 2.—-Results with varieties of Hordeum vulgare L.
~ (:1) Susceptible. Reaction = “4”.
 

Variety. Source.
 

.I.2202 H.v. nigrum typica (Black Russian) U.S,A,

.I.2204 H.21. atrum typica .. .. ..
1.2206 H.21. duplinigrum typjca .. .. .
.I.2207 H.21.tr1'furcatum typica'(Nepau1)
.I. 908 H..21 pallidum (Luth). - ,,

C.I. 991 H.21. coeleste .. .. .
C.I.2238 H.21.m'gr11111 Iewrrhynchum (Lion). .
0.1.2256 H.21.pall1'dumr1leotense .. . .. ..
C.I.2269 H..21 fialhdum eurylepzs .. .. .. ,,
Sel C 81 Manchuria .. . .. .. .. .. Minnesota
Se1.C225Manchuria.. .. .. .. .. .. .. ,,

Trabut.. .. .. .. .. .. .. .. Cowra,N.S.W.
Cape.
Skinless .. .. .. .. .. .. ..
Reka .. .. . .. .. .. .. .. ..

’ Shorthead. . .. . . .
Chilian . .
Albert . .
Mariu
Fourg'l‘housand . . .. . . .. ,,
No.78... .. .. .. .. .. Cowra,N.S.W.
Gold .. .. .. .. .. .. .. .. ..
Hero.... ............

.. WhiteHulless.. .. .. .. .. .. ,,
Meloy. .. Cowra,N.S.W.
Pearl .. .. .. .. .. .. .. ..
Chedret .. .. .. .. .. ..
Coutsopodi . . . . . . . . .
Janina . . . .
Larissa .. .. .. .. .. ..
Kaylaria _. .. .. .. .. .. .. ..
'Senes .. .. .. .. .. .. ..
Salonika . . . . . .

,9

n

n

H

’9

California

)1

7) 
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Sou-ea.

Coma, N.S.W

Werribee, Victoria.

________.

Zea .. .. .. .. .. .. .. .. .

Sahara 3763 .. .. .. .. .. .. ..

,, 3764..............

1 ,, 3765.....i.........
‘ ,, 3766..........’....

,, 3767..............

,, 3768..............

,, 3769..............

g 3771.

Tennessee Winter .. .. .. .. ..

‘Himalaya ..
Orzo nuda putignans .. .. ..

Orzo maraina .. . . ..

Gatami .. .. ..

Tunis.......... ..

SeaofAzov .. .. .. .. .. ..

W’hite Hulless .. .. .. .. .

Roseworlthy Oregon ..

Wisconsin Pedigree ..

Squarehead. . .

Odessa .. .. .. .. .. .. ..

 

I,

)9

 
  

(b) Moderatelyresistant

'Californian Feedd

Psaknon . .
Locride . . .
Sahara 3770.
Coast.
Marionet. . . . . .

Orge Fourragere . . .. . . ..

Minn. 116.13 Lion .. .. .. ..

Minn. 11 20.10 B .

Minn. II 21.14 . . . .

(c) Resistant. Reaction: “0”

0.1.22208 |H71 aethtops typica. .. .. .

C..212290 H.v. harsfordianum typiga,
(Virginia Hooded)

Minn. II 21.15
Smooth Awn x Manchuria

Minn. II 21.17
Smooth Awn x Manchuria

Minn. II 21.18
Smooth Awn x Manchuria

Sel. 0163 Manchuria .. .. .

Sel. C168 Manchuria .

Minn. 184 Manchuria-. . .

Manchuria-.. .. . .

O...AC 21.
No.22 .. .. .. .. .. ..

No. 305 .. .. .. .. .. ..

Colsess .. .. .. ,. .. .. ..

Orge4th.

. Reaction =
3‘2’,.

Cowra,N.S.W.
 

 

'”

.22‘ Weilribee, Victoria.

22‘ Minnesota, U.S.A.
”

or “1".
USA.

’3

Minnesota

u

1’

fl

9!

9’

Cov’v’ra, N.S.W.
n

”

We¥fibee, Victoria  Orge 14J.
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Table 3.—Results with varieties of Hordeum intermedium che.
Susceptible. Reaction = “4”.
 

 

 

 

  

Variety. Source.
0.1.2209 H.i.haxtom' typica .. .. .. .. .. .. U.S.A.
C.I.2210 H.1'. martom' typica .. .. .. .. .. .. ,,
0.1.2213 H.i.nudihaxtoni typica .. .. .. .. ,,
0.1.2214 H.1lnudimortoni .. .. .. .. .. .. ,,
0.1.2215 H.i.cornutum typica .. .. .. .. .. ,,
0.1.2237 Hi. haxtom' tonsum .. .. .. .. .. ,,
0.1.2254 Hi. haxtom' tonsum .. .. .. .. .. ,,
0.1.2280 Hi. haxtom' tonsum ,,

(Arlington Awnless)
“Intermediate” .. .. .. .. .. Cowra,‘N.S.W.

Table 4.—Results with varieties of Hordeum distichon L.
(a) Susceptible. Reaction = “4”.

Variety. ' Source.
C.I.2219 H.dis.angustispicatum typica.. .. .. U.S.A.
0.1.2221 H.dis.nudum tyfiica (McEwan’s).. ,,
0.1.2222 H.dis.nigrinudum .. .. .. .. .. .. ,,
0.1.2223 H4113“. laxum typica .. .. .. .. .. .. ,,
0.1.2224 H.dis.nigrilaxum .. .. .. .. .. .. ,,
0.1.2250 H.dis.nudum ianthz'num .. .. .. .. ,,

Princess .. .. .. .. .. .. .. .. Cowra, N.S.W.
Goldthorpe .. .. .. .. .. .. .. ,,
Primus .. .. .. .. .. .. ,, .. ,,
Standwell .. .. .. .. .. .. ,,
Kinver .. .. .. .. .. .. .. .. ,,
Pryor ,,
Cowra27................ ,,
Volga.......... ,,
Golden Grain .. .. . .. .. .. ,,
Gisborne .. .. . .. .. .. .. .. Werribee, Victoria 

 
H.distichon nutam‘ .. .. .. .. .. .. ,,
H. distichon erecmm .. .. .. .. .. ,,
Hanchen................ "
Duckbi11.. ...... .. .. -- .. n
Burton’s Malting .. .. .. .. .. ,,
Binder .. .. .. .. .. .. .. .. ,,
Garton’s Regenerated Malster . . ' ,,
Archer .. ..
 

(b) Resistant. Reaction = “0”.
C.I.2220 jH.dis. rimpam' typica .. .. .. .. ..] U.S.A.
Table 5.—Results with varieties of Hardeum deficiens Steud.

Susceptible. Reaction = “4”.
 

  

Variety. , Source.
0.1.2225 H.def. deficiem tyfiica . . . . . . . . . . U.S.A.C. .2226 H.def.steudelii tyfiica .. .. .. .. .. ,,

I
0.1.2228 H.def.tridax typica .. .. .. .. .. ,,0.1.2229 H.def.nudificiem typica .. .. .. .. ,,

O—August 3, 1927.
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In addition to these tests of varieties of the cultivated.

barleys, tests were made of two other species of Hordeum

which were available. One of these was “Wild Barley”,

Hordeum spontaneum Koch, obtained from Dr. H. V.

Harlan in the U.S.A. It proved to be completely sus-

ceptible to the rust, giving the typical “4” reaction. The

other was “Barley Grass”, Hordeum mum'num L'., which

was resistant, giving a sharp “0” reaction.

An examination of these results shows that of the cul-

tivated varieties tested, no one belonging to H. tntermedium

or H. deficient: proved resistant, and only 1 of H. distichon.

Of H. vulgare, 15 varieties were found to be strongly

resistant, and 10 varieties were moderately resistant.

Comparison of varietal resistance to Leaf Rust and Spot Blotch.

An interesting point is that some of the strains of

“Manchuria” are susceptible to leaf rust, whilst others

are resistant. This is in agreement with the results of the

study of the resistance ’of these barleys to attack of

Helmintho'spam'um satioum Pamrnel, King, and Bakke, as

reported by Hayes et a1, (22). This organism causes Spot

Blotch of barley. A direct comparison of the two results

is possible in some cases, \thanks to Drs. Hayes and

Christensen who forwarded grain of some of their pure

lines. In the following table are shown the reactions of

these barleys to the two pathogens. The “H. No.” is that

showing the reaction to Helmtnth‘ospom'um found by Hayes

et al. (22). A high figure, of which 30 is the maximum,

denotes very high resistance, whilst a low figure, of which

3 is the minimum, denotes complete susceptibility.
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'Table 6.—Comparison of the resistance of certain Barleys to
Puccinia anomala and Helminthosporium sativum.
 

 

Variety. Reaction to P. anomala. 156135;“:

Manchuria 081. . . . “4”: Susceptible . . . . . . H. N0. = 16.0
Manchuria C225. .. “4”= do. H. N0. = 7.0
Minn. I. 16.13 Lion. “2”:Moderately resistant H. N0. = 10.0
Minn. II. 20.10 B . .“2”: do. do. H. N0. = 21.5
Minn. II. 21.14.. .. “2”: do. do. H. N0. = 23.0
Minn. II. 21.15. . . . “0”:Very resistant. . . H. N0. = 20.0
:Minn. II. 21.17.. .. “0”._— do. .. .. H. N0. = 20.0
Minn. _H. 21.18.. . . “0”: do. H. No. : 20.5
Manchuria 0163 .. “0” do. H. No. : 21.0
Manchuria 0168 .. “0” do. H. N0. = 19.5
Manchuria Minn. 184 “0” do. H. N0. = 21.0
 

It will be noted that in general, varieties resistant to

leaf rust are also resistant to Helmimthaspom'um sativum,

.and those which are susceptible to rust are also susceptible

to Helmz'nthospo’rium sativwm. An exception is Manchuria
081. The correlation is slight also in the case of Minn. I.
16.13 Lion. It , is difficult to suggest any common
morphological basis for the resistance to these two patho-
gens, and no Work has been undertaken relative to
physiological resistance. I

The varietal tests show that there are available several
barley varieties which are resistant to the leaf rust. But
.as so often happens, these resistant varieties in themselves
have certain failings in N.S.W.'from an agronomic point
of view, as for example, late maturity, low yield and poor
stooling capacity. Hence cross-breeding work was under-
taken involving these resistant varieties and good agronomic
sortswhich are susceptible to the rust.

2. CROSS-BREEDING RESULTS.

In 1923 and in each succeeding year a number of crosses
were made at the University of Sydney between susceptible
commercial varieties like Cape, Skinless and Kinver, and
certain of the varieties which have been shown to be
resistant, e.g., Manchuria, H. distichzm m'mpam' typica and

y
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Virginia Hooded. These crosses were tested in the F1. F2,

and F5 generations. During all the work, frequent sowings

were made of each of the parents concerned, and these

seedlings tested for resistance as controls alongside the-

cross—bred seedlings. The F1 grains were sown in pots,

and after being tested the seedlings were transplanted to

open ground and grown to maturity. In the'Fz generatiOn

the same procedure was followed. In many cases additional

F2 grain was sown directly in Open ground, and these

plants harvested at maturity without having been tested

as F2 individuals.

At harvest time it was fOund convenient to pluck

heads of individual plants into paper bags which were then

labelled. These were later strung in order on wire. Loss

of grain from shattering of the heads was thus avoided

and thorough drying-out facilitated.

I A. Cape x Manchurw.

F1 Results.

From the cross, 17 grains were secured. Sixteen of these-

F1 seedlings gave a “0” reaction, and one of them gave

a “4” reaction. Control inoculations of the parents gave-

a “4” reaction on “Cape” and a “0” reaction on

“Manchuria”. It thus seemed that 16 were true crosses

and that the one susceptible plant was the result of

accidental self-pollination. Each F1 plant at maturity was.

harvested separately. The susceptible plant did not show

any marked agronomic differences from the others. Ninety

seedlings were grown from it. All proved susceptible, thus.

confirming the idea that accidental pollination had occurred

in this instance.

 
Rejecting this result, therefore, it is clear that resistance

is dominant. Moreover the resistance of the F1 plant is.

similar to the resistance of the resistant parent. Inter—

mediacy of reaction is not shown.
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F2 Results.

‘ Grain from two of the F1 plants was sown in boxes and

each resultant F2 plant inoculated with the rust. After

notes had been taken, the seedlings were transplanted to

open beds, each under its proper number which was

retained throughout the F3 tests. Grain from the other

F1 individuals was sown directly in open ground and the

individual F2 plants harvested at maturity. These plants,

therefore, were not tested in the F2 generation.

The results of the F2 tests are shown in the following
table :—

Table 7.—Reactions of plants tested in the F2 generation.
 

Number of Susceptible

 

 

Plant Breeding Number of Resistant Plants. Plants.

Number. Reaction = “0". Reaction = “I". Reaction = “4”.

II. 23.1.1 79 21 33

II. 23.1.2 55 18 21

Totals 134 39 54
 

From this table it will be seen that the resistant plants

were divided into two classes, viz., “0” and “1”, on the

basis of the rust reaction exhibited. As already pointed

out in connection with the varietal tests, a change from

one class to the other may sometimes be brought about by

an alteration of the environmental conditions. The control

pots of the resistant parent (Manchuria) gave a “0”

reaction usually, but occasionally the reaction was “1”.

It was thought that the “1” reaction of the F2 segregates

might be an index to the heterozygosity of these individuals.

In other words, these plants might be the intermediates.

But in the F3 tests, some of the families derived from F2

plants which gave a “ 0” reaction, proved to be homozygous

for resistance, whilst others were heterozygous for this

character. Exactly the same thing occurred with families

derived from F2 plants showing a “1” reaction. A close
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scrutiny of the figures showing the number of individuals

producing the “0” and “1” reactions in a number of the-

families, failed to indicate any genetic significance. Clearly

then, intermediacy of reaction is not shown in this cross.

The results of these F2 tests may therefore be summarised

as 173 resistant and 54 susceptible seedlings. This is an

approximation to a 3 :1 ratio. On the basis of one genetic-

factor difference between resistance and susceptibility, the-

expectancy would be 170 :57. The deviation is 3 and the

probable error on the basis of 3227 individuals is 4.4.“

Deviation ' _0.68
Probable error —4.4—

At maturity the F2 plants showed a certain amount of-

diversity in regard to time of maturing and stooling

capacity, but otherwise morphological segregation was not .

marked.

  

F3 Results.

The series of 227 tested F2 seedlings was transplanted .

into open beds and grown to maturity. Attack by larvae-

of the “army worm” shortly before harvest time seriously

reduced the yield and completely destroyed some of the

plants. For this reason there are included in these results

some of the F3 families which had not been previously

tested as F2 individuals. Such families were purelyrandom

selections. Individual F2 plants were harvestedseparately.

For the F3 tests a number of grains of each was sown.

Of some families only a few grains were available, but

results are included only where at least 20 grains were
sown. In some cases more than 50 grains were sown.

Throughout the tests, c0ntrol pots of each parent were

sown and tested, giving the typical “4” reactiOn for

“Cape”, and “0” for “Manchuria.”
 

* Probable errors of the Mendelian ratios were obtained from
the tables of probable errors from the Department of Plant.
Breeding, Cornell University.
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The families tested fell into three groups. One group

was homozygous for resistance, the second heterozygous

for resistance, and the third homozygous for susceptibility.

There were 66 homozygous resistant families, 117 hetero-

zygous. resistant families and 52 homozygous susceptible

families. The average number of tested individuals in

each family was slightly more than 25. In all, 5986 plants

came under test. The 66 homozygous resistant families

comprised 1688 individuals, the 117 heterozygous resistant

families comprised 2218 resistant and 752 susceptible in-

dividuals, and the 52 homozygous susceptible families

comprised 1328 individuals. In every case where an F2

test had been made, the last-named class came from sus-

ceptible F2 parents. The homozygous and heterozygous

resistant classes were derived from resistant F2 parents.

These classes approximate to a 1 :2 :1 ratio, which is to

be expected on a one-factor hypothesis. This is supported

by an examination of the totals given by the heterozygous

resistant families. The observed ratio is 2218 resistant:

752 susceptible plants. The expectancy on the basis of

2970 individuals is 2226 : 744. The deviation on the basis

of a single factor diiference is 8 individuals. The probable
error is 18.14 individuals.

smatm_ = 35.-
Probable error 18.14

B. Manchurian x Skinless.

F1 Result.

From this cross 8 grains were obtained. The F1 seed-

lings all gave a “0” reaction, whilst the parents gave

respectively “0” and “4”. The F1 plants were somewhat

bearded and produced hulled grain.

F2 Result.

A series of 210 F2 seedlings was tested, and afterwards-

these were transplanted to open ground and grown to

= 0.44.
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maturity. The F2 test gave 159 resistant and 51 susceptible

plants. The particular class of resistant reaction was not

noted in individual cases. This result closely approximates

to a 3 :1 ratio. The expectancy on the basis of a single

factor difierence is 157 :53. The deviation is 2 and the

probable error for 210 individuals is 4.23 individuals.

Deviation _ _2__

Probable error — 4.23

varieties gave the usual reactions. In the open beds the

F2 generation was somewhat attacked by the army worm

and its numbers depleted at harvest time.

F3 Results. -

For the F3 tests, 140 families were used. Prior. to

sowing, notes were taken on head characters of the F2

plants, dealing with beardedness or hoodedness, and with

hulled or naked grain. “Manchuria” is bearded with

hulled grain, and “Skinless” is hooded with naked grain.

In recording notes on the F2 plants, the true naked—grained

and the true bearded classes were carefully determined.

In the “hulled grain” class were included intermediate

types, i.e., those showing a tendency to shell, but not

completely naked. Similarly there are included in the

“hooded” class intermediate types showing slight beard.

The results showed 100 hooded : 40 bearded, which ap-

proximates to a 3 : 1 ratio. There were 104 hulled : 36

naked—grained plants, a still closer approximation to a

3 : 1 ratio. Unfortunately it has not been possible to

= 0.47. Test pots of the parent

grow these families on to maturity to obtain confirmation

of this F2 analysis for morphological characters.

The F3 tests showed that there was a group of 33

families, each homozygous for resistance. There was a.

second group of 60 families, each heterozygous for re-

sistance. A third group of 46 families was homozygous

for susceptibility. On an average there were about 23
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tested individuals in each of the families. The total number

“of plants tested was 3359. The 33 homozygous resistant

families comprised 753 individuals, the 60 heterozygous

resistant families comprised 1126 resistant and 376 sus-

ceptible plants, and the 46 homozygous susceptible families

_ comprised 1104 individuals. It is interesting to compare

the observed number of the individuals in the heterozygous

families with the expectancy. Assuming a single genetic

factor difference between resistance and susceptibility, the

expectancy on the basis of 1502 individuals is 1126.5

resistant to 375.5 susceptible plants. This is an extra-

ordinarily close fit.

Combining these rust results with those for the

”morphological characters, the following is obtained :—

‘Table 8.——Inheritan(:e of three Mendelian characters which are

seemingly inherited independently.

Phenotypes. , Expected. Observed.

iResistant, hooded, hulled . . . . . . .. .. 59.1 . . 51

Susceptible, hooded, 'hu11ed . . . . . . . . 19.7 . . 27

Resistant, bearded, hulled . . . . . . . . 19.7 . . 18

Resistant, hooded, naked . . .. . . .. . . 19.7 .. 13

.Susceptible, bearded, hulled . . . . . . . . 6.6 . . 9

Resistant, bearded, naked . . . . . . . . 6.6 . . 11

Susceptible, 'hooded, naked . . . . . . . . 6.6 . . 9

.Susceptible, bearded, naked . . . . . . . . 2.2 . . 2

140.2 . . 140

It is realised that the number of individuals here dealt

with is small, but the results point to the characters being

independently inherited.

C. Manchuria x Kinver.

F1 Result.

From the cross 16 grains were obtained. The F1 seed-

lings were tested alongside the parent varieties, with the

result that all showed a “0” reaction. The F1 plants at

maturity were bearded two-rowed plants having hulled

ggrain.

 



234 w. L. WATERHOUSE.

F2 Result.

In the F2 generation a series of 194 seedlings

was tested. The result was that 147 were resistant and

47 susceptible. This is an approximation to a 3 : 1 ratio. '

On the basis of a single factor difference the expectancy

is 145 : 49. The deviation is 2 and the probable error 4.07.

DeviatiOn 2

m—m= 0.49.

After being tested, these F2 seedlings were transplanted

to open beds and grown to maturity. At harvest it was

found that the yield in many cases was very poor, so that

only a small quantity of grain from some families was.

available for the F3 work.

o

F3 Result.

In the F8 tests, 97 families were used. There proved

to be a group of 29 homozygous resistant families, a group

of 48 heterozygous resistant families, and a group of 20-

homozygous susceptible families. The average number of'

individuals in each of the tested families was rather more

than 16. The total number of plants tested was 1605.

The 29 homozygous resistant families comprised 465

individuals, the 48 heterozygous resistant families com-

prised 611 resistant and 208 susceptible plants, and the-

20 homozygous susceptible families comprised 321 plants.

Again there is the approximation to a 1 : 2 : 1 ratio-

which is to be expected on a single genetic factor basis.

Examination of the heterozygous families confirms this.

They comprise 611 resistant : 208 susceptible plants. The»

expectancy is 614 resistant : 205 susceptible. The devia---

tion is 3 and the probable error 8.36 individuals.

Deviation __ 3
Pm; 8.3 =0.36.
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‘ _ D. Virginia Hooded X Cape.

_, were obtained from the cross. The F1 re-

0”. In the F2 test, 171 seedlings were tested

Vlfrjatio' of 121 resistant : 50 susceptible plants.
's_ of a single genetic factor difference the

5’s 128 : 43. The deviation is 7 and the probable-
individuals.

v Deviation __ 7_
' - Probable error — 3.82

‘ tests there were available 99 families. These-

' *" that there were three grOups. There was a:

homozygous resistant families, a group of 50'

resistant families, and a group of 24 homo-

tible families. The average number of

In the families tested was about 22. There

plants in these tests. The 25 homozygous

v, ' 'es comprised 518 plants, the 50 heterozygous

. Whes comprised 858 resistant and 284 sus-

mts, and the 24 homozygous susceptible families

538 plants. The close approximation to a 1 : 2

is evident. The heterozygous families show a

*iresistant and 284 susceptible plants. The

on a single factor difference is 856 : 286. The

Is 2 and the probable error is 11.59 individuals.

,Deviation 2
Probable error =.115

= 1.83.

———9=0..17

4 x Hordeum distieho'n rimpami typica.

, = ,were obtained from the cross. The F1

“‘0”. In the F2 test 165 individuals were

, a, ratio of 123 resistant : 42 susceptible

Tiaxpectaney on the basis of a single genetic
'is 124 : 41. The deviation is 1 and the .

7 tor 165 individuals is 3.75.
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Deviation 1

m=W

For the F3 tests there were available 145 families. They

fell into three groups. There was a group of 42 homozygous

resistant families, a group of 69 heterozygous resistant

families and a group of 34 homozygous susceptible families.

The average number of individuals in the tested families

was about 20. The total number of plants tested was 2860.

The 42 homozygous resistant families comprised 828 in-

dividuals, the 69 heterozygous families comprised 1046

resistant and 357 susceptible plants, and the 34 homozygous

susceptible families comprised 629 individuals all of which

were susceptible. The heterozygous families show a ratio

of 1046 resistant : 357 susceptible individuals. On the

basis of a. single genetic factor difierence the expectancy

is 1052 : 351. The deviation is 6 individuals and the

probable error is 11 individuals.

= 0.267.

wation = _6_= 0 55

Probable error 11 ' '

SUMMATION OF RESULTS OF THE CROSSES.

If it is assumed that the resistance in each of the cases

reported is due to the one factor, it becomes interesting to

add the results of the several crosses.

In the F2 tests of the 5 crosses, 975 plants were used.

The results are set out in the following table :—

Table 9.—Summation of the F2 results in all 5 crosses.
 

 

 

C ‘ Number g‘f éndividgals in Tented

ICES Parents.
9 enern 10115.

Number. 1 Resistant. I Susceptible.

II. 23.1 Cape x Manchuria .. . . . .‘ 181 54

II. 23.6 Manchuria x Skinless . . . . 159 51

II. 23.7 Manchuria x Kinver .. .. 147 -47

II. 23.8 Virginia Hooded x Cape .. 121 l 50
II. 23.9 Cape x H. dirt. rimpaui typica 123 l 42

. . ‘ __

l

 

Totals 731
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On the basis of a single genetic factor diiference, the

result shows a deviation of less than 1 individual from

the expectancy where 975 individuals are concerned.

In the F3 tests of the 5 crosses, 715 families were dealt

with. ~ These comprised 15998 plants. Thus there was an

average of rather more than 22 tested individuals in each

of the families. The results are shown in the following-

table :—

Table 10.—Summation of the results of the tests of the F3
families in all ,5 crosses.
 

Cm I‘hlmber cameraman  

  
Number. Parem“ Homozygous Heterozygous Homozygous

* [ Resistant. fiResfiistath. _ Susceptible.

II. 23.1 Cape x Manchuria.. 66 117 52
II. 23.6 ManchuriaxSkinless 33 60 46
II. 23.7 Manchuria x Kinver 29 48 20
II. 23.8 Virginia Hooded x

Cape.. .. .. .. 25 50 24
II. 23.9 Cape x H.

dist. rimpaui typica 42 69 34

Totals 195 344 176
 

On the basis of a single factor difierence, the expectancy

would be 178.75 : 357.5 : 178.75.

Table 11.--Summation of individuals in the Fa heterozygous
families of all 5 crosses.
 

 
 

Nginolfzr. Parents. Resistant. Susceptible.

II. 23.1 Cape x Manchuria . . . . . . . . 2231 760
II. 23.6 Manchuria x Skinless . . . . . . 1126 376
II. 23.7 Manchuria x Kinver .. .. .. 611 208
II. 23.8 Virginia Hooded x Cape .. .. 858 284
II. 23.9 Cape x H. dist. rimpam' typica .. 1046 357

Totals 5872 1985  
 

On the basis of a single factor difierence, the expectancy

for 7857 individuals is 5893 : 1964. The deviation is 21

and the probable error is 28 individuals.

Deviation 21
Probable error _ E= 0'75'
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DISCUSSION.

The results herein reported show that resistance to leaf

rust of barley (Puccinia anomala Rostr.) is inherited in

certain varietal crosses in a very definite manner. It is

Mendelian in character. Moreover it is dependent upon a

single genetic factor which is dominant to the allelomorphic

factor for susceptibility. The observed results upon which

this generalisation is based show a striking approach to

the expectancy.

It is instructive to review briefly the results which have

been reported dealing with the genetics of inheritance of

resistance to cereal rusts.

In the investigations of inheritance of resistance to

Yellow Stripe Rust of wheat, P. glumarum E. and H.,

Biifen (6, 7, 8, & 9) found in the crosses of certain varieties,

,a simple ratio of 3 susceptible plants : 1 resistant.

Resistance in these crosses was due to a single genetic

factor which was recessive. It was inherited independently

.of other observed morphological characters. Armstrong

(4) obtained substantially similar results. Nilsson—Ehle

(29 &30) used different parental varieties and did not

obtain such clear-cut results. In the F2 generation he

found transgressive segregation and various types inter-~

mediate in resistance between the parents. He considered

that his results were only to be explained upon a multiple

factor hypothesis.

The inheritance of resistance of Wheats to Leaf fiust,

P. tr-itic'ina, Erikss., was studied by Mains, Leighty and

Johnston (26). They found some cases in which resistance

was dependent upon a single dominant genetic factor. In

other cases it was dependent for its expression upon a
single main factor diiference. In yet others it was

demonstrated that more than one genetic factor was

concerned.
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Many workers have investigated the inheritance of
:resistance to stem-rust in wheat, P. grammis tritici E. and

H. Hayes, Parker and Kurtzweil (19) found that re-
sistance to a physiologic form of the rust was dominant
in crosses between varieties of Triticum vulgare and T.
dicoccumfwhilst it was recessive in crosses between varieties
of T. vulgare and T. durum. In the latter there were
strong linkages between rust resistance and “durum”
characters, but some resistant plants of the “vulgare”
type were obtained. That is to say, crossing-over took
place occasionally. Waldron (36) examined a cross be-
‘tween a variety of Tritieum vulgare and T. durum, and
was unable to explain his results on the basis of a single
factor for resistance. Puttick (33) reported results of
the study of the reactions in glasshouse tests of the F2
generation of a cross between varieties of T. vulgare and
T. durum, using two physiologic forms of the rust to which
‘the parents reacted reciprocally. He found all gradations
between complete susceptibility to and immunity from the
two forms of the rust. Melchers and Parker (27 & 28)
found that a single genetic factor was responsible for re-
sistance to one physiologic form of the rust in crosses
between Kanred and Marquis. Aamodt (1, 2 & 3) working
with a cross between these same parents, reported that
.a single genetic factor apparently determined the reaction
to several physiologic forms of the rust. Hayes and
Aamodt (21) studied a cross betweeen Kota and Marquis,
using two physiologic forms of the rust. The results were
rexplainable on the basis of two independently inherited
factors for immunity and resistance contained in the Kota
and Marquis parents respectively, each factor being

.allelomorphic and dominant to the factor for susceptibility.

Clark (10) crossed Hard Federation and Kota, and showed

that resistance to the rust was recessive. He obtained a
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15 : 1 ratio in the F2 generation, indicating the presence
of 2 Mendelian factors for resistance in this cross. In the-
F3 generation not one of about 300 resistant F2 families.
bred true for resistance, although a number of individual
plants did. It was considered that homozygous strains—
could be obtained in the F4 generation by selection within
the F3 families. Harrington (18) studied crosses between
certain varieties of T. durum dealing with resistance to
several physiologic forms. He found that several factors
were involved and that environmental factors modified the-
expression of the reaction. Thompson (35) demonstrated V
that in crosses of Iumillo (resistant) and Marquis (sus— ,
ceptible), a .ratio of 13 susceptible : 1 resistant was.
obtained in the F2 generation, and that there was very
close correlation between “durum” characters and rust.
resistance. Hayes, Stakman and Aamodt (23) state that
the resistance of the “durum” parent can be combined
with the characters of the common wheat. In a double-
cross of (Marquis x Kanred) x (Marquis x Iumillo),
the inheritance of 2 types of resistance Was studied. A
single factor was found to explain the Marquis x Kanred
type of immunity, while at least 2 factors were required
to explain the Marquis x Iumillo resistance. Hynes (24) ‘
studied a cross between Federation (a common wheat)
and Khapli (an emm’er), obtaining results explainable on a
multiple factor hypothesis.

It is not surprising that these reported results dealing
with stem rust of wheat should be so varied. The pathogen
is very highly specialised. In the U.S.A. more; than 40
physiologic forms have been determined, and in Australia
the writer has determined several others. In addition to
the specialisation of the rust fungus, it must be remem-
bered that the wheats used in the crosses belong in some
cases to widely difl’erent species of Triticum.
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The inheritance of resistance to stem rust of oats, P.

grammes avenue E. and H., was investigated by Garber

(138614). He found in crosses of the two susceptible

varieties Minota and Victory with White Russian, a re-

sistant parent, that the F1 plants were as resistant as the-

resistant parent and that the F2 generation showed a

simple ratio of 3 resistant plants : 1 susceptible. The F3.

generation results confirmed this. There appeared to be

no linkage between rust reaction and panicle type. Griffee

(15) in similar work obtained results which gave a close

approximation to the expectancy on the hypothesis of a

single dominant genetic factor for resistance being present.

Dietz (12) used 2 physiologic forms of the rust, and

found that resistance was dominant and based on a single

factor difi'erence in National x White Tartar and in

Lincoln 1: White Tartar. In crosses between 3 genetically

diiferent strains of Burt, at least 2 factors,—one of them

an inhibitor—were involved. In the crosses Iowa 105 2:

Green Russian and Ruakura x White Russian, the result

in the F2 was a segregation into 300 resistant plants to

1 susceptible.

Here again there is evidence that resistance does not.

behave in the same manner in every instance. Clearly

there are more factors than one underlying resistance to

stem rust of oats.

In a study of rust of Timothy Grass, P. grammis phlei—

prawns-is E. and H. Stak. and Piem., Barker and Hayes

(5) demonstrated that the inheritance of resistance was

dependent upon a single dominant genetic factor.

Parker (31 & 32) studied the inheritance of resistance in

oats to crown rust, P. lolii-aoenae Mc.A. He concluded

that resistance could hardly be considered as a simple

character or as being determined by a single factor

diiference, but was explainable upon a multiple factor

P-Augnst 3. 1927.
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hypothesis. Davies and Jones (11) studied the inheritance

of resistance to this rust in a cross between a selection

of Red Rust Proof (resistant) and Scotch Potato (sus-

ceptible). They obtained a ratio of 777 resistant and 258

susceptible plants in the F2 generation. Of the resistant

segregates, 117 showed a weakening of resistance as com-

pared with the others, which closely resembled the resistant

parent. But the results suggested a single factor basis

for inheritance.

The inheritance of resistance of leaf rust of rye, P.

dispersa E. and H., has received: some attention from Mains

.and Leighty (25). The data were insufficient to justify

conclusions as to the type of inheritance, but resistance

is believed to be dominant.

From a consideration of the foregoing results, it is clear

that the inheritance of resistance to various rusts varies

in different crosses. In some cases the resistance is

dependent upon a single genetic factor. This may

behave as a Mendelian dominant in some crosses, as a

recessive in others. In other cases the basis of inheritance

is far more complex. This applies to yellow stripe rust,

leaf rust, and stem rust of wheat, and to crown (leaf) rust

.andstem rust of oats.

The results herein reported show that in the crosses

investigated, inheritance of resistance to leaf rust of barley

is dependent upon a single dominant genetic factor. It

.appears that complete dominance was shown in the F1

individuals. In the F2 generation there was segregation

not only into the 2 grandparental types, but some in-

dividuals appeared which showed an intermediate type of

resistance. In the cases investigated, this intermediate

type of reaction was not directly correlated with the

heterozygosity of the F2 segregates concerned, as indicated

by the F3 generation results.
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Further work is in progress involving crosses which

have been made in each year since 1923, from which it is

hoped to get additional light on this point. Another

question concerns the type of. inheritance in crosses where

one parent, as for example, “Californian Feed”, shows

the “2” type of reaction. These results will be reported

on a future occasion,

It is worth while calling attention to the value of barley

crosses of this nature for teaching work to illustrate

fundamental Mendelian principles. The extremely sharp

reactions which are given make it particularly useful for

the purpose, and no technical difficulties are encountered

in any of the operations. I
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SUMMARY.

Glasshouse tests have been made with 119 varieties of

barley belonging to 6 species to determine their reaction

to one Australian physiologic form of Puccima anomala
Rostr.

Strong resistance was shown by 16 of them. These

varieties belong to Hordeum vulgare and H. distichon.

None of these varieties is entirely suitable agronomically

for N.S.W. conditions.
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Crosses of certain of these resistant varieties' were made-

with commercial N.S.W. varieties, and the inheritance of‘

resistance studied throughout the F1, F2, and 1:";

generations.

In the F1 generation resistance was completely dominant.

The F2 result showed segregation in a ratio of 3 resistant

plants to 1 susceptible.

The F3 generation studies confirm the hypothesis that

a single dominant genetic factor underlies resistance.

From a few results, evidence of linkage between rust

resistance and morphological characters was not found.

Tests of certain varieties seem to indicate correlation

between resistance to Helminthosporium sativum and leaf

rust.
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Introduction.

The occurrence of physiologic forms within well-defined morphological species

of fungi has long been known and is widespread throughout the group.

Physiologic specialization in Pnccim’a gramtnis tritici E. & H., the fungus

which causes stem rust in wheat, has received particular attention. Extensive

studies, mainly carried out in North America, have revealed in it an extreme

state of specialization. The most recent statement issued by Stakman and Levine

(1928) sets out fifty-five physiologic forms which have been identified.

This extreme specialization of the pathogen seriously hinders efforts made

to combat rust attack by the breeding of resistant varieties of wheat. There are

instances in which certain varieties have been produced which were resistant

to the forms of rust known to be present in that locality. But with the passage

of time, these varieties have become liable to attack. Investigation has shown

that this is due to the advent of new physiologic forms. It thus becomes a

matter of importance to know how physiologic forms originate.

The writer is indebted to Dr. E. C. Stakman and Dr. M. N. Levine of the

University of Minnesota for supplying grain of the differential hosts used in the

investigation, to Mr. G. Wright of the University of Sydney for the loan of

photographic apparatus, and to Messrs. G. S. Gordon, T. H. Harrison, W. H.

Darragh and R. E. Dwyer for collecting and forwarding material, and gratefully

acknowledges the help given.

HYPOTHESES ADVANCED T0 ACCOUNT FOR SPECIALIZATION.

Several suggestions have been made to explain the origin of specialization

in this fungus.

1. Nuclem interchange in aredo mycelta.

In the uredospore stage, it is known that multiple infection of a Wheat plant

frequently takes place. Numerous cases have occurred in the writer’s investiga-

tions in which two quite distinct physiologic forms have been identified from

the one plant. Levine (1928) records the occurrence of three forms on the

one collection of material.

It has been suggested that in a plant infected by two forms of rust,

commingling of the two mycelia may take place. In the anastomoses, a nuclear

interchange is possible between hyphae belonging to the two forms. This would

lead to the production of a hypha and later a mycelium having a hybrid origin.

Uredospores from this might be expected to exhibit physiologic capabilities

different from those of its components, to be, in fact, a new physiologic form.

In the investigations which are in progress, some time has been spent in

testing this hypothesis, but with negative results.

2. Nuclear fusions in aectdial stage.

A more attractive hypothesis has been put forward dealing with the aecidial

stage of the fungus. The uredospore stage is binucleate. It gives place to the  



BY w. L. warnnnovsm. ‘ 97

teleutospore stage. The teleutospore cells are uninucleate, as are also the sporidia

they produce. These sporidia infect young growth of the barberry, in which

they give rise to a uninucleate mycelium. The binucleate condition is restored

at the base of the aecidia. Here a cellular fusion of adjoining uninucleate hyphae

takes place and leads to the production of binucleate aecidiospores. These

produce the binucleate mycelium of the uredospore stage in wheat.

The suggestion is that the barberry may be infected at the same spot by

sporidia of two diverse physiologic forms. Two genetically different mycelia

may thus be present in the young barberry growth, and may commingle. At

the base of an aecidium, the migrating nucleus of one form may become associated

in the newly-created binucleate hypha with a nucleus of the second form. This

would give rise to aecidiospores of mixed or hybrid ancestry, and these might

be expected to show new physiological capabilities.

Repeated efforts have been made in past years to have viable teleutospores

of several well established forms available at the same time for a series of such

tests, but without success until this season. The possibility that such nuclear

fusions may explain the cases herein recorded is discussed later in the paper.

3. Mutations.

Mutation has been put forward to explain the origin of specialization. To

date no case has been recorded. Mutations are known in regard to colour of the

uredospore. Newton and Johnson (1927) describe such a case, and in the writer’s

studies one similar case has occurred.

Despite the suggestions which have been put forward, the position has been

obscure in regard to the origin of specialization.

METHOD or DETERMINING PEYSIOLOGIC FORMS.

In order to make clear the happenings herein described, it is well to indicate

the method 01‘ determining physiologic forms of wheat stem rust. The procedure

followed has been developed by Stakman and Levine (1922), also Levine (1928),

and is briefly as follows. Twelve standard varieties of wheat have been selected

as a result of much careful work. They are shown in the following table.

Table 1. The set of «iifierential hosts selected by Stakman and Levine for the determination of

physiologic forms of Puccinw gram-mu tritici E. & H.

 

 

Species of Trilicum. Varietal Name. Cereal Investigation Number.

T. campactum Little Club 0.1. 4066

T. vulgar: Marquis 0.1. 3641

,, Kanred C.I. 5146

,, Kota 0.1. 5878

, T. durum Arnautka 0.1. 4072

n Mindum C.I. 5296

,, Arnautka (Spelmars) 0.1. 6236

,, Kubanka 0.1. 2094

,, Acme 0.1. 5284

T. monococcum Einkorn 0.1. 2483

T. dicoecum Vernal Emmet 0.1. 3686

,. Khapli 0.1. 4013  
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Grain of these standard difierential hosts was kindly supplied in 1921 by

Dr. E. C. Stakman and Dr. M. N. Levine, and has since been grown in pure

lines for use in the determinative work. ‘

Seedlings to the number of about fifteen are grown in small pots. The first

seedling leaf is moistened with water by means‘f a flat sterile needle, and,

the uredospores of the rust under examination are placed in this water adherent

to the leaf. The pots are then incubated in a saturated atmosphere for 48

hours. They are afterwards placed on well-lighted benches in the plant house

to allow the rust to develop. Notes are taken on the rust development twelve to

sixteen days later, depending upon the prevailing weather conditions.

The types of infection shown by each host are recorded by a simple notation.

Arabic numerals from 0 to 4 indicate the order of severity of infection. 0 indicates

immunity, and 4 complete susceptibility. Fluctuations within these types are

indicated by plus and minus signs. A sixth type is represented by x. This

indicates that a heterogeneous reaction occurs on the one plant. A single leaf

may show all classes of reaction ranging from 1 to 4, and further simplification

of these reactions is impossible.

The explanation of these symbols is set out hereunder.

Resistant Class.

Type 0.—Host immune.

No uredosori are developed, but sharply defined hypersensitive flecks may be

present, indicated then as “0;”.

Type 1.—Host very resistant.

Infection is very light; uredosori are minute and scattered, and surrounded

by sharp, continuous, necrotic areas.

Type 2.—Host moderately resistant.

Infection is light; uredosori are small to medium in size. Hypersensitive areas

in the form of necrotic halos are present. The pustules occur in green, but

slightly chlorotic islands.

Susceptible Class.

Type 3.—Host relatively susceptible.

Infection is moderate; uredosori are medium in size and show a.tendency

to coalesce. True hypersensitiveness is absent excepting when cultural con-

ditions are unfavourable.

Type 4,—Host completely susceptible.

Infection is normal and heavy. Uredosori are large and generally confluent.

Hypersensitiveness is absent excepting when cultural conditions are

unfavourable.

Indeterminate Class.

Type x.—Host intermediately susceptible.

Infection is of a heterogeneous nature. Uredosori are Very variable and

apparently include all types and degrees of infection on the one leaf; no

mechanical separation is possible since spores from small and from large

uredosori alike produce the same heterogeneous infection.

When the class of reaction on the standard differential hosts has been

determined, the results are tabulated. From these tabulated results a dichotomous

key has been prepared, and by using this it is easy to determine the physiologic

form of the rust under examination. A reference to Table 2 will show four of

the forms set out in the conventional way.
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EXPERIMENTAL MATERIAL AND METHODS. .

In the investigations at the University of Sydney, the problem of how

physiologic forms originate has long been under consideration. Numerous tests

have been made, but not until the season which has just closed has a positive

result been obtained.

It has several times been found in studies dealing with the aecidial stage that

inoculation of young growths of the barberry with viable teleutospores has led

to the production of spermagonia only. Craigie (1927) has recently published

results of outstanding importance which throw much light on this occurrence.

He has shown that Puccinia gramim‘s Pers. is heterothallic. Further, the spermatia

are not functionless male gametes as was formerly supposed, but are + and — haploid

spores, which, by mingling, give rise to the diploid phase and lead to the develop-

ment of aecidia. This work has led to attention being concentrated on the

spermagonial stage in the life history.

During the summer of 1927-1928, numerous identifications of physiologic

forms were made from uredospore material collected at widely separated localities

in Australia. From certain of the collections, teleutospore material was also

obtained. Three only of these need be considered.

1. Werribee Material.

One collection came from the State Research Farm, Werribee, Victoria. In

November, 1927, a comprehensive series of samples of the rusted wheat crop was

forwarded by Mr. G. S. Gordon, Cerealist. Investigation showed that the form

present was Form 34. In July and August, 1928, two further batches of rusted

wheat straw from the same area were submitted by Mr. Gordon. This material

comprised stubble which had been cut at harvest and which showed abundant

teleutosori, together with “second growth" shoots of wheat carrying abundant

uredo- and teleuto-sori. The unusually copious autumn rains had been responsible

for the development of this ”second growth” and for its heavy rust infection.

From both batches, uredospores were at once used to infect the standard set

of differential hosts. The form present was Form 34. The straw was then

placed in light wire frames to keep it intact, and exposed on the ground to the

weather conditions prevailing at the University.

It is of interest to record that a further series of determinations made during

the summer of 1928-1929—i.e., following upon the barberry work described herein——

has shown the presence of only Form 34 at Werribee.

Early in September, 1928, germination tests proved that the teleutospores were

viable. Later a young plant of Berberis vulgarts growing in a pot was inoculated

with fragments of the straw carrying the teleutosori. The method used was to

atomize the plant with sterile water. A certain amount of this remained on the

young shoots. These were very gently rubbed with the fingers cleansed in alcohol

and washed in running water. The rubbing was found to aid greatly in wetting

the cuticle. On the wet shoots were placed wetted fragments of straw carrying

teleutosori. The plant was incubated in this condition for 48 hours in an inocula-

tion chamber containing a saturated atmosphere. Afterwards the pot was placed

on the plant-house bench and watered when necessary.

After twelve days there were abundant spermagonia on some of the inoculated

shoots. Aecidia developed in some cases, but other infections gave rise only to

spermagonia. Over these were smeared spermatia from the Grafton rust, to be

described presently as the third culture. In the same way, spermatia from the
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Werribee rust were smeared over the spermagonia on the barberry infected

by the Grafton rust. The operation was carried out with the aid of a fine

camel-hair brush sterilized in alcohol and then in distilled water. One of the

infected petioles is illustrated in Figure 2 of Plate iv.

After about six days aecidia were developed on the shoots where mixing of

spermatia had been carried out. Aecidiospores were used to inoculate seedlings

of “Federation” wheat growing in pots. Two methods were used. In the first,

the spores were collected on a small sterile camel-hair brush moistened with

distilled water and lightly brushed over the aecidia. From the tip of the brush

the aecidiospores were transferred to the moistened leaves of the “Federation"

seedlings. In the second case, the aecidiospores were shaken from the shoot into

a sterile petri dish and then transferred to the moistened wheat seedling leaves.

In each case the pots of inoculated seedlings were incubated in a saturated

atmosphere for 48 hours and then placed in isolated positions on the plant-house

benches. The aecidiospores from the normally-produced aecidia were not kept

separate from those borne in aecidia resulting from the spermatial intermixing.

Four cultures were thus obtained with intervals of three to four days between

each. The aecidiospores were not nearly as abundant as in the case of the

Bathurst rust, with the result that the uredosori produced on the “Federation”

seedlings were scanty. All four cultures had, therefore, to be transferred from

“Federation" to new pots of “Federation“ seedlings in order to obtain a quantity

of inoculum sufficient to inoculate the regular differential hosts.

Three out of the four cultures gave an identical result. The form present

was not Form 34. It was the form which has been identified by Stakman and

Levine (1922) as Form 11. It differs from Form 34 in the reaction shown by

Einkorn. This host is susceptible to Form 11 but resistant to Form 34. The

contrast in the reactions is as sharp as possible. This is illustrated in Fig. 3

of Plate iv. '

This unexpected result was checked in many ways. Inoculum from each

of the ten susceptible varieties. of the standard differential hosts was used

to inoculate further sets of differentials. So far thirty-six of these tests have been

made. In all cases the result has been the same. The form is Form 11.

It was a coincidence that on the day the first of these inoculations of the

differential set was made, a similar set was inoculated with a new uredospore

culture which had just come to hand from Werribee. This gave Form 34. A

mixing of seed or mistake in labelling was clearly not responsible for the

unexpected identification of Form 11.

The fourth culture of “Federation” seedlings derived from the aecidiospores

gave a different result. The form present proved to be Form 34. In this case

the sojourn on the barberry had exerted no influence upon the form.

It is unfortunate that a diflerentiation was not made between the shoots

which produced spermagonia and aecidia without outside interference, and those

which produced aecidia only as a result of admixture of spermatla with those

of the Grafton rust. But both things happened, and it is believed that this is

the explanation of Forms 11 and 34 appearing from these cultures.

2. Bathurst Material.

An extensive series of “collections was made at the Bathurst Experiment

Farm by Mr. R. E. Dwyer, B.Sc.Agr. From this area, rusted straw was obtained
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at intervals of approximately a fortnight, commencing in November, 1927, and

ending late in April, 1928. Thereafter it was obtained at monthly intervals until

July, 1928, when no uredosori were found and only the teleutospore stage of the

rust was present on the straw. This straw was allowed to remain out in the open

at Bathurst, exposed to the winter conditions which prevailed there, and was

used in the spring for the barberry inoculations.

This series of determinations of the uredospore stage involved sixteen distinct

tests on the standard set of differential hosts. The first, made in November,

1927, showed that a mixture.of Forms 34 and 43 was present. Thereafter no

sign of Form 43 was found. Form 34 alone was identified. The collections were

bulky and random samples from them were used in the determinations, so that

it is unlikely that‘Form 43 was present and not detected. It may further be

remarked that a. later series of identifications made during the 1928-1929 season

has shown only Form 34 at Bathurst.

Early in September, 1928, some of the teleutospore material was sent from

Bathurst to the University and was found to be in a viable condition. The

straw was used to inoculate a young barberry plant growing in a pot. This

inoculation led to the production of a few spermagonia only.

In October, a further supply of the rusted straw was obtained from Bathurst

and used for further barberry inoculations. Spermagonia were very abundant

in nine days, and four days later numerous aecidia were present on many of the

young growths. On certain shoots the infection was very heavy and aecidiospore

production was abundant. An illustration of this is given in Figure 1 of Plate iv.

On other shoots aecidial production was very scanty, and on a few leaves only

a few spermagonia were found. Spermatia from these last-named were mixed

with those on the barberry which was infected by the Grafton rust, and spermatia

of this Grafton rust were in turn mixed with those on the plant under

consideration.

At short intervals commencing early in November, seedlings of “Federation”

wheat in pots were inoculated with aecidiospores. Both methods of transference

already described were used. The result was that four pots of seedlings producing

abundant uredosori were obtained at intervals of about four days. The uredospores

were used for inoculating the standard set of wheat differentials in order to

determine the physiologic form. Three out of the four pots gave the normal

reactions for Form 34. That is to say, the completing of the life cycle on the

barberry had not aflected the parasitic capabilities of the rust as determined by

the standard test. In the case of the fourth culture, there was a departure

from the normal reaction shown by Form 34. The pot of Einkorn, instead of giving

the characteristic necking of the resistant reaction, showed eleven of the thirteen

plants with this normal reaction, whilst the remaining two seedlings showed

this reaction intermixed with pustules of the “3" type belonging to the susceptible

class. Uredospores from these pustules were transferred to a pot of “Federation”

and a pet of Einkorn, producing on each the normal susceptible reactions. This

culture was used to inoculate the standard set of differentials. It proved to be

Form 11, the form which also occurred in the aecidial cultures obtained from

the Werribee rust.

3. Grafton Material.

A third collection of material was made at the Grafton Experiment Farm by

Mr. W. H. Darragh, B.Sc.Agr. During the mouths of November and December,
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1927, six different comprehensive sets of uredospore material were obtained from

numerous wheat varieties. On some of the straw, teleutosori were also abundant.

Tests with five of the batches showed the presence of only Form 34. In the

sixth, two forms were present. One was Form 34, the other Form 43.

Again, it is of interest to know that a further series of tests made later

with uredospore material collected in October, November and December, 1928,

has shown only Form 34 to be present.

In January, 1928, Mr. Darragh forwarded a collection of wheat stubble showing

heavy teleutospore infection. This, together with the straw infected by the uredo-

and teleutospore stages which had been used in the form determinations, was

placed in a light wire frame and exposed at the Hawkesbury Agricultural College

to the prevailing winter conditions. At intervals a few straws were Withdrawn

from the frame by Mr. T. H. Harrison, B.Sc.Agr., and submitted for teleutospore

germination tests. Early in September, 1928, the teleutospores proved to be viable.

Later a barberry plant was inoculated with fragments of the straw, of which

only a small amount was then available. Within twelve days, two of the shoots

produced spermagonia. These were kept under observation for aecidial pro-

duction, but none developed. Spermatia from them were taken for admixture

with the Bathurst and Werribee rusts, and spermatia from these latter were in

turn mixed with those produced by the Grafton rust. In eight days there were

a few aecidia on the under surfaces of the two leaves bearing the spermagonia.

The latter persisted for an unusually long period.

Aecidiospore production was necessarily scanty, and a number of attempts

were made to obtain the uredospore stage on “Federation" seedlings. An inocula-

tion made at the end of October gave one infected seedling. This inoculum was

used to infect a fresh pot of “Federation” seedlings. From these, the standard

set of differentials was inoculated in order to determine what form was present.

It proved to be a form which has so far not been recorded. It resembles Form

18, but differs markedly in its reaction on Einkorn. Instead of giving on this

host the susceptible “3” type of reaction which is characteristic of Form 18, the

new form gives the sharp flecks of the strongly resistant reaction. These results

have been repeatedly checked by numerous cross-inoculations of the standard set

of differential hosts. To date, twenty of these tests have been made. In Figure 4

of Plate iv is illustrated the flecking of a leaf of “Mindum” by this form, in

comparison with the susceptible reaction on the same host given by Form 34. In

colour the new form differs markedly from any other form that is available.

Judged by the Ridgway (1912) colour standards, it is “Raw Sienna” of Plate iii,

whilst the Forms 11 and 34 are “Sanford’s Brown” of Plate ii, and Form 43

is “Burnt Sienna" of Plate ii.

DISCUSSION.

Investigations with the uredospore stage of Puccinia gramtnis triticz’ E. & H.

which have been in progress for a number of years, have revealed the presence

in Australia of certain definite physiologic forms. Several hundred of these

determinations have been made.

One of, these forms is Form 34. Of late years this has been predominant and

still more recently has been the only form found. It is one of the very virulent

forms and has been recorded by Stakman and Levine from several continents.

Another form which used to be found very frequently is Form 43. Since

'December, 1927, this has not been found on the mainland of Australia, although

one determination made in January, 1928, with material from Tasmania, revealed
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its presence there. Form 43 has some characteristics which are unusual. One

is its apparent inability to infect the barberry, although it produces viable

teleutospores. So far it has not been found outside Australia.

Tests with the uredospore stage on wheat collected at Werribee, Bathurst

and Grafton have shown that Form 43 was last found at the first-named station

in 1925. The only Werribee rust found in 1927 and since then was Form 34;

there has been no indication of the presence of any other form in that locality.

At Bathurst, Form 43 occurred in November, 1927, intermixed with Form 34,

but since then an extended search has revealed the presence of only this latter

form. It is believed that the teleutospore material used from Werribee and

Bathurst was Form 34. Part of the actual Grafton straw used in the teleutospore

stage was shown in its uredospore stage to comprise Forms 34 and 43. These two

forms may reasonably be considered to have been present in the teleutosori used

to inoculate the barberry.

Previous work (Waterhouse, 1921) has shown that contrary to the old belief,

stem rust of wheat in Australia has not lost its capacity to infect the barberry,

In the 1927-1928 season, teleutospore material of Form 34 was on hand from

many localities. The only available material known to have any other form

present was the straw from Grafton comprising Forms 34 and 43. One of the

reasons for using it was to extend further the attempts to produce the aecidial

stage of Form 43. The straw carrying Form 34 was used partly in order to see

whether the aecidial stage on the barberry differed in its physiologic capabilities.

Although Craigie’s work was known, the pressure of other duties at the time

made it impossible to use monosporidial cultures on the barberry. By the time

the results herein recorded were obtained, the teleutospores had lost viability

and it was impossible to use this necessary refinement.

The fact remains that from the aecidia on the barberries, three distinct

physiologic forms were obtained. One of these was Form 34 which was well known

to have been present in the teleutospores used to produce the infections. Numerous

tests have shown no difference between this aecidial culture and the stock

uredospore cultures of Form 34, as judged by the reactions on the standard

differentials. The other two forms which were obtained had never before been

grown in culture, nor have they turned up since in the work that has been done.

It is hardly possible that either of them could have been present and not detected

in the teleutospore material that was used. 0f the two, one is established as

Form 11. The other is, as far as can be learned, new to Science and will have

to be given its proper designation.

A comparison of the four forms which are herein referred to is instructive,

and is set out in Table 2.

It will be seen that of the twelve difierential hosts, the first two, viz., Little

Club and Marquis, are susceptible throughout, and the last two, viz., Vernal

Emmer and Khapli, are resistant throughout. The remaining eight differentials

are therefore the ones to be considered.

The Forms 34 and 43 which were known to be present in the teleutospore

stage are remarkably different. Form 34 is very virulent. Form 43 attacks but

few of the differentials. Form 11, which is one of the two which have originated

on the barberry, resembles Form 34, but is more virulent, since it attacks Einkorn.

Susceptibility of Einkorn is one of the characteristics of Form 43. For this

reason, in the large series of cross-inoculations that was made, an especial watch

was kept on the results obtained when inoculum from Einkorn was used. Form 11
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Table 2. Means of the reactions produced by certain physiologic forms of Puccinia araim'nia tritici E. dz H.

on dill‘erential varieties of Triticum spp.
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was obtained in every instance. Parallel sets were inoculated with a standard

culture of Form 34 to serve as checks. The susceptibility of Einkorn, which is

characteristic of Form 43, has replaced its resistance, characteristic of Form 34,

thus leading to the production of Form 11. The fact that no one of the aecidial

cultures gave the reactions of Form 43 goes further to confirm the conclusion

previously arrived at that Form 43 does not infect the barberry.

The advent of such a form as Form 11 may, have serious consequences if.

it should become Widespread in Australia. As a result of the studies that have

been made, an American variety of wheat named “Hope”——obtained from Stakman

and Levine—has been found to be resistant to all known forms of Australian

rust. It has, therefore, been used rather extensively in the work of breeding

resistant varieties suitable for Australian conditions. “Hope”, as a commercial

variety, is valueless for our wheat-growing conditions. Now that cultures of

Form 11 have become available, “Hope” has been tested with it in the plant house.

It proves to be susceptible. Thus, in order to combat attack by this form, it

becomes necessary to search for a variety of Wheat which is resistant to it,

and then make further crosses and carry out the necessary selection work.

The new form, whose true designation by Stakman and Levine is not yet

available, resembles Form 34 excepting that the three durum wheats Arnautka,

Mindum, and Arnautka 0.1. 6236 (Spelmars), instead of. being very susceptible,

are markedly resistant. With all the Australian forms that have been found,

these three differentials have been all susceptible or all resistant. Therefore in

differentiating Australian forms, nothing has been gained by utilizing all three

hosts. Their use has been continued, however, because of the possibility of forms

turning up similar to other known forms which are separable by these three

differentials. In the new form derived from the barberry, the resistance of

these three hosts, which is a characteristic of Form 43, has taken the place

of the susceptibility characteristic of Form 34.
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The complete answer to the question as to how the two new Australian

forms actually originated will not be given until further monosporous infections

are obtained and cytological investigations carried out. It is significant that

barberry infections caused by the Werribee and Bathurst rusts—both of them

Form 34—produced aecidia and that some of the aecidial cultures from each

were in turn Form 34, although others were Form 11. On the other hand, the

Grafton rust comprising Forms 34 and 43 produced spermagonia only, until

after the mixing of the spermatia. The aecidial culture then obtained proved

to be no one of the known forms, but an altogether new form.

Craigie (1927) has shown that Puccim'a graminis is heterothallic. Even so

the abundant multiple infections produced on the barberries by the Werribee and

Bathurst rusts would render easy the admixture of spermatia on the shoots, with

consequent production of aecidia. Form 34 would be expected to turn up in

the subsequent form determinations. In addition to these aecidia, other aecidia

might be expected to result from the intermixing of the spermatia with those

from the Grafton rust, and thus account for the origin of Form 11. It is of

course just possible that another form was present in the teleutosori used, and

that a. cellular fusion of adjoining hyphae, which had a diverse origin, led to the

production of Form 11, which had never before been found in Australia.

In the case of the barberry infected by the Grafton rust, Forms 34 and 43

were present in the inoculum. The infections produced were merely of a

spermagonial nature up to the time of intermixture of spermatia. Only consequent

upon this were produced the aecidia from which the new form was determined.

It is this occurrence with the Grafton rust which most strongly supports the

belief that spermatial intermixing gave rise to the new forms. If so, Craigie’s

discovery of the importance of the spermatia takes on an added significance.

So far no effort has been made to trace cytological happenings following upon

a mixing of spermatia. Investigations in this direction have been planned, but

extreme difficulty is being met in the attempt to grow to maturity wheat

plants infected with known forms of rust, because of the ravages of Erysiphe

gramim‘s DC. Other studies involving the two new forms are in progress.

Craigie has called attention to the importance of insects in transferring

spermatia and leading to aecidial production. If it be correct that such trans-

ference leads to the production of new physiologic forms, it would be expected

that physiologic forms would be numerous where barberries occur, and fewer where

they are scanty. In North America barberries are widespread, and physiologic

forms are numerous. In Australia they are uncommon and physiologic forms

are few.

Whether the spermatial intermixing be the prime cause of the origin of

specialization, or whether it be due to hyphal fusions at the base of the aecidia,

it seems certain that physiologic forms originate on the barberry. This gives

the strongest possible reason why this alternate host should be eradicated.

SUMMARY.

Wheat straw infected with the uredo‘spore stage of Puccima graminis tritici

34 and later with its teleutospore stage, was collected from Werribee, Vic., and

from Bathurst, N.S.W., and similar material infected with a mixture of P. graminis

tritici‘ 34 and 43 from Grafton, N.S.W.

Successful barberry infections were obtained in the spring of 1928 by mass

inoculation with teleutosori attached to the straw.
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The Werribee and Bathurst rusts produced aecidia normally on some shoots,

in addition to spermagonia. The Grafton rust gave rise to spermagonia only.

Spermatia from the Werribee and Bathurst rusts were respectively intermixed

with those developed by the Grafton rust. '

Consequent upon the spermatial intermixing, the Grafton rust developed

aecidia, as did the other two.

Aecidiospores from the Werribee and Bathurst rusts developed uredospore

cultures on wheat which proved to be mixtures of Forms 11 and 34.

Aecidiospores from the Grafton rust gave rise to a uredospore culture which

is a new form as far as available records show. .

Form 11 and the new form have never before been in culture, although

hundreds of form determinations of Australian rusts have been made.

The two rusts which are new to Australia had .their origin in the phase of

the life history on the barberry. .

It is believed that in this phase, the mixing of spermatia of Form 34 with

those of Forms 34 and 43 led to the development of the two new rusts. Further

work is planned to test. this belief.

Insect transmission of spermatia under natural conditions with consequent

production of new forms would account for the abundance of the latter in North

America where barberries are widespread, and for their paucity in Australia‘where

barberries are uncommon.

The strongest reason for eradicating barberries is afforded by this work.

EXPLANATION OF PLATE IV.

Fig. 1,—Young shoot of Berberis mtlgmis showing heavy aecidial infection and distortion

with rust from Bathurst. Natural size.

Fig. 2.——Petiole of B. uulgam’s showing aecidial infection produced by rust from Werribee.

x 3.

Fig. 3.—Two leaves of Einkorn wheat showing on the under-surface the resistant reaction

and flecking produced by Form 34 in “a”, and the susceptible reaction produced

by Form 11 in “b”. x 2.

Fig. 4.—-Two leaves of Mindum wheat showing on the under—surface the resistant reaction

and flecking produced by the new form in “a", and the susceptible reaction

produced by Form 34 in ”b”. x 2. -
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l, 2. Young shoot (1) and petiole (2) of Bm'bm'z’s ’L‘llU/(H‘is showing aecidial infection

with rust.

I}, 4. Leaves of Einkm‘n wheat (3) and Mindum wheat (4) showing resistant reaction

and fleckingr ((1). and sum-optihlo roavtion (b).



 


